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Abstract. Metal contamination is one of the most worrying risks today. Our study is interested in the 

compartmentalisation of metallic trace elements in organs; gills, gonads and liver of common soles (Solea 

solea, L. 1758) from the western region of Algeria. The fish were collected seasonally between October 

2018 and September 2019 in the two largest port areas of this region; Oran and Ghazaouet. Samples were 

compared by temperature, pH, salinity, dissolved oxygen and organic matter. The concentrations of four 

metallic trace elements: zinc (Zn), copper (Cu), lead (Pb) and cadmium (Cd) were analyzed by atomic 

absorption spectrophotometry. From a statistical point of view, according to (Anova, F value = 0.01, p 

value = 0.99), The results obtained from the average concentrations of the four metallic trace elements 

analyzed at the level of the organs showed no significant variation between the sampling sites and 

between the two sexes. On the other hand, for the three organs studied taken separately, we demonstrated 

a significant variation between the seasons for each of the metals studied. Pb concentrations were higher 

in sole organs collected from Oran Bay (2.02 ± 0.75 μg.g-1
dw) than those from Ghazaouet Bay 

(1.44 ± 0.41μg.g-1
dw). These results do not reveal the origin of the micropollutants but they focus on the 

existence of this pollution which requires wider monitoring. 

Keywords: metal pollution, atomic absorption spectrophotometry, physico-chemical parameters, Oran 

Bay, Ghazaouet Bay 

Introduction 

Marine pollution is one of the most worrying problems today. It is often emitted as a 

result of anthropogenic activities, such as industrial activities, agriculture or even domestic 

activities and in different forms (e.g., pesticides, hydrocarbons, metallic trace elements, etc.) 

(Aydoğan and İncekara, 2017; Pal et al., 2018). 

Aquatic ecosystems are the most affected by metal pollution (Rodrigue et al., 2016). 

This chemical contamination can represent a toxicological risk and affect marine life. Lead 

and cadmium are considered toxic elements in high concentrations, Cu and Zn are trace 

elements but can become dangerous if they exceed a certain threshold in the body (Borsali, 

2015). By their resistance to biodegradation, their persistence and their toxicity, these 

elements can concentrate in the tissues of living organisms (Förstner and Wittmann, 1981; 

Boucheseiche et al., 2002). These organisms then enter the food chain. If the product is not 
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degraded or eliminated, it will concentrate more and more at each level of the food chain. 

Indeed, heavy metals are poorly metabolized. They can therefore be transferred into the 

food web and accumulated in living matter (Duquesne, 1992). 

In recent years, the monitoring of metallic contamination in the marine environment 

relied solely on the chemical analysis of the water (Lafabrie, 2007). In addition, this 

analytical technique does not provide information on the bioavailability of trace metal 

elements for organisms and does not allow to assess, or even predict, the impact of these 

substances on organisms or, on the ecosystem as a whole (Lagadic et al., 1998; Morillo et 

al., 2005). Fish have been shown to be vectors of trace metal contamination in humans, so 

some species are now used as biological tools for assessing trace metal pollution in water 

(Goldberg, 1975). 

Various studies have shown that xenobiotics cause disturbances in the reproductive 

system, changes in behavior, disturbances in energy metabolism and the appearance of 

mutagenic or carcinogenic effects in aquatic species (Meyer, 2003). Pollution can have 

repercussions on all food chains, from primary producers to final consumers and, 

consequently, alter the functioning of ecosystems (Borsali, 2015). Chemical contaminants 

can have cascading effects on the growth and reproduction of organisms, leading to changes 

in higher biological organization, in populations and communities (Amiard-Triquet and 

Amiard, 2008). 

Pollution in Algeria is mainly generated by discharges of untreated industrial and urban 

water (Taleb et al., 2007; Grimes et al., 2010). Petrochemical, chemical, steel and agrifood 

activities are mainly concentrated on the Algerian coastal strip (Grimes et al., 2010). 

Our choice fell on the common sole (Solea solea, L. 1758), it is a fish that is widespread 

on the Algerian coasts and consumed by a large part of the population. According to Wessel 

(2010), this species is particularly sensitive to anthropogenic pressure. Indeed, due to its 

benthic way of life, it is constantly in contact with sediments, reservoirs of many 

contaminants including trace metals. It should be noted that at the level of the Algerian west 

coast, common sole has never been used as a bio indicator of metal pollution to date, hence 

the interest of its choice and in order to complement the various research projects relating to 

the installation of a monitoring network for marine pollution and fishery products in the 

same region. 

Materials and methods 

Study area 

Algeria has a wide maritime frontage which is located in the heart of the Mediterranean. 

From an ecological point of view, its coastline is rich and diverse, and alternates between 

rocky shores, sandy beaches and wetlands (Benzohra and Millot, 1995). Two sites were 

selected for our study, Oran Bay and Ghazaouet Bay. 

The bay of Oran with a latitude of 35°43’ North and a longitude of 00° 38’ West (Fig. 1) 

occupies the central part of the Oran coast (Belhoucine et al., 2014). The Oran coast is 

severely affected by the nuisances of the civilized world: industrial activities, intensive 

tourism and massive urbanization with an ever-increasing level of domestic pollution 

(Kerfouf et al., 2010). 

The bay of Ghazaouet with a latitude of 35° 06’ North and a longitude of 1° 52’ West 

(Fig. 1) is located at the western end of Algeria. This area is subjected to industrial 

wastewater from the zinc electrolysis unit ALZINC (Algerian Zinc Company by 

abbreviation is a subsidiary of METANOF), these discharges loaded with metallic trace 
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elements, contributed to the uncontrolled storage of leaching waste from zinc on the cliff 

overlooking the sea and the factory (DPRHT, 2004). This unit is currently the most 

important industrial activity center in the region, being the only producer of electrolytic zinc 

in the Arab world and the second in Africa after South Africa. 

 

 

Figure 1. Location of the study area: Oran bay and Ghazaouet bay 

 

 

Sample collection and processing 

Sampling was carried out seasonally between October 2018 and September 2019 at the 

two sites (one day per month). In total, we collected 120 individuals of Solea solea (L. 

1758) from the fishing ports. The samples were processed the same day at the laboratory 

level. After the biometric measurements, the fish were dissected in order to remove the 

liver, gills and gonads. 

Sampling of fish was accompanied by sampling of seawater. A liter of water was taken 

from the surface, using polyethylene bottles, washed and rinsed with distilled water, then 

transported to the laboratory in the cooler to be stored at + 4 °C until analysis. 

Temperature, pH, salinity, dissolved oxygen and organic matter were measured using 

the multi-parameter instrument (WTW Multi 340i). 

 

Extraction and analysis of ETMs (Pb, Cu, Zn and Cd) 

Before carrying out the analysis of the metals in the various organs studied, the 

samples studied had been mineralized (Chiffoleau et al., 2001). This step consists of the 

destruction of the organic matter by an acid attack (pure nitric acid HNO3). The 

subsamples were dried in an oven at 60 °C until a constant weight was obtained (24 to 

72 h), then crushed. 0.2 g of dried sample for each replica, had been mineralized in 4 ml 

of pure HNO3 at room temperature overnight, then placed in an oven at 90 °C for 3 h. The 

mineralisates were then filtered with wattman filter paper. The determination of the ETMs 

had been carried out by a flame atomic absorbance spectrophotometer of the Perkin Elmer 

precisely AAnalyst 400 type. 

The verification of the absence of possible contamination of the samples during the 

analysis was made using the test blanks. These negative controls were treated according 

to the same protocol as the other samples in order to verify the validity of the method by 

ensuring that the compounds detected in the samples did not come from contamination 

during the analysis. 
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The reliability of the protocol described above was also validated using a homogenized 

standard sample known as the intercalibration sample provided by the International 

Atomic Energy Agency (IAEA, 1995). In our case, this is a fish sample coded 140/TM. 

 

Statistical analyses 

First, a study of distribution and homogeneity had been carried out. The variations 

between sites, seasons and organs were analyzed with a multi-parameter Anova test 

followed by a post-hoc Duncan test. 

In order to study the distribution of the data a Spearman correlation matrix and PCA 

were used. The minimum level of significance for all analyzes was 0.05. The statistical 

analyzes were carried out in R version 3.4.2 (R Core Team, 2017), with the packages: 

RStudio v. 1.2.5033 (RStudio Team, 2019), ggplot2 (Wickham, 2016), corrgram (Wright, 

2018), dplyr (Wickham et al., 2020), FSA (Ogle et al., 2020). 

Results 

The analysis (mean ± standard deviation (SD)) of the physico-chemical parameters of 

the seawater in each of the two bays (Oran bay and Ghazaouet bay), recorded during the 

different seasons, are grouped together in Table 1. 

 
Table 1. Averages the physico-chemical parameters of the coastal waters of the bay of Oran 

and the bay of Ghazaouet 

Parameter Bay of Oran (mean ± SD) Bay of Ghazaouet (mean ± SD) 

T °C 21.25 ± 6.85 22.47 ± 6.79 

pH 7.66 ± 0.18 7.75 ± 0.11 

Salinity (PSU) 36.57 ± 0.67 36.84 ± 0.78 

O2 dissolved (mg L-1) 5.98 ± 1.90 6.39 ± 1.16 

Organic matter (mg L-1) 15.14 ± 0.88 15.28 ± 0.33 

 

 

Figure 2 represents the average concentrations of the targeted metal trace elements 

zinc, copper, lead and cadmium in common sole (Solea solea, L. 1758) fished in the bay 

of Oran and in the bay of Ghazaouet. 

The results of base Anova for the comparison of the metallic elements in the organs 

of the common sole fished in the two bays: Oran bay and Ghazaouet bay, are grouped in 

Table 2. 

Figure 3 shows the comparison of the average concentrations of heavy metals 

studied in the hepatic, gonadal and branchial tissues in common sole (Solea solea, L. 

1758) fished in the bay of Oran and the bay of Ghazaouet. 

Our results showed significant seasonal variations of the four metallic trace elements, 

in the three organs of common sole fished in the bay of Oran. For liver, Zn (Anova 2, F 

value = 95.69, p value < 0.001), Cu (Anova 2, F value = 99.54, p value < 0.001), Pb 

(Anova 2, F value = 44.12, p value < 0.001) and Cd (Anova 2, F value = 31.35, p 

value < 0.001) (Tables 3 and 4). For the gills, Zn (Anova 2, F value = 255.10, p 

value < 0.001), Cu (Anova 2, F value = 54.56, p value < 0.001), Pb (Anova 2, F 

value = 92.11, p value < 0.001) and Cd (Anova 2, F value = 26.62, p value < 0.001) 

(Tables 3 and 5). For the gonads, Zn (Anova 2, F value = 182.72, p value < 0.001), Cu 
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(Anova 2, F value = 37.97, p value < 0.001), Pb (Anova 2, F value = 20.28, p 

value < 0.001) and Cd (Anova 2, F value = 13.40, p value < 0.001) (Tables 3 and 6). 

 

 

Figure 2. Average levels of metallic trace elements (Zn, Cu, Pb and Cd) evaluated in sole fished 

in the two bays: Oran Bay and Ghazaouet Bay 

 

 
Table 2. Anova base for the comparison of metallic elements in the organs of the common 

sole fished in the two bays: Oran Bay and Ghazaouet Bay 

Variable Df Sum of squares Mean of squares F value p value 

Organ 2 15.0 7.501 0.4751 0.6220893 

Sex 1 11.6 11.593 0.7343 0.3918802 

Site 1 6.1 6.111 0.3871 0.5341031 

Saison 3 331.3 110.425 6.9945  < 0.001 *** 

Organ: Sex 2 5.0 2.503 0.1586 0.8534093 

Organ: Site 2 0.5 0.269 0.0170 0.9830978 

Sex: Site 1 0.7 0.696 0.0441 0.8337577 

Organ: Season 6 2.8 0.465 0.0275 0.9998912 

Sex: Season 3 0.2 0.041 0.0026 0.9998184 

Site: Season 3 14.5 4.842 0.3067 0.8205793 

Organ: Sex: Site 2 0.4 0.196 0.0124 0.9876370 

Organ: Sex: Season 6 0.1 0.018 0.0011 1.0000000 

Organ: Site: Season 6 1.0 0.167 0.0106 0.9999948 

Sex: Site: Season 3 0.2 0.073 0.0046 0.9995671 

Organ: Sex: Site: Season 6 0.3 0.057 0.0036 0.9999998 

Df: Degrees of freedom. Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1 

 

 

In Oran Bay, seasonal variations of metallic trace elements showed the highest 

average concentrations in the organs of fish collected mainly in summer, autumn and 

spring. The lowest concentrations were noted during the winter period (Fig. 4). 
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Figure 3. Comparison between metal organs combined in the two bays: Oran Bay and 

Ghazaouet Bay 

 

 

 

Figure 4. Seasonal variations of metals (Zn, Cu, Pb and Cd) in organs at Oran bay 

 

 

In the liver, the average concentrations of heavy metals: Cd, Cu, Pb and Zn recorded in 

the summer season were respectively equal to 0.25 ± 0.03 μg.g-1
dw, 7.25 ± 0.31 μg.g-1

dw, 

2.15 ± 0.24 μg.g-1
dw, 10.74 ± 0.34 μg.g-1

dw. In the winter season, their concentrations were 

0.13 ± 0.02 μg.g-1
dw, 3.68 ± 0.19 μg.g-1

dw, 1.10 ± 0.09 μg.g-1
dw, 6.87 ± 1.14 μg.g-1

dw, 

respectively. In the gills, their mean concentrations in the summer season were 

0.31 ± 0.06 μg.g-1
dw, 7.25 ± 0.35 μg.g-1

dw, 2.96 ± 0.17 μg.g-1
dw, 10.56 ± 0.33 μg.g-1

dw 

respectively. In the winter season, they were respectively equal to 0.16 ± 0.02 μg.g-1dw, 

3.62 ± 0.71 μg.g-1
dw, 1.24 ± 0.20 μg.g-1

dw, 7.31 ± 0.34 μg.g-1
dw. In the gonads, their mean 

concentrations were respectively equal to 0.35 ± 0.08 μg.g-1
dw, 8.34 ± 0.84 μg.g-1

dw, 

3.12 ± 0.79 μg.g-1
dw, 11.36 ± 0.57 μg.g-1

dw, in the summer period. During the winter, they 

reached 0.22 ± 0.05 μg.g-1
dw, 3.71 ± 0.94 μg.g-1

dw, 1.28 ± 0.24 μg.g-1
dw, 7.45 ± 0.31 μg.g-

1
dw, respectively. 
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Table 3. Anova base for seasonal variations of the four metallic trace elements (Zn, Cu, Pb 

and Cd) in the liver, in the gills and in the gonads of common sole fished in the bay of Oran 

Organ Metal Df Sum of squares Mean of squares F value p value 

Liver 

Zn 3 49.282000 49.282000 95.692  < 0.001 *** 

Cu 3 42.333000 42.333000 99.540  < 0.001 *** 

Pb 3 3.121180 3.121180 44.125  < 0.001 *** 

Cd 3 0.044171 0.044171 31.348  < 0.001 *** 

Gills 

Zn 3 40.708000 40.708000 255.100  < 0.001 *** 

Cu 3 45.533000 45.533000 54.558  < 0.001 *** 

Pb 3 7.332600 7.332600 92.111  < 0.001 *** 

Cd 3 0.065307 0.065307 26.622  < 0.001 *** 

Gonads 

Zn 3 48.591600 48.591600 182.720  < 0.001 *** 

Cu 3 60.605000 60.605000 37.973  < 0.001 *** 

Pb 3 9.202600 9.202600 20.285  < 0.001 *** 

Cd 3 0.150060 0.050020 13.402  < 0.001 *** 

Df: Degrees of freedom. Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1 

 

 
Table 4. The results of the post hoc test (Duncan test) of the seasonal variations for the four 

metallic trace elements (Zn, Cu, Pb and Cd) in the liver of common sole fished in the bay of 

Oran 

Organ Metal Comparison Z value 

Liver 

Zn 

Autumn - Spring 2.21 

Autumn - Summer - 0.39 

Spring - Summer - 2.60 

Autumn - Winter 5.27 

Spring - Winter 3.06 

Summer - Winter 5.66 

Cu 

Autumn - Spring - 0.33 

Autumn - Summer - 1.20 

Spring - Summer - 0.87 

Autumn - Winter 4.19 

Spring - Winter 4.53 

Summer - Winter 5.39 

Pb 

Autumn - Spring - 1.66 

Autumn - Summer - 3.06 

Spring - Summer - 1.41 

Autumn - Winter 2.71 

Spring - Winter 4.37 

Summer - Winter 5.78 

Cd 

Autumn - Spring - 0.73 

Autumn - Summer - 1.55 

Spring - Summer - 0.82 

Autumn - Winter 3.73 

Spring - Winter 4.46 

Summer - Winter 5.28 



Tabeche et al.: Evaluation of the metallic trace element contamination of common sole (Solea solea, L. 1758) by the western 

Algerian coast 
- 4648 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(6):4641-4664. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1906_46414664 

© 2021, ALÖKI Kft., Budapest, Hungary 

Table 5. The results of the post hoc test (Duncan test) of the seasonal variations for the four 

metallic trace elements (Zn, Cu, Pb and Cd) in the gills of common sole fished in the bay of 

Oran 

Organ Metal Comparison Z value 

Gills 

Zn 

Autumn - Spring 2.25 

Autumn - Summer 1.08 

Spring - Summer - 1.17 

Autumn - Winter 5.81 

Spring - Winter 3.56 

Summer - Winter 4.74 

Cu 

Autumn - Spring 0.95 

Autumn - Summer 0.08 

Spring - Summer - 0.87 

Autumn - Winter 4.98 

Spring - Winter 4.03 

Summer - Winter 4.90 

Pb 

Autumn - Spring - 0.56 

Autumn - Summer - 3.89 

Spring - Summer - 3.33 

Autumn - Winter 2.96 

Spring - Winter 3.52 

Summer - Winter 6.85 

Cd 

Autumn - Spring - 0.44 

Autumn - Summer - 1.38 

Spring - Summer - 0.94 

Autumn - Winter 3.99 

Spring - Winter 4.43 

Summer - Winter 5.37 

 

 

Our results showed significant seasonal variations of the four metallic trace elements, 

in the three organs of common sole fished in the bay of Ghazaouet. For liver, Zn 

(Anova 2, F value = 57.24, p value < 0.001), Cu (Anova 2, F value = 68.23, p 

value < 0.001), Pb (Anova 2, F value = 51.69, p value < 0.001) and Cd (Anova 2, F 

value = 11.61, p value < 0.001) (Tables 7 and 8). For the gills, Zn (Anova 2, F 

value = 65.38, p value < 0.001), Cu (Anova 2, F value = 68.87, p value < 0.001), Pb 

(Anova 2, F value = 22.79, p value < 0.001) and Cd (Anova 2, F value = 59.87, p 

value < 0.001) (Tables 7 and 9). For the gonads, Zn (Anova 2, F value = 73.91, p 

value < 0.001), Cu (Anova 2, F value = 40.89, p value < 0.001), Pb (Anova 2, F 

value = 33.33, p value < 0.001) and Cd (Anova 2, F value = 25.90, p value < 0.001) 

(Tables 7 and 10). 
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Table 6. The results of the post hoc test (Duncan test) of the seasonal variations for the four 

metallic trace elements (Zn, Cu, Pb and Cd) in the gonads of common sole fished in the bay 

of Oran 

Organ Metal Comparison Z value 

Gonads 

Zn 

Autumn - Spring 1.43 

Autumn - Summer - 1.09 

Spring - Summer - 2.52 

Autumn - Winter 4.82 

Spring - Winter 3.39 

Summer - Winter 5.91 

Cu 

Autumn - Spring 0.62 

Autumn - Summer - 1.41 

Spring - Summer - 2.03 

Autumn - Winter 4.18 

Spring - Winter 3.55 

Summer - Winter 5.59 

Pb 

Autumn - Spring - 0.79 

Autumn - Summer - 2.50 

Spring - Summer - 1.71 

Autumn - Winter 3.46 

Spring - Winter 4.26 

Summer - Winter 5.97 

Cd 

Autumn - Spring 0.97 

Autumn - Summer 0.02 

Spring - Summer - 0.95 

Autumn - Winter 4.20 

Spring - Winter 3.22 

Summer - Winter 4.18 

 

 
Table 7. Anova base for seasonal variations of the four metallic trace elements (Zn, Cu, Pb 

and Cd) in the liver, in the gills and in the gonads of common sole fished in the bay of 

Ghazaouet 

Organ Metal Df Sum of squares Mean of squares F value p value 

Liver 

Zn 3 73.021000 24.340200 57.245  < 0.001 *** 

Cu 3 64.248000 21.416100 68.232  < 0.001 *** 

Pb 3 7.931300 2.643770 51.691  < 0.001 *** 

Cd 3 0.124560 0.041522 11.614  < 0.001 *** 

Gills 

Zn 3 84.897000 28.299100 65.381  < 0.001 *** 

Cu 3 88.807000 29.602200 68.871  < 0.001 *** 

Pb 3 4.568400 1.522790 22.786  < 0.001 *** 

Cd 3 0.418330 0.139444 59.872  < 0.001 *** 

Gonads 

Zn 3 91.703000 30.567800 73.914  < 0.001 *** 

Cu 3 56.443000 18.814500 40.892  < 0.001 *** 

Pb 3 7.359500 2.453200 33.33  < 0.001 *** 

Cd 3 0.120684 0.068947 25.897  < 0.001 *** 

Df: Degrees of freedom. Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1 
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Table 8. The results of the post hoc test (Duncan test) of the seasonal variations for the four 

metallic trace elements (Zn, Cu, Pb and Cd) in the liver of common sole fished in the bay of 

Ghazaouet 

Organ Metal Comparison Z value 

Liver 

Zn 

Autumn - Spring 3.98 

Autumn - Summer - 0.49 

Spring - Summer - 4.47 

Autumn - Winter 4.77 

Spring - Winter 0.86 

Summer - Winter 5.26 

Cu 

Autumn - Spring 1.73 

Autumn - Summer - 0.52 

Spring - Summer - 2.25 

Autumn - Winter 5.11 

Spring - Winter 3.38 

Summer - Winter 5.63 

Pb 

Autumn - Spring - 0.62 

Autumn - Summer - 4.90 

Spring - Summer - 4.28 

Autumn - Winter 0.04 

Spring - Winter 0.66 

Summer - Winter 4.94 

Cd 

Autumn - Spring - 0.23 

Autumn - Summer - 0.92 

Spring - Summer - 0.68 

Autumn - Winter 2.47 

Spring - Winter 2.71 

Summer - Winter 3.39 

 

 

In Ghazaouet bay, seasonal variations of metallic trace elements showed the highest 

average concentrations were also noted in this region in summer, fall and spring. The 

lowest concentrations were noted in winter (Fig. 5). 

In the liver of these fish, the mean concentrations of Cd, Cu, Pb and Zn were 

respectively equal to 0.33 ± 0.05 μg.g-1
dw, 6.91 ± 0.50 μg.g-1

dw, 1.95 ± 0.16 μg.g-1
dw, 

10.21 ± 0.80 μg.g-1
dw. In winter, they were 0.21 ± 0.09 μg.g-1

dw, 4.24 ± 0.96 μg.g-1
dw, 

1.06 ± 0.29 μg.g-1
dw, 7.61 ± 0.77 μg.g-1

dw respectively. In the gills, their highest mean 

concentrations were reached in summer 0.38 ± 0.03 μg.g-1
dw, 7.12 ± 0.32 μg.g-1

dw, 

1.92 ± 0.28 μg.g-1
dw, 10.86 ± 0.91 μg.g-1

dw respectively. In winter, they were 

respectively equal to 0.17 ± 0.03 μg.g-1
dw, 4.28 ± 1.11 μg.g-1

dw, 1.25 ± 0.16 μg.g-1
dw, 

7.81 ± 0.84 μg.g-1
dw. In the gonads, the maximum concentrations reached in summer 

were equal to 0.38 ± 0.04 μg.g-1
dw, 7.52 ± 0.62 μg.g-1

dw, 2.06 ± 0.19 μg.g-1
dw, 

11.30 ± 0.40 μg.g-1
dw and the minima reached in winter, were equal to 0.23 ± 0.05 μg.g-

1
dw, 4.71 ± 0.98 μg.g-1

dw, 1.12 ± 0.16 μg.g-1
dw, 7.96 ± 0.01 μg.g-1

dw respectively. 
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Table 9. The results of the post hoc test (Duncan test) of the seasonal variations for the four 

metallic trace elements (Zn, Cu, Pb and Cd) in the gills of common sole fished in the bay of 

Ghazaouet 

Organ Metal Comparison Z value 

Gills 

Zn 

Autumn - Spring 3.22 

Autumn - Summer - 0.51 

Spring - Summer - 3.73 

Autumn - Winter 5.52 

Spring - Winter 2.30 

Summer - Winter 6.03 

Cu 

Autumn - Spring 0.17 

Autumn - Summer - 0.86 

Spring - Summer - 1.02 

Autumn - Winter 4.47 

Spring - Winter 4.31 

Summer - Winter 5.33 

Pb 

Autumn - Spring - 0.43 

Autumn - Summer - 4.15 

Spring - Summer - 3.72 

Autumn - Winter 1.05 

Spring - Winter 1.48 

Summer - Winter 5.20 

Cd 

Autumn - Spring - 0.81 

Autumn - Summer - 1.49 

Spring - Summer - 0.68 

Autumn - Winter 3.95 

Spring - Winter 4.75 

Summer - Winter 5.43 

 

 

 

Figure 5. Seasonal variations of metals (Zn, Cu, Pb and Cd) in organs at Ghazaouet bay. 
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Table 10. The results of the post hoc test (Duncan test) of the seasonal variations for the four 

metallic trace elements (Zn, Cu, Pb and Cd) in the gonads of common sole fished in the bay 

of Ghazaouet. 

Organ Metal Comparison Z value 

Gonads 

Zn 

Autumn - Spring 2.21 

Autumn - Summer - 1.37 

Spring - Summer - 3.59 

Autumn - Winter 4.95 

Spring - Winter 2.74 

Summer - Winter 6.33 

Cu 

Autumn - Spring - 0.88 

Autumn - Summer - 3.09 

Spring - Summer - 2.21 

Autumn - Winter 3.16 

Spring - Winter 4.05 

Summer - Winter 6.26 

Pb 

Autumn - Spring - 0.27 

Autumn - Summer - 4.03 

Spring - Summer - 3.76 

Autumn - Winter 1.60 

Spring - Winter 1.87 

Summer - Winter 5.63 

Cd 

Autumn - Spring 0.62 

Autumn - Summer - 0.55 

Spring - Summer - 1.17 

Autumn - Winter 4.49 

Spring - Winter 3.87 

Summer - Winter 5.04 

 

 

The results of base Anova for metallic element variations (Zn, Cu, Pb and Cd) 

between the two sexes of common sole fished in the two bays: bay of Oran and bay of 

Ghazaouet, are regrouped in Table 11. 

 
Table 11. Anova base of metallic element variations (Zn, Cu, Pb and Cd) between the two 

sexes of common sole fished in the two bays: bay of Oran and bay of Ghazaouet. 

Bay Metal Df Sum of squares Mean of squares F value p value 

Oran bay 

Zn 1 3.836000 3.836000 13.3596  < 0.001 *** 

Cu 1 11.856000 11.856000 13.8375  < 0.001 *** 

Pb 1 0.176400 0.176400 0.6375 0.4276 

Cd 1 0.030013 0.030013 10.1797  < 0.05 * 

Ghazaouet bay 

Zn 1 5.202000 5.202000 8.7551  < 0.05 * 

Cu 1 0.933000 0.932800 2.1914 0.1437 

Pb 1 0.063500 0.063490 0.9444 0.3342 

Cd 1 0.018689 0.018689 6.4739  < 0.05 * 

Df: Degrees of freedom. Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1 
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In terms of the inertias of the factorial axes of the PCA (Fig. 6), the Dim1 axis would 

explain 68% of the variance of the concentrations of metallic trace elements between 

the organs and the Dim2 axis would explain 14.5%. 

 

 

Figure 6. Projection of heavy metals according to the seasons at the two bays: Oran Bay and 

Ghazaouet Bay. (a) Projection of heavy metals according to the seasons at the two sites studied. 

(b) Projection of heavy metals according to the sites studied. 

Discussion 

The physicochemical results in Table 1 of the water obtained generally comply with 

Algerian and European standards (JORA, 2006) whether for T °, pH, salinity or even 

the O2 dissolved. 

All of our results concerning temperature are comparable to those obtained by 

(Rouane-Hacene et al., 2018) (21.40 ± 1.41 °C) in the same region as well as those of 

(Dahel, 2009) (20.25 °C) and (Boucetta, 2017) (20.52 ± 5.37 °C) in the waters of the 

Algerian coast. According to Imasheva et al. (1997), temperature is considered to be an 

essential ecological factor in the control of various biological and physiological 

processes such as metabolism, reproduction, growth and biogeographic distribution of 

marine species, either directly or in correlation with other ecological factors. 

The pH values in Table 1 taken during the study period did not show significant 

spatio-temporal fluctuations. In general, for both berries the pH is slightly alkaline. Our 

results agree with other values found in previous studies carried out on the Algerian east 

coast (Boudelaa and Medjram, 2011; Hamdani, 2012; Rouidi et al., 2013) and on the 

Algerian west coast (Remili and Kerfouf, 2013; Rouane-Hacene et al., 2018; Rouabhi et 

al., 2019). 

According to Boucetta (2017), pH is a fundamental ecological factor that plays an 

important role in the marine environment, as it can affect many physiological and 

biochemical processes. According to Blakeslee et al. (2013), pH also acts on certain 

chemical components which can become toxic. 

The measured mean salinity value in Table 1 is (36.57 ± 0.67) psu in the bay of Oran 

and (36.84) psu in the bay of Ghazaouet, these results agree with those obtained on the 

Algerian east coast, where the salinity varies between 35 and 38 psu (Sifi, 2009; 

Hamdani, 2012). 
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Numerous studies had shown that species exposed to low levels of salinity increase 

their oxygen uptake and weaken energy metabolism. Low salinity results in high food 

consumption (Widmeyer and Bendell-Young, 2007; Mattozo et al., 2012; Rashida et al., 

2015). Salinity largely controls biological processes, but also chemical processes in 

water, it also has an impact on the bioavailability of metals (Mouneyrac et al., 2009). 

The dissolved oxygen level reaches its maximum in winter with (8.31 ± 0.24 mg L-1) 

in the bay of Oran and 7.89 ± 0.10 mg L-1 in the bay of Ghazaouet. A gradual drop in its 

concentrations was observed in summer in both bays. This may be due to the increase in 

temperature and the impact of hydrodynamics (Florian, 2011). The same observations 

were made in the gulfs of Annaba and Skikda in the bay of Collo (Guemouda, 2015), in 

the bay of Algiers (Bachari et al., 2011), and in the bay of Oran (Rouane-Hacene, 

2013). It is also noted that a low dissolved oxygen content may be associated with 

industrial releases and organic pollutants (Boucetta, 2017). 

According to Belghiti et al. (2013), dissolved oxygen is one of the parameters most 

sensitive to pollution, and its concentration tells us about the level of pollution and 

therefore the degree of self-purification. Indeed, the alteration of the polluting material 

causes a drop in the dissolved oxygen content in the environment, causing a disturbance 

in the preservation and development of aquatic flora and fauna (Afri-Mehennaoui, 

1998). 

According to Karayücel and Karayücel (2000), the physicochemical factors 

(temperatures, salinity, dissolved oxygen, pH, etc.) of the medium play an important 

role since they act both on the physicochemical form of metals (adsorption-desorption 

on suspended metals) therefore on their bioavailability, but also on the metabolism of 

the species (respiration, reproduction, trophic activities, etc.), which partly influences 

the kinetics of accumulation and excretion of metals. 

Statistical processing of variations in average trace metal contents evaluated in the 

common sole fished in the two sites (Fig. 2) indicate the presence of very heterogeneous 

values. Zn concentrations were highest with 9.77 ± 1.61 μg.g-1
dw in Oran and 

9.58 ± 1.42 μg.g-1
dw in Ghazaouet, followed by that of Cu with 6.33 ± 1.84 μg.g-1

dw in 

Oran and 6.21 ± 1.25 μg.g-1
dw in Ghazaouet, Pb with 2.02 ± 0.75 μg.g-1

dw in Oran and 

1.44 ± 0.41 μg.g-1
dw in Ghazaouet, and finally Cd with 0.25 ± 0.07 μg.g-1

dw in Oran and 

0.31 ± 0.08 μg.g-1
dw in Ghazaouet. The same classification of the ETM accumulation 

gradient has often been observed in this region for different marine species (Borsali et 

al., 2014; Guendouzi et al., 2017; Rouabhi et al., 2019). It is clear that the process of 

bioaccumulation depends on the extent of the contamination of the medium. The 

accumulation of metallic trace elements in aquatic organisms results from the net 

balance of capture and excretion processes. According to Casas (2005), three 

mechanisms must be taken into account: metal capture, excretion and storage by the 

organism. According to Di Bella et al. (2006), Bodin et al. (2007) and Belhoucine et al. 

(2014), the bioaccumulation process is indeed influenced by the physicochemical 

properties of compounds but also by biological, physiological and specific ecological 

aspects of the exposed species, such as habitat, sex, age, reproduction, diet or the state 

of health of the animals. According to other authors, the level of heavy metals in 

different species depends mainly on eating habits (Mormede and Davies, 2001; 

Watanabe et al., 2003; Bouhadiba et al., 2017). 

Amara et al. (2001) indicates that the common sole S. solea (L. 1758) is a benthic 

fish which with a diet, consisting of benthic and epi-benthic invertebrates (polychaetes, 

molluscs and crustaceans), shows variations qualitative and quantitative depending on 
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the season, the area and the size of the individuals. Benthic fish generally accumulate 

higher concentrations of heavy metals than pelagic fish (Bustamante et al., 2003; 

Belhoucine et al., 2015; Bouhadiba et al., 2017). 

The data recorded by (Kerfouf et al., 2010; Remili and Kerfouf, 2013) are practically 

similar to our results. The latter stressed that the bay of Oran is threatened by various 

forms of nuisance, industrial activities, intensive tourism and massive urbanization, 

which generates increasing pollution. 

The results of this work also tend to support the observations of Benguedda et al. 

(2011) who point out the importance of the industrial unit ALZINC (Algerian Zinc 

Company) in the pollution of the Ghazaouet region. The purpose of this unit is the 

production and marketing of zinc and its alloys, sulfuric acid, cathodic copper 

(Benguedda et al., 2011). This plant uses seawater for cooling the sulfuric acid 

manufacturing facilities and some of the plant’s thermal power plant (Bakalem, 1980). 

According to Belhoucine et al. (2014) anthropogenic inputs of zinc into the environment 

result mainly from mining activities, agricultural spraying and urban activities. They 

also assume that domestic wastewater inputs contain Zn. According to the work of 

(Casas, 2005), in port areas, zinc is introduced from the dissolution of anodes intended 

to protect boat hulls against corrosion, and is contained in certain anti-fouling paints. 

For copper, most of it comes from soil erosion by watercourses (68%) (Casas, 2005), 

contamination of copper sulphate (13%) and discharges of wastewater that still contains 

copper, even after treatment (Casas, 2005). According to Rouabhi (2020), the high lead 

concentrations in Oran Bay could be due to the proximity to the Arzew industrial zone 

responsible for processing and exporting hydrocarbons mainly to Europe. According to 

Belhoucine et al. (2014) its high concentrations could also be due to the combustion of 

automotive fuels. Regarding cadmium, according to Miramand et al. (2000) and Bosch 

et al. (2016), its presence in aquatic environments is mainly of atmospheric origin and 

also due to leaching of soils (phosphate fertilizers). 

The results obtained from the average concentrations of the four metallic trace 

elements analyzed at the organ level showed no significant variation between the 

sampling sites and between the two sexes (Anova, F value = 0.01, p value = 0.99) 

(Table 2). However, the results recorded have made it possible to reveal that the three 

tissues chosen bioaccumulate all the micropollutants (Zn, Cu, Pb and Cd) and appear to 

have similar concentrations. No significant difference was noted between the three 

organs studied (Anova, F value = 0.47, p value = 0.62) (Table 2) regardless of the site of 

harvest. Ennouri et al. (2008), El Morhit et al. (2009) and Belhoucine et al. (2014) 

observed a different accumulation between organs which followed a decreasing scale: 

Gonads ˃ gills ˃ liver, in different species of fish. 

The distribution, location and bioaccumulation of metallic elements in tissues do not 

depend on a single mechanism (Belhoucine et al., 2014). In fact, the quantity of metals 

transferred is influenced both by the irrigation of the organ considered and by the 

intracellular binding capacities (Boudou, 1982). According to this author, the relative 

importance of these two parameters determines the target organs of metallic 

bioaccumulation. Therefore, tolerance to such a form of pollution by marine organisms 

has been attributed to the presence of metallothionein, proteins involved in the 

processes of storage, bioaccumulation, transport and detoxification (immobilization of 

heavy metals in non-toxic form inside the cell) (Linde et al., 1999; Evoglu et al., 2005; 

Atli and Canli, 2008). 
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The increase in the levels of metals, which for the most part are not lipophilic 

contaminants, is due to slower elimination; This may be explained by the role of the 

liver in detoxifying contaminants and the importance of the gonads in reproductive 

physiology (Zhang and Wang, 2007). 

Numerous studies had shown a preferential organotropism of trace metals such as 

Cd, Cu and Zn for the liver in fish (De Boeck et al., 2004; Usero et al., 2004; Ribeiro et 

al., 2005). According to Rouabhi (2020), the gills reflect the bioavailability of 

contaminants in the medium and according to Capene and Vasak (1989), the liver is 

more efficient in biomonitoring studies using fish. 

Bioaccumulation of toxic metals can affect the liver, gonads, gills and other tissues 

of fish, resulting in metabolic disruption and obstruction of fish growth and 

development (Junejo et al., 2019). 

The same seasonal variations had been observed in the work of Miramand et al. 

(2000) for Mullus barbatus from French marine waters. The highest concentrations of 

metallic trace elements were also reached in the summer season. 

Barhoumi et al. (2009) had underlined in their study that the gills are the main targets 

of direct contamination, because they play an important role in the absorption of metals, 

in the storage and possibly in the transfer to the internal compartments by the blood. 

Similar seasonal variations on the Algerian west coast were also observed in the sardine 

Sardinella aurita (Benamar et al., 2010), in the hake Merluccius merluccius 

(Belhoucine et al., 2014) and in the Mullets Mugil cephalus (Bouhadiba et al., 2017). 

According to Belhoucine et al. (2014), the Algerian coastal population increases 

considerably during the summer, which can increase direct discharges into water. 

According to Bennett (1978), the increase in water temperature causes an increase in 

ventilation of the gills in response to the decrease in the concentration of oxygen in the 

water. Thus, increased metabolic rate during the summer could lead to increased 

absorption of bioavailable contaminants in water. In addition, temperature also has a 

strong influence on the properties of the metal by changing the effect of equilibrium 

between molecular and ionized forms (El Morhit et al., 2009). Storelli and 

Marcotrigiano, (2001) conclude in their work that the concentration of metals in fish 

tissue generally reflects the pollution profile. 

On the other hand, it is possible that this difference in bioaccumulation is 

conditioned by the fluctuation of certain biological factors such as growth and 

reproduction. These factors contribute greatly to the variability of heavy metal 

bioaccumulation (Langston and Spence, 1995). Especially since this species spawns 

mainly in winter (Morat, 2011), which can induce an excretion of contaminants from 

the organism (Casas, 2005). 

No significant difference was observed between the two sexes regardless of the 

organ studied (Anova, F value = 0.16, p value ˃ 0.05) or the site of harvest (Anova, F 

value = 0.04, p value ˃ 0.05) (Table 2). In Oran, there is a significant variation between 

the two sexes for Zn (Anova 3, F value = 13.36, p value < 0.001), Cu (Anova 3, F 

value = 13.84, p value < 0.001) and Cd (Anova 3, F value = 10.18, p value < 0.05) 

(Table 11). Concerning Ghazaouet bay, there is a significant variation between the two 

sexes for Zn (Anova 3, F value = 8.75, p value < 0.05), and Cd (Anova 3, F 

value = 6.47, p value < 0.05) (Table 11). 

Different variations between the two sexes were noted by Belhoucine et al. (2014) in 

M. merluccius fished at the level of the Oran coastline and Bodiguel et al. (2008) in M. 

merluccius fished in the French Mediterranean (Golf du Lyon). Which can mean that 
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gender can influence the accumulation of contaminants under certain conditions due to 

the difference in growth between males and females. 

However, several studies had also shown that there was no difference between the 

accumulation of contaminants in organs between the two sexes (Lombardi, et al., 2010; 

Hosseini Alhashemi et al., 2012). This can be explained by the sedentary nature of the 

common sole (Solea solea, L. 1758) (De Serres, 1845; Wessel, 2010). In fact, males and 

females in this species have the same ecology and the same behavior, and are constantly 

in contact with sediments, a compartment that allows the capture of many contaminants 

such as, for example, metallic trace elements (Wessel, 2010). 

The projection of the observations on the Dim1 axis (Fig. 6), shows that the seasonal 

aspect has a great influence on the distribution of the data. The winter season is the one 

that shows the most difference compared to the other seasons. Seasonality is one of the 

most influential factors in the build-up of contaminants. Numerous studies have shown 

its importance in the accumulation of metallic trace elements by marine species 

(Kaimoussi et al., 2000; Orban et al., 2002; Belhoucine et al., 2014). 

The projection of the observations in relation to the sampling sites (Fig. 6) shows 

higher Pb concentrations in the organs of sole sampled in the bay of Oran 

(2.02 ± 0.75 µg g-1
wd) than those of Ghazaouet bay (1.44 ± 0.41 µg g-1

wd). These high Pb 

concentrations may be due to the presence of several important industrial zones in this 

region (Sonatrach, ammoniac industries and water treatment plants) (Grimes, 2010; 

Rouabhi, 2020). The concentrations of other metallic trace elements in the region of 

Ghazaouet mainly those of Zn may be due to the proximity of the company Alzinc 

(production and processing of Zn) in this region (Benguedda et al., 2011). 

These concentrations of trace metal elements can also return to wastewater 

discharges without prior treatment (Taleb et al., 2007). In addition, this coast is also 

under the direct influence of maritime traffic which could be the source of trace metals 

(Belhoucine et al., 2015). 

Conclusion 

Marine pollution has been a very worrying universal problem for two decades now. 

Today, the threat is so great for all seas and oceans, and public concern is so great, that 

states are individually and collectively seeking the necessary instruments to curb it. Man 

being the last link in the food chain and the end consumer of marine products can be a 

victim at any time. The risks of bioavailability and toxicity of these trace metals are to 

be feared because they constitute permanent dangers for the entire food chain and 

threaten public health. 

This present work, the interest of which we emphasize, allows us to take stock of the 

current situation of the bay of Oran and the bay of Ghazaouet in terms of coastal and 

marine environmental pollution. 

Regarding the physico-chemical analysis of seawater, parameters: T°, pH, salinity, 

organic matter or even dissolved O2, our results are in Algerian standards and coincide 

with previous studies in the same region. 

Organs from common sole taken from the two contrasting sites showed the same 

process of bioaccumulation of metallic trace elements with the same proportions, 

implying the importance of the physiological role of each organ in the process of 

bioaccumulation. The average concentrations of metals measured in the tissues of the 

common sole collected in the two sampling sites, varied according to the seasons, in 
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relation to the biology of the animals (growth, reproduction, etc.) and under the 

influence of certain parameters. environment, mainly temperature. This marked a 

seasonal variability mainly between the winter period and the summer period. 

The results obtained show that the common sole of the Algerian west coast has great 

potential as a tool for evaluating metal pollution in the marine environment. This work 

allowed us to highlight the omnipresence of the four metallic trace elements in each 

target organ of this species. This contamination of fish is a risk factor not only for the 

life of these aquatic species, but also for humans. To further this study, it is important to 

carry out toxicological analyzes on the flesh of this fish in order to better assess the 

potential risks to human health linked to their consumption. 

This study would also deserve in the future to extend well and be enriched by 

expanding the sampling network to the entire Algerian coastline and integrating other 

trace metals in particular mercury and evaluating organic pollutants such as 

hydrocarbons, pesticides. On the biological level, we must take into account the 

biological cycle and the behavior of the bioindicator with respect to contaminants. In 

addition, it would be very interesting to assess the contamination, distribution and 

speciation of these xenobiotics in the water column of the Algerian coast and to perform 

sequential extractions to better identify their mobility within a sediment in order to 

better correlate the potential toxicity of metallic trace elements in a sediment to the 

surrounding biological activity. 
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