
International Journal of Biology Research 

144 

International Journal of Biology Research 

ISSN: 2455-6548 

Impact Factor: RJIF 5.22 

www.biologyjournal.in  

Volume 3; Issue 2; April 2018; Page No. 144-149 

Bioaccumulation of some metallic elements in the gills, the muscle and the liver of the eel (Anguilla 

anguilla L.) and the cabot mullet (Mugil cephalus L.) of the estuary of Oued Sebou (Morocco) 

Dalale Mansouri1, Rachida Fegrouche2, Hafida Allami3, Mohamed Fadli4* 
1, 3, 4 Labratory of Nutrition, Health and Environment, Faculty of Sciences, University Ibn Tofail. Kenitra, Kenitra Morocco 

2 Biodiversity Laboratory, Ecology and Genome, Rabat-Agdal Faculty of Sciences, Mohammed V University, Rabat, Morocco

Abstract 

Chemical pollution of estuaries often affects the different compartments of this ecosystem. Pollutants are in water, sediment and 

biocenosis. Anthropogenic activity, responsible for this pollution, continues to grow. Thus, the assessment of the degree of this 

pollution has become a necessity. 

In the present work, we have evaluated the content of four metallic elements (Fe, Zn, Cu, Pb) in the sediment of one of the most 

polluted estuaries of Morocco: the estuary of Sebou. At the same time we estimated the contents of these metallic elements in the 

muscle of two fish harvested in the same estuary: Anguilla anguilla L. and Mugil cephalus L. 

The results showed that, for the four metal elements studied, the concentrations noted in the sediment vary from one season to 

another. Similarly, organ tissues of the species studied show concentrations of all metals evaluated. These contents differ 

according to the metals and according to seasons. These are the gills that bioaccumulate more metal followed by the liver and most 

often it is the muscle that bioaccumulates metal month. In addition, the degree of bioconcentration of iron and zinc in the tissues 

studied does not differ significantly among species. However, the concentration of copper seems to be higher in Anguilla anguilla 

and that of lead seems to be higher in Mugil cephalus. 

The classification of the concentrations of the metals studied ranked in descending order of the average concentrations is the same 

as that noted in the sediment: Fe> Zn> Pb> Cu. 
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1. Introduction 

Aquatic ecosystems are exposed to pollution from human 

activity that continues to grow. Among the pollutants likely to 

accumulate in water, sediment and biocenosis of continental 

and marine waters heavy metals. By passing directly into the 

body of beings exposed to the pollutant or indirectly through 

the trophic chain [1, 2], these metals are potentially capable of 

being disrupters of animal life. This double contamination by 

heavy metals could be the case of fish [3]. Therefore, 

consuming fish contaminated with heavy metals, or bacteria, 

can have serious consequences on the health of the consumer 
[4]. Thus, monitoring the living environment of these fish, 

including aquatic ecosystems, is necessity. 

In addition, two environmental sites in the urban area of the 

city of Kenitra (Morocco), the estuary of Sebou and Lake 

Fouarate, are known by the importance and diversity of their 

pollution [5, 6]. In fact, for Gumbusia houlbrouki (Poisson), 

samples taken in the Sebou estuary and Fouarate Lake and 

analyzed showed a bioaccumulation of heavy metals in the 

flesh of this fish [7]. Similarly, Lepomis gibbosus L. "(Fish) 

sampled in Fouarate Lake showed bioaccumulation of certain 

heavy metals in various tissues of its organs [8]. For Anguilla 

aguilla in Morocco, the population of the calendar years is 

clearly declining since the 1980s. The modifications are 

multiple and complex, notably the degradation of their 

habitats, the overfishing, the pathogens, the climate change 

(obstacles to their anadromous migrations and catadromous, 

river developments) [8]. Levels of metal contamination of 

Loukkos eels are dangerous for the human consumption of the 

muscle chair of this fish [8]. 

In this study, we will focus on the assessment of the degree of 

contamination by heavy metals in the waters of the Oued 

Sebou estuary and the gills, muscle and liver of two fishes: 

Anguilla anguilla L. and Mugil cephalus L. 

 

Material and Methods 

1. Studied fish 

The European eel is a teleost fish that belongs to the order 

Anguilliformes, family Anguillidae represented by a single 

genus, the genus Anguilla [9]. The species Anguilla anguilla or 

"European eel" has a very wide geographical distribution, 

moreover, it is able to adapt to various freshwater and 

brackish environments. The originality of the eel is based on 

its particular life cycle with a larval marine phase 

(Leptocephalus and Civelle transparent), a sea-continent 

transition period (Civelle) and a long continental stay (yellow 

and silver eel). 

According to El Hilali (2007) [10], the minimum length is 

10.35 cm observed in February while the longest eel (35.75 

cm) was captured in January. Monthly average sizes show 

seasonal fluctuations with significantly lower values in the 

summer period. The average size of the entire population is 

17.48 ± 4.59 cm. On the other hand, linear growth modeling 

Cosmopolitan in the coastal waters of the tropical, subtropical 
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and temperate zones of all the seas, Mugil cephalus is a 

coastal species that can go up estuaries and rivers. It lives on 

sandy or muddy bottoms, often less than 10 m deep and feeds 

on zooplankton algae, benthic organisms and small fish [11]. 

 

2. Middle and Study stations 

The estuary of Sebou is subjected, at the level of the city of 

Kenitra, to a multiple pollution provoked by industrial 

activities (pumping of water and rejection of toxic effluents), 

agricultural (pumping of water and infiltration of the 

nitrogenous derivatives of fertilizer) and domestic 

(wastewater). 

 

 

 
 

Fig 1: Sebou estuary (LANDSAT 7ETM photograph P202R036 of April 10, 2001 - excerpt (Source: Sogreah, 2011)). 

 

3. Metallic elements studied and method of study 

To evaluate the degree of metallic pollution of the Sebou 

estuary, we measured the concentration of four metallic 

elements in the water and sediment of the estuary namely Pb, 

Cu, Fe and Zn The analysis is seasonal and was done for one 

year. The metal elements (Pb, Cu, Fe and Zn) are measured by 

ICP (Inductively Coupled Plasma). The same analysis was 

performed in four gill, muscle and liver samples from both 

fish. 

 

Result and Discussion 

The variations of the contents of the metallic elements in the 

sediment, gills, muscles and liver of Anguilla anguilla and 

Mugil cephalus are grouped in Tables I and II: 

 
Table 1: Seasonal contents (in mg/kg) of heavy metals detected in 

sediments 
 

Season Fe Zn Cu Pb 

Fall 26531 109,22 20,9 10,05 

Winter 18622 69,67 19,84 8,21 

Spring 17934 114,05 18,93 11,03 

Summer 22327 112,61 17,02 12,41 

Average 21353 101,38 19,17 10,42 

 
Table 2: Seasonal contents (in mg / kg fresh weight) of heavy metals detected in different tissues of Anguilla anguilla and Mugil cephalus. 

 

Season Organ Fe Zn Cu Pb 
Classification of 

concentrations 

Anguilla anguilla 

 

Full 

Liver 1109 198.2 13.99 1.26 Fe> Zn>Cu >Pb 

Muscles 1017 127.6 14.09 0.28 Fe> Zn>Cu >Pb 

Gills 4752 102.51 27.82 2.29 Fe> Zn>Cu >Pb 

 

Winter 

Liver 1779 119.22 1.77 1.09 Fe> Zn>Cu >Pb 

Muscles 3014 54 9.19 0.79 Fe> Zn>Cu >Pb 

Gills 2246 86.69 16.81 1.99 Fe> Zn>Cu >Pb 

 

Spring 

Liver 2682 381 13.5 1.18 Fe> Zn>Cu >Pb 

Muscles 1143 175.5 8.45 1.35 Fe> Zn>Cu >Pb 

Gills 1662 162 11.32 1.02 Fe> Zn>Cu >Pb 

 

Summer 

Liver 2281 203.9 25.62 1.93 Fe> Zn>Cu >Pb 

Muscles 1139 169 13.23 1.17 Fe> Zn>Cu >Pb 

Gills 46853 162.36 17.32 2.12 Fe> Zn>Cu >Pb 

Average in the liver 1962.7 250.58 13.92 1.34 Fe> Zn>Cu >Pb 

Average in the muscle 1578 131.52 11.21 0.89 Fe> Zn>Cu >Pb 

Mean in the in the gills 13878 128.39 18.33 1.85 Fe> Zn>Cu >Pb 

Classification of organs according to their 

degree of bioconcentration of metal 

Gills > liver 

> Muscle 

liver > 

Muscle±Gills 

Gills >> 

liver±Muscle 

Gills > liver 

> Muscle 
______ 

Mugil cephalus 

Full 
Liver 1321 250.14 14.16 7.56 Fe >Zn>Cu>Pb 

Muscles 1231 209 1.65 2.03 Fe >Zn>Pb>Cu 
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Gills 981 89.3 4.1 15.2 Fe >Zn>Pb>Cu 

Winter 

Liver 1168 134 13.21 9.16 Fe >Zn>Cu> Pb 

Muscles 1202 90.9 1.6 6.01 Fe >Zn>Pb>Cu 

Gills 1321 167.1 3.8 17.21 Fe >Zn>Pb>Cu 

Spring 

Liver 1514.8 154.9 2.91 5.95 Fe >Zn>Pb>Cu 

Muscles 1080 65 7.1 1.04 Fe >Zn> Cu>Pb 

Gills 1402.5 294 12.12 9.53 Fe >Zn> Cu> Pb 

Summer 

Liver 2147 178.32 5.4 10.93 Fe >Zn>Pb>Cu 

Muscles 910.04 132 2.72 1.02 Fe >Zn> Cu>Pb 

Gills 2294 431 9.91 9.09 Fe >Zn> Cu>Pb 

Average in the liver 1787.7 169.34 8.92 8.52 Fe >Zn> Cu>Pb 

Average in the muscle 1105.76 124.2 3.23 2.52 Fe >Zn> Cu>Pb 

Mean in the in the gills 1499.61 245.35 7.48 12.50 Fe >Zn> Pb>Cu 

Classification of organs according to their 

degree of bioconcentration of metal 

liver > Gills> 

Muscle 

Gills > liver > 

Muscle 

liver > Gills > 

Muscle 

Gills > liver 

>> Muscle 
______ 

 

1. Concentration of metals in the sediment 

For the iron, the concentrations recorded in autumn (26531 

mg/kg) and in summer (22327 mg/kg) exceed those recorded 

in winters (18622 mg/kg) or in spring (17934 mg/kg). The 

annual average is 21353 mg/kg. For the zinc, with the 

exception of the winter where the concentration was 69.67 

mg/kg, other season values are around 110 mg/kg and the 

mean value is 101.38 mg/kg. For the copper, the seasonal 

values noted are not very different and are around 19 mg/kg 

and the average value is 19.17 mg/kg. For the lead, the winter 

value (8.21 mg/kg) is the lowest, the seasonal values are not 

very variable, the values of other seasons are close to 11 

mg/kg and the average value is 10.42 mg/kg. 

In addition, the ranking of the concentrations of the metals 

studied ranked in descending order of the average 

concentrations is Fe> Zn> Cu> Pb. 

 

2. Concentration of metals in the tissues of Anguilla 

anguilla 

- The gills 

For the iron, the concentration observed in summer (46853 

mg/kg) is highest, that noted in spring (1662 mg/kg) is the 

lowest and those of winter (2246 mg/kg) and the fall (4752 

mg/kg) are intermediate. The seasonal average is 13898 

mg/kg. For the zinc, the seasonal mean concentration is 

128.39 mg/kg but the concentration varies with the seasons. 

The highest value (162.36 mg/kg) is summer; the lowest 

(86.69 mg/kg) is winter. The concentrations recorded in 

autumn (102.51 mg/kg) and in the spring (162 mg/kg) are 

intermediate. For the copper, the highest value (27.82 mg/kg) 

is autumnal and the lowest value (11.32 mg/kg) is spring. 

Summer (17.32 mg/kg) and winter (16.81 mg/kg) are 

intermediate and very similar. The seasonal average is 18.33 

mg/kg. For the lead, the concentrations are low. Autumnal 

(2.29 mg/kg) and summer (2.12 mg/kg) are the highest, the 

spring (1.02 mg/kg) is the lowest and the winter is 1.99 

mg/kg). The seasonal average is 1.85 mg/kg. 

In addition, the classification of the concentrations of the 

metals studied ranked in descending order of the average 

concentrations is the same as that noted in the sediment: Fe> 

Zn> Cu> Pb. 

 

- The muscle 

For the iron, relative to other concentrations in other seasons, 

the concentration noted in winter was the highest. The 

concentrations noted in spring (1143 mg/kg) and in autumn 

(1017 mg/kg) and in summer (1139 mg/kg) are numerically 

similar. The all-season average is 1578 mg/kg. For the zinc, 

the seasonal average of the concentrations is 131.52 mg/kg but 

the concentration varies with the seasons. The highest value is 

found in the spring (175.5 mg/kg) and the lowest value is 

winter (54 mg/kg). The concentrations that were noted in 

summer (169 mg/kg) and autumn (127.6 mg/kg) are 

intermediate. For the copper, the highest value (14.09 mg/kg) 

is autumnal, the summer value (13.23 mg/kg) is also high; 

those of winter and spring are 9.19 mg/kg and 8.45 mg/kg, 

respectively. The seasonal average is 11.21 mg/kg. For the 

lead, the spring concentration (1.35 mg/kg) is highest and the 

autumn concentration (0.28 mg/kg) is the lowest. Winter (0.79 

mg/kg) and summer (1.17 mg/kg) are intermediate and the 

seasonal average is 0.89 mg/kg. 

In addition, the classification of the concentrations of the 

metals studied ranked in descending order of the average 

concentrations is the same as that noted in the sediment: Fe> 

Zn> Cu> Pb.. 

 

- Liver 

For the iron, the concentrations noted in spring (2682 mg/kg) 

and in summer (2281 mg/kg) are higher than those noted in 

winter (1779 mg / kg) and in autumn (1109 mg/kg). The all-

season average is 1962.7 mg/kg. For the zinc, the seasonal 

mean concentration is 250.58 mg/kg but the concentration 

varies with the seasons. The spring value (381 mg/kg) is the 

highest, followed by the summer value (203.9 mg/kg). Winter 

and spring are 119.22 mg/kg and 198.2 mg/kg, respectively. 

For the copper, the highest value (25.62 mg/kg) is summer; 

those winter and spring are respectively 1.77 mg/kg and 13.5 

mg/kg, and fall is 13.99 mg/kg. The seasonal average is 13.92 

mg/kg. For the lead, the seasonal concentrations are very 

similar: the winter concentration was 1.09 mg/kg, the spring 

one 1.18 mg/kg, the summer one 1.93 mg/kg and the autumn 

one 1.26 mg/kg. The seasonal average is 1.34 mg/kg. 

In addition, the classification of the concentrations of the 

metals studied ranked in descending order of the average 

concentrations is the same as that noted in the sediment: Fe> 

Zn> Cu> Pb. 
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3. Concentration of metals in the tissues of Mugil cephalus 

- The gills 

For the iron, the concentration noted in summer (2294 mg/kg) 

is the highest and that recorded in autumn (981 mg/kg) is the 

lowest. The concentrations noted in spring (1402.5 mg/kg) in 

winter (1321 mg/kg) are intermediate and the seasonal 

average was 1499.61 mg/kg. For zinc, the seasonal mean 

concentration is 245.35 mg/kg but the concentration varies 

with the seasons. The highest value (431 mg/kg) was summer, 

the spring value (294 mg/kg) was also high, the winter value 

was 167.1 mg/kg and the autumn value was 89.3 mg/kg. 

weaker. For the copper, the highest value (12.12 mg/kg) was 

spring; the lowest (3.8 mg/kg) was winter. Summer (9.91 

mg/kg) is also high, and fall was 4.1 mg/kg. The seasonal 

average is 7.48 mg/kg. For the lead, the highest concentration 

(17.21 mg/kg) was winter followed by autumn (15.2 mg/kg). 

Spring (9.53 mg/kg) and summer (9.09 mg/kg) were 

intermediate and the mean seasonal concentration was 8.52 

mg/kg. 

In addition, the classification of the concentrations of the 

metals studied ranked in descending order of the average 

concentrations is the same as that noted in the sediment: Fe> 

Zn> Cu> Pb. 

 

- The muscle 

For iron, the concentrations that have been noted do not vary 

much with the seasons. In fact, the spring (1080 mg/kg), 

autumn (1231 mg/kg) winter (1202 mg/kg) and summer 

(910.04 mg/kg) values are numerically very high. The all-

season average is 1105.76 mg/kg. For zinc, the seasonal mean 

concentration is 124.2 mg/kg but the concentration varies with 

the seasons. The highest value (209 mg/kg) is autumnal, the 

summer value (132 mg/kg) is also high; those winter and 

spring are 90.9 mg / kg and 65 mg/kg respectively. For 

copper, the highest value (7.1 mg/kg) was spring and the 

lowest (1.65 mg/kg) and (1.65 mg/kg) were respectively 

autumn and winter. The summer population was 2.72 mg/kg 

and the seasonal average is 3.23 mg/kg. For lead, it is in 

winter that the highest concentration (6.01 mg/kg) was noted. 

The lowest concentrations were numerically very similar and 

the spring concentration was 1.04 mg/kg and the summer 

concentration was 1.02 mg/kg. The fall has been 2.03 mg/kg 

and the seasonal average is 2.52 mg/kg. In addition, the 

classification of the concentrations of the metals studied 

ranked in descending order of the average concentrations is 

the same as that noted in the sediment: Fe> Zn> Cu> Pb. 

 

- Liver 

For the iron, the summer concentration (2147 mg/kg) was the 

highest. This was successively followed by that of spring 

(1514.8 mg/kg), autumn (1321 mg/kg) and winter (1168 

mg/kg). The all-season average is 1787 mg/kg. For the zinc, 

the fall concentration (250.14 mg/kg) was highest, followed 

by the summer concentration (178.32 mg/kg), the spring 

concentration 154.9 mg/kg and the winter concentration 134 

mg/kg. The seasonal average of the concentrations is 169.34 

mg/kg. For the copper, the highest concentrations were 

recorded in autumn (14.16 mg/kg) and in winter (13.21 

mg/kg); the lowest (2.92 mg/kg) was noted in the spring. The 

summer concentration (5.4 mg/kg) is intermediate. For the 

lead, the concentrations recorded in summer (10.93 mg/kg) or 

in winter (9.10 mg/l) were the highest. Those spring (5.95 

mg/kg) or autumn (7.56 mg/kg) are lower. The seasonal 

average is (8.52 mg/kg). 

It should be noted that, for the origin of this pollution of 

certain living beings of the estuary of Sebou, this estuary is 

connected to one of the most polluted rivers of Morocco. The 

origin of pollution is very diverse [12, 13]. In fact, in addition to 

pollutants that are drained from the watershed of the Sebou 

River, wastewater rich in toxic substances of urban or 

industrial origin is dumped, without prior treatment, into the 

river or directly into the estuary. Among these pollutants are 

heavy metals. In the estuary, these metallic elements are found 

in water and in sediment and can even through the food chain 

be deposited in the body of certain living beings of the 

medium [14]. But, as our results and the results of other 

previous works show, it is in the sediment that the quantity of 

the heavy metals is more important. 

In addition, the results (Tabs I and II) showed that in sediment 

and in water, the available quantity of heavy metals differs. 

This difference in concentration could be the result of the 

difference in the degree of water solubility of these metals, the 

action of certain physicochemical conditions which favor the 

adsorption of metals on the solid particles of the medium, the 

action of the phenomenon release of existing metallic 

elements from water and sediment [15-17]. As reported by Liu et 

al. (2010) [18], through feeding, breathing or dermal metal 

elements can pollute many animal species by accumulating at 

different levels of concentration in the tissues of their bodies. 

According to Khamar et al., (2002) [19], the amount of 

bioaccumulation depends on many factors including the metal 

element concerned, the degree of availability of this metal and 

the action of certain physicochemical parameters of the 

medium. The stage of development of bioaccumulator fish 

could also be a factor. Wariaghli (2013) [20] reported that in the 

Loukkos estuary (Morocco), large eels (50 to 60 cm), that is, 

the oldest, are more contaminated with toxic values, of the 

order 0.58 μg/g fray weight (f.w.) Exceeding the standard set 

by WHO (0.5 μg/g spawning pea (m.p.) for human 

consumption). The same author pointed out that the average 

concentration of mercury in the muscle of sebou and Loukkos 

eels is high, of the order of 0.47 μg/g (f.w.) (Loukkos) and 

0.46 μg/g f.w. (Sebou). 

A noter que d’après Wariaghli (2013) [20], chez Anguilla 

anguilla, l’analyse des éléments métalliques révèle une 

contamination tissulaire généralisée avec des concentrations 

plus élevées de certains éléments métalliques par rapport aux 

autres. Le facteur « saison » est un facteur de variation de 

concentration du métal dans le corps de l’être biaccumulateur: 

la variation saisonnière de la concentration des métaux dans 

les différents organes étudiés pourrait être due aux 

changements des conditions physico-chimiques du milieu et 

au degré du stade de développement du poisson analysé. Pour 

l’influence des conditions physico-chimiques sur le degré 

d’absorption d’un métal par l’organisme de certaines espèces 

du milieu, Kourradi et al., (2001) [21] ont signalé que chez 

Solen marginatus (Mollusque), le changement saisonnier des 

conditions physico-chimiques du milieu influence la quantité 

de certains éléments métalliques bioconcentrés dans la chair. 

De même, pour plusieurs mollusques, les teneurs accumulées 
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du zinc, du plomb et du cuivre sont inversement 

proportionnelles à celle du degré de la salinité du biotope [22]. 

Ces mêmes constatations ont été mentionnées chez d'autres 

Mollusques bivalves tels chez Pecten et Chlamys [23]. Chez 

Venerupis decussata, dans Piedras River estuary (southwest 

Spain), une variation saisonnière sinusoïdale significative de 

Cu et de Zn a été observée par Ruiz-Azcona et al. (2013) [24]. 

Ainsi, ces derniers résultats pourraient expliquer les variations 

saisonnières des teneurs métalliques que nous avons noté dans 

les tissu de Anguilla anguilla et Mugil cephamus. 

Par ailleurs, la contamination métallique étudiée pourrait être 

une cause de stresse des espèces étudiés. En effet, les résultats 

d’un travail effectué par Guimarães et al. (2009) [25] ont noté 

que le développement des anguilles dans les estuaires pollués 

des rivières Lima et Douro (Portugal) interfère avec des 

fonctions physiologiques déterminantes pour leur survie et 

leur performance. La contamination d’espèces fortement 

contaminées par des métaux lourds pourrait nuire aussi à la 

santé du consommateur. 

 

Conclusion 

For both species, the tissues of the organs studied showed 

concentrations of the various studied metals. The degree of 

this concentration differs according to the metals and 

according to the seasons. In addition, the degree of 

bioconcentration of iron and zinc in the tissues studied does 

not differ significantly among species. However, the 

concentration of copper seems to be higher in Anguilla 

anguilla and that of lead seems to be higher in Mugil 

cephalus. Similarly, it is the gills that bioaccumulate more 

metal followed by the liver. Most often it is the muscle that 

bioaccumulates metal month. 

The classification of the concentrations of the metals studied 

ranked in descending order of the average concentrations is 

the same as that noted in the sediment: Fe> Zn> Pb> Cu. 

 

Reference 

1. Rachid Amara. Impact de la pollution sur les écosystèmes 

côtiers: exemple de la Manche orientale. Hors-série 

9 | Juillet 2011. 

2. Roméo M, Gnassia-Barelli M. Metal distribution in 

different tissues and in subcellular fraction of the 

mediterranean clam Ruditapes decustatus treated with 

cadmium, copper or zinc. Comp. Biochem. Physiol. 1995; 

111(C3):457-463. 

3. Amani Alturiqi S, Lamia Albedair A. Evaluation of some 

heavy metals in certain fish, meat and meat products in 

Saudi Arabian markets; The Egyptian Journal of Aquatic 

Research. 2012; 38(1):45-49. 

4. Kamal Elnabris J, Shareef Muzyed K, Nizam El-Ashgar 

M. Heavy metal concentrations in some commercially 

important fishes and their contribution to heavy metals 

exposure in Palestinian people of Gaza Strip (Palestine). 

Journal of the Association of Arab Universities for Basic 

and Applied Sciences, 2013; 13(1):44-51. 

5. Soumaya Hammada, Mahamed Dakki, Mohamed Ibn 

Tattou, Aïcha Ouyahya, Mohamed Fennane. Analyse de 

la biodiversité floristique des zones humides du Maroc. 

Flore rare, menacée et halophile. Acta Botanica 

Malacitana, 2004; 29:43-66. 

6. Secrétariat d’Etat auprès du Ministère de l’Energie, des 

Mines, de l’Eau et de l’Environnement, chargé de l’Eau et 

de l’Environnement Département de l’Environnement; 

Quatrième Rapport National sur la Biodiversité Mars 

2009. 112 pages. 

7. Bachir El Bouhali, Laila Bennasser, Issad Nasri, Vincent 

Gloaguen Et Aziza Mouradi. Contamination métallique 

de Gambusia holbrooki au niveau du lac Fouarat et de 

l’estuaire Sebou dans la région du Gharb (Maroc). 

Afrique SCIENCE, 2008; 04(3):410-425. 

8. Kaoutar Houri, Latifa El Harrak, Hafida Jaghror, 

Mohammed Izougarhane, El Hassania Saad, Mohamed 

Fadli. Bioaccumulation of Some Metal Elements and 

Micronutrients in the Gills and the Muscle of Sunfish 

(Lepomis gibbosus Linnaeus, 1758). Research & Reviews 

in BioSciences, RRBS, 2014; 9(9):316-321. ISSN: 0974 - 

7532. 

9. Neilson JD, Geen GH. Method for preparing otoliths for 

microstructure examination. Prog. Fish. Colt. 1984, 

43:90-91. 

10. Mohammed El Hilali. L’anguille européenne (Anguilla 

anguilla L., 1758) dans le Bas-Sebou:Biologie et 

infestation par Anguillicola crassus. Thèse Université 

Mohammed V, Rabat Maroc; 2007 (200 pages). 

11. Soyinka, Olufemi Olukolajo. The feeding ecology of 

Mugil cephalus (Linnaeus) from a high brackish tropical 

lagoon in South-west, Nigeria. African Journal of 

Biotechnology. 2008; 7(22):4192-4198, 19 November, 

2008 Available online at 

http://www.academicjournals.org/AJB ISSN.1684-5315 

© 2008 Academic Journals. 

12. Perrin JL, Raïs N, Chahinian N, Moulin P, Ijjaali M. 

Water quality assessment of highly polluted rivers in a 

semi-arid Mediterranean zone Oued Fez and Sebou River 

(Morocco). Journal of Hydrology, 2014; 510:p26-34. 

13. Khamar, et al. Khamar M, Cherkaoui E, et Nounah A. 

Bioaccumulation of heavy metals by the flora and benthic 

macrofauna of the Bouregreg estuary wetland. MATEC 

Web of Conferences, 2018; 149, p02054 

https://doi.org/10.1051/matecconf/201814902054 CMSS-

2017. 

14. Paula Weber, Everton Rodolfo Behr, Camila De Lellis 

Knorr, Daniel Secretti Vendruscolo, Erico MM, Flores, 

Valderi Dressler L, Bernardo Baldisserotto. Metals in the 

water, sediment, and tissues of two fish species from 

different trophic levels in a subtropical Brazilian river. 

Microchemical Journal, 2013; 106, Pages 61-66. 

15. Vukovi N, Brana S, Miti B. Orchid diversity of the cape 

of Kamenjak (Istria, Croatia). Acta Botanica Croatica, 

2011; 70:23-40. 

16. Lim WY, Aris AZ, Zakaria MPI. Spatial Variability of 

Metals in Surface Water and Sediment in the Langat 

River and Geochemical Factors That Influence Their 

Water-Sediment Interactions; Scientific World Journal. 

2012; 652150. Published online 2012 Aug 1. doi: 

10.1100/2012/652150 

17. Dalale Mansouri, Rachida Fegrouche, Latifa EL Harrak, 

Hafida Allami and Mohamed Fadli, 2018. Contamination 

of the flesh of Scrobularia plana and Solen marginatus 

(Lamellibranch molluscs), hosting the estuary of Sebou 



International Journal of Biology Research 

149 

(Morocco), by iron, zinc, copper and lead. International 

Journal of Fisheries and Aquatic Studies. 2018 ; 6(2), Part 

C. 

18. Liu G, Chai T, Sun T. Heavy metal absorption, 

transportation and accumulation mechanisms in 

hyperaccumulator Thlaspi caerulescens. Sheng Wu Gong 

Cheng Xue Bao. 2010; 26(5):561-8. 

19. Khamar M, Bouya D, Ronneau C. Pollution métalliques 

et organiques des eaux et des sédiments d'un cours d'eau 

marocain par les rejets liquides urbains. Waters quality 

research, 2002; 35(1):147-161. 

20. Wariaghli Fatima. Ecotoxicologie et Biologie marine 

Etude écotoxicologique et parasitologique chez l’Anguille 

(Anguilla anguilla L.) dans les estuaires marocains: 

Sebou et Loukkos (Atlantique). Thèse de doctorat, 

Université Mohammed V (Maroc). Soutenue le 11 

Novembre 2013. 

21. Kourradi R, Benmessaoud F, Gheit A. Contamination 

métallique décelée dans les tissus mous d’une population 

naturelle de Solen marginatus (L.) peuplant l’estuaire de 

l’Oued Bou Regreg (côte Atlantique du Maroc). Riv. 

Idrobiol. 2001, 40:2-3. 

22. Phillips DJH. The use of biological indicator organisms to 

monitor trace metal pollution in marine and estuarine 

environments - a review. Environ. Pollut. 1977; 13:281-

217. 

23. Bryan GW. The occurrence and seasonal variation of 

trace metals in the scalopps Pecten maximums (L) and 

Chlamys opercularis (L). J. Mar. Biol. Ass., U.K., 1973; 

53, pp.145-166. 

24. Ruiz-Azcona P, Moreno O, Palanco I, GiráLdez I, 

Velasco A, Morales E. Temporal Fluctuation of Metals in 

Seawater of the Piedras River Estuary and the Effects of 

Copper on Venerupis decussate Larvae. Journal of 

Shellfish Research. 2013; 32(2):291-296. 

25. Guimarães L, Gravato C, Santos J, Monteiro LS, 

Guilhermino L. Yellow eel (Anguilla anguilla) 

development in NW Portuguese estuaries with di erent 

contamination levels. Ecotoxicology, 2009; 18:385-402. 


