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INTRODUCTION  

 

Heavy metals are considered as serious pollutants of the aquatic environment because of their 

toxicity, high persistence, being non-biodegradable, and tendency to bioaccumulate in organisms 

(Çoğun et al., (2017), they are very toxic to both humans and the wildlife.  The sources of this 

pollution comes from geochemical origins, or anthropogenic activities: mining, agriculture, industrial 

processes, urban development, consumption and exploitation of fossil resources, and others; that 

alter the different biological systems balance, generating environmental pollution (Ansari et al., 

2004). Heavy metals, such as cadmium, lead, chromium, mercury and metalliod of arsenic have been 

implicated with high toxicity and in carcinogenicity (Oluowo & Olomukoro, (2017). Crustaceans 

are good indicators of heavy metal contamination of marine environments (Chou et al., (2002); 

Türkmen et al., (2006) because heavy metal biomonitor should have the ability to accumulate 

contaminants in its tissues in a way that the accumulation is consistent with changes in the amount of 
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The concentrations of metals (Cd, Cr, Cu, Fe, Mn, Ni, Zn, Pb, Al) were evaluated in the 

blue crabs (Callinectes sapidus) tissues collected in January, April, June and September 

2022 at two stations in Gharb region of Morocco (lagoon Merja Zerga, Nador canal) 

using ICP-MS. The metal concentrations in crabs from two stations was not differed 

significantly. The gill was the major organ accumulating metals, followed by 

hepathopancreas and muscle tissues. Except for Cadmium, the highest concentrations of 

metals were measured in the gill. The gill had higher concentrations of all heavy metals 

except for Fe (Cr 7.37 ± 0.05; Zn 149.9 ±0.05; Ni 2.88 ± 0.025; Cd 1.28 ± 0.1; Mn 

136.72 ± 0.075; Fe 530.25 ± 0.075; Cu 138.17± 0.125; Al 179.25±0.1; Pb 27.1±0.025) 

in Merja zerga and (Cr 8.61± 0.05; Zn 125. 62±0.05; Ni 3.77± 0.025; Cd 1.24± 0.1; Mn 

204.42 ± 0.075; Fe 380.75 ± 0.075; Cu 166.22 ± 0.125; Al 230 ±0.1; Pb 34.35±0.025) in 

Nador canal compared to muscle (Cr 5.22 ± 0.05; Zn 135.7± 0.05; Ni 2.44 ± 0.025; Cd 

±1.34 0.1; Mn 245.95 ± 0.075; Fe 656 ± 0.075; Cu 156.62 ± 0.125; Al 229.25 ±0.1; Pb 

11.92 ±0.025) in Merja zerga and (Cr 2.92 ± 0.05; Zn 168.82 ±0.05; Ni 2.05 ± 0.025; Cd 

1.22 ± 0.1; Mn 141.25 ± 0.075; Fe 430.5± 0.075; Cu 155.4 ± 0.125; Al 254±0.1; Pb 

20.35 ±0.025) in Nador canal. Among the metals analyzed, Cu, Zn, Fe, Al and Mn were 

the most abundant in the different tissues while Cd was the least abundant in C. sapidus. 

Seasonality in the levels of the nine metals was determined. the highest concentrations 

of all metals were observed in Autumn.   
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pollutants in the environment (Saadatia et al., (2019). C. sapidus is the most important commercial 

crustacean of the benthic macroinvertebrates, because they are used for human consumption, they are 

important source of essential elements such as vitamin D, selenium and some metals (Fe, Zn, Mn, 

Ca, Na, K and P) for growth and well-being and also of non-essential elements such as Hg and Cd 

harmful for humans (Naczk et al., (2004).  Metals can be easily accumulated into the aquatic 

organisms from the water and sediment by the means of food web (Alibabić et al., (2007); (Burger 

et al., (2007). Blue crabs, Callinectes sapidus Rathbun, are important members of the estuarine food 

chain due to high abundance and their multiple role as scavengers, predators and prey (Jop et al., 

(1997), they have the capability of accumulating heavy metals (Kumar et al., (2000) and they are an 

excellent bioindicator ometal contamination. Hepathopancreas is the key site of heavy metal 

accumulation in Crustacean (Reinecke et al., (2003) and the gills are one of the entry points for 

harmful substances since they are a large adsorptive organ system (Reichmuth et al., (2010).  

C. sapidus are economically important and consumed by people, to our knowledge, no study has 

been published about heavy metal bioaccumulation in Morocco and especially in Merja lagoon and 

Canal Nador. The purpose of this study is to determine heavy metals in hepathopancreas, gills and 

muscle tissues of callinectes sapidus as biological indicator of heavy metals for insight into health 

risks associated with humans consuming the crabs. 

 

MATERIALS AND METHODS  

 

2.1 Study site. 

The lagoon of Merja Zerga is the most important wetland in Morocco, is between the towns of kenitra, 

in the north 70 km and in the south of larache 35 km in the north-western corner of the gharb region 

Merja Zerga  is located  at the  north-western end of  the Gharb  plain, in  the immediate  south of  the 

seaside village of Moulay Bouselham, It is part  of  the territory  of the  province of  Kenitra (circle  of 

Lalla Mimouna), it depends  on the  communes of Moulay  Bouselham and  Sidi Mohamed  Lahmer 

(Benhoussa et al., (2003). Fresh water arrives in this ecosystem through the Nador Canal to the south 

and the Wadi Drader to the east. The drader river and the Nador canal supplies it with fresh water (El 

Qoraychy et al., (2015). The Nador Canal, built in 1953, drains the M'da watershed over 700 km as 

well as the right bank of Sebou River (Fraikech et al., (2005) Fig.1. 

The study sites were located in Rharb region in Morocco. We collected samples of C. sapidus at 

lagoon Merja Zerga and the Nador Canal.  

2.2 Catching and measuring crabs.  

Individuals of C. sapidus were caught from two locations in Merja Zerga and Nador Canal in Rharb 

region in Morocco (Fig. 1). The specimens were captured seasonally (4 times per year) during April, 

June, September and January 2022/2023 by a professional fisherman. The samples were placed in 

plastic bags, transported on ice, and stored at – 20°C until further analysis in the laboratory. Each crabs 

were properly cleaned with water to remove debris, planktons and other external adherent. Individual 

were collected from each station during each season (total n=135) 66 Females and 69 males (n=77 crabs 

in Merja zerga and n=71 in Canal Nador) to determine metal concentrations in tissues. For each 

captured specimen sexe, length and weight were determined. The mean length and weight of the crabs 

were 17±1.40 cm and 320.9±3,8 g, respectively. Before analysis, Hepatopancreas, gill and muscle 

tissues was dissected separately. Tissues samples were dried at 105°C for 2 days in the oven.1g for 

Samples were transferred into digestion flasks and 2 mL of Nitric acid was added and then digestion 
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flasks were put on a hot plate set to 100°C for 2 h The remaining digested solution was transferred to 

30 mL flasks and diluted to volume 25 with distilled water, and metal concentrations in the samples 

were measured on ICP-MS method (ultima expert). 

 

2.3 Statistical analysis.   

The study data used were subjected to analysis of variance (ANOVA), regression, and correlation 

coefficients to show significant differences in the seasonally metal concentrations in the organisms. 

RESULTS AND DISCUSSION 

 

Metal concentrations in the hepatopancreas, gill and muscle tissues of C. sapidus are presented in 

Tables 1, 2, 3, 4, 5, 6, 7, 8 and 9. The mean concentrations of cadmium, lead chromium, copper, iron, 

manganese, nickel, zinc and aluminum in tissues of blue crab, Callinectes sapidus, from Merja Zerga 

and Canal Nador in Gharb region of Morocco were given in Tables below. 

Table 1: Mean concentrations of chromium (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites. 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 0.36±0.05 ax 0.57±0.05 ay 0.18±0.05 az 

Spring 0.13±0.05 ax 0.48±0.05 ay 0.15±0.05 az 

Summer 1.70±0.05 ax 0.09±0.05 ay 2.92±0.05 bz 

 

Merja Zerga 

Automn 8.61±0.05 ax 0.51±0.05 ay 0.13±0.05 bz 

Winter 

Spring 

0.07±0.05 ax 

4.71±0.05 ax 

2.22±0.05 ay 

0.20±0.05 ay 

0.24±0.05 az 

5.22±0.05 az 

Summer 

Automn 

1.30±0.05 ax 

7.37±0.05 ax 

0.7±0.05 ay 

0.25±0.05 ay 

3.34±0.05 bz 

0.15±0.05 bz 

 

Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 

Figure  1: Map showing sampling locations of Merja Zerga (MZ) and Nador canal (NC). 
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Table 2 : Mean concentrations of zinc (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites. 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 125.62±0.05 ax 68.82±0.05 ay 168.82±0.05 az 

Spring 122.17±0.05 ax 100.32±0.05 ay 140.05±0.05 az 

Summer 77.65±0.05 ax 136.07±0.05 ay 79.87±0.05 az 

 

Merja Zerga 

Automn 72.7±0.05 bx 112.9±0.05 ay 123.4±0.05 az 

Winter 

Spring 

149.9±0.05 ax 

69.7±0.05 ax 

81.3±0.05 ay 

137.77±0.05 ay 

105.3±0.05 az 

78.5±0.05 az 

Summer 

Automn 

129.15±0.05 ax 

74.75±0.05 bx 

111.6±0.05 ay 

136.57±0.05 ay 

79.8±0.05 az 

135.7±0.05 az 

 
Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05) 

 
 

Table 3: Mean concentrations of lead (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites. 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 0.67±0.025 ax 0.35±0.025 ay 0±0.025 az 

Spring 0.72±0.025 ax 0.13±0.025 ay 0.50±0.025 az 

Summer 7.94±0.025 ax 0.60±0.025 ay 11.92±0.025 az 

 

Merja Zerga 

Automn 34.35±0.025 bx 0.64±0.025 ay 0.09±0.025 az 

Winter 

Spring 

0.36±0.025 ax  

17.50±0.025 ax 

1.13±0.025 ay 

0.73±0.025 ay 

0±0.025 az  

20.33±0.025 az 

Summer 

Automn 

0.62±0.025 ax  

27.1±0.025 bx 

0.56±0.025ay 

0.63±0.025 ay 

0±0.025 az  

0.64±0.025 az 

 
Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 

 
Table 4: Mean concentrations of nickel  (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites. 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 0.39±0.025 ax 2.35±0.025 ay 0.79±0.025 az 

Spring 0.3±0.025 ax 1.4±0.025 ay 0.6±0.025 az 

Summer 1.31±0.025 ax 0.61±0.025 ay 2.05±0.025 bz 

 

Merja Zerga 

Automn 3.77±0.025 bx 1.47±0.025 ay 0.62±0.025 az 

Winter 

Spring 

0.14±0.025 ax  

1.90±0.025 ax 

1.36±0.025 ay 

0.35±0.025 ay 

1.25±0.025 az  

2.44±0.025 az 

Summer 

Automn 

0.90±0.025 ax  

2.88±0.025 bx 

0.60±0.025ay 

0.72±0.025 ay 

1.66±0.025 bz  

0.33±0.025 az 

 
Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 

Table 5: Mean concentrations of cadmium  (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites. 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 1.07±0.1 ax 4.24±0.1 ay 0.86±0.1 az 

Spring 0.79±0.1 ax 0.75±0.1 ay 0.66±0.1 az 

Summer 1.07±0.1 bx 1.39±0.1 by 1.22±0.1 az 

 Automn 1.24±0.1 bx 0.6±0.1 ay 0.57±0.1 az 

Merja Zerga Winter 0.95±0.1 ax 0.77±0.1 ay 0.73±0.1 az 

Spring 1.17±0.1 ax 0.56±0.1 ay 1.34±0.1 az 

Summer 0.64±0.1 bx 1.13±0.1 by 0.89±0.1 az 

 Automn 1.28±0.1 bx 0.68±0.1 ay 0.10±0.1 az 

Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 
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Table 6:  Mean concentrations of manganese (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 3.58±0.075 ax 21.51±0.075 ay 25.12±0.075 az 

Spring 4.66±0.075 ax 33.9±0.075 ay 23.40±0.075 az 

Summer 90.82±0.075 ax 6.21±0.075 ay 141.25±0.075 az 

 Automn 204.42±0.075 bx 22.78±0.075 ay 4.21±0.075 az 

Merja Zerga Winter 3.07±0.075 ax 58.22±0.075 ay 20.39±0.075 az 

Spring 112.22±0.075 ax 12.42±0.075 ay 245.95±0.075 az 

Summer 24.51±0.075 ax 6.73±0.075 ay 81.77±0.075 az 

 Automn 136.72±0.075 bx 14.82±0.075 ay 3.12±0.075 az 

 
Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 

Table 7: Mean concentrations of iron (μg/g) dry weight ± SEM) in three tissues, collected in four 

seasons at two sites. 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 31.9±0.075 ax 155.82±0.075 ay 200.87±0.075 az 

Spring 66.32±0.075 ax 238.45±0.075 ay 95.85±0.075 az 

Summer 329±0.075 ax 39.3±0.075 ay 430.5±0.075 az 

 Automn 380.75±0.075 ax 413.55±0.075 ay 57.85±0.075 az 

Merja Zerga Winter 47.2±0.075 ax 354.75±0.075 ay 219.75±0.075 az 

Spring 478.75±0.075 ax 203.9±0.075 ay 656±0.075 az 

Summer 120.75±0.075 ax 42.07±0.075 ay 579±0.075 az 

 Automn 530.25±0.075 ax 222.37±0.075 ay 38.65±0.075 az 

 
Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 
 

Table 8:  Mean concentrations of copper  (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 45.97±0.125 ax 1.71±0.125 ay 22.62±0.125 az 

Spring 54.6±0.125 ax 141.4±0.125 ay 56.92±0.125 az 

Summer 166.22±0.125 ax 61.67±0.125 ay 155.4±0.125 az 

 Automn 118.92±0.125 bx 57.1±0.125 ay 48.37±0.125 az 

Merja Zerga Winter 46.5±0.125 ax 133.85±0.125 ay 77.72±0.125 az 

Spring 138.17±0.125 ax 45.62±0.125 ay 121.1±0.125 az 

Summer 49.77±0.125 ax 59.65±0.125 ay 156.62±0.125 az 

 Automn 123.47±0.125 bx 75.32±0.125 ay 44.55±0.125 az 

 
Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 
 

Table 9: Mean concentrations of Aluminium (μg/g dry weight ± SEM) in three tissues, collected in four 

seasons at two sites. 

Sites Seasons Gills Hepatopancreas Muscle 

Canal Nador Winter 9.30±0.1 ax 56.2±0.1 ay 48.85±0.1 az 

Spring 21.92±0.1 ax 41.67±0.1 ay 27.52±0.1 az 

Summer 230±0.1 ax 10.94±0.1 ay 254±0.1 az 

 Automn 154.5±0.1 bx 66.72±0.1 ay 20.13±0.1 az 

Merja Zerga Winter 14.50±0.1 ax 254.25±0.1 ay 47.15±0.1 az 

Spring 179.25±0.1 ax 33.1±0.1 ay 156.25±0.1 az 

Summer 23.22±0.1 ax 10.94±0.1 ay 229.25±0.1 az 

 Automn 128.75±0.1 bx 26.35±0.1 ay 13.01±0.1 az 

 

Different labels (a, b) within a row indicate significant differences among Tissues at each season; different labels 

(x, y, z) within a column indicate significant differences among tissues at each site (p<0.05). 
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The differences between mean metal concentrations from both sites were statistically not significant, but 

the differences between tissues for same metal were statistically significant at each site (p<0.05) and no 

difference between seasons except Autumn, Blue crab gill indicated higher levels of all metals than in 

the other tissues, metal concentrations of tissues were higher in Autumn and summer and lower in 

winter. The order of metal concentration in C. sapidus tissues was Fe> Al> Mn> Zn > Cu > Pb > Cr> 

Cd> Ni. Gills are an important organ of interest in terms of their ability to uptake heavy metals from the 

water due to the metal binding sites located at the tissue’s surface (Wang and Rainbow, 2008) these 

areas and supply valuable information about metal contents in tissues of the crabs from target sites 

indirectly indicate the environmental contamination of the lagoon. Chromium concentrations in gill 

tissue of crabs ranged from (0.07μg/g) to (7.37 μg/g) in Merja Zerga and (0.13 μg/g) to (8.61 μg/g) in 

Canal Nador, while concentrations in hepatopancreas were (0.20 μg/g) to (2.22 μg/g) in Merja Zerga 

and (0.09 μg/g) to (0.57 μg/g) in Canal Nador and le Chromium concentrations in muscle in Merja zerga 

were observed to be (0.15 μg/g) to (5.22 μg/g) in Merja Zerga and (0.13 μg/g) to (2.92 μg/g) in Canal 

Nador , the concentrations measured in both sites were higher than the recommendations of the world 

Health organization (WHO)  OMS (2006) and the legal values for fish and fishery products proposed by 

Nauen (1983), a maximum limit for heavy metal in edible wet mass of Cr is 1 μg/g but lower than a 

Guide for the control of molluscan shellfish ISSC (2011) with a maximum concentration 12 μg/g . In 

the absence of activities using Cr in its different forms in the region, it seems that its origin is the 

contributions of the sebou basin known for its tanneries (Fes, Kenitra) (Fekhaoui, 1990; Fekhaoui et 

al., 1993) and their routing to Nador canal to the lagoon of Moulay bousselham (Merja zerga). Muscle 

tissue is commonly regarded to have low accumulation ability for heavy metals Tapia et al., (2012); 

Muscle, gill and hepathopancreas concentrations of chromium in blue crabs in our study were generally 

higher than those reported for Iskenderun Bay Türkmen et al., (2006), canal adjacent to Lae Drive, 

runaway bay (Mortimer and Cox, 1999), Ojo Rivers Ayejuyo et al., (2009); Olowu et al., (2010), 

Mediterranean Lagoons Cengiz et al., (2011) and in the Köyceğiz Lagoon System (Genç and Yilmaz, 

2017).  Zinc concentrations in gill of crabs ranged from (69.7μg/g) to (149.9 μg/g) in Merja Zerga and 

(72.7 μg/g) to 125. 62 μg/g) in Canal Nador. While concentrations in hepatopancreas were (81.3 μg/g) 

to (137.77μg/g) in Merja zerga and (68.82μg/g) to (136.07μg/g) in Canal Nador and the Zinc 

concentrations in muscle in Merja zerga were observed to be (78.55 μg/g) to(135.7μg/g) and 

(79.87μg/g) to (168.82μg/g) in Canal nador. The concentrations quantified in both sites were higher than 

the European Union EU (2006), a maximum limit for Zn is 50 mg/kg, for FAO and WHO (2011) is 1 

mg/kg, Nauen (1983) is (30 μg/g -100 μg/g), and Turkish acceptable limits for fishery products TKB 

(2002) the maximum limit is 50 μg/g, its presence is due to a thrust importance of this element by the 

descending waters in the direction of the sea Fekhaoui et al., (2009). In comparison of metal with other 

research for example for canal adjacent to Lae Drive, runaway bay (Mortimer and Cox, 1999) the 

concentration is (63.1 μg/g - 83.4 μg/g) in muscles lower than our study, in Ojo Rivers the concentration 

is 8.31 μg/g to 16.2 μg/g (29) and in the other research the concentrations were 0.024 μg/g to 6.06 μg/g 

Olowu et al., (2010), in River Aponwe the concentration is 5 μg/g (Falusi and Olanipekun, 2007), in 

the medierannean Lagoons Cengiz et al., (2011) and in the Köyceğiz Lagoon System (Genç and 

Yilmaz, 2017). Lead concentrations in gill of crabs ranged from (0.36 μg/g) to (27.1μg/g) in Merja 

zerga and (0.67μg/g) to 34.35μg/g) from Canal Nador is higher than Köyceğiz Lagoon System in 

Turkey (Genç and Yilmaz, 2017) and in Mouth of river Segura in Spain Inmaculada et al., (2020) and 

lower than Mersin bay in turkey Çoğun et al. (2017), While concentrations in hepatopancreas were (0.56 

μg/g) to (1.13 μg/g) in Merja zerga and (0.35μg/g) to (0.64μg/g) in canal Nador were lower than Mersin 

bay in turkey (Çoğun et al., 2017), Köyceğiz Lagoon System in turkey (Genç and Yilmaz, 2017) and 
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in Pensacola Bay in USA Karouna-Renier et al., (2007) but higher in Mouth of river Segura in Spain 

El Abidi et al., (2010). and the lead concentrations in muscle in Merja Zerga were observed to be (0 

μg/g) to (11.92μg/g) in Merja zerga and (0 μg/g) to (20.35 μg/g) in Canal Nador were higher than 

Iskenderun Bay Türkmen et al. (2006), Mediterranean coastal Cengiz et al., (2011) Mersin Bay in 

turkey Çoğun et al. (2017) also in Atlantic coast of Florida in USA (Adams and Engel, 2014), in 

Acquatina Lagoon in Italy Zotti et al., (2016) and in Mouth of river Segura in Spain El Abidi et al. 

(2010).  

The concentrations identified in all tissues muscles Gills and hepathopancreas were higher than 

European union EU (2006) when the maximum limit for lead is 0.5 μg/g and for FAO/WHO is 0.3 μg/g 

FAO and WHO (2011). The essential source of this non-essential element is the use of leaded gasoline 

before 2010 El Abidi et al., (2010), and also the presence of pesticides and agricultural inputs used for 

rice cultivation and other crops that threaten the ecological balance of the site Madigosky et al., (1991). 

Nickel concentrations in gill of crabs ranged from (0.14μg/g) to (2.88μg/g) in Merja zerga and 

(0.39μg/g) to (3.77μg/g) in Canal Nador. While concentrations in hepatopancreas were (0.35μg/g) to 

(1.36μg/g) in Merja zerga and (0.61μg/g) to (2.35 μg/g) in Canal Nador and the nickel concentrations in 

muscle in Merja zerga were observed to be (0.33μg/g) to (2.44μg/g) and (0.6μg/g) to (2.05μg/g) in 

Canal Nador. Nickel levels of this study were higher than those reported for canal adjacent to Lae Drive, 

runaway bay (Mortimer and Cox, 1999), Mediterranean Lagoons Cengiz et al., (2011), River Aponwe 

(Falusi and Olanipekun, 2007) and the I˙skenderun Bay Türkmen et al., (2006). The concentrations 

measured in our study were lower than Guide for the control of molluscan shellfish ISSC the maximum 

limit is (70 μg/g). Cadmium concentrations in gill of crabs ranged from (0.64 μg/g) to (1.28 μg/g) in 

Merja zerga and (0.79 μg/g) to (1.24 μg/g) in canal Nador compared to other research in different 

countries and locations the concentrations in our study were higher than Köyceğiz Lagoon System 

(Genç and Yilmaz, 2017) and in Mediterranean coastal in turkey Cengiz et al., (2011) but lower in 

Mersin Bay in turkey Çoğun et al. (2017), while concentrations in hepatopancreas were (0.56 μg/g) to 

(1.13μg/g) in Merja zerga and (0.6 μg/g) to (4.24 μg/g) in canal Nador were  lower in Mersin Bay in 

turkey Çoğun et al. (2017) and higher in Köyceğiz Lagoon System (Genç and Yilmaz, 2017), in Mouth 

of river Segura in Spain Inmaculada et al., (2020) and in Pensacola Bay in USA Karouna-Renier et 

al., (2007) and the cadmium concentrations in muscle in Merja zerga were observed to be (0.1μg/g) to 

(1.34μg/g) and (0.57μg/g) to (1.22μg/g) in canal Nador, higher than those in Iskenderun Bay, 

Mediterranean coastal, Mersin Bay in turkey , Acquatina Lagoon in Italy, Atlantic coast of Florida and  

Pensacola Bay in USA, although cadmium concentrations measured in the muscles of blue crab in our 

study were higher than ISSC (2011), TKB (2002) and Nauen (1983). Manganese concentrations in gill 

of crabs ranged from (3.07μg/g) to (136.72μg/g) in Merja zerga and (3.58μg/g) to (204.42 μg/g) in 

Canal Nador were higher than values mentioned in the Mediterranean Lagoons Cengiz et al., (2011). 

While concentrations in hepatopancreas were (6.73 μg/g) to (58.22 μg/g) in Merja zerga and (6.21μg/g) 

to (33.9 μg/g) in Canal nador and the manganese concentrations in muscle in merja zerga were observed 

to be (3.12 μg/g) to (245.95 μg/g) and (4.21 μg/g) to (141.25 μg/g) in canal Nador were higher than 

those reported in canal adjacent to Lae Drive, runaway bay (Mortimer and Cox, 1999), I˙skenderun 

Bay Türkmen et al. (2006) and in the Mediterranean Lagoons Cengiz et al., (2011).  

Iron concentrations in gill of crabs ranged from (47.2μg/g) to (530.25 μg/g) in Merja zerga and (Cengiz 

et al., 2011) 9μg/g to  380.75μg/g) in Canal nador were higher than research in the Mediterranean 

Lagoons Cengiz et al., (2011), While concentrations in hepatopancreas were (42.07μg/g) to 
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(354.75μg/g) in Merja zerga and (39.3μg/g) to (413.55μg/g) in canal nador and the Iron concentrations 

in muscle in Merja zerga were observed to be (38.56μg/g) to (656 μg/g) and (57.85μg/g) to (430.5μg/g) 

in canal Nador higher than concentrations in canal adjacent to Lae Drive, runaway bay (Mortimer and 

Cox, 1999), in I˙skenderun Bay Türkmen et al., (2006) and the Mediterranean Lagoons Cengiz et al., 

(2011).  

Copper concentrations in gill of crabs ranged from (46.5μg/g) to (138.17μg/g) in Merja zerga and 

(45.97μg/g) to (166.22μg/g) in canal nador were higher than the Köyceğiz Lagoon System in turkey 

(Genç and Yilmaz, 2017), Mediterranean Lagoons Cengiz et al., (2011), while concentrations in 

hepatopancreas were (45.62μg/g) to (133.85μg/g) in Merja Zerga and (1.71μg/g) to (141.4μg/g) in 

Canal Nador also were  higher than the Köyceğiz Lagoon System in turkey (Genç and Yilmaz, 

2017) and Copper concentrations in muscle in Merja zerga were observed to be (44.55μg/g) to 

(156.62μg/g) in Merja Zerga and (22.62μg/g) to (155.4μg/g) in Canal Nador were higher than those 

in in canal adjacent to Lae Drive, runaway bay (Mortimer and Cox, 1999), in I˙skenderun Bay 

Türkmen et al., (2006) and the Mediterranean Lagoons Cengiz et al., (2011). The concentrations 

measured in both sites were higher than the Turkish acceptable limits for fishery products with a 

maximum limit for Cu is 20 μg/g TKB (2002), European union is 5 mg/kg EU (2006) and for Nauen 

CE is (10 μg/g -100 μg/g) Nauen (1983), the activities identified in drainage areas, particularly rice 

users of copper sulphate can explain the highest concentrations in this locations (Kucykbay and 

Orun, 2003); Antonin et al., (2010). Aluminum concentrations in gill of crabs ranged from 

(14.50μg/g) to (179.25μg/g) in Merja zerga and (9.30μg/g) to (230μg/g) in canal Nador were higher 

than the Mediterranean Lagoons Cengiz et al., (2011). While concentrations in hepatopancreas were 

(10.94μg/g) to (254.25μg/g) in Merja Zerga and (10.94μg/g) to (66.72μg/g) in Canal Nador and the 

aluminum concentrations in muscle in Merja zerga were observed to be (13μg/g) to (229.25μg/g) in 

Merja Zerga and (20.13μg/g) to (254 μg/g) in Canal Nador were higher than ˙skenderun Bay in 

Turkey Türkmen et al. (2006) and in the Mediterranean Lagoons Cengiz et al., (2011). 

CONCLUSION 

 

The present study is the first for The Atlantic blue crabs caught from Merja Zerga and Nador canal in 

Morocco, blue crabs are contaminated with all metals. Generally, it was observed that the 

contamination levels in muscle tissues of crabs are higher than limit levels in all seasons, results 

showed that metal concentrations were lowest in muscle than in gill and hepathopancreas, can be 

used to understand the chemical quality of crabs and confirmed the usefulness of C.sapidus for 

practical field monitoring of metal contamination at a local scale. this invasive species could become 

an important source of environmental data from this particular ecosystem and makes a point that all 

metal levels are higher than the acceptable values for human consumption set by various health 

organizations. 
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