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Abstract: The use of Procambarus clarkii in human gastronomy is a cultural issue in the world. Since it is used 

in human nutrition, can potentially bioaccumulate heavy metals, it is important to quantify the toxicological risk 

posed by its consumption. The human consumption of crayfish could be restricted based on current criteria for 

Cu, Pb, and Cd.  Different concentrations of metals copper, lead, and cadmium were evaluated in crayfish 

Procambarus clarkii tissues (carapace, flesh) for a six month period, from March to August 2013 in the Rharb 

of Morocco (Lagoon Merja Zerga and Nador canal).  The determination of heavy metals was carried using 

atomic absorption spectroscopy Varian VV20. The results obtained revealed a metal’s contamination of 

Procambarus clarkii in both sites. The concentrations differed in carapace and flesh. 

Concentrations of heavy metals examined Procambarus clarkii carapace ranged as follows: Merja Zerga (Pb 

2.07 – 6.7 µg/g; Cu 2.9-9.97 µg/g) and Nador canal: (Pb 0.08-7.8 µg/g; Cu 3.40-9.3 µg/g). Concentrations of 

heavy metals found in flesh were as follows: Merja Zerga (Pb 0.02-5.25 µg/g; Cu 9.58-23.59 µg/g) and Nador 

canal (Pb 0.06-6.81 µg/g; Cu 9.5-37.20 µg/g). The distribution of those metals in Procambarus clarkii shows 

high levels of contamination for Lead, Copper with an absence of Cadmium in both sites (Merja Zerga and 

Nador canal).  
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I. Introduction 
In aquatic ecosystems, the use of indicator species seems to be a suitable way of monitoring 

environmental quality due to the ability of some aquatic animals to accumulate metallic ions either directly from 

surrounding water or indirectly through food sources [1] Procambarus clarkii species endemic to southeastern 

North America [2] , is well-established invasive species in many worldwide aquatic ecosystems and is 

responsible for several ecological and economic impacts [3], it survives in poor water quality, high and low 

temperatures, low oxygen concentrations and drying periods, reasons why it is able to occupy a wide variety of 

habitats [4]. This species has important characteristics that can increase its invasive behavior, sufficient 

plasticity to adapt its ecology and life cycle to changing environmental conditions, high somatic growth and 

reproductive output, short development time, ability to tolerate high temperatures, dry periods and low dissolved 

oxygen conditions [3]. Procambarus clarkii has been used as model crustacean species for a wide array of 

biological studies, including the evaluation of pollutant toxicity by means of toxicological bioassays [5, 6]. The 

tolerance to environmental pollution by heavy metals [7] these elements, no biodegradable [8] are responsible 

for the rapid spread of crayfish in the wild. 

Procambarus clarkii is used in human nutrition, and can potentially bioaccumulate heavy metals and 

pesticide residues [9] are a valuable materiel for the study of aquatic pollution in fresh water ecosystems [10]. 

Several locations where Procambarus clarkii has been introduced are subjected to continuous chemical 

contamination, due to diffuse domestic pollution, industrial discharges and agricultural runoff [8] so it is 

important to quantify the toxicological risk posed by its consumption. 

In Morocco, Merja Zerga waters are supplied by two regions, the Merja Rharb and the Loukkos. River 

Oued Drader supplies mostly Loukkos region while the larger area drained by the Nador canal is within the 

Rharb region [11].  
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Figure 1: Map showing sampling locations of Merja Zerga (MZ) and Nador canal (NC) 

 

 Presence of heavy metals carried by the Oued Drader and Nador canal is noted especially during floods 

[12]. 

 The present work aims to assess to quantify the toxicological risk posed by the consumption of 

Procambarus clarkii and to analyze heavy metals in red swamp crayfish in these Moroccan ecosystems. Three 

heavy metals (cadmium, lead and copper) were selected for examination in carapace and flesh of Procambarus 

clarkii, as well as a comparison between the metal concentrations detected in the tissues in both study sites. 

Indeed the presence of these elements traces of specific toxicity constitutes not only a problem of the 

environment safeguarding but also a public health problem [8]. 

 

II. Materials And Methods 
2.1. Sampling sites of study   

 Procambarus Clarkii has been successfully established in various sites of the lagoon Moulay 

Bousselham in Rharb region West of Morocco. The first observation of the species in late 2008 early 2009 in 

Merja zerga; coincides with the introduction, in 2007, by the Spanish company ALFOCAN (company for 

processing and marketing wild-caught freshwater crayfish). The current distribution of P.clarkii in Morocco has 

been identified at swamps and rice fields of larache, the region of Rharb between Merja Zerga and souk larbaa 

at north dar gueddari and allal tazi in the south west of Atlantic Ocean (lake, irrigation and drainage canals, 

temporary merjas and rice fields). 

 

Procambarus clarkii were collected from Merja Zerga and Nador canal. 

 Merja zerga 34°86‟N/06°28‟W  a permanent biological reserve, Ramsar site(1980) is a tidal lagoon 

located 70km north of Kenitra on the Atlantic coast [13]  , the lagoon water system is mainly supplied by the 

Drader River to the east and the Nador canal to the south [11]., its linked to the Atlantic Ocean by a single 

channel (the„„gullet‟‟), that is strongly tidal and at high tide, is connected with a smaller lagoon, the Merja Kahla 

[14]  . Merja Zerga is well known as a bird reserve and as an area of outstanding natural beauty. Its hydrology 

and vegetation have been studied since the 1970s and the plankton since 1986 [15, 16, 17]. 

 The Nador canal was built in 1953; its mean annual discharge has been estimated at 150×10⁶m³ / year 
the canal drains flooded depressions (agricultural areas) of the Rharb costal [18]. 

 

2.2. Sampling and analysis  

 Red crayfish Procambarus clarkii samples were collected monthly from March to August 2013. The 

500 grams flesh and carapace crayfish samples obtained after dissection were placed in an incubator at 65 °C for 

48 h until complete drying and then ground using porcelain mortar. For this purpose, fractions of 0.5 g of the 

dried samples are prepared for measurement concentrations. They were placed in clean digestion bombs, to 

P.clarkii flesh was added 4 ml of nitric acid 65% HNO3, to the carapace samples were added 4ml of water and 

4ml of regal hydrofluoric acid in the presence of boric acid (Suprapur quality, Merck). The Samples were kept 

overnight for predigesting, the next day they were placed in sand bath at 120 ° C for 4 h until the solution 

became clear. After cooling, the samples were transferred into dilution tubes of 50ml, filled up with 30ml 

samples and the rest with distilled water [19]. Assays metals were performed on digests diluted [19, 20, 21].  
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 Cd, Cu and Pb were determined by atomic absorption spectrophotometer graphite furnace (Varian AA 

20). The validity of the analytical methods was checked internal control by using standard samples (National 

research council of Canada) Bess-1 for the shells and DROM-2 for crustaceans and external control by inter 

calibration exercises (AIEA-MESL- 2014-01-TE ). 

 

2.2. Statistical analysis  

Statistical differences between the different tissues (carapace and flesh) were determined with Excel.  

 

III. Results 
 The metal concentrations analyzed in crayfish Procambarus clarkii sampled from two sites (Figure 2 

and 3) summarize mean concentrations of studied metals traces (Table 1). 

 In ours study, Copper detected in Merja Zerga and Nador canal showed high levels in flesh and 

carapace (fig. 4, 5, 6 and 7). Copper concentration in flesh was considerably lower than it is in carapace. 

The copper concentrations in carapace were higher in Merja Zerga than in Nador canal: levels detected are 

respectively 7.24µg/g dry weight and 5.70µg/g dry weight. In flesh, copper concentrations in Merja Zerga are 

lower than in Nador canal (17. 33 µg/g, 20, 69 µg/g dry weight) (Fig. 2 and 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 2. Distribution of Cd, Pb and Cu in                      Figure 3. Distribution of Cd, Pb, and Cu in Carapace 

Carapace and flesh of Procambarus clarkii                        and flesh of Procambarus clarkii (Nador Canal). 

(Merja Zerga)                                                         

 

 The contamination of cadmium in Procambarus clarkii in both sites of Merja Zerga and Nador canal 

(0.0009 and 0.0002 µg/g dry weight) in carapace and in flesh (0.006 and 0.01 µg/g dry weight) (fig.2 and 3). We 

can say that concentrations are very low in both sites (fig. 4, 5, 6 and 7). Even though no significant differences 

in lead concentrations between the two sites, high concentrations of lead in both sites especially in carapace was 

observed (fig. 4, 5, 6, 7). Lead accumulated was mainly detected in carapace (3.74 µg/g dry weight) and in flesh 

(2.04 µg/g dry weight) in Procambarus clarkii from Merja Zerga. Those caught from the Nador canal contained 

3.98 µg/g dry weight of lead in carapace and 2,67 µg/g dry weight in flesh (fig. 2 and 3). The mean 

concentration of Pb in Procambarus clarkii varied between 3.74 and 3.98 µg/g dry weights in carapace and 2.04- 

2.67 µg/g dry weight in flesh (fig. 2 and 3). 
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Figure 4.  Distribution of Cd, Pb and Cu in        

flesh from March to August of Procambarus clarkii 

(Merja Zerga) 

Figure 5.  Distribution of Cd, Pb and Cu in 

carapace from March to August of Procambarus 

clarkii (Merja zerga). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Distribution of Cd, Pb and Cu in flesh 

From March to August of Procambarus clarkii 

(Nador canal). 

 

 

Figure 7. Distribution of Cd, Pb, Cu and Cr in       

Carapace from March to August of Procambarus 

clarkii (Nador canal).

Table 1: Mean concentrations en (µg/g dry weight) of Pb, Cd and Cu in carapace and flesh in both sites. 
 

Morocco 

Pb en 

(µg/g dry weight) 

 

Cd  en  

(µg/g dry weight) 

Cu en 

(µg/g dry weight) 

 
 

Carapace Flesh carapace Flesh carapace Flesh 

Merja zerga 

 

3.74 2.04    0.0009                     0.006 7.24 17. 33 

Nador canal 

 

3.98 2, 67    0.0002 0.01 5.70 20, 69 

 

IV. Discussion 
Cadmium is introduced into the bodies of water from smelting, metal plating, cadmium-nickel 

batteries, phosphate fertilizer, mining, pigments, stabilizers, alloy industries and sewage sludge. The harmful 

effects of cadmium include a number of acute and chronic disorders, such as “itai-itai” disease, renal damage, 

emphysema, hypertension, and testicular atrophy [29]. Department of Health and Human Services (DHHS) has 

determined that Cd and Cd compounds are known human carcinogens [23]. 

In absence of national regulatory standards for normal levels of traces elements and according to 

Spanish legislation, a maximum limit for heavy metal in edible wet mass of Cd is 1 µg/g (BOE 195, 15/8/1991) 

whereas European legislation limit is of 0, 8 µg/g (EC Regulation 466/2001) [24]. We can say that 

concentrations are very low and indicate that both sites are non polluted by cadmium (fig. 4, 5, 6 and 7); 

accumulation of environmental cadmium in crayfish tissues has been reported. Levels of environmental 

pollution have shown positive correlations with concentrations in tissue samples [7]. The highest concentrations 

of cadmium in Procambarus clarkii were found in hepatopancreas, alimentary tract, and in a less extent in blood 

and exoskeleton. The least affected tissues were abdominal muscles [25].  
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Lead  has long been known to alter the hematological system by inhibiting the activities of several 

enzymes involved in heme biosynthesis [26], alloys are commonly found in pipes, storage batteries, weights, 

shot and ammunition, cable covers, and sheets used to shield us from radiation. The largest use for lead is in 

storage batteries in cars and other vehicles [22]. According to Spanish legislation, a maximum limit for heavy 

metal in edible wet mass of Pb is of 1 µg/g (BOE 195, 15/8/1991), whereas European legislation limits is of 0.8 

µg/g (EC Regulation  466/2001) [24]. Our results show that lead non essential element accumulates in 

Procambarus clarkii caught from Merja Zerga and Nador canal due to the several paddy field (culture of rice). 

Rotation of rice and crawfish takes advantage of the seasonality of each crop which allows for the production 

and harvest of each crop in one year. Rice is grown and harvested in the summer months while crawfish grown 

during the fall, winter and spring in the same field in a twelve month period [8]. The metal was accumulated 

primarily in the hepatopancreas, carapace, and gills and reached only low concentrations in the hindgut and 

muscle [7].  

Copper can enter the environment through releases from the mining of Cu and other metals and from 

factories that make or use Cu metal or Cu compounds. Copper can also enter the environment through waste 

dumps, domestic waste water, combustion of fossil fuels and wastes, wood production, phosphate fertilizer 

production, and natural sources [22]. Copper is essential micronutrient, do not accumulate in decapods 

crustaceans up to certain threshold levels [27]. The activities identified in the drainage areas particularly the use 

of copper sulfate in rice agriculture may explain this [25, 28] (Fig 4, 5, 6 and 7). Cu was higher than world 

average at every station along the Merja Zerga [33]. According to Spanish legislation, a maximum limit for 

heavy metal in edible wet mass of Cu is 20µg/g (BOE 195, 15/8/1991) [24]. Accumulation of copper was 

observed in tissues in the following decreasing order: gills>exoskeleton> abdominal muscle [7].  

 

Table 2: Mean concentrations of Pb, Cd and Cu  in abdominal muscle and hepatopancreas of crayfish 

expressed as mg kg−1dry tissue weight [7]. 
 Countr

y 

Pb en 

(mg/kg dry tissue weight) 

Cd  en  

(mg/kg dry tissue weight) 

Cu en  

(mg/kg dry tissue weight) 

  Hepatopancreas Abdominal 
muscle 

Hepatopancre
as 

Abdominal 
muscle 

Hepatopancrea
s 

Abdominal 
muscle 

 

 

Spain 

 

_ _  

_ 

0.02ᵇ 

 

_ _ 

        

  
Egypt 

_ 15.93 _ 1.97 32.72  

  

 

USA 

 

<5.0ᵇ 

0.04ᵇ 

 

 

<5.0ᵇ 

0.06ᵇ 

<0.19 

0.83ᵇ 

 

0.30ᵇ and 

0.26 ᵇ 
_ 

3.55ᵇ 

 

0.73ᵇ and 0.33ᵇ 

 
0.03 

58.49ᵇ 

 

_ 

6.77ᵇ 

 

44.60 

 

ᵇ  Concentration from an unpolluted (or reference) locality. 

 

V. Conclusion 
 This study revealed high concentrations of   Pb and Cu in Procambarus clarkii in both carapace and 

flesh from Merja Zerga and Nador canal, and detected the absence of cadmium in both sites, the region of Gharb 

has a great ecological, economical and halieutic value. Procambarus clarkii excellent bioindicator of 

contamination in fresh water ecosystems could indicate the toxicological risk which can be induced by its 

consumption. The pollution of heavy metals to our ecosystems is a warning to humankind about the importance 

to prevent the ongoing metals pollution [31, 32] and may exert different harmful effects that can cause a 

potential risk to human health [30].  
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