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INTRODUCTION  

 

Since last decades in Egypt, northern lagoons and lakes are suffering many 

problems; pollution, agricultural reclamation and some illegal human anthropogenic. 

Nowadays, cleanup processes for many Lakes and lagoons has been occurred by 

Egyptian Government to overcome pollutants and reduce fish gap.  El-Ghobashy et al. 

(2001) found that the values of Zn, Cu, Fe, Cd and Pb in muscle tissue of Nile tilapia 

collected from Lake Burullus were 41.3, 2.18, 30.3, 0.03 and 0.22µg/g, respectively. 

Farag (2002) showed that the concentrations of Zn, Cu, Fe and Pb in muscle tissue of 

Nile tilapia caught from Lake Burullus were 7.97, 2.38, 10.37 and 0.27μg/g dry wt., 

respectively. Mourad et al. (2010) reported that the concentration of heavy metals (Cd, 
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This study aims to investigate the heavy metals concentrations in 

muscles of three raw fish species; mullet (Mugil cephalus), Nile tilapia 

(Oreochromis niloticus) and catfish (Clarias gariepinus) obtained from four 

different locations; the Nile River and Lakes of Wadi El-Rayan, Edku and 

Burullus during July 2019, and to study the effect of common grilling 

technique on their concentration in Nile tilapia samples as abundant fish. 17 

elements were determined in fish muscles by ICP-OES Agilent 5100 VDV. 

Results revealed that the concentrations of heavy metals in fish species 

based on location were taken the following order; Burullus ˃ Nile River ˃ 

Wadi El-Rayan ˃ Edku. Whereas they were tilapia ˃ catfish ˃ mullet of Nile 

River, mullet ˃ tilapia ˃ catfish of Wadi El-Rayan, catfish ˃ tilapia ˃ mullet 

of Edku and catfish ˃ tilapia ˃ mullet fish of Burullus. The grilling process 

reduced the heaviest metals concentrations in tilapia species compared to 

raw samples. In conclusion, the heaviest metals in the muscles of fish 

species were lower than the maximum permissible limits set by 

International and Egyptian Standard Specifications and Legislations of food. 

Also, the grilling technique is an appropriate method to reduce the harmful 

effect of some heavy metals. 

 



Ibrahim et al. (2020) 16 

Pb and Ni) were often above the maximum permissible limits according to FAO 

standards in fish species samples obtained from the River Nile, Manzala, Mariut, Edku, 

Burullus, Bardawil, Qarun and Wadi El-Rayan Lakes. In contrast, many authors decided 

the levels of Zn, Cu, Fe, Mn and Hg were within acceptable limits; Abd-Allah (2013) 

found that the tilapia muscles from Nile River contained  Fe 3.76, Zn 5.09, Pb 2.68, Cr 0.26, 

Cu 1.51, Cd 0.04, Co 0.23 and Hg 0.91ppm (ww). Saeed (2013) reported that the 

concentrations of heavy metals in tilapia muscles obtained from Edku lake were 0.28 Cd, 

0.92 pb, 47.88 Fe, 2.62 Cu, 29.22 Zn and 2.78 Mn (ppm, dw). Younes et al. (2012) found 

that the concentrations of Cd, Cu and Pb were 0.31-1.25, 1.4 – 4.12 and 5.75 – 27.35 

µg/g, respectively in muscles of tilapia obtained from Burullus Lake. Ibrahim et al. 

(2013) showed that the concentrations of heavy metals in raw Tilapia zillii and Eel 

(Anguella anguella) muscles obtained from Lake Qarun were 0.223 and 0.285 Cu, 3.768 

and 3.52 Pb, 7.95 and 8.04 Cr, 7.07 and 19.31 Zn, 6.235 and 6.74 Ni, 0.173 and 0.085 

Cd, and 41.428 and 3.133 Fe (ppm), respectively. Basiouny (2018) showed the annual 

means of heavy metals in muscles of Nile tilapia collected from Lake Burullus were Fe 

(20.56), Mn (0.51), Cu (0.55), Zn (4.70), Ni (0.25), Cd (0.02) and Pb (0.17) µg/g.  

On the other hand, fish are usually cooked by different ways before consumption 

(boiling, baking, roasting, frying and grilling) to enhance their flavor and taste then 

increase shelf life (Garcia-Arias et al., 2003), and to reduce the risk of pollutants in fish 

(Ersoy et al., 2003 and Ganbi, 2010). El-Sherif et al. (2016) showed that grilling 

process led to reduce all heavy metals values in all fish samples obtained from Wadi El-

Rayan Lake. Also, El-Sherif (2017) reported that all heavy metals in different fish 

species obtained from Wadi El-Rayan were lower than the permissible limit, and boiling 

reduced all determined heavy metals followed by grilling, while frying increased most of 

them.Therefore, this work was planned to investigate of heavy metals concentrations in 

muscles of three raw fish species; mullet (Mugil cephalus), Nile tilapia (Oreochromis 

niloticus) and catfish (Clarias gariepinus) obtained from four different locations; the Nile 

River and Lakes of Wadi El-Rayan, Edku and Burullus during July, 2019 besides to study 

the effect of common grilling technique on their concentration in Nile tilapia samples as 

abundant fish. 

 

MATERIALS AND METHODS  

 

Study locations 

The Nile River and Lakes of Wadi El-Rayan, Edku and Burullus were selected to 

obtain similar fish species at the same time.    

Fish species 

Randomized three fish species; Nile tilapia (Oreochromis niloticus), mullet 

(Mugil cephalus), catfish (Clarias gariepinus) samples were obtained from different 

locations; Nile River and Lakes of Wadi El-Rayan, Edku and Burullus during July, 2019. 

They were transferred to Fish Processing Technology Lab., National Institute of 

Oceanography and Fisheries (NIOF) in Alex., Egypt using ice box. All samples (first 

batch) were carefully washed with tap water and drained. Second batch; Nile tilapia 

samples obtained from the pre-mentioned locations were rolled with wheat bran and 

common grilled on hot plate at 170ºC for 20 min. Two batches; muscles of raw fish 
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samples and grilled Nile tilapia were minced, dried at 70 ºC till constant weight was 

obtained, grinded as a fine powder and packed in polyethylene bags till analysis. 

 

Analytical methods 

One gram fish muscles powder was taken and 10 ml Nitric acid (65% conc.), 2 ml 

H2O2 and 1ml deionized water were added and then digested using hot plate till a clear 

color was obtained. Clear samples were filtered using Whatman No. 42 filter paper, made 

up 25 ml measuring flask with deionized water. 17 elements (Cu, Cr, Co, Cd, Ba, B, As, 

Al, Zn, V, Ti, Se, Pb, Ni, Mo, Mn and Fe) were determined by ICP-OES Agilent 5100 

VDV according to standard methods USEPA (method 2007 and USEPA Method 6010 

C) in Central lab., NIOF (Alex.). All results were expressed as mean values mg\kg 

sample (ppm, dry weight). 

 

RESULTS  

 

1. Effect of location on heavy metals concentrations in fish muscles 
Table (1) shows the concentration of heavy metals (ppm, dw) in some fish 

samples obtained from the Nile River during July, 2019. High values of studied elements 

were Cu, Cr, Co, Ba, B, As, Al, Zn, V, Ti, Ni, Mo, Mn and Fe in tilapia muscles, Cd and 

Pb in catfish and Se in mullet muscles. Also, the high values were 12.24 ppm Al, in 

tilapia and 0.52 ppm Pb in catfish and 0.81ppm Se in mullet muscles. Whereas, low 

values of elements were < 0.012 ppm Cd in mullet and tilapia, < 0.02ppm in mullet and 

catfish, and < 0.23 ppm Pb in mullet muscles. 

  

Table 1. Concentration of heavy metals (ppm, dw) in some raw fish samples obtained 

from the Nile River during July, 2019. 

Fish spp. 
Concentrations of heavy metals (ppm) 

Cu Cr Co Cd Ba B As Al Zn V Ti Se Pb Ni Mo Mn Fe 

Mullet   0.13 0.88 0.01 <0.012 0.03 0.82 <0.02 7.29 3.61 0.01 0.06 0.81 <0.023 0.51 0.09 0.14 6.00 

Tilapia  0.20 1.54 0.02 <0.012 0.06 1.86 1.73 12.24 3.99 0.03 0.11 0.75 0.04 0.86 0.16 0.26 9.57 

Catfish 0.16 0.97 0.01 0.02 0.03 0.57 <0.02 7.67 2.66 0.02 0.04 0.74 0.52 0.56 0.1 0.14 6.62 

*MPLs 20 1 -- 0.5 -- -- -- -- 40 -- -- -- 2 0.4 -- 2-9 30 

*MPLs: Maximum Permissible levels (Egyptian Organization for Standardization and Quality, 2005; Food 

and Agricultural Organization/World Health Organization, 1999; FAO\WHO, 1989 and FAO, 1983). 
 

The concentration of heavy metals (ppm, dw) in some fish samples obtained from 

Wadi El-Rayan Lake during summer, 2019 are shown in Table (2).  High values of 

elements were Cu, Cr, Co, B, As, Al, Se, Ni, Mo, Mn and Fe in mullet muscles, Ba, Zn, 

Ti and Pb in tilapia and Cd in catfish muscles. Although mullet samples were highly 

polluted than tilapia and catfish samples however, values of some elements were lowered. 

Heavy metals (ppm, dw) insome fish samples obtained from Edku Lagoon during 

July, 2019 are tabulated in Table (3).  High values of elements were As, Pb and Mn in 

mullet muscles and B, Se and Cu in tilapia, while Cr, Co, Al, Zn, Ni, Mo and Fe in 

catfish muscles. All fish muscles contained equal values of <0.012 ppm Cd, 0.03ppm Ba 

and 0.01ppm V elements.  
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Table 2. Concentration of heavy metals (ppm, dw) in some raw fish samples obtained 

from Wadi El-Rayan Lake during July, 2019. 

Fish spp. 
Concentrations of heavy metals (ppm);  

Cu Cr Co Cd Ba B As Al Zn V Ti Se Pb Ni Mo Mn Fe 

Mullet  0.21 1.10 0.02 <0.012 0.03 0.87 0.04 8.72 2.09 0.01 0.05 0.73 <0.023 0.61 0.12 0.15 8.34 

Tilapia  0.17 0.77 0.01 <0.012 0.04 0.60 <0.02 6.88 5.55 0.01 0.07 0.70 0.05 0.45 0.08 0.13 6.35 

Catfish 0.10 0.62 0.01 0.27 0.03 0.65 <0.02 5.09 2.24 0.01 0.03 0.65 <0.023 0.36 0.06 0.11 4.52 

*MPLs 20 1 -- 0.5 -- -- -- -- 40 -- -- -- 2 0.4 -- 2-9 30 

*MPLs: Maximum Permissible levels (Egyptian Organization for Standardization and Quality, 2005; Food 

and Agricultural Organization/World Health Organization, 1999; FAO\WHO, 1989 and FAO, 1983).  

 

Table 3. Concentration of heavy metals (ppm dw) in some raw fish samples obtained 

from Edku Lake during July, 2019. 

Fish spp. 

Concentrations of heavy metals (ppm);  

Cu Cr Co Cd Ba B As Al Zn V Ti Se Pb Ni Mo Mn Fe 

Mullet  0.20 0.67 0.01 <0.012 0.03 1.24 0.05 4.74 1.08 0.01 0.02 0.69 0.05 0.37 0.07 0.17 4.53 

Tilapia  0.23 0.85 0.01 <0.012 0.03 1.34 <0.02 5.37 1.15 0.01 <0.015 0.73 0.04 0.44 0.08 0.16 5.31 

Catfish 0.19 1.14 0.02 <0.012 0.03 1.02 <0.02 7.68 1.51 0.01 0.02 0.65 <0.023 0.64 0.11 0.15 6.29 

*MPLs 20 1 -- 0.5 -- -- -- -- 40 -- -- -- 2 0.4 -- 2-9 30 

*MPLs: Maximum Permissible levels (Egyptian Organization for Standardization and Quality, 2005; Food 

and Agricultural Organization/World Health Organization, 1999; FAO\WHO, 1989 and FAO, 1983).  

 

Table (4) exhibits the concentration of heavy metals (ppm, dw) in some fish 

samples obtained from Burullus Lagoon during July, 2019.  High values of elements were 

Cu, Cr, Co, Al, Zn, Ni, Mo, Mn and Fe in catfish muscles, B, As and Se in tilapia and Ba 

and Pb in mullet muscles. However, low values of elements were Cu, Cr, Co, Al, Ni, Mo, 

Mn and Fe in mullet, Ba, Zn and Pb in tilapia Se as in catfish muscles. Also, all fish 

muscles contained equal values of <0.012ppm Cd, 0.01ppm V and Ti elements. 

 

Table 4. Concentration of heavy metals (ppm, dw) in some raw fish samples obtained 

from Burullus Lake during July, 2019. 

Fish  

spp. 

Concentrations of heavy metals (ppm); 

Cu Cr Co Cd Ba B As Al Zn V Ti Se Pb Ni Mo Mn Fe 

Mullet  0.18 0.42 0.01 <0.012 0.06 0.95 0.06 3.12 1.5 0.01 0.02 0.68 0.06 0.23 0.04 0.09 3.07 

Tilapia  0.19 0.89 0.02 <0.012 0.02 1.11 0.12 6.23 1.1 0.01 0.02 0.69 0.03 0.52 0.1 0.13 4.89 

Catfish 0.28 2.03 0.03 <0.012 0.03 0.34 0.01 11.05 2.03 0.01 <0.015 0.64 0.04 1.06 0.17 0.39 10.98 

*MPLs 20 1 -- 0.5 -- -- -- -- 40 -- -- -- 2 0.4 -- 2-9 30 

*MPLs: Maximum Permissible levels (Egyptian Organization for Standardization and Quality, 2005; Food 

and Agricultural Organization/World Health Organization, 1999; FAO\WHO, 1989 and FAO, 1983).  

 

2. Effect of grilling process on heavy metals concentrations 

Concerning the effect of grilling process on heavy metals in muscles of tilapia fish 

from different locations, the concentration of metals in raw and grilled fish samples are 

given in Table (5). By grilling, the values of some heavy metals were affected and others 

did not change. The values of Cu 0.20, Ba 0.06, B 1.86, As 1.73, Al 12.24, Zn 3.99, V 

0.03, Ti 0.11, Se 0.75, Pb 0.04, Ni 0.86, Mo 0.16, Mn 0.26 and Fe 9.57 (ppm, dw) of raw 
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tilapia muscles from Nile River (Table, 1) were decreased to 0.12, 0.03, <0.66, <0.02, 

10.39, 2.4, 0.01, 0.05, 0.70, <0.023, 0.74, 0.13, 0.17 and 7.50 (ppm, dw). Whereas, the 

values (ppm, dw) of Co (0.02) and Cd (<0.012) did not affect by grilling. Values of Cu, 

Zn, Se and Pb in raw tilapia muscles from Wadi El-Rayan Lake (Table,2) were 

decreased, Cr, Co, Ba, B, Al, Ni, Mo, Mn and Fe were increased however, Cd, As, V and 

Ti elements did not affect  by grilling. Also, in raw tilapia muscles from Edku Lagoon, 

Cd, B, Pb and Fe concentration (Table, 3) were decreased by grilling, Cr, Ba, As, Al, Zn, 

Se, Ni and Mo were increased, but Cu, Se, V and Ti did not affect by grilling process. 

 

Table 5. Concentration of heavy metals (ppm, dw) in grilled tilapia muscles samples from 

different locations during July, 2019. 

Locations  

Concentrations of heavy metals (ppm); 

Cu Cr Co Cd Ba B As Al Zn V Ti Se Pb Ni Mo Mn Fe 

Nile River 0.12 1.3 0.02 <0.012 0.03 0.66 <0.02 9.85 2.4 0.01 0.05 0.70 <0.023 0.74 0.13 0.17 7.50 

Wadi El-Rayan  0.13 1.33 0.02 <0.012 0.03 0.62 <0.02 10.39 1.69 0.01 0.07 0.67 0.04 0.76 0.14 0.18 7.96 

Edku  0.23 0.89 0.01 <0.012 0.04 1.08 0.03 6.42 1.18 0.01 <0.015 0.77 <0.023 0.51 0.1 0.20 5.21 

Burullus  0.14 0.66 0.01 <0.012 0.02 1.75 0.06 4.63 1.09 0.01 <0.015 0.72 0.03 0.37 0.07 0.13 4.77 

*MPLs 20 1 -- 0.5 -- -- -- -- 40 -- -- -- 2 0.4 -- 2-9 30 

*MPLs: Maximum Permissible levels (Egyptian Organization for Standardization and Quality, 2005; Food 

and Agricultural Organization/World Health Organization, 1999; FAO\WHO, 1989 and FAO, 1983). 

 

In the same trend, the concentration of most investigated heavy metals in muscles 

of tilapia fish from Burullus Lake (Table, 4); values of Cu, Cr, Co, Ba, Al, Zn, Ti, Ni, Mo 

and Fe were decreased, while values of B, As and Se were increased, but  Cd, V, Pb and 

Mn did not affect by grilling process. 

 

DISCUSSION 

 

The results of heavy metals concentrations in Table (1) of mullet, tilapia and 

catfish muscles samples obtained from the Nile River during July, 2019 revealed that 

tilapia fish had high concentrations for most heavy metals followed by catfish and mullet 

fish. The higher values of common heavy metals; Pb 0.52, Cd 0.02, Zn 3.99, Fe 9.57, Cu 

0.20, Mn 0.26 (ppm, dw) in all investigated fish samples obtained from the Nile River 

were lower than the maximum permissible limits (MPLs) (Pb 2, Cd 0.5, Zn 40, Fe 30, Cu 

20, Mn 2-9, ppm) as set by Egyptian Organization for Standardization and Quality 

(EOS, 2005); Food and Agricultural Organization/World Health Organization 

(FAO\WHO, 1999). Ni element in all investigated fish samples was higher than MPLs (0.4 

ppm) as set by FAO (1983) also, Cr element in tilapia fish samples was higher than MPLs 

(1 ppm) as set by FAO (1983), but it was lower in mullet (0.88) and catfish (0.97 ppm, 

dw). Some of the detected heavy metals (Co, Ba, B, As, Al, V, Ti, Se and Mo) have no 

known MPLs. The obtained values of heavy metals in muscles of tilapia samples obtained 

from Nile River were lower than those reported by Abd-Allah (2013). However, our results 

are in agreement with foundings by Badr et al. (2014), they showed that the mean value 

of Pb in muscle samples of O. niloticus fish collected from two areas of River Nile were 

0.662 and 0.833 ppm, while Cd values were 0.020 and 0.123ppm. Hamada et al. (2018) 

observed that the mean value of Cd in small wild Nile tilapia muscles was 0.10 ppm, 
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while it was 0.15 ppm in large size fish. Helmy et al. (2018) reported that the values 

(ppm) of Hg, Pb and Cd were  1.62, 1.29, 0.95 in C. gariepinus, 0.67, 0.53, 0.36 in O. 

niloticus and 0.25, 0.19, 0.14 ppm in M. cephalus collected from different fish markets in 

Kalyobia governorate, Egypt, respectively. 

Wadi El-Rayan Lake, from data in Table (2), it could be found that the values of  

some heavy metals were ranged <0.023 - 0.05 Pb, <0.012 - 0.27 Cd, 2.09 - 5.55 Zn, 4.52 

- 8.34 Fe, 0.10 - 0.21 and 0.11 - 0.15 (ppm, dw) in all investigated fish species. They  

were much less than MPLs. Ni element was higher value in mullet fish sample (0.61 

ppm) and tilapia fish (0.45 ppm) than MPL (0.4 ppm), while it was lower than MPL for 

catfish (0.36 ppm). Cr value was higher in mullet fish (1.10 ppm) than MPL (1 ppm), 

while it was lower than MPL for tilapia fish (0.77 ppm) and catfish (0.62 ppm). This 

indicated that mullet was higher in most heavy metals than tilapia and catfish, 

respectively. However, all examined fish species from Wadi El-Rayan Lake were 

contained heavy metals lower than MPLs. These results are in agreement with that 

reported by Sayed and Abdel-Satar (2009); El-Sherif et al. (2016), they found that the 

levels of Pb, Cd, Mn, Cu and Zn in all investigated fish samples from Wadi El-Rayan 

Lakes were lower than the MPLs (FAO\WHO, 1989).  But these results were higher than 

reported by Abdou et al. (2016), they reported that Pb, Cd, Mn and Cu levels were 0.003, 

0.003, 0.038 and 0.014 ppm of Tilapia nilotica from Wadi El-Rayan Lake and they were 

0.006, 0.002, 0.009 and 0.011 ppm, respectively of Claries lazera.  

Edku lagoon, the results in Table (3) reveled that the concentrations of common 

heavy metals in mullet, tilapia and catfish from Edku Lake were much lower than MPLs. 

The concentrations (ppm) were 0.02-0.05 pb, <0.012 Cd, 1.08-1.51 Zn, 4.53-6.29 Fe, 

0.19-0.23 Cu and 0.15-0.17 lower than MPLs. Ni element was higher in catfish (0.64 

ppm) and tilapia fish (0.44 ppm) than MPLs while it was lower than MPL for mullet fish 

sample. Also, Cr was higher in catfish (1.14 ppm) and tilapia fish (0.85 ppm) than MPLs 

(1 ppm), while it was lower than MPLs for mullet fish sample (0.67 ppm). Catfish was 

higher of most heavy metals followed by tilapia and mullet fish. The concentrations of 

heavy metals in investigated fish species were lower than reported by Saeed (2013), he 

found that the concentrations (ppm, dw) of the same heavy metals in tilapia obtained 

from Edku lake were 0.28 Cd, 0.92 pb, 47.88 Fe, 2.62 Cu, 29.22 Zn and 2.78 Mn 

compared to our results; Cd <0.012, Pb 0.04, Fe 5.31, Cu 0.23, Zn 1.15 and Mn 0.16 

(ppm, dw). Also, our results were lower than those findings by El-Nemr et al. (2003), 

they found that the concentrations of heavy metals in summer of Tilapia zillii and Claris 

lazera from Edku lake were 1.36 Cd, 0.89 Cu, 517.65 Fe, 0.86 Hg, 17.21 Mn and 29.87 

Zn (ppm, dw) for Tilapia zillii and 1.65 Cd, 1.04 Cu, 460.98 Fe, 0.16 Hg, 16.14 Mn and 

42.68 Zn (ppm, dw) in Claris lazera. This decrement in concentrations of some heavy 

metals in this study compared to others workers may be due to fish species, age, season, 

time of catch and cleanup processes occurred in some lakes. 

Burullus lagoon, the concentrations of heavy metals in muscles of some fish 

species from Burullus (Table 4) revealed that most heavy metals were higher in catfish 

muscles (Cu 0.28, Cr 2.03, Co 0.03, Al 11 05, Zn 2.03, Ni 1.06, Mo 0.17, Mn 0.31 and 

10.98 ppm, dw) followed by tilapia (B 1.11, As 0.12, Se 0.69 ppm) and mullet fish (Ba 

0.06, pb 0.06 ppm), respectively. These results indicated that the common heavy metals 

Pb, Cd, Zn, Fe, Cu, Mn ppm in all investigated fish species from Burullus were lower than 

MPLs in tables. Concentrations of Ni was higher in catfish (1.06 ppm) and tilapia fish (0. 
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52 ppm) than MPLs, while it was lower than MPLs for mullet fish sample (FAO, 1983).  

Also, concentration of Cr was higher in catfish (2.03 ppm) than MPL (1 ppm), while it was 

lower than MPL for tilapia fish (0.89 ppm) and mullet fish sample (0.42 ppm). These 

results were lower than those reported by El-Ghobashy et al. (2001), they found that the 

concentrations of Zn, Cu, Fe, Cd and pb in tissues of Oreochromis niloticus collected 

from Burullus Lake were 41.3, 2.18, 30.3, 0.03 and 0.22 μg/g dw, respectively and Fathi 

et al. (2001), they reported that the concentrations of Zn, Cu, Fe and Pb in muscle tissue 

of Oreochromis niloticus caught from Burullus Lake were 7.97, 2.38, 10.37 and 0.27 

μg/g dw, respectively. Younes et al. (2012) showed the concentrations of Cd, Cu and Pb 

in tilapia muscles samples collected from Burullus Lake were ranged from 0.31-1.25, 1.4-

4.12 and 5.75-27.35 μg/g, respectively. Also, Basiouny (2018) found that annual mean of 

heavy metals in Oreochromis niloticus from Burullus Lake were Fe 20.56, Mn 0.51, Cu 

0.55, Zn 4.70, Ni 0.25, Cd 0.02 and Pb 0.17 μg/g. 

Concerning the relation between collecting locations (Nile River, Lakes of Wadi 

El-Rayan, Edku and Burullus), for some fish species (mullet, tilapia and catfish) and 

concentrations of heavy metals in muscles of these fish. From the results and discussion, 

the concentrations of all heavy metals differed in all fish species based on location. The 

range of common heavy metals concentrations in different fish muscles of Nile River 

were Cd <0.012-0.02, Pb <0.023-0.52, Zn 2.66-3.99, Cu 0.13-0.20, Fe 6.00-9.57, Mn 

0.14-0.26, Ni 0.51-0.86 and Cr 0.88-1.54 ppm. In Wadi El-Rayan Lake, it was Cd 

<0.012-0.27, Pb <0.023-0.50, Zn 2.09-5.55, Cu 0.10-0.21, Fe 4.52-8.34, Mn 0.11-0.15, 

Ni 0.36-0.61 and Cr 0.62-1.10 ppm. In Edku lagoon, it was Cd <0.012, Pb <0.02-0.05, Zn 

1.08-1.51, Cu 0.19-0.23, Fe 4.53-6.29, Mn 0.15-0.17, Ni 0.37-0.64 and Cr 0.67-1.14 

ppm. And in Burullus lagoon, it was found that Cd <0.012, Pb 0.03-0.06, Zn 1.10-2.03, 

Cu 0.18-0.28, Fe 3.07-10.98, Mn 0.13-0.39, Ni 0.23-1.06 and Cr 0.42-2.03 ppm. This 

indicted that the concentrations of all heavy metals except Ni in raw muscles of fish 

species collected from Nile River and Lakes of Wadi El-Rayan, Edku and Burullus, Cr 

for tilapia (in the Nile River), for catfish (in Edku and Burullus Lakes) and for mullet (in 

Wadi El-Rayan Lake) were less than MPLs. As well as the difference in the concentration 

of heavy metals in the same species of fish obtained from different locations was low, 

also the same trend was found in different fish species. The concentrations of heavy 

metals in fish species based on location were taken the following order; Burullus ˃ Nile 

River ˃ Wadi El-Rayan ˃ Edku. Whereas they were tilapia ˃ catfish ˃ mullet of Nile 

River, mullet ˃ tilapia ˃ catfish of Wadi El-Rayan, catfish ˃ tilapia ˃ mullet of Edku and 

catfish ˃ tilapia ˃ mullet fish of Burullus. 

Concerning the effect of grilling process on heavy metals in muscles of tilapia fish 

obtained from different locations; Nile River and Lakes of Wadi El-Rayan, Edku  and 

Burullus, from data in Table (5), it could be observed that some heavy metals decreased, 

others increased and others did not affect by the grilling process. Also, it was found that 

Ni element sharply increased by grilling process.The reduction in trace metals 

concentrations as affected by grilling process may be due to the release of these metals 

with the loss of drip as free salts, possibly in association with soluble amino acids and un-

coagulated proteins bounded with metals (Abd-Allah, 2013), while, the increase in some 

metals may be related to decrease in the moisture content that occur during grilling 

process (Ersoy et al., 2006). These results are in accordance with reported by Ersoy and 

Ozeren (2009), Mn and Zn values of raw African catfish were 0.29 and 3.48 ppm 
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decreased to 0.25 and 3.43 ppm, respectively in grilled fish samples. Abd-Allah (2013) 

found that the loss rates of the investigated heavy metals ranged from 2.8 to 40.15 % in 

grilled tilapia products.  Also, the same trend of reduction most heavy metals by grilling 

was found by El-Sherif et al. (2016),  they found the Pb concentration (ppm, ww) of raw 

Nile tilapia and mullet fish samples obtained from Wadi El-Rayan first Lake were 0.415 

and 0.196 ppm decreased to 0.373 and 0.145ppm, respectively in grilled samples, Cd in 

raw Nile tilapia was 0.058 ppm decreased to 0.034 in grilled samples, Cu in mullet fish 

fillets was 0.051 decreased to 0.016 in grilled samples also, Zn concentrations were 0.221 

and 0.086 ppm in raw Nile tilapia and mullet fish flesh and then decreased to 0.089 and 

0.038 in grilled samples. Concerning MPLs, we found that the concentrations of Pb, Cd, 

Zn, Fe, Cu, Mn and Cr in all investigated raw and grilled tilapia fish samples collected 

from different locations were lower than the MPLs in tables. The values of Ni element in 

all investigated raw and grilled tilapia fish samples collected from different locations were 

higher than the MPL (FAO, 1983), and Cr element was higher than MPL in raw and 

grilled tilapia fish obtained from the Nile River and grilled tilapia from Wadi El-Rayan Lake 

and lower other ones. Some of the detected heavy metals; Co, Ba, B, As, Al, V, Ti, Se 

and Mo have no known MPLs. These results are in agreement with found by Ersoy et al. 

(2006); Ersoy and Ozeren (2009); Diaconescu et al. (2012); Abdelhamid et al. (2016); 

El-Sherif (2017).   
 

CONCLUSION 

 

In conclusion, all common heavy metals in the muscles of fish species were lower 

than the maximum permissible limits set by International and Egyptian Standard 

Specifications and Legislations of food. Also, grilling technique is an appropriate method 

to reduce the harmful effect of some heavy metals.  
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