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ABSTRACT 
 

The objective of current study was to assess and compare the concentrations of lead (Pb) and 

cadmium (Cd) in flesh of wild and farmed Tilapia fish available in markets in Assiut city, Egypt. A 

total of 66 Tilapia fish samples (36 wild and 30 farmed) were randomly collected from the markets 

and Pb and Cd concentrations were determined in their flesh using Inductively Coupled Plasma 

Emission Spectrometer. Mean values for Pb and Cd in wild and farmed Tilapia were 1.507±0.180 & 

0.379±0.053; and 2.178±0.260 & 0.437±0.084 mg kg-1 (wet basis), respectively. Most of the wild 

(80.6 & 83.3%) and farmed (90.0 & 80.0%) samples exceeded the permissible limit set by Egyptian 

standards for Pb and Cd, respectively. In conclusion, flesh of either wild or farmed Tilapia from 

markets in Assiut city, constitute a potential public health hazard for lead and cadmium toxicity. 

Farmed Tilapia is more dangerous in this respect. 
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INTRODUCTION 
 

Fish is a vital source of nutritious food for hundreds of millions of people worldwide. The annual 

total fisheries and aquaculture production in Egypt in 2011 was 1.4 million tons with 46% 

freshwater fish out of which 0.61 million tons was for Nile tilapia alone. The average per capita 

consumption of fish in Egypt is 20.8 kg/year (i.e. 56.99g/days) of which 72% come from 

aquaculture (FAO, 2011). 
 

Heavy metals, inorganic compounds that have high density (Kalay et al., 1999), pose a serious 

threat because of their toxicity, long time persistence, bioaccumulation, and bio-magnifications in 

the food chain (Papagiannis et al., 2004; Karadede-Akin et al., 2007). Fish lie at the top of the 

aquatic food chain and they can accumulate large amounts of heavy metals from their living 

environment (Suhaimi et al., 2006). 
  

During the past decades, the concentrations of heavy metals in fish have been extensively studied in 

various places around the world, as the diet is the main route of human exposure to heavy metals 

(Bolawa and Gbenle, 2010; Olusola et al., 2012; Damodharan and Reddy, 2013; Jinadasa and 

Edirisinghe, 2013; Regina and Kingsley, 2016; Hemmatinezhad et al., 2017; Juniavto et al., 2017). 
 

Lead (Pb) and Cadmium (Cd) are among the main toxic metals that accumulate in fish and have a 

multitude of toxic effects (Cunningham and Saigo, 1997). Lead, a toxic substance with low rate of 

elimination from body, mostly taken via drinking water, food and air (Gavaghan, 2002). Over 

exposure to it increase the risk of premature birth, as well, it causes anemia (inhibits the 

biosynthesis of haem), renal tubular dysfunction, circulatory disorders, nervous manifestations and 

death. Severe vomiting and intestinal cramps are among the common symptoms of sever lead 

poisoning (Cunningham and Saigo, 1997; Malhat, 2011). Cadmium is classified as a probable 

human carcinogen. Major cadmium exposure in human is through food (WHO, 1985). Chronic 

exposure to it is associated with heart diseases, anemia, skeletal weakening, depressed immune 

system response, hepatic dysfunction, hypertension and poor reproductive capacity. It had a 

significant role in the incidence of chronic renal failure. Cadmium causes the painful Itai-Itai 

disease and damages the lungs (Codex, 2001). 
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Lead and Cadmium levels are elevated in natural waters as the result of increased industrialization 

and agricultural activities. River Nile subjected to contamination with such metals since most 

activities in Egypt are around the Nile as it passes through agricultural and industrial fields where 

most of the poorly treated municipal wastewater and drain water discharged into the River Nile 

(Malhat, 2011). 
 

Nile tilapia (Pisces: Cichlidae), primarily native to Africa, has a wide distribution in Egypt (River 

Nile and its tributaries, coastal Lakes and Lake Nasser) (Bishai and Khalil, 1997). It is very 

important protein source and a popular target for artisanal and commercial fisheries. Tilapia has 

been used in toxicological studies "as a biological monitor of environmental water pollution". It can 

bio-accumulate heavy metals e.g. lead and cadmium in different tissues and organs at varying 

degrees, from the surrounding environments (Rashed, 2001; Authman, 2008, Atli and Canli, 2010; 

Authman et al., 2012). 
  

In recent years, there was rapid growth in the fishery culture, in particular Tilapia culture, 

worldwide (Qiu et al., 2011). Tilapia has been artificially introduced "cultured" in at least 57 

tropical and subtropical countries of the world [e.g. Palastine "occupied", Indonesia, USA, and 

Brazil], being one of the most widely and successfully cultured fresh water fish worldwide (Pullin 

et al., 1997; Grammer et al., 2012). In Egypt many Tilapia fish farms were recently established to 

supplement the deficiency in the quantities of fish sold in local markets (GAFRD, 2010). 
   

Commercial aquaculture facilities require abundant clean water with suitable levels of oxygen, pH 

and nutrients to achieve a product with a minimum of pollutants [30]. However, the illegal use of 

agricultural drainage water, contain high concentrations of contaminants such as heavy metals, in 

some aquaculture farms causes accumulation of such contaminants in fish reared in these farms 

(Authman, 2008; Authman et al. 2012; Alne-na-ei, 2003; Khallaf et al., 2003; Tayel et al., 2007). 
 

The potential accumulation of heavy metals in the muscle of fish available in markets to such a 

degree that may constitute a potential threat to human health when ingested is of great concern. 

Hence, it is important to determine the concentrations of heavy metals in commercial fish 

musculatures in order to evaluate the possible risk of its consumption. 
  

Several studies conducted on wild Tilapia of the River Nile collected from different Governorates in 

Egypt indicate the presence of varied levels of lead and/or cadmium in fish musculature (Gomaa et 

al., 1995; Sayed, 1995; Khallaf et al., 1998; El ghobashy et al., 2001; Mansour and Sidky, 2002; 

Alne-na-ei, 2003; Authman and Abbas, 2007;; Authman, 2008;; Malhat, 2011; Abd El-Malek and 

Ammar, 2013; Ibraheim et al., 2015; Abdelbary, 2016; Ibrahim et al., 2016). As well, the potential 

accumulation of such toxic compounds in farmed tilapia fishes has been addressed in a number of 

studies (Alne-na-ei, 1998, 2000; Ali and Abdel-Satar, 2005; Kaoud and El-Dahshan, 2010; Fallah et 

al., 2011; Abd El-Azeem et al., 2012; Authman et al, 2012; Abd El-Malek and Ammar, 2013). 
 

Maximum safe levels of Pb and Cd in fish flesh have been enforced by the government of Egypt 

(EOS, 2010).  However, data whether dietary lead and cadmium exposure set well below the 

provisional tolerable weekly intake, recommended by the UN Food and Agricultural Organization, 

is not yet available in Egypt "according to our knowledge". As well, except for a limited study, 

which dealt with comparing lead and cadmium levels in wild and farmed fish in Egypt  (Mansour 

and Sidky, 2002; Abd El-Malek and Ammar, 2013), no further information is yet available. 
 

Accordingly, the objective of the current study was to assess and compare the concentrations of lead 

(Pb) and cadmium (Cd) in flesh of farmed and wild Tilapia fish available in markets in Assiut city, 

Egypt. As well to compare these concentrations with the safe permissible limits stipulated by 

Egyptian Organization for Standardization (EOS, 2010) and to ascertain the suitability of these 

fishes for human consumption. 
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MATERIAL AND METHODS 
 

Study area  
Assiut city is located in Assiut Governorate, Egypt, on latitude 27º 10ʹ 58ʹʹ N and longitude 31º 10ʹ 

58ʹʹ E, and 56 meters above sea level with a population of 745,544 (Figure1)  

N.B. Fish-farms in Kafr El Sheikh, Gharbia Governorate, Egypt (located on latitude 31º 6ʹ 22.75ʹʹ N 

and longitude 30º 56ʹ 31.11ʹʹ E) are the major source of farmed tilapia available for public 

consumption in Assiut city. 
 

 
Collection of samples 

Tilapia fish samples (36 wild and 30 farmed) were randomly obtained from fish-sellers in Assiut 

city, Egypt, over a 6 months period. They were transported immediately with a minimum of delay 

to the Meat Hygiene Laboratory, Faculty of Veterinary Medicine, Assiut University, and stored at 

4°C till being soon prepared. The type of fish selected for analysis was based on general abundance 

in the area and their potential to be consumed by local people (Figure 2). 
 

Preparation of samples  

In the laboratory, fish samples were washed off to remove external dirties and slime if present, then 

subjected to sensory assessment (inspected for any external abnormalities and for the signs of 

freshness) according to (FAO, 1995). The scales, fins and skin were then removed and the muscular 

tissue was taken out, homogenized thoroughly and kept frozen at -20°C until analysis. 
 

Digestion of samples 

The method described by Finerty et al. (1990) was used with slight modification. Briefly, of each 

prepared sample 1 gram was removed into clean capped glassware "previously washed with 

deionized water and dried", followed by addition of 5 ml of conc. nitric acid of analytical reagent 

grader "HNO3 (AR)". The samples was left overnight for cold digestion in the acid, then heated at 

70°C (hot plate) until all vapors "NO2" ceased and the sample become clear (~5-7 hrs). The 

digested samples were allowed to cool to room temperature, diluted with 10 ml deionized water, 

then filtered and the filtrate made up to 50 ml volume with de-ionized water. Analytical blank was 

run in the same way as the samples using deionized water instead of the sample. 
 

 

Figure 1. Map shows study area. 
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Quantitative determination of lead and cadmium 

Inductively Coupled Plasma Emission Spectrometer, iCAP 6200 (Thermo Scientific, USA) at 

"Central laboratory for chemical analysis, Faculty of Agriculture, Assiut University, Assiut, Egypt" 

was used for the determination of lead and cadmium concentrations in the filtered digests. Each 

sample was measured as triplicate. Lead was measured at wave length of 220.353 nm with 

minimum detection limit of 1.06 µg/L, while cadmium was measured at wave length of 214.438 

with minimum detection limit of 0.07 µg/L. concentrations were quoted as mg kg-1 on wet weight 

base. 
 

Health-risk assessment of fish consumption 

According to FAO (2011) the average consumption of fish in Egypt is about 20.8 kg/person per 

year, which is equal to 56.99 g/person/day. When such value "i.e. 56.99 g is multiplied by the mean 

concentration of the metal in the analyzed fish, the average daily intake of the metal through 

consumption of such fish can be calculated for a person. Assuming an average body weight of 60kg 

for an Egyptian, and based on FAO/WHO (2004) and Türkmen et al. (2009) data, the permissible 

tolerable daily intake "PTDI60" for the metal (µg/person/day) can be calculated, and so the amount 

of the fish required to be consumed to attain the PTDI60. 
 

Statistics 

Data of metals concentrations in fish tissue samples were statistically analyzed with one-way 

analysis of variance (ANOVA) using SPSS 13 for Windows (2001). Significance was assumed at P 

< 0.05. The data are shown as mean ± standard error in mg/kg wet weight. 
 

RESULTS 
 

Table 1. Concentrations (mg kg
-1

 wet weight) of lead and cadmium in the examined wild and 

farmed Tilapia fish samples 

 
Lead Cadmium 

Wild Tilapia* Farmed Tilapia** Wild Tilapia*** Farmed Tilapia** 

Min 0.020 0.035 0.008 0.010 

Max 3.950 5.300 1.050 2.050 

Mean ± SE 1.507 ± 0.180
b
  2.178 ± 0.260

a
 0.379 ± 0.053

a
   0.437 ± 0.084

a
 

*n= 34               **n= 30                      ***n=36 

Means with different superscript within a row of each element are significantly different (P<0.05) 
 

 

A      B 

Figure 2. Pictures of the studied farmed (A and B) and wild (C and D) Tilapia fish. 

 

C      D 
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Table 2.  Acceptability (%) of the examined wild and farmed Tilapia fish samples based on 

their lead or cadmium content 

 
Lead Cadmium 

Wild Tilapia Farmed Tilapia Wild Tilapia Farmed Tilapia 

Samples tested 36 30 36 30 

Samples positive (%) 34 (94.4%) 30 (100%) 36 (100%) 30 (100%) 

Samples (%) within the 

permissible limit 
7 (19.4%) 3 (10%) 6 (16.7%) 6 (20%) 

Samples (%) exceed the 

permissible limit 
29 (80.6%) 27 (90%) 30 (83.3%) 24 (80%) 

Permissible limits* 0.3 mg kg
-1

 0.05 mg kg
-1

 

*Permissible limits in fish muscles according to the Egyptian standards (EOS, 2010) 

 

Table 3. The estimated daily intake (EDI) of lead/cadmium (μg/day/person) through 

consumption of wild or farmed tilapia fish by adult people (assuming 60 kg person) 

in Egypt 

 Wild Tilapia Farmed Tilapia PTDI
a 

PTDI
b

60 

Lead  85.88 (142.14)
c 

124.12 (98.35) 3.57 214.2 

Cadmium  21.60 (158.31) 24.90 (137.30) 1 60.0 

a
  PTDI: provisional permissible tolerable daily intake (µg/kg body weight/day) (FAO/WHO, 2004) 

b
  PTDI60: permissible tolerable daily intake for 60 kg person (µg/day)=PTDI x 60 kg. 

c
 Values between brackets are the daily intake (in grams) of wild or farmed tilapia that should be consumed in order to 

attain the permissible tolerable daily intake of metal for 60 kg person (=PTDI60 (µg/day) /metal concentration (µg/g)), 

according to FAO/WHO (2004). 
 

The results registered in Table 1 showed that, lead concentrations (mg/kg wet basis) ranged from 

0.02 to 3.95, with a mean value of 1.507±0.18 in wild Tilapia fish samples, while in farmed tilapia 

the concentrations ranged from 0.035 to 5.3, with a mean value of 2.178±0.26.  As for cadmium, the 

concentrations (mg/kg wet basis) ranged from 0.008 to 1.05 and from 0.01 to 2.05, with a mean 

value of 0.379±0.053 and 0.437±0.084 in muscles of wild and farmed Tilapia fish, respectively. 

Mean concentration of lead was significantly (P<0.05) higher in farmed than in wild Tilapia fish. 

However, means concentration of cadmium was insignificantly (P>0.05) differ despite numerically 

higher for farmed fish. 
 

As declared in Table 2, of the 36 examined wild tilapia samples, 34 (94.4%) showed detectable 

levels of lead, while in the remaining 2 (5.6%) samples, lead concentration was below the detection 

limit (1.06 ppb) of the apparatus used. On the other hand, all of the 30 (100%) examined farmed 

Tilapia samples showed detectable values of lead in their musculature. Of the 36 wild samples, 29 

(80.6%) showed lead levels exceeded the permissible limit (0.3mg/kg wet basis), set by the 

Egyptian Organization for Standardization and quality control for the fish muscles, while only 7 

(19.4%) samples showed levels below the permissible limit. Regarding the farmed tilapia, out of the 

30 samples, 27 (90%) showed levels exceed the permissible limit and only 3 (10%) showed levels 

within the limit. 
 

On the other hand, all the examined samples of wild (36, 100%) and farmed (30, 100%) Tilapia fish 

showed detectable concentrations of cadmium in their musculature. Of the 36 examined wild 

samples, 30 (83.3%) were found to have cadmium concentrations exceeded the permissible limit 

(0.05 mg/kg wet basis), set by the Egyptian Organization for Standardization and quality control, 
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and only 6 (16.7%) were have concentrations within the permissible limit. Likewise, out of the 30 

farmed samples, 24 (80%) were found to have concentrations of cadmium exceeded the limit and 6 

(20%) were found to have concentrations within the limit (Table 2). 
 

As declared in Table 3, the estimated (average) daily intake "EDI" of lead, (= mean concentration of 

the metal "measured" X daily fish consumption rate "i.e 56.99g"), through consumption of wild and 

farmed Tilapia flesh will be 85.88 and 124.12 ug/day, while that of cadmium will be 21.6 and 24.9 

ug/day, respectively. The permissible tolerable daily intake (PTDI) for lead is 3.57 and for cadmium 

is 1 µg/kg body weight/day, i.e. an adult weighing 60kg should not take more than 214.2 μg of lead 

per day and not more than 60.0 μg of cadmium per day (PTDI60). The fish quantity required to be 

consumed by a person weighing 60 kg to attain the permissible tolerable level of lead will be 142.14 

g/day of wild Tilapia fish or 98.35 g/day of farmed fish. As for cadmium, the required quantity will 

be 158.31 g/day of wild or 137.30 g/day of farmed Tilapia fish as illustrated in Table 3.  

 

DISCUSSION 
 

Fish are at the top of the aquatic food chain. It may concentrate large amounts of some metals, such 

as lead and cadmium. These metals can accumulate in fish musculature and cause serious health 

hazards to humans. For this, the problem of fish contamination by toxic metals has received much 

attention (Ibrahim, 1996; Bolawa and Gbenle, 2010; Kaoud and El-Dahshan, 2010; Authman et al., 

2012; Elnabris et al., 2013; Mohamedien et al., 2015; Ibrahim et al., 2016; Regina and Kingsley, 

2016). 
 

The present study was undertaken to investigate and compare lead and cadmium concentrations in 

muscular tissue of wild and farmed Tilapia fish sold in markets of Assiut city, Egypt, as muscles is 

the most consumed portion of fish by people in Egypt.  
 

Heavy metals accumulation commonly causes pathological changes and diseases in fish, as well; it 

may affect flesh quality (Ferreira et al., 2010). Sensory assessment of the samples proved that all 

were accepted from the organoleptic point of view, however wild fish samples were less in sensory 

scores than farmed ones. The wild fish samples" 69.4 and 30.6%" were of good and fair qualities, 

while most of farmed fish samples "60.0 and 36.7%" were of excellent and good qualities, 

respectively.   
 

Lead (Pb) and cadmium (Cd) exhibit extreme toxicity even at trace levels (Fianko et al., 2007). 

They have no known biological function and show carcinogenic effect on aquatic biota and humans. 

Moderate exposure can significantly reduce human semen quality and is related to many diseases in 

adults and children alike (ATSDR, 2007; Qiu et al., 2011; Vieira et al., 2011). 
 

The current investigation showed that the different fish items contained different concentrations of 

lead and cadmium in their muscles. Mean concentration of lead was significantly (P<0.05) higher in 

farmed (2.178±0.26) than in wild (1.507±0.18) Tilapia fish. However, means concentration of 

cadmium was insignificantly (P>0.05) differ despite numerically higher for farmed fish (0.437 ± 

0.084 vs. 0.379 ± 0.053) as shown in Table 1. 
 

The concentrations of metals estimated in the muscular tissue of either wild or farmed Tilapia fish 

sold in markets of Assiut, were much higher than those recorded in some studies and lower than 

some others (Table 4 and 5). This may be attributed to the environmental variations and the 

conditions under which the fish is reared, where geographical location (the type and level of water 

pollution) and season of catch beside chemical form of metal in the water, water temperature, pH 

value, dissolved oxygen concentration, and water transparency are all influence the heavy metal 

concentrations in the fish (Dural et al., 2007; Bahnasawy et al., 2009). 
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Table 4. Lead and cadmium concentrations (mg kg
-1

 wet basis) in Tilapia fish muscles in 

comparison to some other studies in Egypt 

 

Location/Countr

y 

Fish species lead Cadmium Ref. 

Assiut, Egypt Tilapia (wild) 

Tilapia (farmed) 

1.507 

2.178 

0.379 

0.437 

Current study 

Ismailia, Egypt O.niloticus (wild) 1.22 0.52 Abdelbary et al. 

(2016) 

New Valley, 

Egypt 

O. niloticus (wild) 1.89 0.01 Ibrahim et al. 

(2016) 

Behira, Egypt O. niloticus (wild) 0.0198-0.0250 0.0002-0.0003 Bayomy et al. 

(2015) 

Sohag, Egypt Tilapia nilotica 

(wild) 

0.479-48.75 

(10.9218) 

0.080-6.55 

(1.4078) 

Ibraheim et al. 

(2015) 

Menofia, Egypt Tilapia nilotica 0.08 0.10 Shalout et al. 

(2015) 

Assiut, Egypt O. niloticus (wild) 

O. niloticus 

(farmed) 

0.7331 

0.2993 

0.7229 

0.1157 

Abd El-Malek 

and Ammar 

(2013) 

Ismailia, Egypt O. niloticus 

(farmed) 

0.128 0.018 Abd El-Azeem 

et al. (2012) 

Kafer Al-Sheikh, 

Ismailia, 

Kaliobea, 

Damiatta, Behera, 

Al-Fayum, Egypt 

O.  niloticus 

(farmed) 

1.52 1.21 Kaoud and El-

Dahshan (2010) 

Fayoum, Egypt Tilapia sp (wild) 

Tilapia sp (farmed) 

0.0587-1.653 

0.0059-6.3812 

0.0782-0.1596 

0.0109-0.09 

Mansour and 

Sidky (2002) 

Cairo, Egypt O. niloticus (wild) 0.22-3.2 

(1.1214) 

0.002-0.53 

(0.1527) 

Elghobashy et 

al.  (2001) 

Aswan, Egypt Tilapia nilotica 

(wild) 

0.13 0.018 Rashed (2001) 

Al Minufya, 

Egypt 

O. niloticus (wild) 48.7 5.3 Khallaf et al. 

(1998) 

Permissible limit (mg kg-1 wet weight) 

EOS 

 EC 

FAO/WHO 

Saudi Arabia 

 

0.3 

0.3 

0.5 

2.0 

 

0.05 

0.05 

0.5 

0.5 

 

EOS (2010)  

EC (2006) 

FAO/WHO 

(1989) 

SASO (1997) 

 

Elghobashy et al. (2001), Cheung et al. (2008), Saeed and Shaker (2008), Sohsah (2009), Olusola et 

al. (2012), Damodharan and Reddy (2013), Bayomy et al. (2015), El-Shafei (2015), Mohamedien et 

al. (2015) and Abdelbary et al. (2016) recorded lower lead values in wild Tilapia. Meanwhile, 

Khallaf et al. (1998), Ibraheim et al. (2015) and Juniavto et al. (2017) recorded higher values.   
 

Mohamed (1993) detected higher mean concentration (4.98 – 8.04 mg kg-1) of lead in wild Tilapia 

nilotica collected from different localities in Assiut Governorate. However, Sayed (1995) recorded 

lead mean values ranged from 0.1 to 1.74, which is nearly parallel to the current findings. 
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Lower mean values of lead in farmed tilapia were reported by Farag et al. (2000), Lin et al. (2005), 

Bin-Mokhtar (2009), Kaoud and El-Dahshan (2010), Abd El Azeem et al. (2012), Elnabris et al. 

(2013), Jinadasa and Edirisinghe (2013) and Emara et al. (2015). Higher concentrations were found 

by Authman et al. (2012) and Ibraheim et al. (2016). 

 

Table 5. Lead and cadmium concentrations (mg kg
-1

 wet basis) in Tilapia fish muscles in 

comparison to some other studies world wide 

Location/Countr

y 

Fish species lead Cadmium Ref. 

Isfahan, Iran Tilapia fillets 0.638 

Dry basis 

0.136 

Dry basis 

Hemmatinezhad et 

al. (2017) 

West Java, 

Indonesia 

O. niloticus (wild) 2.504-3.871 

(3.05467) 

ND Juniavto et al. 

(2017) 

Ogoni land, 

Nigeria 

Tilapa guineensis 

(wild) 

5 

Dry basis 

1.7 

Dry basis 

Regina and Kingsley 

(2016) 

Gaza Strip 

(Palestine) 

O. niloticus 0.115 ˂0.002 Elnabris et al. 

(2013) 

India O. mossambicus (wild) 0.004-0.026 

(0.015) 

Dry basis 

0.008-0.011 

(0.0095) 

Dry basis 

Damodharan and 

Reddy (2013) 

Sri Lanka Oreochromis sp 

(farmed) 

0.26 

Dry basis 

0.03 

Dry basis 

Jinadasa and 

Edirisinghe (2013) 

Oyo State, Nigeria O. niloticus (wild) 0.031 0.019 Olusola et al. (2012) 

Lagos, Nigeria Tilapia orechromis 

(wild) 

1.57-3.25 

Dry basis 

1.13-4.49 

Dry basis 

Bolaw and Gbenle 

(2010) 

Sri Lanka O. niloticus (farmed) - ˂0.15 Allison et al. (2009) 

Pakistan O. mossambicus 2.4 

Dry basis 

1.39 

Dry basis 

Arian et al. (2008) 

China O. mossambicus (wild) 0.29 0.09 Cheung et al. (2008) 

China O. mossambicus 1.71 0.03 Kong et al. (2005) 

Tiwan O. mossambicus 

(farmed) 

0.183 0.011 Lin et al. (2005) 

 

Lead mean concentration in farmed Tilapia muscles were significantly (P˂0.05) higher than those 

in wild Tilapia (Table 1). This was in agreement with the finding of Mansour and Sidky (2002) and 

Gonzalez et al. (2006), but opposite to the findings of Abd El-Malek and Ammar (2013). 
 

Lead higher concentrations had occurred in aquatic ecosystem as a result of industrial and 

agricultural discharges; as well fish may be exposed to lead contamination in feed (Farag et al., 

2000 and Adefemi et al., 2008). Lead accumulates in the human body and affects many body 

systems. It adversely affects CNS resulting in psychopathological symptoms including restlessness, 

dullness, irritability and memory loss (Manahan, 1992). 
 

Cadmium is highly toxic non-essential heavy metal, have no role in biological processes in living 

organisms. It could be harmful even in low concentration (Burden, 1998).  
 

Lower levels of cadmium, than currently recorded in wild Tilapia musculature, were detected by 

Elghobashy et al. (2001), Cheung et al. (2008), Saeed and Shaker (2008), Sohsah (2009), Olusola et 

al. (2012), Damodharan and Reddy (2013), Hamed et al. (2013), Bayomy et al. (2015) El-shafei 

(2015), Mohamedien et al. (2015) and Juniavto et al. (2017).  However, higher values were found 

by Seddek et al. (1996), Khallaf et al. (1998), Ibraheim et al. (2015) and Abdelbary et al. (2016).   
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Mohamed (1993) detected cadmium means concentration of 0.293 – 0.389 mg kg-1 in wild Tilapia 

collected from different sites in Assiut Governorate which is nearly parallel to the present findings, 

however Sayed (1995) recorded lower concentrations (0.012 to 0.15mg kg-1). 
 

Farag et al. (2000), Lin et al. (2005), Bandara et al. (2008), Allinson et al. (2009), Bin-Mokhtar 

(2009), Abd El-Azeem et al. (2012), Elnabris et al. (2013), Jinadasa and Edirisinghe (2013), Emara 

et al. (2015) and Ibraheim et al. (2016) found lower cadmium concentrations in farmed Tilapia fish. 

Meanwhile, Kaoud and El-Dahshan (2010) and Authman et al. (2012) detected higher 

concentrations (Tables 4 and 5). 
 

Despite it is numerically higher in farmed Tilapia, the means value of cadmium in wild and farmed 

Tilapia fish was not differ significantly (p>0.05). Mansour and Sidky (2002), Gonzalez et al. (2006) 

and Abd El-Malek and Ammar (2013) registered lower cadmium concentrations in farmed than in 

wild Tilapia fish muscles which disagree with the present findings. 
 

The high levels of Cadmium in the environment may be attributed to industrial and mining 

operations as well, to the phosphate fertilizer "the main source of Cd in the environment" (Dimari et 

al., 2008). Cadmium accumulation may induce nausea, insomnia, prostate cancer, testicular atrophy 

and kidney failure (Kikuchi et al., 2002). 
 

Mansour and Sidky (2002) detected higher levels of lead in wild and farmed Tilapia fish, 

meanwhile cadmium levels were lower than the findings of the present study. Lead mean values of 

0.73 and 0.299 mg kg-1 were found by Abd El-Malek and Ammar (2013) in wild and farmed tilapia 

(Oreochromis niloticus), respectively, which is lower than the current findings. However, cadmium 

mean value was lower (0.115 mg kg-1) for farmed Tilapia, but higher (0.723 mg kg-1) for wild 

tilapia, than the present findings. Hemmatinezhad et al. (2017) recorded lower values of lead (0.638 

mg kg-1 d.w.) and cadmium (0.136 mg kg-1 d.w.) in Tilapia fillets from Isfahan, Iran. 
 

Accumulation of metals like Pb and Cd is actively controlled by fish through different metabolic 

processes. The level of accumulation usually depends on the ambient concentration i.e the pollution 

status of the regions (Hamza-Chaffai et al., 1996; Raphael et al., 2011). The relatively high levels of 

lead and cadmium in Tilapia fish from markets of Assiut city may indicate potential pollution at 

least in the area where they were caught. Alne-na-ei (2003) mentioned that water bodies' 

contamination by metals is caused by the discharge of massive amounts of domestic sewage as well 

as agricultural and industrial effluents. Moreover, Dural et al. (2007) declared that pollution with 

metals was a result of contamination of water with fertilizers containing metals. 
 

From the present results it was noted that concentrations of lead is generally higher than that of 

cadmium either in wild or farmed tilapia, which is in agreement with the results of Mansour and 

Sidky (2002), Eneji et al (2011) and Abd El-Malek and Ammar (2013). On contrary, Raphael 

(2011) found cadmium level higher than that of lead in fish collected from Okumeshi River, 

Nigeria.  
 

The low levels of cadmium may be attributed to its lower concentration in water, as the 

accumulation of metal toxicants from the aqueous environment by the fish depends upon the 

availability and persistence of the contaminant in water and feed (Larsson et al., 1985). 
 

As declared in Table (2), 94.4% of the examined wild tilapia samples showed detectable levels of 

lead, while all (100%) of the examined farmed tilapia samples showed detectable levels in their 

musculature. Lower percentages (80 and 64%, respectively) were reported by Abd El-Malek and 

Ammar (2013).  
 

Comparing the obtained concentrations of lead with the permissible limit (0.3mg/kg wet basis) in 

fish musculature, set by the Egyptian Organization for Standardization and quality control (EOS, 

2010) and by the European Community regulations (EC, 2006), it declared that most (80.6%) of the 
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examined wild tilapia samples had concentration exceeded the limit. Abd El-Malek and Ammar 

(2013) mentioned that 18% of the wild Tilapia samples had lead concentrations exceeded the limits 

set by the Egyptian standards (EOSQC, 2005), which was lower than findings of the current work. 

Lower findings were also recorded by Olusola et al. (2012) and Shaltout et al. (2015), but higher 

were noted by Mansour and Sidky (2002). 
 

Following the same trend, most (90%) of the farmed Tilapia samples showed lead levels exceeded 

the permissible limit. Lower findings were reported by Abd El-Azeem et al. (2012) and Abd El-

Malek and Ammar (2013), while higher results were found by Kaoud and El-Dahshan (2010). 
 

All the examined samples of wild and farmed Tilapia fish showed detectable concentrations of 

cadmium in their musculature. Opposite results (none of the samples showed detectable level) was 

declared by Juniavto el al. (2017). Abd El Malek and Ammar (2013) observed lower percentages 

(32 and 38%, respectively). 
 

Of the examined wild Tilapia samples, 83.3% were found to have cadmium concentrations 

exceeded the permissible limit (0.05 mg/kg wet basis), set by EOS (2010) and EC (2006). This was 

higher than findings of Mansour and Sidky (2002) (0.0%), Olusola et al. (2012) (0.0%), Abd El 

Malek and Ammar (2013) (26%), and Shaltout et al. (2015) (40%), but lower than the findings of 

Seddek et al. (1996) (100%) and Bolawa and Gbenle (2010) (100%). 
 

Likewise, most (80%) of the farmed Tilapia samples was found to have concentrations of cadmium 

exceeded the limit. Mansour and Sidky (2002), and Abd El-Malek and Ammar (2013) found lower 

percentages "0.0 and 6.0%, respectively". 
 

The percentage of samples exceeded the permissible limit for lead was higher in farmed (90%) than 

in wild (80.6%) Tilapia fish. However, it was lower in farmed (80%) than in wild (83.3%) fish in 

the case of cadmium. This may be attributed to the samples; and suggests consistent cadmium 

contamination in the wild environment.  
 

Fish may absorb dissolved elements and trace metals from their feeding diets and surrounding water 

leading to their accumulation in various tissues in significant amounts (McCarthy and Shugart, 

1990). The higher levels of lead and cadmium in the fish from the private farms (farmed) noticed 

from the current study may be attributed to the high concentrations of these metals, which 

sometimes exceeded the permissible levels, in the potential water used in aquaculture in Egypt. 

Such high concentrations were the result of the dense agricultural activities, massive usage of 

fertilizers and pesticides beside heavily contamination by domestic sewage and other wastes 

(Mansour and Sidky, 2002 and Authman et al., 2012). As well, in intensive culture systems, fish are 

usually fed on artificial diets that found to contain high concentrations of lead and cadmium 

(Mansour and Sidky, 2002), so the farmed fish, unlike those of the river, are being exposed to 

further (and direct) contaminating sources.  
 

Fish is a healthy food because of its nutritional benefits which in part related to its high content of 

omega-3 fatty acids (Vieira et al., 2011). However, the presence of pollutants in fish tissues can 

counteract the positive effects of the omega-3 fatty acids and hinder its beneficial effects on heart 

disease risk (FAO, 1983; Domingo et al., 2007). As consumption of fish is a possible source of 

metal accumulation in humans, it is of great interest to estimate the daily intakes of heavy metals 

through fish consumption. 
 

For the current study, and assuming a fish consumption rate of 20.8kg/person/year, i.e. 

56.99g/person/day (FAO, 2011), the estimated (average) daily intake "EDI" of through 

consumption of wild and farmed Tilapia flesh will be 85.88 and 124.12ug/day, while that of 

cadmium will be 21.6 and 24.9 ug/day, respectively (Table 3). Such values of EDI were set below 

the maximum safe amount of lead (214.2 μg per day) and cadmium (60.0 μg per day) for an adult 

weighing 60kg (PTDI60) based on the data of FAO/WHO (2004) and Türkmen et al. (2009).  
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The dose of a toxic metal that one obtains from fish depends not only on the concentration of 

specific metal in fish, but also on the quantity of fish consumed (Elnabris et al., 2013). From the 

obtained concentrations of lead and cadmium in the current study, an Egyptian with an average 

body weight of 60kg will be at risk of the deleterious effects of lead if his/her daily consumption 

rate exceeded 142 g (4.26 kg/month) of wild Tilapia or 98 g (2.94 kg/month) of farmed Tilapia 

flesh. The deleterious effects of cadmium may occur if the daily consumption rate exceeded 158 g 

(4.74kg/month) of wild Tilapia or 137 g (4.11kg/month) of farmed Tilapia flesh. 
 

Considering the economic conditions of the majority of Egyptians, and the relatively low price of 

such fish (Tilapia) in comparison to red meat, as well those who totally depends on fish as a source 

of animal protein (disappointed that red meat is commonly adulterated by butchers), the 

consumption rate of such fish may come close to or may exceed the allowed quantities to be 

consumed, especially those of farmed fish (98g/day) in case of lead. This may pose a potential 

health risk to many Egyptians (lead and/or cadmium toxicity is very likely) due to consumption of 

such Tilapia fish sold in the local markets of Assiut city.   
 

CONCLUSION 
 

The results of this survey indicated that Tilapia fish, either wild or farmed, from markets of Assiut 

city have high concentrations of lead and cadmium in their musculature, with the concentrations 

were higher in farmed Tilapia.  Lead and cadmium concentrations in the majority of samples 

exceeded the limits proposed for fish by the Egyptian standards and European community 

guidelines. Within the same fish item, either wild or farmed, lead concentrations were higher than 

those of cadmium.  
 

Regarding the daily intake and safety aspects, the examined fish especially farmed ones could pose 

a potential health risk to the consumers especially for children where, other sources of protein are 

hereby recommended.  
 

Finally, it could be inferred from the results of this study that for consumers purchasing the 

products in large quantities on a regularly basis, a public health hazard will definitely exist 

especially from farmed Tilapia fish. On the other side, no hazard might exist through the 

consumption of average amounts of such fishes and if the consumer visits the sites once in a while. 
 

Warning against eating such fish should be announced. It is recommended that, beside proper 

treatment and disposal of sewage water and sludge, government should enforce the laws that ensure 

standard waste treatment by industrial plants before it is being discharged into water bodies. As 

well, public should be educated about food pollution, their sources, health hazards and control. 

Besides, speciation studies and continuous monitoring of heavy metals in musculature of 

commercial fish should be performed acting as important warning signals for human health.  

 

COMPETING INTERESTS 

We, the authors, declare that no competing interests exist. 
 

REFERENCES 
 

Abd El-Azeem, M. H.; Hassan, A. M.; Hussein, M. M.; Abd El-Wahed, Z. H. and Saleh, R. E. 

(2012): Some heavy metal pollutants in fish farms and effect of garlic on their 

bioaccumulation in Oreochromis niloticus. Suez Canal Vet Med J., 17 (1): 57-69. 

Abd El-Malek, A.M. and Ammar, M. A. (2013): Lead and cadmium in Tilapia fish Oreochromis 

niloticus (Bolty) tissues. Zag Vet J., 41 (3): 50-56. 

Abdelbary, A. A. A.; Ahmed, A. M. and Abdelsalam, E. T. (2016): Heavy metals residues in 

commercially imported seafood. Suez Canal Vet Med J., 21 (2): 83-95. 

International Journal For Research In Agricultural And Food Science ISSN: 2208-2719

Volume-4 | Issue-7 | July,2018 26



 
 

Adefemi, S. O.; Asaolu, S. S. and Olaofe, O. (2008): Determination of heavy metals in Tilapia 

mossambicus fish, associated water and sediment from Ureje dam in south western Nigeria. 

Res J Environ Sci., 2: 151–155. 

Agah, H.; Leermakers, M.; Elskens, M.; Fatemi, S. M. R. and Baeyens, W. (2009): Accumulation 

of trace metals in the muscles and liver tissues of five fish species from the Persian Gulf. 

Environ Monit Ass., 157: 499-514. 

Aktar, M. D.; Sengupta, D. and Chowdhury, A. (2011): Occurrence of heavy metals in fish: A study 

for impact assessment in industry prone aquatic environment around Kolkata in India. 

Environ Monit Ass., 181 (1-4): 51-61. 

Ali, M. H. H. and Abdel-Satar, A. M. (2005): Studies of some heavy metals in water, sediment, fish 

and fish diets in some fish farms in El-Fayoum Province, Egypt. Egypt J Aquat Res., 31 (2): 

261-273. 

Allison, G.; Salzman, S. A.; Turoczy, N.; Nishikawa, M.; Amarasinghe, U. S.; Nirbadha, K. G. S. 

and De Silva, S. S. (2009): Trace metal concentrations in Nile Tilapia (Oreochromis niloticus) 

in three catchments, Sri Lanka. Bull Environ Contam Toxicol., 82: 389-394. 

Alne-na-ei, A. A. (2003): Contamination of irrigation and drainage canals and ponds in the Nile 

delta by heavy metals and its association with human health risks. Egypt. J. Zool., 41: 47-60. 

Alne-na-ei, A. A. (2000): Levels of organochlorine pesticides (OCPS) and polychlorinated 

biphenyls (PCBS) in a common fish from illegal fish farms in Almenofya Province, Egypt. 

Egypt. J. Aquat. Biol. Fish., 4 (4): 17-36. 

Alne-na-ei, A. A. (1998) The illegal fish farms in the Egyptian delta: External lesions frequency, 

liver histopathology and heavy metals concentration in the muscle tissue. Egypt. J. Aquat. 

Biol. Fish., 2 (4): 119-144. 

Arian, M. B.; Kazi, T. G.; Jamali, M. K.; Jalbani, N.; Afridi, H. I.and Shah, A. (2008): Total 

dissolved and bio available elements in water and sediment samples and their accumulation in 

Oreochromis mossambicus of polluted Manchar Lake. Chemosphere., 70: 1845-1856. 

Atli, G. and Canli, M. (2010): Response of antioxidant system of freshwater fish Oreochromis 

niloticus to acute and chronic metal (Cd, Cu, Cr, Zn, Fe) exposures. Ecotoxicol. Environ. 

Safety, 73: 1884-1889. 

ATSDR  (2007): Toxicological profile for lead. US Department of Health and Human Services. 

Public Health Human Services, Centers for Diseases Control, Atlanta. Agency for Toxic 

Substance and Disease Registry "ATSDR". 

Authman, M. M. N. (2008): Oreochromis niloticus as a biomonitor of heavy metal pollution with 

emphasis on potential risk and relation to some biological aspects. Global Vet., (3): 104-109. 

Authman, M. M. N. and Abbas, H. H. H. (2007): Accumulation of copper and zinc in both water 

and some vital tissues of two fish species (Tilapia zilli and Mugil cephalus) of lake Qarun, 

Fayoum Province, Egypt. Pak J Biol Sci., 10 (13): 2106-2122. 

Authman, M. M. N; Abbas, W. A. and Gaafar, A. Y. (2012.): Metals concentrations in Nile tilapia 

Oreochrmis niloticus (Linnaeus, 1758) from illegal fish farm in Al-Minufiya Province, Egypt, 

and their effects on some tissues structures. Ecotoxicol. Environ. Safety, 84: 163-172. 

Bahnasawy, M.; Khidr, A.; and Dheina, N. (2009): Seasonal variations of heavy metals 

concentrations in Mullet, Mugil cephalus and Liza ramada (Mugilidae) from Lake Manzala, 

Egypt. J Appl Sci Res., 5: 845-852. 

Bandara, J. M. R. S.; Senevirathna, D. M. A. N.; Dasanayake, D. M. R. S. B.; Herath, V.; Bandara, 

J. M. R. P. and Abeysekara, T. (2008): Chronic renal failure among farm families in cascade 

irrigation systems in Sri Lanka associated with elevated dietary cadmium levels in rice and 

freshwater fish (Tilapia). Environ Geochem Health., 30: 465-478. 

Bayomy, H. M.; Rozan, M. A. and Ziena, H. M. (2015): Lead and cadmium contents in Nile water, 

Tilapia and Catfish from Rosetta branch, River Nile, Egypt. J Food and Dairy Sci., Mansoura 

Univ., 6 (4): 253-262. 

International Journal For Research In Agricultural And Food Science ISSN: 2208-2719

Volume-4 | Issue-7 | July,2018 27



 
 

Bin-Mokhtar, M. (2009): Assessment level of heavy metals in Penaeus monodon and Oreochromis 

spp. in selected aquaculture ponds of high densities development area. Eur J Sci Res., 30: 

348-360. 

Bishai, H. M. and Khalil, M. T. (1997): Freshwater fishes of Egypt. Department of nature 

protection. Publication of National Biodiversity Unit no 9, Egyptian Environmental Affairs 

Agency (EEAA). Cabinet of Ministers, Egypt. P. 229. 

Bolawa, O. E. and Gbenle, G. O. (2010): Evaluation of lead, cadmium and chromium in Tilapia fish 

obtained from Makoko and Carter Bridge Rivers in Lagos, Nigeria. Afr J of Pure and Appl 

Chem., 4 (10): 221-227. 

Burden, V. M.; Sandheinrich, C. A. and Caldwell, A. (1998): Effects of lead on the growth and 

alpha amino levulinic acid dehydrates activity of juvenile Rainbow trout, Oncorhynchus 

mykiss. Environ Pol., 101: 285-289. 

Cheung, K. C.; Leung, H. M. and Wong M. H. (2008): Metal concentrations of common freshwater 

and marine fish from the Pearl River Delta, South China. Arch of Enviro Cont and Toxicol., 

54: 705-715. 

CAC (2001): Maximum residual limits (MRLs) for pesticides. CAC/MRL, Rev. 1-2001. Codex 

Alimentarius Commission "CAC". 

Conte, F. S. (2004): Stress and the welfare of cultured fish. Appl Anim Behav Sci., 86: 205-223. 

Cunningham, W. P. and Saigo, W. B. (1997):  Environmental Science: a global concern.  4
th

 ed. 

WCB New York USA.  

Damodharan, U. and Vikram-Reddy, M. (2013): Heavy metal bioaccumulation in edible fish 

species from an industrially polluted river and human health risk assessment. Arch Pol Fish., 

21: 19-27. 

Dimari, G. A.; Abdulrahman, J. C. and Garba, S. T. (2008): Metals concentrations in tissues of 

Tilapia galli, Clarias lazera and Osteoglossidae caught from Alau Dam, Maiduguri, Borno 

State. Nigeria. Amer J Environ Sci., 4: 373-379. 

Domingo, J. L.; Bocio, A.; Falco, C. and Liobet, J. M. (2007): Benefits and risks of fish 

consumption. Part I. A quantitative analysis of the intake of omega-3 fatty acids and chemical 

contaminants. Toxicology., 230: 219-226. 

Dural, M.; Goksu, M. and Ozak, A. (2007): Investigation of heavy metal levels in economically 

important fish species captured from the Tuzla lagoon. Food Chem., 102: 415-421. 

EC (2005): Commission regulation (EC) No. 78/2005 of 19 January 2005 amending regulation 

(EC) No. 466/2001 as regards heavy metals. Official J Eur Union., L16: 43-45. European 

Community (EC). 

EC (2006): Commission Regulation 2006/1881/EC of 19 December 2006 replacing regulation (EC) 

466/2001 setting maximum levels for certain contaminants in foodstuffs. OJ L 364/5-24, 

Brussels, 20.12.2006. European Community (EC). 

Elghobashy, H. A.; Zaghloul, K. H. and Metwally, M. A. A. (2001): Effect of some water pollutants 

on the Nile tilapia, Oreochromis niloticus collected from the River Nile and some Egyptian 

lakes. Egypt. J Aquat Biol Fish., 5 (4): 251-279. 

Elnabris, K. J.; Muzyed, S.K. and El-Ashgar, N. M. (2013): Heavy meal concentrations in some 

commercially important fishes and their contribution to heavy metals exposure in Palestinian 

people of Gaza Strip (Palestine). J Ass of Arab Univ Basic Appl Sci., 13: 44-51. 

El-Shafei, H. M. (2015): Some heavy metals concentration in water, muscles and gills of Tilapia 

niloticus as biological indicator of Manzala Lake pollution. J Aquac Res Develop., 6 (9): 1-5. 

Emara, M. M.;  Farag, R. S.; Dawah, A. A. and Fathi, M. (2015): Assessment of heavy metals 

concentration in water and edible Nile Tilapia (Oreochromis niloticus) from two fish farms 

irrigated with different water sources, Egypt. Int J Environ., 4 (1): 108-115. 

Eneji, I. S.; Ato, R. S. and Annune, P. A. (2011): Bioaccumulation of heavy metals in fish (Tilapia 

zilli and Clarias gariepinus) organs from River Benue, North-Central Nigeria. Pak J Anal 

Environ Chem., 12: 25-31. 

International Journal For Research In Agricultural And Food Science ISSN: 2208-2719

Volume-4 | Issue-7 | July,2018 28



 
 

EOS (2010): Maximum levels for certain contaminants in foodstuffs. ES7136/2010. Egyptian 

Organization for Standardization and Quality (EOS). 

EOSQC (1993): Maximum residue limits for heavy metals in food. ES2360/1993. PP.5. Egyptian 

Organization for Standardization and Quality Control (EOSQC). 

EOSQC (2005): Maximum residue limits for heavy metals in food. ES2360/2005. PP.5. Egyptian 

Organization for Standardization and Quality Control (EOSQC). 

Fallah, A. A.; Saei-Dehkordi, S. S.; Nematollahi, A. and Jafari, T. (2011): Comparative study of 

heavy metal and trace element accumulation in edible tissue of farmed and wild rainbow trout 

(Oncorhynchus mykiss) using ICP-OES technique. Micro Chem J., 98: 275-279. 

FAO (1983): Compilation of legal limits for hazardous substances in fish and fishery products. 

FAO Fishery Circular No 464. pp. 5-100. Food and Agriculture Organization (FAO) 

FAO (1995): Quality and Quality Changes in Fresh Fish. Huss, H. H. (edit), FAO Fisheries 

Technical Paper No. 348. Food and Agriculture Organization (FAO) 

FAO (2011): Fisheries and aquaculture markets in the Middle East. Towers, L. (edit), FAO 

Fisheries Technical Paper. Food and Agriculture Organization (FAO) 

FAO/WHO (1989): Evaluation of certain additives and the contaminants mercury, lead and 

cadmium. WHO Technical Report, Series No. 505. 

FAO/WHO (2004): Summary of evaluation performed by the Joint FAO/WHO Expert Committee 

on Food Additives (JECFA 1956-2003). 

Farag, M. S.; Mahmud, A. R. and Thakeb, M. (2000): Monitoring of some heavy metals pollution 

in some fish farms. J Egypt Vet Med Ass., 60 (3): 39-45. 

Ferreira, M.; Caetano, M.; Antunes, P.; Costa, J.; Gil, O.; Bandarra, N.; Pousao-Ferreira, P.; Vale, 

C. and Reis-Henriques, M. A. (2010): Assessment of contaminants and biomarkers of 

exposure in wild and farmed seabass. Ecotoxicol Environ Safety, 73: 579-588. 

Fianko, J. R.; Osae, S.; Adomako, D.; Adotey, D. K. and Serfor-Armah, Y. (2007): Assessment of 

heavy metal pollution of the iture estuary in the Central Region of Ghana. Environ Monit and 

Assess. 131: 1-3. 

Finerty, M. W.; Madden, J. D.; Feagley, S. E. and Grodner, R. M. (1990): Effect of environs and 

seasonality on metal residues in tissues of wild and pond-raised crayfish in Southern 

Louisiana. Arch Environ Contam Toxicol. 19: 94-100. 

GAFRD (2010): Fishery Annual Report, Cairo, Egypt. General Authority for fish resources 

Development (GAFRD). 

Gavaghan, H. (2002): Lead unsafe at any level. Bulletin of the World Health Organi., 80 (1): 82-

202. 

Gomaa, M. N. E.; Abou-Arab, A. A. K.; Badawy, A. and Naguib, K. (1995): Distribution pattern of 

some heavy metals in Egyptian fish organs. Food Chem., 53: 385–389. 

Gonzalez, S.; Flick, G. J.; O'Keefe, S. F.; Duncan, S. E.; McLean,  E. and Craig, S. R. (2006): 

Composition of farmed and wild yellow perch (Perca flavescens). J Food Comp and Analy., 

19: 720-726. 

Grammer, G. L.; Slack, W. T.; Peterson, M. S. and Dugo, M. A. (2012): Nile tilapia Oreochromis 

niloticus (Linnaeus, 1758) establishment in temperate Mississippi, USA: multiyear survival 

confirmed by otolith ages. Aquat Invas., 7 (3): 367-376. 

Hamed, Y. A.; Abdelmonein, T. S.; Elkiki, M. H.; Hassan, M. A. and Berndtsson, R. (2013): 

Assessment of heavy metals pollution and microbial contamination in water, sediments and 

fish of Lake Manzala, Egypt. Life Sci. J., 10 (1): 86-99. 

Hamza-Chaffai, A.; Romeo, M. and Abed, A. (1996): Heavy metal in different fish from the Middle 

Eastern coast of Tunisia. Bull Environ Contam Toxicol., 56:766-773. 

Hemmatinezhad, B.; Sarmeidani, M. M.; Yoosefi, A. H. and Fadaeifard, F. (2017): Assessment of 

four heavy metals mercury, lead, copper and cadmium levels in muscles of imported Tilapia 

to Iran. J Chem Health Risk., 7 (2): 133-138. 

Ibraheim, T. A. M.; Ahmed, H. Y.; Ahmed, H. A. and Mahmoud, A. (2015): Assessment of heavy 

metals in muscular tissues of Tilapia nilotica in Sohag Governorate, Upper Egypt. In: 

International Journal For Research In Agricultural And Food Science ISSN: 2208-2719

Volume-4 | Issue-7 | July,2018 29



 
 

Proceedings of 17
th

 International Congress on Animal Hygiene, Kosice, Slovakia. pp.309-

311. 

Ibrahim, A. T. A.; Wassif, E. T. and Alfons, M. S. (2016): Heavy metals assessment in water, 

sediments and some organs of Oreochromis niloticus under the impact of sewage water. J 

Heavy Met Toxicity Dis., 1 (4): 1-7. 

Ibrahim, H. T. M. (1996): Detection and identification of some pesticide residues and heavy metals 

in Qarun Lake and River Nile fish. M. Sc. Thesis, Fac. Agric., Cairo University, Egypt. 

Jinadasa, B. K. K. K. and Edirisinghe, E. M. R. K. B. (2013): Cadmium, lead and total mercury in 

Tilapis sp. In Sri Lankan reservoirs. Food Addit Contam Part B., 7 (2): 90-94. 

Juniavto, Zahidah and Aprilliani, I. M. (2017): Evaluation of heavy metal contamination in various 

fish meat from Cirata Dam, West Java, Indonesia. AACL Bioflux., 10 (2): 241-246. 

Kalay, M.; Aly, O. and Canil, M. (1999): Heavy metal concentrations in fish tissues from the 

Northeast Mediterranean Sea. Bull Environ Contam Toxicol., 63: 673-681. 

Kaoud, H. A. and El-Dahshan, A. R. (2010): Bioaccumulation and histopathological alterations of 

heavy metals in Oreochromis niloticus fish. Nat and Sci., 8 (4): 147-156. 

Karadede-Akin, H. and Unlu, E. (2007): Heavy metal concentrations in water, sediment, fish and 

some benthic organisms from Tigris River, Turkey. Environ Monit Assess., 131: 323-337. 

Khallaf, E. A.; Galal, M. and Authman, M. (1998): Assessment of heavy metals pollution and their 

effect on Oreochromis niloticus in aquatic drainage canals. J Egypt Ger Soc Zoo., 26 (B): 39-

74. 

Khallaf,  E. A.; Galal, M. and Authman, M. (2003): The biology of Oreochromis niloticus in a 

polluted canal. Ecotoxicology, 12: 405-416. 

Kikuchi, Y.; Nomiyama, T.; Kumagai, N.; Uemura, T. and Omar, K. (2002): Cadmium 

concentration in current Japanese food beverages. J Occup Health., 44: 240-247. 

Kong, K. Y.; Cheung, K. C.; Wong, C. K. C and Wong, M. H. (2005): Residues of DDTs, PAHs 

and some heavy metals in fish (tilapia) collected from Hong Kong and Mainland China. J 

Environ Sci Health Part A., 40: 2105-2115. 

Larsson, A.; Haux, C. and Sjobeck, M. (1985): Fish physiology and metal pollution: Results and 

experiences from laboratory and field studies. Ecotoxicol Environ Safety, 9: 250-281. 

Lin, T. S.; Lin, C. S. and Chang, C. L. (2005): Trace elements in cultured tilapia (Oreochromis 

mossambicus): Results from a farm in southern Taiwan. Bull Environ Contam Toxicol., 74: 

308-313. 

Malhat, F. (2011): Distribution of heavy metal residues in fish from the River Nile Tributaries in 

Egypt. Bull Environ Contam Toxicol., 87: 163–165. 

Manahan, S. E. (1992): Toxicological Chemistry. 2
nd

 Ed Lewis publishers. Inc. Boca Raon. Ann. 

Arbor, London, Tolyo. 

Mansour, S. A. and Sidky, M. M. (2002): Ecotoxicological studies. 3. Heavy metals contaminating 

water and fish from Fayoum Governorate, Egypt. Food Chem., 78: 15-22. 

McCarthy, J. and Shugart, L. (1990): Biomarkers of environmental contamination. Lewis 

Publishers. New York. 

Mohamed, A. A. (1993): Some trace elements in tissues of some fresh-water fish. PhD Thesis 

(Meat Hygiene). Fac Vet Med Assiut Univ. Egypt. 

Mohamedien, L. I.; Medani, G.G.; Gamal Eldien, M. A. and Hammad, M. H. (2015): Assessment of 

some heavy metals in water, sediments and fish during 2013 in Lake Quaron protected area, 

Fayoum, Egypt. Suez Canal Vet Med J., 20 (2): 155-174. 

Olusola, A. V.; Folashade, P. A. and Ayoade, O. I. (2012): Heavy metal (lead, cadmium) and 

antibiotic (tetracycline and chloramphenicol) residues in fresh and frozen fish types (Clarias 

gariepinus, Oreochromis niloticus) in Ibadan, Oyo State, Nigeria. Pak J Biol Sci., 15 (18): 

895-899. 

Papagiannis, I.; Kagalou, I.; Leonardos, J.; Petridis, D. and Kalfakakou, V. (2004): Copper and zinc 

in four freshwater fish species from Lake Pamvotis (Greece). Environ Int., 30: 357–362. 

International Journal For Research In Agricultural And Food Science ISSN: 2208-2719

Volume-4 | Issue-7 | July,2018 30



 
 

Pullin, R. S. V.; Palomares, M. L.; Casal, C. V.; Dey, M. M. and Pauly, D. (1997): Environmental 

impacts of tilapias. In K. Fitzsimmons, edit. Tilapia Aquaculture. Proceedings from the 

Fourth International Symposium on Tilapia in Aquaculture, 9–12 November, Orlando, 

Florida, U.S.A. pp. 554–570. Ithaca, New York, Northeast Regional Agricultural Service 

Cooperative Extension. 808 pp. 

Qiu, Y. W.; Lin, D.; Liu, J.Q. and Zeng, E. Y. (2011): Bioaccumulation of trace metals in farmed 

fish from South China and potential risk assessment. Ecotoxicol Environ Saf., 74: 284-293. 

Raphael, E. C.; Augudtina, O. C. and Frank, E. O. (2011): Trace metals distribution in fish tissues, 

bottom sediments and water from Okumeshi River in Delta State, Nigeria. Environ Res J., 5: 

6-10. 

Rashed, M. M. (2001): Monitoring of environmental heavy metals in fish from Nasser Lake. 

Environ Int., 27: 27-33. 

Regina, O. E. and Kingsley, O. N. (2016): Assessment of lead, arsenic and cadmium in Tilapia 

guineensis and Sarotherodon melanotheron found in Bodo River. Int J Oceanogr Aquac., 1 

(1): 1-5. 

Saeed, S. S. and Shaker, I. M. (2008): Assessment of heavy metals pollution in water and sediments 

and their effect on Oreochromis niloticus in the Northern Delta Lakes, Egypt. 8
th

 International 

Syposium on Tilapia Aquaculture. 

SASO (1997): Maximum limits of contaminating metallic elements in foods. Riyadh, Saudi Arabia. 

Saudi Arabia Standards Organization (SASO). 

Sayed, M. M. (1995): Toxicological studies on some metallic pollutants in River Nile at Assiut 

Governorate. M. V. Sc. Thesis (Forensic Medicine and Toxicology), Fac Vet Med. Assiut 

Univ. Egypt. 

Seddek, A. S.; Salem, D. A.; El-Sawi, N. M. and Zaky, Z. M. (1996): Cadmium, lead, nickel, 

copper, manganese and flourine levels in River Nile fish. Assiut Vet Med J., 35: 95-102. 

Senadheera, S. P. S. D. and Pathirathne, K. A. S. (2003): Bioaccumulation potential of three toxic 

heavy metals in shrimp Penaeus monodon from different fractions of the culture environment. 

Sri Lanka J Aquat Sci., 8: 27–39. 

Shaltout, F. A.; Mohammed, H. F. and Saber, E. (2015): Detection of some heavy metals in fish 

(Tilapia nilotica and Clarias lazera) at Menofia Governorate. Benha Vet M J., 29 (1): 124-

128. 

Sohsah , Madiha,  A. M. (2009): Studies on some heavy metal residues in fresh water fish with 

special reference to water environmental pollution. PhD Thesis (Meat Hygiene). Fac Vet Med 

Benha Univ. Egypt. 

SPSS (2001): Statistical Package for Social Sciences. SPSS Statistical software version 13 for 

windows. Inc., Chicago. 

Suhaimi, F.; Wong, S. P.; Lee, V. L. L. and Low, L. K. (2006): Heavy metals in fish and shellfish 

found in local wet markets. Singapore J Prim Ind., 32: 1–18. 

Tayel, S. I.; Ibrahim, S. A.; Authman, M. M. N. and El-kashef, M. A. (2007): Assessment of Sabal 

drainage canal water quality and its effect on blood and spleen histology of Oreochromis 

niloticus. African J Biol Sci., 3 (1): 97-107. 

Turkmen, M.; Turken, A.; Tepe, Y.; Tore, Y. and Ates, A. (2009): Determination of metals in fish 

species from Aegean and Mediterranean Seas. Food Chem., 113: 233-237. 

Vieira, C.; Morais, S.; Ramos, S.; Delerue-Matos, C. and Oliveira, M. B. P. P. (2011): Mercury, 

cadmium, lead and arsenic levels in three pelagic fish species from the Atlantic Ocean: intra- 

and inter-specific variability and human health risks for consumption. Food Chem Toxicol., 

49: 923-932. 

WHO (1985): Global environmental monitoring system. Guidelines for the study of dietary intakes 

of chemical contaminants. Geneva, WHO, Offset publication No 87. World Health 

Organization (WHO) 

 

International Journal For Research In Agricultural And Food Science ISSN: 2208-2719

Volume-4 | Issue-7 | July,2018 31




