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INTRODUCTION  

 

Metals are typically introduced into the aquatic environment through 

atmospheric deposition, geological matrix erosion, or anthropogenic 

activities such as industrial effluents, domestic sewage, and mining wastes 

(Tarvainen et al., 1997; Jewett et al., 2000). Heavy metals have received a 

lot of attention in aquatic systems due to their accumulation and toxicity 

levels in flora and fauna (biota) (Mason, 1992). Whilst some metals such as 

zinc and copper, which are biologically necessary and exist in the natural 

composition of aquatic ecosystems, are believed to be toxic at enormously 

high concentrations. Whereas, other metals such as cadmium and lead are 

toxic to the living organisms even if these metals were in small quantities. In 
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Heavy metal levels (Copper, zinc, lead, and cadmium) in water and fish 

(Nile tilapia) have been evaluated in three different locations in (EL- 

Kapoty) Lake Manzala. Metals’ quantities in both fish tissues and water 

were measured. Fish samples with weights ranging between 78.7 and 

42.3gm varied significantly by area and season. All metals under study 

peaked in summer and dropped in winter. The levels of different metals in 

fish tissues and water were ordered in the correct sequence: Copper > zinc > 

Lead > cadmium. In water, the mean concentrations of metals were as 

follows: Cd is 0.006 mg/L, Pb is 0.007mg/L, Zn is 0.032mg/L, and Cu is 

0.007mg/L. The water's cadmium amount was higher than the limit allowed 

for drinking water. The mineral concentration in fish organs was much 

higher than in water. The gills of the tested fish had the greatest mineral 

concentration, while the muscles showed the lowest. Despite the fact that 

Lake Manzala was polluted with heavy metals, the amount of minerals in 

the fish's muscles did not overpass the limits allowed, making the fish safe. 
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human body, zinc performs a wide range of biological functions. It is not 

only a fundamental component of more than one hundred enzymes, involved 

in a wide range of essential metabolic reactions but also participates in the 

synthesis of various hormones. However, excess zinc consumption is 

believed to cause violent vomiting, abdominal pain, collapse, and liver 

degeneration. Remarkably, copper is almost certainly a necessary component 

of all cells. Nevertheless, the excessive consumption of copper causes 

gastrointestinal disruption, headache, hepatic necrosis and hepatic failure. On 

the other hand, cadmium is strongly believed to be the most dangerous 

component to public health. It is worth mentioning that, it is responsible for 

causing itai-itai, which is a rickets-like bone disease. It can also be a reason 

behind cardiac enlargement, iron deficiency, pulmonary emphysema, renal 

failure, and gonadal atrophy. In addition, Pb is a chemical metal of high 

toxicity that is harmful to both humans and animals. Iron deficiency anemia., 

encephalopathy, mass and coordination damage, stomach pain, vomiting., 

stomach pain, and .insomnia are all symptoms of lead poisoning (Khallaf et 

al., 2018). Metals, like many organic contaminants, are not degradable and 

can be collected throughout the food chain, causing harmful effects far from 

the point of pollution (Fernández et al., 2000). Biomagnification is counted 

as one of the reasons for the accumulation of high concentrations of heavy 

metals in the food web. The surrounding media such as water and sediment 

can also be a source of these metals in the food chains (Tulonen et al., 2006). 

Scientific studies have widely used aquatic organisms to monitor and assess 

the risk of heavy metals’ levels in contaminants. Lake Manzala, with a 

surface estimated area of 52,611ha, is Egypt's largest lake as well as the most 

productive for fisheries. Unfortunately, several agricultural drains discharge 

significant amounts of various pollutants into the environment lake (Badawy 

et al., 1995). Thus, accurate data on their density in aquatic ecosystems are 

required (Janssen et al., 2000). As a result, this study’s objective was to 

assess the level of pollutants in the area of EL-Kapoty, where this study 

determined the copper, zinc, lead and cadmium concentrations, not only in 

water but also in some fish organs, gills and muscles. 

 

         MATERIALS AND METHODS  

 

          Fig. (1) presents a map of Lake Manzala bounded by the 

Mediterranean Sea, the Suez Canal, and the Nile’s Damietta section on the 

north, the east and the west, respectively. The lake was previously brackish, 

but due to increased water resource and sewage discharged through seven 

major drains, it has been changed to an eutrophic freshwater lagoon (Abdel-

Baky et al., 1998). During winter, spring, summer, and autumn seasons, 
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samples of water and tilapia fish were collected from three locations 

(31°25'06.0000"N latitude and 32°25'60.0000"E longitude) (Fig. 1). The sites 

(L1, L2, and L3) chosen are the far northeastern (EL-Kaboty) regions. They 

are heavily polluted and different levels of pollution can be represented. Two 

polyethylene bottles, which were acidified with HNO3 were used to take 

water samples on a monthly basis from a depth of fifty centimeters, and then 

saved for analysis. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Lake Manzala geographical location 

Each fish had its gills, skin, and dorsal muscle dissected, weighed, and placed 

in small conical flasks. The flasks were put in an oven at a temperature of 

105
0
C to be dried for approximately one day. The flasks were then put for 

acid digestion on a hot plate with HNO3 + HClO4 at a ratio of 2:1 until a 

clear solution was obtained. Using an atomic absorption spectrophotometer, 

the extraction method of APHA (1998) was used to determine the 

concentrations of the four heavy metals (copper, zinc, cadmium and lead) in 

water (AAS, Perkin Elmer 2380). In order to estimate the substantial 

differences in the four heavy metals studied in fish organs and water based 

on location and season, the two-way ANOVA method was used (Flora, 

1982). The significance level also known as alpha level was set at 0.05. 

RESULTS  

 

Table (1) displays the average concentrations of the four heavy metals in 

Lake Manzala. The following values are the mean concentrations of the four 

heavy metals under study in the water samples collected from the study site; 

the measured values in mg/L were as follows: Cu (0.007), Zn (0.032), Pb 

(0.007), and Cd (0.006).  

The sequential order of the values of heavy metals is similar to those 

recorded in previous studies on Lake Manzala (Abdel-Baky et al., 1998; 
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Ibrahim et al., 1999a). The concentration of metals under study were 

extensively focused at location L3. Due to industrial and farming activities, 

enormous quantities of wastes coming from factories and agricultural fields, 

such as water drained from farms, sewage and other types of wastes are 

delivered to this area through Bahr Al-Baqar region. Badawy and Wahaab 

(1997) investigated this location and recorded a high accumulation of organic 

carbon. Radwan et al. (1990), Abdel-Baky et al. (1998) and Dheina (2007) 

detected a link between the huge quantity of organic matter and the 

concentration of heavy metals in water. This order of occurrence preceded 

the studies on Lake Manzala (Abdel-Baky et al., 1998; Ibrahim et al., 

1999a). At L3, all metals were generally more concentrated. Through the 

region of Bahr Al-Baqar, this area is plagued by enormous quantities of 

farming wastes and water drained from the fields, in addition to the factories’ 

chemical wastes. Badawy and Wahaab (1997) illustrated that, humans are 

not welcome in the Bahr Al-Bakar area. This site has a high concentration of 

organic carbon (Dheina., 2007). Many authors discovered a link between the 

huge quantities of organic matter and heavy metals’ concentrations in water 

(Radwan et al., 1990; Abdel-Baky et al., 1998). The discharge of heavy 

metals from the soil particles to the overlying water as a result of both high 

temp and a fermentation process induced by organic substances degradation 

results in an increase in metal levels of contamination throughout warm 

climates (spring and summer). Metal concentrations in water have been 

reported to change seasonally (Zyadah, 1995; Elewa et al ., 2007). Several 

studies refer to different water bodies suh as the River Nile (Abdel-Baky et 

al., 1998; Ibrahim et al., 1999a; Zahran et al., 2015; Abu-Zaid et al., 

2020). A low density of Cu (Abdel-Mohsien & Mahmoud, 2015) was 

recorded (0.01-0.02 mg/L); lower levels of cadmium and higher levels of 

lead (Zahran et al., 2015) were detected. In addition, higher levels of 

copper, zinc, cadmium and lead (Abdel-Baky et al., 1998) (0.08, 7.94, 0.11 

and 0.64 mg/L, respectively) were reported. Additionally, compared to 

Lake.Piaseczno in Poland (Radwan et al., 1990), Ibrahim et al. (1999a) 

noted that, Lake Manzala contains higher levels of copper, zinc, lead and 

cadmium (0.01, 0.05, 0.001, 0.01 mg/L, including both). 

According to the EPA (Hamza-Chaffai et al., 1996),  copper,. zinc, and lead  

levels in Lake.Manzala are within the allowable limits suggested for drinking 

and irrigation purposes, while Cd was found in greater quantities than those 

strongly suggested. The levels of heavy metals in the muscle and gills of the 

Nile tilapia are seen in Tables (2- 5). The following metal concentrations 

were found in fish organs: copper > zinc > lead > cadmium, Increased 

amounts of Zn and Cu can be due to their biological role in fish metabolic 



Assessment of heavy metal concentration in water and Nile tilapia of Lake Manzala 
 

 

141 

processes, which leads to an active uptake and storage mechanism. 

Differences have been discovered between locations, seasons, and members 

of the fish. Cu, Zn, Pb, and Cd concentrations were higher in the tissues of 

L3 fish due to the continuous discharge of different pollutants. The mineral 

content in water at this site was at its highest due to its proximity to industrial 

drainage and sewage.  

This is in line with the observations of Abdel-Satar and Yacoub (2005) 

who determined that, the accumulation of pollutants in various organs of fish 

takes into account the levels of water pollution in the environment 

ecosystems in which these fish live. According to Ravera (2001), when an 

environment is exposed to international contaminants (for example, metals), 

its inhabitants may accumulate pollutants from the water or/and food, which 

are then focused in their bodies. Metal contamination was found in fish 

organs in the following order: gills > muscles. Zn (48.6-388.7) was the 

maximum in gills, followed by Cu (5.8-21.9), Pb (36.5-345.4), and Cd (0.7-

0), all were evaluated in µg/g dry weight tested. 

The increased metal concentration in gill tissues can be credited to fish .gills' 

essential factor in metal uptake from the environment. Gills have the thinnest 

epithelium of any organ and are in direct contact with an infected medium 

(water) due to their respiratory function (Kotze et al., 2006). These findings 

are consistent with those of other scientists who have discovered that .gills 

have a high proclivity to collect heavy metals (Wong et al., 2001; Coetzee et 

al ., 2002). Gills in this study contained more Copper, Zn, Lead and CD than 

Mugil cephalus from the northeastern Mediterranean Sea (Canli and Atli, 

2003). Following minerals accumulate in lower concentrations in both gills, 

on the skin and this is due to the mucous layer on the outer surface of the 

skin and gill tissues .This mucus acts as a barrier to the spread of water 

pollutants throughout the fish epidermis (Varanasi and Markey, 1978; 

Yilmaz, 2003). Muscles contained the least amount of the metals tested. This 

finding was similar to the findings of many other investigators who 

discovered that fish .muscles have a small ability to accumulate heavy metals 

when exposed to them (Canli et al., 1998; Ibrahim et al.,1999a; Canli and 

Atli, 2003; Khlaif et al., 2021). 

 The National Health and Medical Research Council says (NHMRC) 

(Ibrahim et al., 1999a), according to the suggested acceptable limit of heavy 

metals in fish tissue for human food, the muscle of Nile tilapia in the current 

study is safe for human consumption. Metal concentrations in fish organs 

differed seasonally, with all of the discovered metals peaking in the summer 

and dropping in the winter. These seasonal changes were related to climatic 
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variations caused by changes in the quantity of drainage water released into 

the lake (Abdel-Baky et al., 1998). In comparison to other research findings 

(Hülya Karadede et al., 2004), Liza.aurata from Tunisia's.Middle Eastern 

coast accumulated greater densities of Cu. (4.7 µg/g dry weight.) and Zn 

(45.0 µg/g dry weight) but decreased rates of Cd (0.07 µg/g dry weight) in its 

muscles. Cu and Zn densities was significantly elevated (23.16 and 27.26 

µg/g dry weight, in both) in the muscle of Liza abu from Turkey's Tigri .In 

the muscle of Liza.aurata from Cadiz.Bay, Spain (Yilmaz, 2005) found an 

unusually high accumulation of Copper, Zinc, Lead and cadmium levels were 

also observed to be higher in the muscle of Liza.ramada from Lake.Manzala 

(Bahnasawy et al., 2009) and the Damietta Nile estuary (Ibrahim et al., 

1999a).  

Table 1. Seasonal and site variations in levels of heavy metals (mg/L) in 

Lake.Manzala waters (mean.standard deviation). 

Elements. Site. Seasons. ANOVA. 

Winter Spring Summer Autumn Mean. Factor. F-value. Sig. 

Copper L1 0.008±0.00015 0.008±0.0006 0.005±0.0002 0.009±0.0002 0.0075±0.001 Site                       

 

Season             

       0.048           0.953 

 

 

           160.976      0.000 

 L2 0.008±0.0003 0.009±0.0004 0.0057±0.0002 0.009±0.0007 0.008±0.0004 

 L3 0.008±0.0002 0.009±0.0002 0.005±0.0002 0.0095±0.0003 0.008±0.0002 

Zinc L1 0.018±0.001 0.042±0.002 0.042±0.001 0.025±0.0005 0.03±0.00 Site 

 

Season             

0.002     0.998 

 

  769.580    0.000 

 L2 0.018±0.0005 0.042±0.002 0.04±0.001 0.025±0.0020 0.03±0.00 

 L3 0.018±0.0005 0.043±0.001 0.042±0.001 0.025±4.24919

E-18 

0.03±0.00 

Cadmium L1 0.005±0.00001 0.0084±0.000

4 

0.003±0.0005 0.0096±0.0001 0.006±0.0002 Site 

 

S

Season             

 0.004     0.996 

 

693.519    0.000  L2 0.005±4.16333

E-05 

0.0083±0.000

2 

0.003±0.0005 0.009±0.0002 0.006±0.0002 

 L3 0.005±2.08167

E-05 

0.008±0.0002 0.003±0.0005 0.0096±0.0003 0.006±0.0002 

Lead L1 0.008±5.7735E

-05 

0.009±5.7735

E-05 

0.008±0.0001 0.005±0.0001 0.008±2.4401

7E-05 

Site 

 

Season             

   0.013        0.987 

 

 338.585      0.000  L2 0.008±0.0005 0.009±0.0005 0.0082±0.0006 0.0052±1E-04 0.007±0.0002 

 L3 0.008±0.0005 0.009±0.0005 0.008±0.0001 0.005±0.0001 0.007±0.0002 

N.D. stands for not detected (0.001). 
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Table 2. Seasonal. and sampling. site variations.in Copper densities (µg/g dry wt.) in Nile 

tilapia organs. from Lake.Manzala (mean standard deviation). 

Organ. Seasons. ANOVA. 

Winter Spring Summer Autumn Mean. Factor. F-value. Sig. 

Gills. 22.276±2.506 18.335±3.274 22.45±1.939 24.646±1.183 21.927±3.196 Season. 7.470

  

.002 

Muscles 7.1083±1.389 6.428±0.5144 5.163±1.903 4.823±1.824 5.880±1.282 7.995

  

.001 

 

Table 3. seasonal and sampling. site variations.in Zinc densities (µg/g dry wt.) in Nile tilapia 

organs. from Lake.Manzala (mean standard deviation). 

Organ. Seasons. ANOVA. 

Winter Spring Summer Autumn Mean. Factor. F-value. Sig. 

Gills. 308.59±14.80 412.89±52.31 472.65±33.89 360.85±102.46 388.74±83.91 Season. 8.121 .001 

Muscles 40.56±2.99 40.53±5.361 55.03±14.43 58.30±15.28 48.60±9.57 20.431 .000 

 

Table 4. seasonal. and sampling site variations.in Cadmium densities (µg/g dry wt.) in Nile tilapia 

organs. from Lake.Manzala (mean standard deviation). 

Organ. Seasons. ANOVA. 

Winter Spring Summer Autumn Mean. Factor. F-value. Sig. 

Gills. 0 0 0 0 0 Season. ------- ------ 

Muscles 1.42±0.610 0.715±0.136 0.40±0.56 0.61±0.49 0.78±0.52 7.897 .001 

 

Table 5. seasonal and sampling site variations.in Lead densities (µg/g dry wt.) in Nile tilapia 

organs.from Lake.Manzala (mean standard deviation). 

Organ. Seasons. ANOVA. 

Winter Spring Summer Autumn Mean. Factor. F-value. Sig. 

Gills. 285.54±43.67 333.13±24.73 437.09±62.09 326.16±43.27 345.48±71.11 Season 12.136 .000 

Muscles 46.69±7.39 29.70±2.95 30.13±12.32 39.75±11.80 36.57±8.48 17.952 .000 

 

CONCLUSION 

 

Lake.Manzala is a significant wetland in Egypt, both in terms of size and commercial 

growth. The current report's findings clearly show that Lake Manzala is heavily 

polluted with copper, zinc, Cadmium, and lead because of discharge of various 
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pollutants.into it. Metal pollution in fish and water parts of the body happened in the 

right order: Copper > zinc > Lead > cadmium was found in water at amounts high 

than the drinking and irrigation measured value. Metal contamination in the following 

order: Gills came first, followed by muscles. The toxic metals levels were measured 

in the fish. Tissues from the most polluted area, demonstrating Nile tilapia metal 

concentrations show the degree of water pollution, supplied important information on 

metal levels. Outstanding efforts and collaboration among various authorities are 

required to clean up Lake Manzala. Treatment can be used to keep the lake clean and 

decrease pollution risks to the environment. It is also vital to conduct regular pollutant 

evaluations in the lake of agricultural, industrial, and sewage effluent. 
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