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Introduction
Heavy metals are considered the hazardous inorganic pollutants 
in the aquatic environment and their concentrations in the 
various parts of organisms are determined primarily indicative 
of the level of the pollution in the environment [1]. Heavy metal 
pollutants have become a global phenomenon because of its 
toxicity, persistence for several decades, non-degradable in the 
aquatic environment, bioaccumulation and biomagnification in 
the food chain [2].

Heavy metals can be classified as essential (copper, zinc, 
manganese and iron) since they play an important role in biological 
systems [3]. Potentially toxic (arsenic, cadmium, aluminum, lead 
and mercury [4]. The heavy metals can also produce toxic effects 
at high concentration and low or high trace element unbalances 
can be considered as risk factors for several diseases [5].

The heavy metals discharged into aquatic environmental (seas, 
rivers and lakes) can damage aquatic species, diversity and 
ecosystem. These toxic heavy metals have changed the quality 
of water that affects aquatic biota and fish. Fish in ponds, rivers 
and lakes cannot avoid exposure to these toxic that suspended 
or dissolved in water, being less than land animals to move to 
favorable regions to avoid unfavorable conditions [6]. Transport 
of metals in fish occurs through blood and the metals are brought 

into contact with the organs and the tissues of the fish and 
consequently accumulated to different extents [7]. Prolonged 
exposures to trace elements even in very low concentrations 
have been reported to induce morphological, histological 
and biochemical alterations in the tissues that may critically 
influence fish quality [8]. Fish are integral components of aquatic 
ecosystems. In addition to being a source of high protein content 
and low saturated fat which contains omega fatty acids known 
to support good health [9], they play an important role in energy 
flows nutrient cycling and maintaining community balance in this 
ecosystem [10]. 

Fishes are considered as one of the most significant bio monitors 
in an aquatic system for the estimation of metal pollution 
concentration [11]. They offer several specific advantages in 
describing the natural characteristics of aquatic systems and in 
assessing changes observed in habitats [12]. Fishes are sensitive 
to any type of human disturbance such as industrial effluents, 
municipal waste, and river discharge and strongly influence the 
distribution, migration, colonization of fishes. In addition, fish are 
located at the end of the aquatic food chain and may accumulate 
metals and pass them to human beings through consumption 
causing chronic or acute diseases [13]. So this study aimed to 
determine the accumulated levels of heavy metal (Fe, Mn and 
Cu) in fish (T. zilii and M. capito) organs (muscles, liver and gill) 
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collected from different sites of Lake Qarun in four seasons 
(August 2014 to May 2015). Also to compare between such levels 
and the world standard allowable limits to reveal their possible 
risk to human health for the fish consumers. 

Materials and Methods
Fish samples collection
Samples of fish T. zilii and M. capito were collected seasonally 
(August 2014 to May 2015) from the east, middle and west of 
Lake Qarun (Figure 1).

The four seasons were: 

1)	 Summer season (21/6 to 21/ 9) ; samples were collected 
in 8/2014 

2)	 Autumn season (21/9 to 21/12) ; samples were collected 
in 11/2014

3)	 Winter season (21/12 to 21/3) ; samples were collected in 
2/2015

4)	 Spring season (21/3 to 21/6) ; samples were collected in 
5/2015

The fish measured about (12 to 15) and (20 to 24 cm) in total 
length and (40 to 67) and (81 to 110 g) in weight respectively.

After the dissection of fish samples, gills, liver and muscles were 
carefully removed and prepared for heavy metals study. 

Heavy metals analysis in fish tissue: Tissue samples (liver, 
muscle and gill) were dried in an oven at 105 Co (about 5 g of 
fresh fish tissue) for 48 hours and then grounded to a fine 
powder. The dried samples were digested after drying according 
to the method described by [14] in which 1.0 g (dry powder) was 

digested in a solution of (5 ml nitric acid + 5 ml perchloric acid), 
boiled on hot pate at 80-90 CO until the sample become clear. 
After cooling, the solution was filtrated and transferred to 25 ml 
volumetric flask and fill up to the level with de-ionized water. The 
digests were kept in plastic bottles and later; the concentrations 
of Fe, Cu and Mn in liver, muscle and gill were measured by GBC 
atomic absorption spectrophotometer Savanta AA The results 
are expressed in (µg/g dry wt.).

Statistically analysis: Analysis of variance (One-way ANOVA) was 
used to indicate significant differences among the different sites 
in heavy metal levels.

Results
Iron (Fe)

The maximum value of Fe concentrations (117.8 ± 3.15 µg/g dry 
wt.) was recorded in liver of fish T. zilli collected from eastern 
part of the lake in summer season while minimum concentration 
of Fe (17 ± 0.46 µg/g dry wt.) was recorded in fish muscle 
collected from middle part of the lake in winter Table 1. Also, 
The maximum value of Fe concentrations (131.4 ± 1.63 µg/g dry 
wt.) was recorded in the liver of fish M. capito collected from 
eastern part of the lake in summer season, while minimum value 
(21 ± 0.72 µg/g dry wt.) was recorded in the muscle of M. capito 
collected from middle part of the lake in winter season Table 2. 
The trend of the accumulation of Fe in liver, muscle and gill of T. 
zilli and M. capito from Lake Qarun followed the order: eastern 
part > middle part > western part in summer and spring, while 
followed the order: eastern part > western part > middle in 
autumn and winter. 

Lake Qarun.Figure 1
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Copper (Cu) 
The maximum value of Cu concentrations (8.2 ± 0.10 µg/g dry 
wt.) was recorded in the liver of fish T. zilli collected from middle 
part of the lake in summer season while minimum concentration 
of Cu (1.8 ± 0.09 µg/g dry wt.) was recorded in fish muscle 
collected from eastern part of the lake in winter Table 3. Also, 
The maximum value of Cu concentrations (11.7 ± 0.57 µg/g dry 
wt.) was recorded in the liver of fish M. capito collected from 
middle part of the lake in summer season, while minimum 
value (1.9 ± 0.19 µg/g dry wt.) was recorded in the muscle of M. 
capito collected from eastern part of the lake in winter season 
Table 4. Cu accumulation in T. zilli and M. capito tissues (liver, 
muscle and gills) collected from different sites of Lake Qarun 
was in the following order: middle part > western part > eastern 
part in summer and autumn season. In general, The lowest 
value of accumulated Cu was recorded in the muscle, while the 
highest values recorded in the liver in two fish species. Also Cu 
accumulation in the tissue of the two fish species followed the 
order: liver< gill <muscle. M. capito were accumulate Cu higher 
than T. zill. 

Manganese (Mn)
The maximum value of Mn concentrations (5.9 ± 0.24 µg/g dry wt.) 
was recorded in the liver of fish T. zilli collected from eastern part 
of lake Qarun in summer season while minimum concentration 
of Mn (0.20 ± 0.03 µg/g dry wt.) was recorded in fish muscle 
collected from middle part of the lake in winter. The results were 
clearly demonstrated in Table 5. Also, The maximum value of 

Mn concentrations (7.8 ± 0.80 µg/g dry wt.) was recorded in the 
liver of fish M. capito collected from eastern part of the lake in 
summer season, while minimum value (1.01 ± 0.22 µg/g dry wt.) 
was recorded in the muscle of M. capito collected from middle 
part of the lake in winter season. Table 6. Mn accumulation in T. 
zilli and M. capito tissues (liver, muscle and gills) collected from 
different sites of Lake Qarun was in the following order: eastern 
part > western part > middle part in summer season, while 
following the order: western >eastern> middle part in spring 
except gill tissue. In general, the lowest value of accumulated Mn 
was recorded in the muscle, while the highest values recorded in 
the liver in two fish species. Also Mn accumulation in the tissue 
of the two fish species followed the order: liver< gill <muscle. M. 
capito was accumulating Mn higher than T. zilli.

Discussion
The results of the present study revealed that the level of 
detected metals (Fe, Mn, and Cu) in the (muscle, liver and gills) 
of tested fish T. zilli and M. capito collected from lake Qarun 
tended to vary from season to another. The reason of seasonal 
variation may be the result of multiple factors. a) Fish activity and 
metabolism rates in four seasons; b) pollution sources activity in 
four seasons; c) fresh water input to the lake in four seasons. 

Our results revealed that the tissues of fish M. capito 
accumulated heavy metals more than T. zilli collected from 
Lake Qarun. These observations may be due to different in fish 
habitat and the influence of the surrounding ecosystem statues. 
Also, the difference in the pattern of metals distribution in the 
fish species might be a result of their difference in many factors 

Site East middle west
Season liver muscle gills M ± SE % liver muscle gills M ± SE % liver muscle gills M ± SE % P value

summer 117.8 ± 
3.15

39.5 ± 
0.84

61.9 ± 
2.43

73.08 ± 
23.2 27.53 116.3 ± 

3.74
25.4 ± 
0.93

70.9 ± 
2.68

70.86 ± 
26.2 89.16 112.6 ± 

2.23
22.7 ± 
0.55

46.8 ± 
1.72

60.7 ± 
26.8 52.39 0.936

autumn 102 ± 
3.96

21.8 ± 
0.65

58.8 ± 
2.22

60.86 ± 
23.1 6.21 61.6 ± 

1.50
20 ± 
1.11

37.2 ± 
0.56

39.6 ± 
12.06 5.71 64.8 ± 

1.43
21 ± 
0.54 42 ± 1.41 42.6 ± 

12.6 6.95 0.645

winter 99.9 ± 
1.77

18.7 ± 
0.65

53.5 ± 
1.36

57.3 ± 
23.5 _ 59.6 ± 

1.18
17 ± 
0.46

35.8 ± 
0.44

37.46 ± 
21.3 _ 62.2 ± 

1.27
18.3 ± 
0.46 39 ± 0.88 39.83 

± 21.9 _ 0.683

spring 115.2 ± 
1.46

28.1 ± 
0.57

54.8 ± 
1.10

66.03 ± 
25.0 15.23 69.8 ± 

1.66
17.3 ± 
0.31

58.9 ± 
1.15

48.68 ± 
16.0 29.95 63.8 ± 

1.73
19.2 ± 
0.75

43.8 ± 
0.94

42.26 
± 12.8 6.1 0.676

-Data are presented as mean ± SE of 6 fish. – M ± SE: mean ± standard error for (liver, muscle and gill) tissue.
-% percentage of change related to the lowest mean tissue value from season (-)  -The mean difference is significant at (p ≤ 0.05). 

Table 1 Seasonal variation of iron (Fe) concentration (µg/g dry wt.) (Means ± SE) in fish T. zilli collected from different sites of lake Qarun.

Site                East                   middle                     west
Season liver muscle gills M ± SE % liver muscle gills M ± SE % liver muscle gills M ± SE % P value

summer 131.4 ± 
1.63

88.6 ± 
1.39

105.1 ± 
1.31

108.36 
± 12.4 63.2 124.1 ± 

2.78
44.3 ± 
1.57

101.8 ± 
0.50

90.06 ± 
23.7 52.3 118.6 ± 

3.30
39.7 ± 
2.38

89.5 ± 
2.33

82.6 ± 
23.0 35.9 0.674

autumn 113.2 ± 
4.23

26.9 ± 
1.06

68.2 ± 
2.12

69.43 ± 
24.9 4.6 103 ± 

1.63
23.6 ± 
0.94

59.1 ± 
2.38

61.9 ± 
22.9 4.68 105.6 ± 

1.31
24.2 ± 
0.51

63.2 ± 
0.93

64.33 ± 
23.5 5.8 0.974

winter 111.1 ± 
2.85

23.7± 
0.75

64.3 ± 
0.85

66.36 ± 
25.25 _ 99.2 ± 

2.12
21 ± 
0.72

57.2 ± 
1.87

59.13 ± 
22.59 _ 102 ± 

0.84
21.3 ± 
1.33

59 ± 
0.46

60.76 ± 
23.3 _ 0.975

spring 118.3 ± 
1.11

45.6 ± 
0.44

65.9 ± 
0.54

76.6 ± 
21.65 15.4 111.4 ± 

0.67
33.9 ± 
0.78

65.8 ± 
0.50

70.36 ± 
22.48 18.9 108.2 ± 

0.57
30.3 ± 
0.59

60 ± 
2.88

66.16 ± 
22.6 8.8 0.947

-Data are presented as mean ± SE of 6 fish. – M ± SE: mean ± standard error for (liver, muscle and gill) tissue.
-% percentage of change related to the lowest mean tissue value from season (-) -The mean difference is significant at (p ≤ 0.05).   

Table 2 Seasonal variation of iron (Fe) concentration (µg/g dry wt.) (Means ± SE) in fish M. capito collected from different sites of lake Qarun. 
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Site                 East                  middle                         west
Season liver muscle gills M ± SE  % liver muscle gills M ± SE % liver muscle gills M ± SE % P value

summer 5.3 ± 
0.10

2.9 ± 
0.23

3.8 ± 
0.24

4.00 ± 
.70 42.8 8.2 ± 

0.10
3.4 ± 
0.08

4.95 ± 
0.36

8.02 ± 
.291 99 6.2 ± 

0.29
2.9 ± 
0.12

4.9 ± 
0.26

4.66 ± 
.959 50.3 0.014

autumn 3.9 ± 
0.14

2.1 ± 
0.23

3.3 ± 
0.10

3.10 ± 
.52 10.7 6.5 ± 

0.29
2.9 ± 
0.08

3.6 ± 
0.16

4.33 ± 
1.10 7.4 4.6 ± 

0.49
2.4 ± 
0.22

3.4 ± 
0.12

3.46 ± 
.635 11.6 0.563

winter 3.7 ± 
0.13

1.8 ± 
0.09

2.9 ± 
0.15

2.80 ± 
.55 _ 6.3 ± 

0.19
2.7 ± 
0.08

3.1 ± 
0.24

4.03 ± 
1.13 _ 4.3 ± 

0.12
2.1 ± 
0.08

2.9 ± 
0.12

3.1 ± 
.642 _ 0.571

spring 4.1 ± 
0.16

2.9 ± 
0.13

3.1 ± 
0.13

3.36 ± 
.37 20 6.9 ± 

0.29
3.1 ± 
0.11

4.3 ± 
0.28

4.76 ± 
1.94 18.1 5.9 ± 

0.12
2.6 ± 
0.11

3.95 ± 
0.12

4.15 ± 
0.957 33.8 0.561

-Data are presented as mean ± SE of 6 fish. – M ± SE: mean ± standard error for (liver, muscle and gill) tissue.
-% percentage of change related to the lowest mean tissue value from season (-)   -The mean difference is significant at (p ≤ 0.05).   

Table 3 Seasonal variation of Copper (Cu) concentration (µg/g dry wt.) (Means ± SE) in fish T. zilli collected from different sites of lake Qarun.

Site                   East                  middle                     west
Season liver muscle gills M ± SE % liver muscle gills M ± SE % liver muscle gills M ± SE % P value

summer 6.1 ± 
0.33

3.3 ± 
0.26

3.9 ± 
0.28

4.43 ± 
.85 54.8 11.7 ± 

0.57
4.9 ± 
0.34

6.4 ± 
0.53

7.66 ± 
2.06 52.2 6.2 ± 

0.30
4.2 ± 
0.57

5.95 ± 
0.31

5.45 ± 
.629 60.2 0.291

autumn 4.05± 
0.33

2.1 ± 
0.15

3.4 ± 
0.26

3.18 ± 
.57 11.1 8.9 ± 

0.56
2.9 ± 
0.27

3.9 ± 
0.27

5.23 ± 
1.85 3.9 5.3 ± 

0.19
2.8 ± 
0.21

3.6 ± 
0.27

3.9 ± 
.737 14.7 0.511

winter 3.8 ± 
0.46

1.9 ± 
0.19

2.9 ± 
0.22

2.86 ± 
.54 _ 8.7 ± 

0.31
2.65 ± 
0.17

3.75 ± 
0.32

5.03 ± 
1.86 _ 4.9 ± 

0.52
2.2 ± 
0.31

3.1 ± 
0.25

3.4 ± 
.793 _ 0.466

spring 5.5 ± 
0.40

2.8 ± 
0.43

3.1 ± 
0.25

3.80 ± 
.85 32.8 8.8 ± 

0.80
3.98 ± 
0.25

6.02 ± 
0.29

6.26 ± 
1.39 24.4 6 ± 

0.45
3.85 ± 
0.33

5.2 ± 
0.57

5.01 ± 
.627 47.3 0.299

--Data are presented as mean ± SE of 6 fish. – M ± SE: mean ± standard error for (liver, muscle and gill) tissue.
-% percentage of change related to the lowest mean tissue value from season (-)  -The mean difference is significant at (p ≤ 0.05).   

Table 4 Seasonal variation of Copper (Cu) concentration (µg/g dry wt.) (Means ± SE) in fish M. capito collected from different sites of lake Qarun.

Site                      East                    middle                     west
Season liver muscle gills M ± SE % liver muscle gills M ± SE % liver muscle gills M ± SE % P value

summer 5.9 ± 
0.24

4.4 ± 
0.15

4.7 ± 
0.08

5.00 ± 
.45 143.9 4.5 ± 

0.16
3.04 ± 
0.19

4.1 ± 
0.32

3.88 ± 
.435 187.4 5.7 ± 

0.09
4.3 ± 
0.15

4.4 ± 
0.14

4.8 ± 
.450 224.3 0.248

autumn 3.2 ± 
0.31

0.89 ± 
0.07

2.78 ± 
0.27

2.29 ± 
.71 11.7 2.1 ± 

0.29
0.7 ± 
0.08

2.46 ± 
0.13

1.75 ± 
.536 29.6 2.7 ± 

0.38
0.98 ± 
0.08

2.9 ± 
0.58

2.19 ± 
.609 47.9 0.816

winter 2.99± 
0.10

0.66 ± 
0.02

2.5 ± 
0.04

2.05 ± 
.70 _ 1.88 ± 

0.12
0.2 ± 
0.03

1.98 ± 
0.05

1.35 ± 
.577 _ 2.3 ± 

0.06
0.76 ± 
0.02

1.39 ± 
0.02

1.48 ± 
.447 _ 0.689

spring 3.1 ± 
0.09

1.01 ± 
0.04

2.3 ± 
0.06

2.13 ± 
.60 3.9 2.9 ± 

0.22
0.55 ± 
0.01

3.4 ± 
0.12

2.28 ± 
.878 68.8 4.6 ± 

0.19
1.14 ± 
0.07

3.1 ± 
0.07

2.94 ± 
1.00 98.6 0.779

-Data are presented as mean ± SE of 6 fish. – M ± SE: mean ± standard error for (liver, muscle and gill) tissue.
-% percentage of change related to the lowest mean tissue value from season (-)  -The mean difference is significant at (p ≤ 0.05). 

Table 5 Seasonal variation of Manganese (Mn) concentration (µg/g dry wt.) (Means ± SE) in fish T. zilli collected from different sites of lake Qarun.

Site                   East                   middle                      west
Season liver muscle gills M ± SE % liver muscle gills M ± SE % liver muscle gills M ± SE % P value

summer 7.8 ± 
0.80

4.8 ± 
0.55

5.1 ± 
0.57

5.90 ± 
.95 137.9 5.4 ± 

0.27
3.4 ± 
0.73

4.3 ± 
0.23

4.36 ± 
.578 99 6.1 ± 

0.57
4.2 ± 
0.13

5.1 ± 
0.25

5.13 ± 
0.25 67.6 0.38

autumn 3.9 ± 
0.13

1.39 ± 
0.26

3.2 ± 
0.57

2.83 ± 
.74 14.1 3.3 ± 

0.18
1.44 ± 
0.27

3.12 ± 
0.26

2.62 ± 
.592 19.6 3.45 ± 

0.05
3.36 ± 
0.54

3.76 ± 
0.44

3.52 ± 
.121 15 0.522

winter 3.5 ± 
0.40

1.05 ± 
0.20

2.9 ± 
0.40

2.48 ± 
.73 _ 2.86 ± 

0.30
1.01 ± 
0.22

2.7 ± 
0.29

2.19 ± 
.591 _ 3.1 ± 

0.18
2.9 ± 
0.13

3.2 ± 
0.31

3.06 ± 
.088 _ 0.55

spring 4.1 ± 
0.54

1.9 ± 
0.09

3.03 ± 
0.58

3.01 ± 
.63 21.3 3.94 ± 

0.07
1.24 ± 
0.26

3.6 ± 
0.16

2.92 ± 
.849 33.3 5.9 ± 

0.54
4 ± 

0.13
4.3 ± 
0.25

4.73 ± 
.589 54.5 0.201

-Data are presented as mean ± SE of 6 fish. – M ± SE: mean ± standard error for (liver, muscle and gill) tissue.
-% percentage of change related to the lowest mean tissue value from season (-)  -The mean difference is significant at (p ≤ 0.05).  

Table 6 Seasonal variation of Manganese (Mn) concentration (µg/g dry wt.) (Means ± SE) in fish M. capito collected from different sites of lake Qarun.

such as feeding habitats, ecological needs, metabolism, and 
physiologically [15].

The highest concentrations of these heavy metals were recorded 
in the liver while lowest concentration was recorded in muscle. 
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Various reasons may be attributed to the lower accumulation of 
heavy metals in the muscle: 1) the muscles does not come into 
direct contact with toxicant medium as it is totally covered by the 
skin. The presence mucous layer coating fish skin surface served 
as a barrier which protects the integrity of fish muscle tissue from 
surrounding contaminants. The mucous layer serves as the first 
line of defence against the entrance of heavy metals into fish 
flesh by forming complexes with the heavy metals and this in turn 
make the fish muscle tends to accumulate less concentration of 
metals compared with other fish organs as reported by Uysal, 
[16]. 2) The muscle is not an active site for detoxification [17]. 
Therefore, transport of heavy metals from other tissue to muscle 
does not occur. 

On the other hand, our results showed that highest concentration 
of heavy metals were accumulated in the liver of T. zilli and M. 
capito collected from different sites of Lake Qarun. This may be 
due to the fact that the liver in fish as in other vertebrates is the 
major site for biotransformation and detoxification of different 
kinds of xenobiotic. Liver is the first sensitive organ for metal 
accumulation, since the accumulation of heavy metals not only 
depended on the structure of organs but also depended on 
interaction between metals and the target organs [18]. Metals 
induced metallothionine content in tissues which has been 
mostly affective in the liver.

The present study showed that Iron (Fe) recorded the highest 
concentrations among other metals in the liver, muscle and gill of 
studied fish (T. zilli and M. capito) collected from lake Qarun, its 
concentrations were higher than USFDA maximum permissible 
level for Fe (5 µg/g) cited by [19]. This high accumulation of Fe 
in the studied fish may be attributed to large quantities in water. 
Fe depending on the form of existence ion reacts directly with 
water to produce ferric hydroxide which makes the water body 
deficient in oxygen as results of its acidic characteristics there by 
creating anaerobic condition resulting to death of fish.

The current study showed that Copper (Cu) exhibited the highest 
level in liver and lowest in muscle of studied fish from lake 
Qarun. Its level in the studied fish are still below the permissible 
level for Cu (30 µg/g) reported by [20]. The highest level of Cu 
in liver may be due to specific metabolic process and enzyme 
catalyzed reaction involving Cu taking place in liver. The toxicity 
of Cu depends upon the hardness and pH of the water; it is more 
toxic in the soft water with low alkalinity [21]. The toxicity of 
copper in aquatic organisms is largely attributed to Cu+2 that form 
complexes with other ions [22]. A reduction in water dissolved 
oxygen, hardness, temperature, pH and chelating agents can 
increase the toxicity of copper. Copper in water, particulate at 
high pH (alkaline) and is thus not toxic, while at low pH (acidic), it 
is mobile, soluble and toxic [23].

In the present study, the concentrations of Manganese (Mn) in 
the studied fish (T. zilli and M. capito) tissues were higher than 
the permissible level (2.5 µg/g) reported by [24], except some 
muscle and gill samples from the medium and west part of Lake 
Qarun. Also, the maximum value of Mn concentrations (5.9 ± 
0.24 μg/g dry wt.) was recorded in the liver of fish T. zilli collected 
from eastern part of Lake Qarun in summer season. The elevation 
of Mn concentration in eastern part of the lake may be due to 
impact of pollution sources in this area which discharged its 
wastes coming from El-Batts Drain in this part and anthropogenic 
activities.

Conclusion
The eastern part of the lake contained the most highly polluted 
fish with heavy metals compared to middle and western part. 
The elevation of heavy metal concentrations in eastern part of 
the lake may be due to impact of pollution sources in this area 
which discharged its wastes and anthropogenic activities.
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