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Abstract: The contamination occurred to the aquatic ecosystem by heavy metals is caused by the discharge of 

massive amounts of domestic sewage as well as agricultural and industrial effluents. This contamination has 

been desired a major threat to the aquatic organisms. This study conducted seasonal variation of some heavy 

metals in the drainage water of random samples from three different drain sites in Dakahlia Governorate to 

measure the concentration and to assess the accumulation of heavy metals in gill and liver of African catfish 

(Clarias gariepinus) for seasons from the period 2015 to 2016. There were relative variations in heavy metals 

contents in the different study sites which can be ranked as follows: Cu > Ni > Mn > Co > Cd > Pb > Fe > Cr 

> Zn. Whereas the distribution of the heavy metals accumulated in the organs of C. gariepinus were detected in 

the following order: Fe > Ni > Cd > Pd > Cr > Mn > Zn > Cu > Co. The correlation between heavy metal in 

water with condition factor values (Growth indicator) of fish is indicated on the ordination diagram produced 

by Canonical Correspondence Analysis (CCA) proved that, cadmium, chromium, cobalt, iron, zinc and lead 

were the most important water heavy metals affecting the condition factor values of C. gariepinus in different 

study sites at all seasons. Morphometric data were also given for each factor and variations were discussed. 

Keywords: Heavy Metals, Pollution, Catfish, Condition Factors, Accumulation Factors. 

 

I. Introduction 
Egyptian drains receive large quantities of partially treated or untreated domestic and industrial 

wastewater, as well as other human activities, which in turn affect on the aquatic fauna in this drains [1]. The 

African catfish namely, Clarias gariepinus is one of the most popular fish species dwelling River Nile and 

drainage canals in Egypt [2, 3]. Few studies have examined variation of fish health in different locations [4, 5]. 

Recently, an increasing number of studies have been shown how fish and contamination can interact with each 

other [6]. 

Heavy metals are referred to as ‘conservative’ pollutants because they are either not broken down at all, 

or they are broken down over such a long period of time that heavy metals essentially become permanent 

additions to the aquatic environment [7]. Most of heavy metals are characterized by being accumulated in 

tissues, and may lead to the poisoning of fish [8]. A heavy metal becomes toxic when a level is reached a degree 

where it damages the life functions of an organism. These pollutants have negative impacts, not only on water 

systems, but also on fish populations, their survival, growth and reproduction [9]. 

The main objective of this study is to determine the seasonal variation of the heavy metals 

concentrations in three selected drains in Dakahlia Governorate, and to assess the accumulation of some heavy 

metals in gill and liver of African catfish (Clarias gariepinus). Consequently, evaluation the effect of these 

heavy metals on fish has been demonstrated. 

 

II. Materials And Methods 
Water contamination is considered to be one of the most dangerous hazards affecting Egypt. Pollution in 

Dakahlia Governorate water systems has increased because of increases in population; several new projects, and 

other industrial activities in the cities. 

 

2.1. Sampling Strategy 

Water samples were collected for a year long period, seasonally (Starting from 2015 to 2016) from three sites; 

Aga, El-Manzala and El-Mansoura districts (Sites 1, 2, and 3), in Dakahlia Governorate (Table 1). The three 

sites were selected on the basis of their strategic positions that these sites include the variety sources of polluted 

drains water (Fig.1). 
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Table (1): Drain Samples Sites Description 

No. of Site locatios Sites Description 

Site 1 Nawsa El-Gheet drain 

(Aga District) 

It is located in southern of Dakahlia Governorate. This 

district is related to agricultural drainage water. The site of  

samples collection has coordinates: 30° 57' 51" N, 31° 19' 

46" E 

Site 2 EL-Nasaima drain (El-

Manzala District) 

It is located in eastern of Dakahlia Governorate. It is 

characterized by industrial activities, agricultural drainage 

water and sewage water. The site of samples collection has 

coordinates: 31°13'42" N, 31°38'33" E. 

Site 3 El-Mansoura El-

Mostagad drain (El-

Mansoura District) 

It is located near the center of Dakahlia Governorate. It is 

characterized by industrial wastewater and agricultural 

drainage water. The site of the  samples collection has 

coordinates: 31°05'00" N, 32°0'48" E. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Map of the study area and sampling sites in selective Districts of El-Dakahlia Governorate. 

 

2.2 Environmental Measurements 

2.2.1 Sampling and Analysis of Heavy Metals in the Drain Water 

 Heavy metals of drain samples were determined after digestion according to standard method (method for the 

examination of water and wastewater part 3000) [10].  

The microelements; Pb, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu
 
 were analyzed in the collected water samples 

seasonally using Buck Scientific Accusys 211 atomic absorption spectrophotometer according to [10]. 

 

2.3 Exposure to Heavy Metals in the Drain Water 

2.3.1 Sampling and Analysis of Heavy Metals for Experimental Fish 

A total of 60 specimens of the African catfish (Clarias gariepinus were collected from three study 

drain sites; 1, 2 and 3 in Dakahlia Governorate during seasonal intervals of the study period from 2015 to 2016. 

Control specimens of adult catfish, were collected from the River Nile at Kafr El-Tawila village (Talkha 

District, El-Dakahlia Governorate) and then were transported to Laboratory. The fish weight 200 to 350 grams 

were fed on a commercial pellet diet (3% of body weight per day) and kept together in 100 L rectangular tanks 

containing tap water conductivity 2000 ls cm-1; pH 7.5; oxygen saturation 88 to 95%; temperature 27 to 28°C 

for six months. 

The fish weight and length were determined. The total length (L) of the fish was measured from the tip 

of the anterior part of the month to the caudal fin using meter rule calibrated in centimeters. Fish weight was 

measured after blot drying with a piece of clean hand towel. Weighing was done with a tabletop weighing 

balance in grams. 
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All fish samples were stored frozen immediately after collection at -10°C after that allowed thawing at room 

temperature. The fish samples after defrosting were dissected; liver and gill organs were taken with the help of a 

stainless steel stiletto. After dissection, all tissue samples were separately oven-dried to constant weight at 

105±20°C and each ground to powder. The powdered samples were digested according to [11]. One gram of 

each sample was digested using 1.5.1 mixture of 70% perchloric acid, concentrated nitric acid and concentrated 

sulphuric acid at 80±5°C in a fume chamber, till colorless liquid was obtained. Each digested sample was 

diluted to 20 ml with de-ionized water and analyzed for heavy metals in a Buck Scientific Accusys 211 atomic 

absorption spectrophotometer. Values of heavy metals concentration were recorded in mg/l dry weight. 

 

2.3.2 Histological Examination 

A gill arch of the right side of each collected fish and Control gill specimens were photographed and analyzed 

by light microscopy (Nikon® Labophot) according to [12]. 

 

2.4 Statistical Analysis 

The condition factor (K) of the collected fish was estimated from the equation: K =100 W / L
3
, where 

K = condition factor, W = weight of fish, L = length of fish (cm) according to [13]. 

The accumulation factor (AF) of each heavy metal was calculated in gill and liver organs of C. gariepinus to 

give an indication about the accumulation efficiency for any particular pollutant in any fish organ according to 

[14]. 

The significance of differences in heavy metals concentrations in the study sites and in fish at different 

seasons were analyzed using cluster analysis [15]. Variations in condition factors in relation to heavy metal 

concentrations were also analyzed statistically using Canonical Corresponding Analysis (CCA) using CANOCO 

[16, 17]. 

 

III. Results And Discussion 
3.1 Analysis of Heavy Metals; Pb, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu in Drain Samples for Sites; 1, 2 and 

3.  

The mean values and mean condition factors are given in Table (2). It is evident that the mean values 

of Pb, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu were 0.002, 0.383, 0.064, 0.448, 0.079, 0.713, 0.601, 0.153 and 1.791 

mg/L, respectively, for site 1.  However, the mean values of Pb, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu for were 

0.226, 0.611, 0.050, 0.539, 0.079, 1.051, 0.516, 0.137 and 1.092 mg/L, respectively, site 2.  Whereas, the mean 

values of   Pb, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu were 0.529, 0.131, 0.048, 0.117, 0.113, 0.222, 0.727, 0.115 

and 0.526 mg/L, respectively, for site 3. 

In a correlation between heavy metals, of sites; 1, 2 and 3, that was ranked following the orders: 

For site 1: Cu > Ni > Mn > Co > Cd > Fe > Cr > Zn > Pd. 

For site 2: Cu > Ni > Cd > Co > Mn > Pd > Fe > Cr > Zn. 

For site 3: Mn > Pd > Cu > Ni > Cd > Co > Fe > Cr > Zn. 

According to the above mentioned results, the following conclusions must be detailed: the highest 

mean values of Pd and Mn were 1.035 and 0.993 mg/L, respectively, recorded for site 3. Whereas, the highest 

mean values of Cd, Zn, Co, Ni, Fe and Cu were 1 0.988, 0.143, 1.423, 0.074, 0.233 and 2.766 mg/L, 

respectively, recorded for site1. The highest mean values of Cr were 0.213 mg/L for site 2. These high 

concentrations may be attributed to the high amounts of sewage, industrial and agricultural effluents discharging 

into the drains for these study sites.  

However, The lowest mean values of Pd, Mn, Fe and Cu were 0.001, 0.294, 0.003 and 0.624 mg/L, 

respectively, recorded in the drain of site 2, while the lowest values of Cd and Zn were 0.006 and 0.003 mg/L, 

respectively, recorded in drain of site 1. The lowest values of Co, Cr and Ni were 0.002, 0.002 and 0.008, mg/L, 

respectively, recorded in drain of site 3.  

It was noticed that, Cu concentrations were non-detectable in all study drain sites during summer and were also 

non-detectable for drain of site 3 in spring and autumn. The permissible limits for heavy metals in water set by 

[18, 19] (Table 2). 

The main sources of aquatic contamination are pesticides, drainage and waste waters from agricultural 

run- off, industrial effluents and domestic sewage [20]. Pollution of the aquatic ecosystem by heavy metals can 

be confirmed in the water, organisms [22]. Heavy metals are among the effective contaminants which have 

drastic environmental effect on all organisms [21]. 

The condition factor value of C. gariepinus, was the maximum value of 1.66 in El-Manzala during 

autumn, while the minimum condition factor value of C. gariepinus was detected in El-Manzala during summer 

of value 0.53 with a mean condition factor value of 0.86 (Table 2). 
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In general the condition factor value of C. gariepinus in El-Manzala was higher than in El-Mansoura, 

whereas, the lowest values of condition factor were detected in Aga. According to the mean values of estimated 

heavy metals concentrations, it can be ranked as following: Cu > Ni > Mn > Co > Cd > Pb > Fe > Cr > Zn. 

In natural aquatic environments, metals occur in low concentrations, normally at nanograms to micrograms per 

liter level. In recent times, the occurrence of metal contaminants in excess of natural loads has become a 

problem of increasing concern. This occurs as a result of the rapid increase of population, increased urbanization 

and expansion of industrial activities, exploration and exploitation of natural resources, extension of irrigation 

and other modern agricultural practices, as well as the lack of environmental regulations [23]. In this study the 

values of heavy metals recorded in water samples were generally high when compared with the limit of chronic 

reference values suggested by [18] and [24] and the Egyptian laws [25, 26]. 

 

Table (2): Seasonal variations of condition factor of C. gariepinus and heavy metals concentration in water 

samples and the permissible limits for heavy metals in water set by WHO (1985 & 2005). 

Sample 

No. 
Season Site 

Condition 

Factor 

Heavy metal 

Pb cd Zn Co Cr Ni Mn Fe Cu 

(mg/l) 

1 

Winter 

Aga 

Manzala 

Mansoura 

0.79 
0.94 

1.53 

0.003 
0.003 

0.422 

0.009 
0.009 

0.406 

0.115 
0.084 

0.108 

0.008 
0.003 

0.004 

0.010 
0.010 

0.002 

0.547 
0.208 

0.008 

0.356 
0.363 

0.993 

0.177 
0.293 

0.095 

2.766 
1.241 

0.931 
2 

3 

4 

Spring 

Aga 

Manzala 

Mansoura 

0.67 

0.72 

0.54 

0.003 

0.001 

1.035 

0.988 

0.757 

0.008 

0.009 

0.004 

0.008 

1.423 

1.127 

0.455 

0.048 

0.092 

0.128 

0.248 

0.469 

0.281 

0.821 

0.786 

0.762 

0.233 

0.070 

0.098 

0.802 

0.624 

ND 
5 

6 

7 

Summer 

Aga 

Manzala 

Mansoura 

0.87 
0.53 

0.66 

0.240 
0.003 

0.002 

0.006 
0.975 

0.232 

0.143 
0.103 

0.130 

0.007 
0.020 

0.019 

0.074 
0.001 

0.145 

2.335 
2.298 

1.587 

0.561 
0.621 

0.654 

0.196 
0.183 

0.182 

ND 
ND 

ND 
8 

9 

10 
Autumn 

Aga 

Manzala 

Mansoura 

0.71 

1.66 

0.66 

0.003 

0.898 

0.127 

0.302 

0.705 

0.011 

0.003 

0.008 

0.067 

0.343 

1.007 

0.002 

0.111 

0.213 

0.002 

0.470 

1.229 

0.263 

0.574 

0.294 

0.473 

0.020 

0.003 

0.211 

1.805 

1.411 

ND 
11 

12 

Mean 0.86 0.228 0.367 0.065 0.368 0.070 0.828 0.605 0.147 1.368 

±SE 0.11 0.107 0.113 0.016 0.151 0.020 0.239 0.061 0.026 0.212 

Permissible limits 0.010 0.003 3.000 0.050 0.050 0.020 0.500 0.300 2.000 

 

3.2 Accumulation of Heavy Metals in Fish Organs 

In the present study, the heavy metals accumulated in gill of C. gariepinus, the highest mean 

concentration values of Pd, Cd, Zn and Cr were 3.607, 6.212, 1.648 and 2.683 µg/g dry wt, respectively, 

recorded in the drain of site 1, while the highest mean concentration values of Co, Ni, Fe and Cu were 7.752, 

9.933, 14.578 and 2.374 µg/g dry wt, respectively, recorded in the drain of site 2. The highest mean 

concentration values of Mn were 2.759 µg/g dry wt, recorded in the drain of site 3. According to [27], the 

maximum accumulation heavy metals was detected in gills and this is may be due to their high capacity to 

accumulate heavy metals brought by blood from other tissues including liver and muscles of the body and 

induce the production of the metal binding protein, metallothionein, that is believed to have a crucial role 

against the heavy metals by binding them [28]. The lowest mean concentration values of  Pd, Cr and Mn were 

0.003, 0.041 and 0.007 µg/g dry wt, respectively, recorded in the drain of site 1, while the lowest concentration 

values of Cd, Zn, Co, Ni, Fe and Cu were 0.008, 0.520, 0.003, 0.009, 0.003 and 0.009 µg/g dry wt, respectively, 

recorded in the drain of site 2. The concentrations of Pd, Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu for the gill of the 

control sample of C. gariepinus were 0.002, 0.008, 0.831, 0.004, 0.216, 0.013, 0.218, 0.492 and 0.002 µg/g dry 

wt, respectively, (Table 3). 
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Table (3): Seasonal variations of the heavy metals concentration in gill of C. gariepinus, collected from the 

study sites with control sample and mean of accumulation factor. 

Sample 

No. 
Season Site 

Heavy metal 

Pb cd Zn Co Cr Ni Mn Fe Cu 

(mg/l) 

1 

Winter 

Aga 

Manzala 

Mansoura 

0.003 

3.084 

0.855 

0.549 

0.163 

2.679 

1.056 

1.254 

1.273 

0.008 

0.013 

4.780 

0.954 

1.579 

2.301 

5.116 

0.009 

1.933 

0.014 

0.993 

0.010 

0.009 

14.578 

1.717 

0.157 

0.009 

0.260 
2 

3 

4 

Spring 

Aga 

Manzala 

Mansoura 

0.062 

2.725 
2.677 

0.785 

3.168 
2.574 

0.926 

0.912 
1.221 

0.005 

0.003 
0.020 

1.470 

1.870 
1.560 

4.060 

0.014 
0.878 

0.007 

1.987 
2.759 

9.457 

0.334 
13.821 

1.602 

1.432 
0.923 

5 

6 

7 

Summer 

Aga 

Manzala 

Mansoura 

0.221 
0.016 

0.019 

6.212 
0.023 

1.608 

1.648 
0.928 

1.313 

0.013 
2.355 

0.016 

0.041 
0.108 

0.517 

0.504 
0.011 

4.561 

2.269 
1.548 

1.228 

4.637 
0.006 

10.635 

0.743 
2.374 

0.107 
8 

9 

10 
Autumn 

Aga 

Manzala 

Mansoura 

3.607 

0.010 

2.107 

4.262 

0.008 

3.349 

0.994 

0.520 

1.493 

0.016 

7.752 

0.023 

2.683 

2.250 

1.041 

0.725 

9.933 

0.860 

2.006 

0.009 

0.688 

4.409 

0.003 

1.409 

0.556 

0.858 

0.612 
11 

12 

Mean 

±SE 

1.282 

0.414 
2.115 

0.562 
1.128 

0.087 
1.250 

0.727 
1.364 

0.247 
2.384 

0.870 
1.126 

0.287 
5.084 

1.609 
0.803 

0.203 

Mean of control sample 

±SE 

0.002 

0.001 
0.008 

0.003 
0.831 

0.081 
0.004 

0.001 
0.216 

0.099 
0.013 

0.006 
0.218 
0.093 

0.492 

0.032 
0.002 

0.001 

Mean of accumulation factor 5.617 5.760 17.311 3.397 19.589 2.878 1.863 34.652 0.587 

 

Concerning the heavy metals accumulated in liver of C. gariepinus, the highest mean concentration 

values of Pd and Fe were 6.322 and 36.633 µg/g dry wt, respectively, recorded in the drain of site 2, while the 

highest mean concentration values of Cd, Co, Cr, Ni and Mn were 6.365, 0.692, 2.976, 4.215, and 2.394 µg/g 

dry wt, respectively, recorded in the drain of site 1. The highest mean concentration values of Zn and Cu were 

1.897 and 2.295 µg/g dry wt, respectively, recorded in the drain of site 3. The amount of contaminants in the 

liver of fish is directly proportional to the level of pollution in the aquatic environment by heavy metals was 

reported [29] . The lowest mean concentration values of Pd, Cd, Zn, Cr Mn and Fe were 0.014, 0.013, 0.619, 

0.011, 0.011 and 0.006 µg/g dry wt, respectively, recorded in the drain of site 1, while the lowest concentration 

values of Co and Ni were 0.005 and 0.002 µg/g dry wt, respectively, recorded in the drain of site 2. The lowest 

concentration values of Cu were 0.252 mg/L recorded in the drain of site 3.However, The concentrations of Pd, 

Cd, Zn, Co, Cr, Ni, Mn, Fe and Cu for the liver of the control sample of C. gariepinus were 0.069, 0.018, 0.437, 

0.003, 0.140, 0.013, 0.260, 0.458 and 0.075 µg/g dry wt, respectively (Table 3). Heavy metals can alter species 

organ compositions and interspecific interaction [30, 31].  

 

Table (4): Seasonal variations of the heavy metals concentration in liver of C. gariepinus, control sample, and 

the mean of accumulation factor. 

Sample 

No. 
Season Site 

Heavy metal 

Pb cd Zn Co Cr Ni Mn Fe Cu 

(mg/l) 

1 

Winter 

Aga 

Manzala 

Mansoura 

0.014 
2.292 

0.236 

0.013 
0.163 

0.765 

1.562 
1.876 

1.897 

0.009 
0.005 

0.014 

1.165 
1.765 

2.291 

2.620 
1.771 

0.008 

0.011 
0.292 

0.651 

13.751 
18.796 

0.007 

0.807 
0.510 

2.295 
2 

3 

4 

Spring 

Aga 

Manzala 

Mansoura 

0.665 

4.356 

3.292 

0.777 

2.080 

3.441 

0.915 

1.122 

0.791 

0.692 

0.394 

0.016 

1.408 

2.209 

1.738 

3.080 

0.011 

0.024 

1.392 

2.018 

2.266 

7.977 

20.965 

9.070 

1.448 

1.000 

0.164 
5 

6 

7 

Summer 

Aga 

Manzala 

Mansoura 

1.100 
5.315 

1.485 

0.798 
0.240 

1.343 

1.192 
1.424 

0.823 

0.004 
0.350 

0.013 

0.011 
0.019 

0.435 

0.352 
0.002 

0.140 

1.388 
1.505 

0.025 

27.204 
36.633 

3.643 

0.358 
1.580 

0.252 
8 

9 

10 
Autumn 

Aga 

Manzala 

Mansoura 

3.140 

6.322 

2.506 

6.365 

1.115 

0.759 

0.619 

1.244 

1.287 

0.373 

0.600 

0.004 

2.976 

2.532 

1.609 

4.215 

4.121 

1.806 

2.394 

0.025 

1.198 

0.006 

28.563 

7.153 

1.101 

0.356 

0.973 
11 

12 

Mean 

±SE 

2.560 

0.582 
1.488 

0.520 
1.229 

0.119 
0.206 

0.075 
1.513 

0.278 
1.513 

0.478 
1.097 

0.255 
14.481 

3.453 
0.904 

0.184 
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Mean of control sample 

±SE 

0.069 

0.004 
0.018 

0.001 
0.437 

0.004 
0.003 
0.002 

0.140 

0.018 
0.013 

0.002 
0.260 

0.120 
0.458 

0.135 
0.075 

0.005 

Mean of accumulation factor 11.216 4.054 18.866 0.560 21.725 1.826 1.814 98.692 0.660 

 

Tables (3 and 4) show the heavy metals concentration accumulated in gill and liver and the 

accumulation factor of heavy metals in these organs of C. gariepinus, in the three study sites during four 

seasons. It has been found that the liver attained the highest accumulation values of heavy metals followed by 

the gills. These findings agree with the results of [32, 33] and [34] who found that the distribution of the heavy 

metals in the investigated organs was shown to follow the order: liver > gills > muscles. 

The present results showed that the heavy metals concentrations in fish organs (gills and liver) of C. 

gariepinus were relatively associated with metal content of water samples in the three drains and detected in the 

following order: Fe > Ni > Cd > Pd > Cr > Mn > Zn > Cu > Co. Study by [25] on water heavy metals of El-

Manzala and Burullos lakes and Oreochromis niloticus organs (muscle, gill and liver) found that the detected 

heavy metals in fish organs were in the following rank: Fe > Zn > Cu > Mn > Pb > Cd. A significant 

relationship between heavy metals concentrations in aquatic organisms and water were observed by [36] and 

[37]. The present results indicated that the heavy metals concentrations in fish organs in El-Manzala were higher 

than in both of Aga and El-Mansoura drain sites.  

Variations in the levels of heavy metals among the fish organs may be explained mainly in terms of the 

chemical forms of the elements and their concentrations in the local ecosystem, microbiological activity and 

differences in fish size. Also, different feeding habits of fish also contributes to the variation in metal 

accumulation. A direct relationship between the trophic level heavy metals accumulation in the fish, reported 

that omnivorous fish as C. gariepinus, had higher levels of heavy metals in its organs than carnivorous and 

planktivorus [38]. The difference in the accumulation of heavy metals in various organs of fish may be related to 

the proximity of the organ tissues to absorb the metals, i.e., the quantity present in water, sediment, plankton, 

age and type of the fish and presence of ligands in the organ tissues having an affinity to the metal and/or to the 

role of the tissue in the detoxification process [39]. The gills and liver were chosen as important organs for 

assessing metals accumulation. The high levels of heavy metals in the gills reflect the concentrations of metals 

in the waters, where the fish live, while the concentrations of metals in liver represent storage of metals in the 

fish body [40, 34]. 

The obtained results in the present study showed that, the highest concentrations of Fe and Pd were 

accumulated in liver. Cd and Cu concentration increased in fish liver collected from water near the agricultural 

areas [41]. The high accumulation of heavy metals in liver and gills affect on amount of the proteins which are 

synthesized in liver and gills organs when fishes were exposed to heavy metals and detoxify them [42]. These 

proteins are thought to have an important role in protecting them from damage by heavy metals. Gills are also 

the site in which, directly exposed to the ambient conditions and are also known for their excretory functions 

even for some metals like zinc [43]. Moreover, another results observations were reported by other authors 

carried out with various fish species [44, 45]. 

 

3.3 Accumulation factor percentage of heavy metals in different organs 

As can be seen in Figs. 1 and 2. In comparing of accumulation factor % of heavy metals (Pb, Cd, Zn, 

Co, Cr, Ni, Mn, Fe and Cu) in different organs (gills and liver) of C. gariepinus, it is clear that Fe has the 

highest ability to accumulate in gills of C. gariepinus, as its accumulation factor % of  Fe was 30.75% followed 

by Ni which record accumulation 14.41%. Whereas, accumulation factor % of Cd, Cr, Pd, Co, Zn and Mn were 

12.79, 8.25, 7.75, 7.56, 6.8 and 6.81%, respectively. However, Cu (4.85%) showed the lowest ability for 

accumulation % in gills of C. gariepinus (Fig. 2). 

Concerning liver of C. gariepinus Fe has the highest ability to accumulate in liver of C. gariepinus, as 

accumulation factor % of Fe was 57.94% followed by Pd which record accumulation factor 10.24%, Whereas, 

accumulation factor % of Cr, Ni, Cd, Zn, Mn and Cu (6.05, 6.05, 6.95, 4.92, 4.39 and 3.62 ). However, Co 

(0.82%) showed the lowest ability for accumulation percent in liver of C. gariepinus (Fig. 3). 
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The microscopic photograph structures of gills from control C. gariepinus and specimens were 

collected form sites 1, 2 and 3 were shown in Figs. 4, 5, 6 and 7, respectively.  The pathological changes in the 

gills of catfish C. gariepinus may be due to a reaction to heavy metal toxicants intake or an adaptive response to 

prevent the entry of the pollutants through the gill surface. Several investigators had approved histopathological 

changes in the gills of different fish species exposed to heavy metals [46]. Since gills are the respiratory and 

osmoregulatory organ of the fish, the histopathological changes in the gills might impair the respiratory function 

of the gills by reducing respiratory surface area, resulted in hypoxia, respiratory failure problems [47 ; 48] and 

this badly affects the physiology and may be lead to the death of fish [49]. In the present study, it is noticed a 

wide spectrum of histopathologies was revealed in the gills of C. gariepinus fish collected from the selected 

drains. The present results are in agreement with others observed in fish under the influence of different 

pollutants [50; 51]. In this point, [52; 53] observed hyperplasia of the epithelial cells, fusion of secondary 

lamellae, lifting of the lamellar epithelium, hyperplasia of mucous cells, edema in gill filaments and secondary 

lamellae, necrosis of epithelial cells and blood congestion in the gills of  fish inhabited water polluted by 

industrial, domestic and agricultural wastes. These results in the increase of the distance between the external 

environment and the blood and thus serve as a barrier to the entrance of contaminants [54]. 
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The microscopic photograph structures of liver from control C. gariepinus and specimens were 

collected form sites 1, 2 and 3 were shown in Figs. 8, 9, 10 and 11, respectively.  

The liver is particularly susceptible to damage from many of toxicants. One of the most important 

functions of liver is to clean pollutants from the blood, so it is considered as  an indicator of aquatic 

environmental pollution [55]. Obviously, it is clearly that liver changes in the C. gariepinus fish samples were 

more severe and in some cases irreparable, reflecting the poor water quality of selected drains. The changes may 

be related to the direct toxic effects of pollutants on hepatocytes; the present study suggested a strong link 

between heavy metals and lesions in the liver. Heavy metals might cause liver damage was cited [56]. Similar 

results after exposure of C. gariepinus to lead pollution were discussed [57].  

Studies related to the liver of examined fish that showed Hepatocyte vacuolization, hepatic cirrhosis, 

necrosis, shrinkage, parenchyma degeneration, thrombosis formation in central veins, nuclear pyknosis, dilation 

and congestion in blood sinusoids, fibrosis or increase of sinusoidal spaces and cloudy swelling or fatty 

degeneration were observed by different researchers [58] and [55]. Consequently, the histopathological 

alterations observed in the gills and liver of the studied fish may be attributed to the effects of the agricultural, 

industrial and sewage wastes. 

 

 
 

3.5 Classification of different study sites at different seasons according to water heavy metals 

concentrations 

The cluster analysis program analyzes the input data of heavy metals values of different investigated 

sites for different seasons, then grouped them where the high similarity index in heavy metal values between 

each (site-season) type appears within the same group. Whereas, the differential index heavy metals were divide 

values for groups (A, B & C). The application of cluster analysis based on the similarity in heavy metals values 

of different study sites at different seasons (12 variables) led to the recognition of three groups (Fig. 12). Group 
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A comprises four site-season types, sites 1, 2 and 3 in winter and site 1 in autumn. Group B comprises five site-

season types, sites 1,2 and 3 at spring in addition to sites 2 and 3 at autumn. Group C comprises three study-

season types, Aga (sites 1,2 and 3 at summer. These results showed that the seasons were generally having a 

bright effect on the correlation between different site-season heavy metals values.  

 

3.6 Classification of different study sites at different seasons according heavy metals accumulated in 

different organs  
The application of cluster analysis based on the similarity in heavy metals accumulated in different 

organs of C. gariepinus of different study sites at different seasons (12 variables) led to the recognition of four 

groups A - D (Fig. 13). Group A comprises three study-season types, sites 1 and 2 in spring and site 2 in winter. 

Group B comprises six study-season types, site 3 during the four seasons in addition to site 1 at autumn and 

spring. Group C comprises one study-season type, site 1 at summer. Group D comprises two study-season types, 

site 2 at summer and autumn. It is seem that the accumulation of heavy metals generally did not have a 

significant difference in all seasons in El-Mansoura (site 3) study drain site. 

 

 
Fig. (12): Cluster analysis of different study sites at different seasons according to heavy metals concentrations. 
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Abbreviations: 

 
 

 
Figure (13): Cluster analysis of different study sites at different seasons according to heavy metals accumulated 

in different organs of C. gariepinus. 

 

Abbreviations: 
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3.7 Correlation between condition factor of fish and heavy metal values of water 

The Canonical Correspondence Analysis (CCA) program analyzes the input data of all heavy metals 

concentration values with different condition factor values of C. gariepinus for each site seasonally then detect 

the degree of correlation between each heavy metal in water with condition factor values of fish, whereas the 

arrow length of each parameter represents the effective degree of this parameter on condition factor value. The 

correlation between heavy metals and condition factor values was indicated on the ordination diagram produced 

by (CCA) as shown in Fig. (14). It is clearly that, cadmium, chromium, cobalt, iron, zinc and lead were the most 

important water heavy metals affecting the condition factor values of C. gariepinus in different study sites in all 

seasons. 

 

 
Figure (14): Canonical Corresponding Analysis (CCA) ordination diagram of the factors affecting degree on 

condition factors of C. gariepinus according to the heavy metals (arrows) during the four seasons in the study 

sites. 

 

IV. Conclusion And Recommendation 
1. Application of cluster analysis based on the similarity in water heavy metals concentrations and heavy 

metals accumulated in different organs of C. gariepinus at different seasons (12 variables) led to the 

recognition of three and four groups, respectively.  

2. The correlation between heavy metal in water samples with condition factor values of fish on the ordination 

diagram produced by Canonical Correspondence Analysis (CCA) indicated that, cadmium, chromium, 

cobalt, iron, zinc and lead were the most important water heavy metals affecting the condition factor values 

of C. gariepinus in different study sites at all seasons. 

3. Heavy metals are suitable tools to investigate fish ecology. The close relationships of the heavy metals in 

water to the fish organs have led to the use of heavy metals as biological indicators. Heavy metals conc. in 

water samples collected form Aga, El-Manzala and El-Mansoura study drain sites could be ranked as 

follows: Cu > Ni > Mn > Co > Cd > Pb > Fe > Cr > Zn. 

4. Heavy metals concentrations in fish organs of C. gariepinus were relatively associated with metal content 

of water in the three drains and detected in the following order: Fe > Ni > Cd > Pd > Cr > Mn > Zn > Cu > 

Co in the investigated parts )organs) was shown to follow the order: liver > gills > muscles. 

5. The element levels of fish muscles in this study were over the allowable concentration suggested by WHO 

(2005) and this will affect negatively to public health. 

6. Histopathological alterations observed in the gills and liver of the studied fish may be attributed to the 

effects of the agricultural, industrial and sewage wastes. 

7. Fish represent an important source of animal protein for people in Egypt. Strict control enforced by laws 

regulation should be applied over polluted industrial wastewater, agricultural drainage water and sewage 

water debouches into the drains and people ate fish from these polluted drains.  
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