
 

http://ejabf.journals.ekb.eg/ 

 

Egyptian Journal of Aquatic Biology & Fisheries 

Zoology Department, Faculty of Science, 

Ain Shams University, Cairo, Egypt. 

ISSN 1110 - 6131 Vol. 22(1): 25- 39 (2018) 

ejabf.journals.ekb.eg 

Indexed in Scopus 

 

  
Assessment of heavy metals concentration in water, sediment and fish under 

different management systems in earthen ponds 

 

Shaker I. M.
1
; Elnady M. A.

2
; Abdel-Wahed R. K.

2*
 and Soliman M. A. M.

1
 

1- Limnology Department, Central Laboratory for Aquaculture Research, Egypt. 

2- Animal
 
Production Department, Faculty of Agriculture- Cairo University, Egypt. 

E- mail: rashakhaled123@agr.cu.edu.eg 

 

ARTICLE  INFO 

 

ABSTRACT 
Article History: 

Received:  March 30, 2018 

Accepted: April 22, 2018 

Available online: May 2018 

 _______________ 
Keywords: 

Pond management 

Fish farming 

Heavy metals 

Aquatic environment 

Fertilizer 

  

The study was conducted in two fish farming systems in earthen 

ponds located in North- Nile Delta, Egypt. The first system was the feed 

fish farm that depended on pelleted diet (25% crude protein) as feed input, 

while the second system was the fertilizer fish farm which used both 

organic fertilizer and crushed macaroni as supplementary feed. Each 

system was replicated in four ponds (8400m
2
 each). The experimental 

period lasted from July 2014 to June 2015, including four months 

overwintering. Nile tilapia (Oreochromis niloticus), mullet (Mugil 

cephalus) and catfish (Clarias gariepinus) were cultured in each pond at 

initial weight of 2, 30 and 5 grams, respectively. Water, sediment and fish 

samples were collected to detect the heavy metals concentration. The 

results showed that heavy metals concentration in water, sediment and 

three organs of fish species were significantly (P<0.05) different between 

the feed and fertilizer fish farms. The pond management affected the 

content of heavy metals in water, sediments and fish. Accumulation of iron 

in water, sediment and three organs of fish were higher than other 

elements. Accumulation of cadmium and lead in water, sediment and three 

organs of fish were less than other elements. Accumulation of heavy 

metals in liver and gills were higher than that of muscles in all fish species. 

Metals concentrations in the edible part of farmed fish were within the 

permissible level for human consumption proposed by various 

international standard organizations. 

 

INTRODUCTION 

 

Water and soil pollution are thought to be one of the most perilous risks 

affecting the majority of world countries (Hamed et al., 2013). Pollution can directly 

and indirectly affect the aquatic ecosystem which consists of several segments 

(Kosygin et al., 2007). The contamination of freshwaters with extensive variety of 

toxins has turned into a matter of worry throughout the most recent couple of decades 

(Amanial and Adugna, 2016).  

Heavy metals are considered natural trace components of the aquatic 

environment. Some metals are essential, and must be taken up from water, 

nourishment or sediment in trace amount for the ordinary metabolism of fish (Canlı 

and Atlı, 2003). For example, Zn, Cu and Fe play a biochemical role in the life 

processing of all aquatic organisms (Saeed and Shaker, 2008).  
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These essential metals can likewise deliver harmful impacts when the metal 

admission is unreasonably increased (Tekin-özan, 2008). Beside their natural 

existing, heavy metals levels have increased due to industrial, mining, agricultural 

and domestic activities in the drainage basin of a water system, with metal 

bioaccumulation through the food chain and related human wellbeing perils (Wright 

and Welbourn, 2002; Indrajith et al., 2008; Agah et al., 2009).  

In most recent years, heavy metals have been considered as environmental 

pollutants and seriously analyzed in freshwater ecosystems due to the 

bioaccumulation and harmfulness of these metals (Wang et al., 2014). Contaminating 

components and mixes are transported by water and assembled in bottom and alluvial 

sediments (Ruiz-Fernández et al., 2009). Organic fertilizers are considered as 

pollutants in aquatic ecosystems, due to the aimless and extensive application (Nath 

et al., 2016). The application of liquid and soil manure (or their derivates, compost, 

or sludge) or inorganic fertilizers can cause heavy metals accumulation in the soil 

(Martin et al., 2006; Atafar et al., 2010).  

Heavy metals, not like organic pollutants, cannot be chemically degraded or 

biodegraded by microorganisms, in this way, their substances have relentlessly 

expanded in soils and accordingly accumulated in plants, animals, and even in 

humans (Che et al., 2006). Heavy metals at low concentration may be accumulated 

from water to higher level in fish tissue and become harmful to aquatic life (Sankar et 

al., 2006; Sivaperrumal et al., 2007).  Liver and gills being considered as main organs 

for metabolism and respiration are target organs for pollutants accumulation as 

announced by many authors concerning pathological alternations to organs and 

tissues of fish (Khan, 2003). Evidently heavy metals accumulated frequently in fish 

flesh and in internal organs (Turkmen et al., 2005; Dural, et al., 2007). According to 

Teodorovic et al., (2000) the estimation of metals accumulation in fish muscle could 

be used as solid water quality marker than chemical analysis of water column and 

sediment. In general metal pollution in the aquatic environment can be detected by 

measuring the concentration of metals in water, sediments and biota (Monroy et al., 

2014). Therefore, the present study was conducted to evaluate the effect of two 

different management systems which are commonly applied in the north of Nile-

Delta region on heavy metals content in water, bottom sediments and fish in earthen 

ponds. 

 

MATERIALS AND METHODS 

 

Study area and experimental design: 

The experiment was conducted in two fish farms (earthen ponds) at Kafr El-

Sheikh Governorate in the north of Nile Delta (Egypt) and lasted for one year, 

starting July 2014 and ending June 2015. A detailed investigation of the fish farms 

area was required. The area between drain 7 and 8 is occupied by 30.000 feddan of 

fish ponds. The ponds were fed by water from agriculture drainage water and deep 

ground water wells. The ponds had 8400 m
2
 as surface area and 1.25 m as an average 

water depth. The Ponds had four replicates for each farm (Fig. 1). 

The two farms differed in management systems during the production cycle. 

The first system was the feed fish farm which depended on pelleted diet (25% crude 

protein) as feed input for the cultured fish, while the second system was the fertilizer 

fish farm which used both organic fertilizer and crushed macaroni as supplementary 

feed (Table 1).  
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Table 1: Chemical composition of the commercial diets and crushed macaroni (on dry matter basis). 

Chemical analysis (%) Commercial diet (25%) crushed macaroni 

Dry matter 91.25 90.40 

Crude protein 25.04 14.32 

Crude fat 5.94 3.50 

Ash 5.73 2.9 

Fiber 6.11 0.9 

NFE 57.18 77.38 

GE (kcal/kg) 4425 3946 

NFE (nitrogen free extract) = 100 − (protein% + lipid% + ash% + fiber%), GE (gross energy): 

calculated after NRC (1993) as 5.64, 9.44, and 4.11 kcal/g for protein, lipid, and NFE, respectively. 

 

The feed fish farm adopted feeding fish with pelleted diet at the rate of 25 

kg/feddan/day, 6 days a week at the start of the production cycle (July 2014). Feeding 

rate was gradually increased to 50 kg/feddan/day by the end of October. Feeding was 

stopped during the overwintering period for four months (from November to the end 

of February). Feeding was resumed in March 2015 at 25 kg/feddan/day and gradually 

increased to 35 kg/feddan/day by the end of the production cycle in June 2015.  

The fertilizer fish farm adopted supplementary feeding of crushed macaroni at 

25 kg/feddan/day, six days a week at the start of the experiment, and was gradually 

increased to 50 kg/feddan/day by the end of October. Feeding with crushed macaroni 

was stopped during the overwintering period and resumed in spring 2015 at a rate of 

25 Kg/feddan/day. Supplementary feeding rate was gradually increased to 40 

Kg/feddan/day by the end of the production cycle in June 2015. Fertilization with 

chicken manure was applied at the rate of one ton/feddan/10 days, (equivalent to 100 

kg/feddan/day) during the whole experiment including the overwintering period. 

The earthen ponds were stocked with Nile tilapia (Oreochromis niloticus), 

mullet (Mugil cephalus) and catfish (Clarias gariepinus) for each pond. The feed fish 

farm was stocked with 18000 tilapia, 2000 mullet and 500 catfish per feddan, while 

14000 tilapia, 2000 mullets and 500 catfish per feddan were stocked in the fertilizer 
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fish farm. The average initial weights for both farms were 2g for tilapia, 30g for 

mullet and 5g for catfish, respectively. 

 

Heavy metals in water:  

Water samples were taken monthly from each pond during July 2014 to June 

2015 with a water sampler from at least three spots at a depth of 30 cm below the 

water surface. Water samples were mixed together in a plastic container according to 

Boyd and Tucker (1992). One liter of each collected sample was put in plastic bottles 

and kept in icebox until transferred to the Central Laboratory for Aquaculture 

Research (CLAR) for analysis within 24 hour. Heavy metals concentrations in water 

were determined by atomic absorption spectrophotometer (THERMO ELECTRON 

CORPORATION S SERIES AA Spectrometer). The samples were prepared and 

analyzed in sequential for iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), 

cadmium (Cd) and lead (Pb) according to APHA (2000). Water samples from both 

farms were taken once before the start of the study to detect the heavy metals 

concentration in the two fish farms water resources and the analysis determined 

approximate values for each metal. The heavy metals concentrations in the feed farm 

water were 0.42, 0.097, 0.077, 0.055, 0.009 and 0.005 mg/l for Fe, Mn, Zn, Cu, Pb 

and Cd, respectively while, recorded 0.44, 0.088, 0.088, 0.057, 0.009 and 0.005 mg/l 

for Fe, Mn, Zn, Cu, Pb and Cd, respectively in the fertilizer farm water. Secchi disk 

readings (SD) were recorded in the site and the average reading values were 12.6 cm 

in the fertilizer fish farm and 18.4 cm in the feed fish farm. 

 

Heavy metals in sediments:  

Sediments samples were taken twice, once at the beginning and the other one at 

the end of the study. Surface and subsurface samples (3 samples) from each pond 

were collected using a core sampler (surface layer 0-15 cm and the subsurface layer 

15-30 cm) as described in Boyd and Tucker (1992) and kept in clean plastic bags. 

The three samples from each pond were combined together. In the laboratory, the 

samples were air dried, followed by grinding and sieving through a 2 mm sieve and 

kept in polyethylene bags for analysis. Heavy metals were extracted by 

Diethylenetriamine pentaacetic acid (DTPA) using developed method of Lindsay and 

Norvell (1978) and the amount of iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), 

cadmium (Cd) and lead (Pb) were determined by the atomic absorption (THERMO 

ELECTRON CORPORATION S SERIES AA Spectrometer). 

 

Heavy metals in fish:  

Three fish of each species of Nile tilapia (Oreochromis niloticus), mullet 

(Mugil cephalus) and catfish (Clarias gariepinus) were collected during harvesting 

from each pond for heavy metals analysis. The collected fish were washed with 

distilled water, put in clean plastic bags and stored frozen until analysis. About 5 

grams of wet organs (liver, gills and muscles) were dried, ignited and digested with 

concentrated HNO3 and HCl according to procedures recommended by AOAC 

(1990). The digested samples were analyzed for iron (Fe), manganese (Mn), copper 

(Cu), zinc (Zn), cadmium (Cd) and lead (Pb) by atomic absorption spectrophotometer 

(THERMO ELECTRON CORPORATION S SERIES AA Spectrometer). 

 

Statistical analysis: 

Two or one-way ANOVA was used to evaluate the significant differences of 

the concentration of different elements studied with respect to sites and time. A 
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probability level of 0.05 or less was considered significant. Standard errors were also 

estimated. All statistics were done using the SAS program (SAS, 2000). 

 

RESULTS AND DISCUSSION 

  

Heavy metals in water: 

Average monthly values of heavy metals in water during the study are shown in 

Fig. (2). Fe concentrations ranged from 0.357 to 0.632 mg/l and 0.302 to 0.588 mg/l, 

Mn concentrations ranged from 0.023 to 0.107 mg/l and 0.020 to 0.089 mg/l, Zn 

concentrations ranged from 0.041 to 0.098 mg/l and 0.031 to 0.083 mg/l, Cu 

concentrations ranged from 0.016 to 0.074 mg/l and 0.014 to 0.062 mg/l, Pb 

concentrations ranged from 0.017 to 0.051 mg/l and 0.007 to 0.041 mg/l, and Cd 

concentrations ranged  from 0.0020 to 0.0044 mg/l and 0.0011 to 0.0035 mg/l in the 

feed and fertilizer fish farms, respectively. The results showed that the concentrations 

of heavy metals in water decreased over time from the beginning to the end of the 

experimental period. Moreover, the feed fish farm had slightly significant higher 

concentrations of heavy metals compared to the fertilizer fish farm (P<0.05). 

 
 
Fig. 2: Monthly Fluctuations of Fe, Mn, Zn, Cu, Pb and Cd (mg/l) in water of the feed and       

fertilizer fish farms during the experimental period from July, 2014 to June, 2015. 

 

Seasonal and annual average values of heavy metals (Fe, Mn, Zn, Cu, Pb and 

Cd mg/l) in water had the same trend as shown in Figs. (3) and (4). All heavy metals 

concentrations in summer season were significantly (P<0.05) higher than in spring 

season, which may be due to the start of the experiment in summer along with 

increasing  phytoplankton abundance over time. Phytoplankton bloom helped in 
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decreasing heavy metals concentrations through the absorption of heavy metals from 

the water. 

Higher average concentrations of heavy metals in water were found in the feed 

fish farm when compared to the fertilizer fish farm (P<0.05). This may be due to 

algal blooms in the fertilizer farm which absorbed heavy metals from water, reducing 

its concentrations in water column. Algae are known to absorb heavy metals from 

water. The high algal blooms had resulted from the high amount of organic manure 

(SD: 12.6 cm) applied in the fertilizer ponds compared to the feed fish farm which 

contained less amounts of phytoplankton abundance (SD: 18.4 cm).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Seasonal fluctuations of Fe, Mn, Zn, Cu, Pb and Cd (mg/l) in water of the feed and fertilizer 

fish farms during the experimental period from July, 2014 to June, 2015. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Annual average of heavy metals (mg/l) in water of the feed and fertilizer farms during the 

experimental period from July, 2014 to June, 2015. 
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Overall, the observed annual average of iron (Fe) was the major element in the 

water, while cadmium (Cd) was the least. Shaker et al. (2015) showed that iron was 

the most metal found in water. The total heavy metal concentrations in the water 

samples from different locations ranked as follow: Fe > Zn > Mn > Cu > Pb > Cd. 

These results are in agreement with Shaker (2006) who indicated that the heavy 

metals from water samples showed monthly variation and attributed this to the 

consumption of these metals by phytoplankton, where the concentrations of heavy 

metals in plankton were 5000 - 10000 times higher than those in water. Moreover, El-

Naggar et al. (2000) reported that the circulation of heavy metals in the aquatic 

environment relies upon the physico-chemical characteristics of the aqueous phase 

and the accessibility of both inorganic and organic complexing agents. Singh et al. 

(2017) stated that the physico-chemical properties of water conditions vary from 

season to season. 

Heavy metals in sediments: 

Heavy metals concentrations in soil are shown in Fig. (5). The Heavy metals 

content in different soil layers had increased slightly (P<0.05) from the beginning to 

the end of the experimental period in the feed and fertilizer fish farms, which may be 

due to the adsorption of different elements from water by the soil particles during the 

production cycle. Sediments are one of the conceivable media in aquatic observing 

which are besides water, responsible of nutrients and pollutants transportation in 

aquatic environment (Osman and Kloas, 2010).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5: Heavy metals concentrations (mg/100 g) in surface and subsurface soil layers before and after 

the study period in the feed and fertilizer farms. 
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Heavy metals content in sediment was significantly (P<0.05) increased in the 

fertilizer farm compared to the feed farm. These results can be explained by the 

sedimentation of the dead algae, which are rich in heavy metals in addition to the 

organic fertilizer on pond bottom. Aerobic bacteria decompose dead algae and 

organic manure resulting in the release of its heavy metals content and subsequently, 

their adsorption by sediment particles. High amount of chicken manure (100 

kg/feddan/day) was used in fertilizer ponds in contrast to the lower amount of 

artificial diet (25-50 kg/feddan/day) which used in the feed ponds. These results 

support the findings of Tsai et al. (2003) who mentioned that heavy metals 

concentration in sediment increase by increasing the organic material.  

The results showed that heavy metals concentrations were slightly higher 

(P<0.05) in the surface layer compared to the subsurface layer. This may be due to 

the high concentration of heavy metals in drainage water; which led to its uptake by 

phytoplankton and fixation on surface soil and consequently, their adsorption by soil 

particles. Hydrophobic chemical pollutants that enter water bodies are caught by 

sediments (McCready et al., 2006), and gradually discharge the contaminant once 

more into the water column (Chapman and Chapman 1996; McCready et al. 2006).   

When comparing between the sediments and water in terms of the heavy metals 

accumulation, the results indicated that sediments accumulated higher amount of 

heavy metals than water. This may be because the sediments act as storage place for 

all pollutants and dead organic matter sedimenting from the ecosystem above. Hamed 

(1998), Nguyena et al., (2005) and Saeed & Shaker (2008) reported similar results.  

These findings are also in agreement with Ferreira et al., (1996) who mentioned 

that the sediment quality is a decent indicator for pollution in water column, which 

tends to concentrate heavy metals and other organic pollutants. Sin et al., (1991) 

reported that pollutants concentration in sediments increased with diminishing 

particle size of sediments, moreover, sediment had restricted ability to absorb 

different ions from waters permeating through it. This capacity is lowest for 

carbonate-sandy fraction of sediments and highest for clayey organic matter rich 

sediments (Sin et al., 1991). From a previous study by the authors on the same farms, 

it was observed that the surface soil layer texture was clay (Elnady et al., 2016).  

 

Heavy metals in fish: 

The average concentration of heavy metals in liver, gills and muscles of 

different fish species are present in Fig. (6). The results clarified that there were 

significantly (P<0.05) high differences between heavy metal elements concentration 

in different fish organs. Liver contained high levels of heavy metals in all fish 

species, followed by gills and lowest values of heavy metals were observed in the 

edible part of fish (muscles) in both the feed and fertilizer farms. Similar findings 

were observed in tilapia samples, which were taken from a natural lake in Ethiopia by 

Amanial and Adugna (2016). Abdel-Khalek et al. (2016) observed in a study of the 

metal accumulation in Oreochromis niloticus collected from Nile River in Egypt that 

the tissues of liver, kidneys and gills were strong bioaccumulators compared to 

muscular tissues.  

Liver and gills had a high tendency to accumulate high concentrations of heavy 

metals, while muscle tissues tended to retain lower concentrations (Abdel-Baky and 

Zyadah, 1998; Hamed 1998; Osman and Klaos, 2010). The liver accumulates and 

stores heavy metal elements and other toxic materials in the body, consequently, the 

liver had high levels of heavy metals compared to other organs in fish body. Gills are 

the principal organ to be exposed to suspended sediments particles, so that they can 
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be significant site for interaction with metal ions. Likewise, gills can uptake heavy 

metals at higher levels due to their specific role in metal exposure (Kraemer et al., 

2005). Uluturhan and Kucuksezgin (2007) explained the lower tendency of the 

muscle to accumulate heavy metals by the high fat-content in muscle tissues with low 

proclivity to join with metals besides the low metabolic activity of muscle.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6: Concentrations of Fe, Mn, Zn, Cu, Pb and Cd in different organs of different fish species in the 

feed and fertilizer fish farms after the experimental period (μg/g dry weight). 

 

In addition, accumulation of iron in liver, gills and muscles was highest 

compared to other elements while, accumulation of cadmium and lead in the three 

organs of fish were least when compared to other elements. The heavy metals 

concentrations in different fish organs for the three fish species were detected in the 

following order: Fe > Zn > Cu > Mn > Pb > Cd. Similar findings were reported by 

Moussa (2004), Saeed and Shaker (2008). This may be attributed to the abundance of 

these metals in water and sediments by the approximate pattern. Fish may accumulate 

metals that enter their bodies either directly via water and sediment or indirectly 

through the food chain (Abdel- Khalek et al., 2016). Ibrahim et al. (2000) and 

Ibrahim and El-Naggar (2006) observed an obvious correlation between heavy metals 

concentrations in aquatic organisms and sediments. Moreover, Singh et al. (2017) 

indicated that heavy metals can fix in sediment for brief periods then, small amount 

of these fixed heavy metals will enter the overlying water body again and uptake by 

the aquatic biota.  
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The results showed that fish species in the fertilizer farm contained higher 

concentrations of heavy metals compared to those of the feed fish farm. It was also 

observed that mullet species contained highest levels of heavy metals in different 

organs, followed by the catfish species, while tilapia species contained the lowest 

values of different heavy metal elements in different organs (P<0.05). These results 

can be explained by the feeding habits effect of different fish species. Mullet is 

dependent completely on filtering phytoplankton from water column and detritus 

deposited on the bottom of the pond, whereas tilapia is a partial feeder on the 

phytoplankton through the production cycle in earthen pond, while catfish feed on 

artificial feed, decomposed organic matter and small fry. Zhong and Wong (2007) 

announced that one of the multiple factors that affecting heavy metal levels in fish is 

their feeding habits. Yilmaz et al. (2007) reported that the concentration of heavy 

metals (Fe, Mn, Zn, Cu, Pb and Cd) in fish varied relying upon tissues and species. 

According to FAO (1992) the permissible limits of Mn, Zn, Cu, Pb and Cd as 

heavy metals content in fish flesh are 30, 40, 30, 2.0 and 2.0 µg/g (dry weight), 

respectively. The permissible level of Fe issued by WHO (1985) is 100 µg/g (dry 

weight). Our results showed that the concentrations of all heavy metals in the edible 

part of tilapia species were within the above permissible limits. It was also observed 

that the concentrations of Mn, Zn, Cu, Pb and Cd in catfish and mullet muscles were 

below the permissible limits, while Fe slightly exceeded the allowable level 

especially in the fertilizer farm. Moreover, the permissible limit of Fe in fish muscle 

which proposed by WHO (2004) is 50 µg/g (wet weight) accordingly; the 

concentrations of Fe in the current study were acceptable by the last standard for all 

fish species. However, many international standard organizations did not provide 

health-based guideline value for Fe as it is found naturally in fresh water.  

CONCLUSION 

 

The present study revealed some interactions between fish and their 

environment especially sediment and water. It could be stated that fish pond 

management plays a significant role and affects the amount of heavy metals 

accumulation in water, sediments and fish tissues. Organic fertilization is responsible 

for increasing the accumulation of heavy metals in sediments and fish tissues. Fish 

are more liable to be affected by environmental pollutants than land animals. Fish can 

accumulate heavy metals from their environment and act as bioindicators for these 

elements. Therefore, Fish can be considered as excellent organisms for the study of 

some long term change in heavy metals concentrations in their ecosystem. 

 

ACKNOWLEDGEMENTS 

 

This work was supported by Australian Government for funding this research. 

The authors would like to thank ARC, ICARDA, and IWMI scientists for their 

guidance and support.  

 

REFERENCES 

 

Abdel-Baky, T.E. and Zyadah, M.A. (1998). Effect of accumulation of copper, 

cadmium and zinc on some biological parameters of some marine fishes from 

the northern region of lake Manzala, Egypt. Journal of Egyptian German 

Society of Zoology, 27 (B): Vertebrate Anatomy and Embryology, 1-19. 

https://journals.indexcopernicus.com/search/details?id=37530 

https://journals.indexcopernicus.com/search/details?id=37530


Assessment of heavy metals in water, sediment and fish under different management systems 35 

Abdel-Khalek, A.A.; Elhaddad, E.; Mamdouh, S. and Marie, M.A.S. (2016). 

Assessment of Metal Pollution around Sabal Drainage in River Nile and its 

Impacts on Bioaccumulation Level, Metals Correlation and Human Risk 

Hazard using Oreochromis niloticus as a Bioindicator. Turkish J. Fish. and 

Aquatic Sciences, 16: 227-239. https://doi.org/10.4194/1303-2712-v16_2_02 

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

Accumulation of trace metals in the muscles and liver of five fish species from 

the Persian Gulf. Environmental Monitoring and Assessment, 157: 499-514. 

https://doi.org/10.1007/s10661-008-0551-8 

Amanial, l.H.R. and Adugna, A.A. (2016). Accumulation and distribution of some 

selected heavy metals in both water and some vital tissues of two fish species 

(Oreochromis niloticus and Clarias gariepinus) from Lake Chamo Ethiopia. 

International Journal of Fisheries and Aquatic Studies, 4(5): 6-12. 

https://www.researchgate.net/publication/308554754  

American Public Health Association (APHA), (2000). Standard Methods for the 

Examination of Water and Wastewater. 20
th

 edition, Washington, D.C. 

Association of Official Analytical Chemists (AOAC) (1990). Official Methods of 

Analysis of the 15
th

 (ed) Atomic Absorption Method for fish. Washington, D.C.  

Atafar, Z.; Mesdaghinia, A.; Nouri, J.; Homaee, M.; Yunesian, M.; 

Ahmadimoghaddam, M. and Mahvi, A.H. (2010). Effect of fertilizer 

application on soil heavy metal concentration. Environmental Monitoring and 

Assessment, 160: 83–89. https://doi.org/10.1007/s10661-008-0659-x 

Boyd, C.E. and Tucker, C.S. (1992). Water quality and pond soil analysis for 

aquaculture. Alabama Agriculture Experiment Station, Alabama, USA, p.700. 

Canlı, M. and Atlı, G. (2003). The relationships between heavy metal (Cd, Cr, Cu, 

Fe, Pb, Zn) levels and the size of six Mediterranean fish species. 

Environnemental Pollution, 121: 129–136. https://doi.org/10.1016/S0269-

7491(02)00194-X 

Chapman, D. and Chapman, D.E. (1996). Water quality assessments. A guide to the 

use of biota, Sediments and Water in Environmental Monitoring, 2
nd

 Edition, 

Chapman & Hall, London, 1996. 

Che, D.; Meagher, R.B.; Rugh, C.L.; Kim, T.; Hearton, A.C.P. and Merkle, S.A. 

(2006). Expression of organ mercurial lyase in Eastern Cotton wood enhances 

organ mercury resistance. In vitro Cellular Developmental Biology Plant, 42: 

228-234. https://doi.org/10.1079/IVP2006771 

Dural, M.; Göksu, M.Z.L. and Özak, A.A. (2007). Investigation of heavy metal levels 

in economically important fish species captured from the Tuzla lagoon. Food 

Chemistry, 102: 415–421. https://doi.org/10.1016/j.foodchem.2006.03.001 

Elnady, M.A; Shaker I.M.; Abdel Wahed, R.K. and Soliman, M.A.M. (2016) Impact 

of Fish Farm Management on Physico-chemical Properties of Water and 

Sediments in earthen ponds. Egyptian Journal for Aquaculture, 6(2): 1-20. 

 https://scholar.google.com/citations?user=QCupZasAAAAJ&hl=en 

El-Naggar, M.M.; Hagras, A.E.; Ogawa, K.; Hussien, A.B. and El-Naggar, A.M. 

(2000). A correlation between heavy metals in water and the gills of 

Oreochromis niloticus and Tilapia zillii and the intensity of their parasitic 

monogeneas at Manzala Lake and the River Nile in Egypt. Journal of Egyptian 

German Society of Zoology, 32 (D): Invertebrate zoology and Parasitology, 

189-204.  

 

https://doi.org/10.4194/1303-2712-v16_2_02
https://doi.org/10.1007/s10661-008-0551-8
https://www.researchgate.net/publication/308554754
https://doi.org/10.1007/s10661-008-0659-x
https://doi.org/10.1016/S0269-7491(02)00194-X
https://doi.org/10.1016/S0269-7491(02)00194-X
https://doi.org/10.1079/IVP2006771
https://doi.org/10.1016/j.foodchem.2006.03.001
https://scholar.google.com/citations?user=QCupZasAAAAJ&hl=en


Shaker I. M. et al. 36 

Food and Agriculture Organization (FAO), (1992). Committee for inland fisheries of 

Africa; Report of the third session of the Working party on pollution and 

fisheries. Accra, Ghana. 25 - 29 November 1991, FAO fisheries, Report No. 

471, Rome, p.43 

Ferreira, M.F.; Chiu, W.S.; Cheok, F. and Sun, W. (1996). Accumulation of nutrients 

and heavy metals in surface sediment near Macae. Marine Pollution Bulletin, 

32: 420–425. https://doi.org/10.1016/0025-326X(96)83972-5 

Hamed, M.A. (1998). Distribution of trace metals in the River Nile ecosystem, 

Damietta branch between Mansoura city and Damietta Province. Journal of 

Egyptian German Society of Zoology, 27(A): Comparative Physiology, 399–

415. 
https://scholar.google.com.eg/scholar?hl=en&as_sdt=0,5&cluster=17468109037707167674 

Hamed, Y.A; Abdelmoneim, 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 Science Journal, 

10(1): 86-99. http://lup.lub.lu.se/record/3327879 

Ibrahim, A.M.; Bahnasawy, M.H.; Mansy, S.E. and El-Fayomy, R. I. (2000). On 

some heavy metal levels in water, sediment and marine organisms from the 

Mediterranean coast of Lake Manzalah. Egyptian Journal of Aquatic Biology & 

Fisheries, 4(4): 61-81. https://www.researchgate.net/publication/315645561 

Ibrahim, N. A. and El-Naggar, G.O. (2006). Assessment of heavy metals levels in 

water, sediment and fish at cage fish culture at Damietta Branch of the river 

Nile. Journal of Egyptian Academic Society for Environmental Development, 

7(1): 93-114. https://www.researchgate.net/publication/271047198 

Indrajith, H. A. P.; Pathiratne, K. A. S. and Pathiratne, A. (2008). Heavy metal levels 

in two fish species from Ngembo estuary, Sri Lanka: Relationships with the 

body size. Sri Lanka Journal of Aquatic Science, 13: 63-81.  

          http://doi.org/10.4038/sljas.v13i0.2207  

Khan, R.A. (2003). Health of flatfish from localities in Placentia Bay, Newfoundland, 

contaminated with petroleum and PCBs. Archives of Environmental 

Contamination and Toxicology, 44: 485-492.  

          https://doi.org/10.1007/s00244-002-2063-9 

Kosygin, L.; Dhamendra, H. and Gyaneshwari, R. (2007). Pollution status and 

conservation strategies of Moirang River, Manipur with a note on its aquatic 

bio-resources. Journal of Environmental Biology, 28: 669-673.  

             https://www.ncbi.nlm.nih.gov/pubmed/18380093 

Kraemer, L.D.; Campbell, P.G.C. and Hare, L. (2005). Dynamics of Cd, Cu and Zn 

accumulation in organs and sub-cellular fractions in field transplanted juvenile 

yellow perch (Perca flavescens). Environmental Pollution, 138: 324–337. 

https://doi.org/10.1016/j.envpol.2005.03.006 

Lindsay, W.L. and Norvell, W.A. (1978). Development of DTPA soil test for zinc, 

iron manganese and copper. Soil Science Society of America Journal 42: 421-

428.   https://doi.org/10.2136/sssaj1978.03615995004200030009x 

Martin, J.A.R.; Arias, M.L. and Corbi J.M.G. (2006). Heavy metals contents in 

agricultural topsoils in the Ebro basin (Spain). Application of the multivariate 

geostatistical methods to study spatial variations. Environmental Pollution, 

144(3): 1001–1012. https://doi.org/10.1016/j.envpol.2006.01.045 

McCready, S.; Birch, G.F. and Long, E.R. (2006). Metallic and organic contaminants 

in sediments of Sydney Harbour, Australia and Vicinity - A chemical dataset 

https://doi.org/10.1016/0025-326X(96)83972-5
https://scholar.google.com.eg/scholar?hl=en&as_sdt=0,5&cluster=17468109037707167674
http://lup.lub.lu.se/record/3327879
https://www.researchgate.net/publication/315645561
https://www.researchgate.net/publication/271047198
http://doi.org/10.4038/sljas.v13i0.2207
https://doi.org/10.1007/s00244-002-2063-9
https://www.ncbi.nlm.nih.gov/pubmed/18380093
https://doi.org/10.1016/j.envpol.2005.03.006
https://doi.org/10.2136/sssaj1978.03615995004200030009x
https://doi.org/10.1016/j.envpol.2006.01.045


Assessment of heavy metals in water, sediment and fish under different management systems 37 

for evaluating sediment quality guidelines. Environnent International, 32(4): 

455-465. https://doi.org/10.1016/j.envint.2005.10.006  

Monroy, M.; Maceda-Veiga, A. and de Sostoa, A. (2014). Metal concentration in 

water, sediment and four fish species from Lake Titicaca reveals a large-scale 

environmental concern. Science of the Total Environment, 487: 233–244. 

https://doi.org/10.1016/j.scitotenv.2014.03.134 

Moussa, S.M.S. (2004). Impact of inorganic pollutant on aquatic environment and 

fish performance in Lake Borollus (PhD Thesis). Environmental, Biological 

and Physical Science Department, Institute of Environmental Studies and 

Research, Ain Shams University, Egypt. 

Nath, S.; Sah, C.; Bhowmick, H.S. and Matozzo, V. (2016). Effects of Organic 

Fertilizer on Hepatic Lipid Levels and Cholinesterase Activity in Channa 

punctatus (Bloch). Philippine Journal of Science, 145(4): 413-418. 

https://www.researchgate.net/publication/318865164   

Nguyen, H.; Leermakers, M.; Osan, J.; Tfrfk, S. and Baeyens, W. (2005). Heavy 

metals in Lake Balaton: water column, suspended matter, sediment and biota. 

Science of the Total Environment, 340: 213–230.  

https://doi.org/10.1016/j.scitotenv.2004.07.032 

NRC (National Research Council), (1993). Nutrient requirements of fish, Committee 

on Animal Nutrition, Board on Agriculture, National Research Council. 

National Academy Press. Washington DC., USA. p.114. 

http://www.nap.edu/catalog/2115.html 

Osman, A.G.M. and Kloas, W. (2010). Water quality and heavy metal monitoring in 

water, sediments, and tissues of the African catfish clarias gariepinus (burchell, 

1822) from the river Nile, Egypt. Journal of Environmental Protection, 1: 389-

400. http://doi.org/10.4236/jep.2010.14045 

Ruiz-Fernández, A.C.; Frignani, M.; Hillair-Marcel, C.; Ghaleb, B.; Arvizu, M.D.; 

Raygoza-Viera, J.R. and Páez-Osuna, F. (2009). Trace metals (Cd, Cu, Hg and 

Pb) accumulation recorded in the interidal mudflat sediments of three Costal 

Lagoons in the Gulf of California, Mexico. Estuaries and Coasts, 32: 551-564. 

https://doi.org/10.1007/s12237-009-9150-3 

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

and sediments and their effects on Oreochromis niloticus in the Northern Delta 

lakes, Egypt. Proceedings of the 8
th

 International Symposium on Tilapia in 

Aquaculture (pp. 475-489) Cairo, Egypt, 12-14 October 2008. 

https://www.researchgate.net/publication/241911277 

Sankar T V; Zynudheen  A A; Anandan  R, and Viswanathan-Nair P.G. (2006).  

Distribution of organochlorine pesticide and heavy metal residues in fish and 

shellfish from Colicut region, Kerala, India. Chemosphere, 65: 583-590. 

https://doi.org/10.1016/j.chemosphere.2006.02.038 

Shaker, I.M. (2006). Water hyacinth as a biological treatment for sewage wastewater 

in aquaculture earthen ponds. Egyptian journal of Aquatic Biology and 

Fisheries, 10(1): 1–20. http://doi.org/10.21608/ejabf.2006.1827 

Shaker, I.M.; Rabie, G.H.; Ismaiel, A.A. and Mekawy, M.T. (2015). Impacts of some 

environmental conditions on water quality and some heavy metals in water of 

different aquaculture sites. Middle East Journal of Applied Sciences, 5(3): 742-

750. http://www.curresweb.com/mejas/mejas/2015/742-750.pdf 

Singh, H.; Pandey, R.; Singh, S. K. and Shukla, P.N. (2017).  Assessment of heavy 

metal contamination in the sediment of the River Ghaghara, a major tributary of 

https://doi.org/10.1016/j.envint.2005.10.006
https://doi.org/10.1016/j.scitotenv.2014.03.134
https://www.researchgate.net/publication/318865164
https://doi.org/10.1016/j.scitotenv.2004.07.032
http://www.nap.edu/catalog/2115.html
http://doi.org/10.4236/jep.2010.14045
https://doi.org/10.1007/s12237-009-9150-3
https://www.researchgate.net/publication/241911277
https://doi.org/10.1016/j.chemosphere.2006.02.038
http://doi.org/10.21608/ejabf.2006.1827
http://www.curresweb.com/mejas/mejas/2015/742-750.pdf


Shaker I. M. et al. 38 

the River Ganga in Northern India. Applied Water Science, 7: 4133–4149. 

https://doi.org/10.1007/s13201-017-0572-y  

Sin, Y.M.; Wong, M.K. and Chou, L.M.A (1991). A Study of the Heavy Metal 

Concentrations of the Singapore River. In: Lee H.K. (eds) Fourth Symposium 

on our Environment. Springer, Dordrecht, pp 481-494. 

https://doi.org/10.1007/978-94-011-2664-9_44  

Sivaperrumal, P.; Sankar, T.V. and Viswanthan-Nair, P.G. (2007). Heavy metal 

concentration in fish, shellfish and fish products from internal markets of India 

vis-à-vis international standards. Food Chemistry, 21: 225-234. 

https://doi.org/10.1016/j.foodchem.2006.05.041 

Statistical Analysis System (SAS), (2000). SAS program ver. 612, SAS Institute Inc., 

Cary, NC 27513, USA 

Tekin-Özan, S. (2008). Determination of heavy metal levels in water, sediment and 

tissues of tench (Tinca tinca L., 1758) from Beyşehir Lake (Turkey). 

Environmental Monitoring and Assessment, 145: 295–302.  

          https://doi.org/10.1007/s10661-007-0038-z 

Teodorovic, N.; Djukic, S.; Maletin, B.; Miljanovic, N. and Jugovac, I. (2000). Metal 

pollution index: proposal for freshwater monitoring based on trace metals 

accumulation in fish. Tiscla, 32: 55-60. 

https://www.researchgate.net/publication/242189054 

Tsai, L. J.; Ho, S.T. and Yu, K.S. (2003). Correlation of extractable heavy metals 

with organic matters in contaminated rivers sediments. Water Science and 

Technology, 47: 101-107. https://www.ncbi.nlm.nih.gov/pubmed/12830947 

Türkmen, A. M.; Türkmen, Y.T. and Akyurt, I. (2005). Heavy metals in three 

commercially valuable fish species from Iskenerun Bay North East 

Mediterranean Sea, Turkey. Food Chemistry, 91(1): 167-172. 

https://doi.org/10.1016/j.foodchem.2004.08.008 

Uluturhan, E. and Kucuksezgin, F. (2007). Heavy metal contaminations in Red 

Pandora (Pagellus erythrinus) tissues from the Eastern Aegean Sea, Turkey. 

Water Research, 41, 1185–1192. https://doi.org/10.1016/j.watres.2006.11.044 

Wang, T.; Long, X.; Cheng, Y.; Liu, Z. and Yan, S. (2014). The potential toxicity of 

copper nanoparticles and copper sulphate on juvenile Epinephelus coioides. 

Aquatic Toxicology, 152: 96-104. https://doi.org/10.1016/j.aquatox.2014.03.023 

World Health Organization (WHO), (1985). Guidelines for drinking water quality 

(Vol. 2): Health criteria and supporting information, WHO, Geneva, 

Switzerland.  

World Health Organization (WHO), (2004). Guidelines for drinking water quality, 

3rd Edition (Vol. 1): Recommendation World Health Organization, Geneva, 

pp.130. 

Wright D.A. and Welbourn, P. (2002). Environmental Toxicology, Cambridge press, 

Cambridge. 

Yilmaz, F.; Nedim, O.Z.; Demirak, A. and Tuna, A.L. (2007). Heavy metal levels in 

two fish species Leuciscus cephalus and Lepomis gibbosus. Food Chemistry, 

100(2): 830–835. https://doi.org/10.1016/j.foodchem.2005.09.020 

Zhong, I. and Wong, M.H. (2007). Environmental mercury contamination in China: 

Sources and impacts. Environment International 33(1): 108-12. 

https://doi.org/10.1016/j.envint.2006.06.022 

 

 

 

https://doi.org/10.1007/s13201-017-0572-y
https://doi.org/10.1007/978-94-011-2664-9_44
https://doi.org/10.1016/j.foodchem.2006.05.041
https://doi.org/10.1007/s10661-007-0038-z
https://www.researchgate.net/publication/242189054
https://www.ncbi.nlm.nih.gov/pubmed/12830947
https://doi.org/10.1016/j.foodchem.2004.08.008
https://doi.org/10.1016/j.watres.2006.11.044
https://doi.org/10.1016/j.aquatox.2014.03.023
https://doi.org/10.1016/j.foodchem.2005.09.020
https://doi.org/10.1016/j.envint.2006.06.022


Assessment of heavy metals in water, sediment and fish under different management systems 39 

ARABIC SUMMARY 

 

 

عاٌو مختلفو فً األحواض تقذٌر تركٍز المعادن الثقٍلو فً المٍاه و التربو و األسماك تحت نظم ر

 الترابٍو

محمذ ابراىٍم شاكر
1

، محمذ النادي أحمذ
2

، رشا خالذ عبذ الواحذ
2

سلٍمان أحمذ محمذ ، مصطفى
1 

 

 مركز البحوث الزراعٍو -المعمل المركزي لبحوث الثروه السمكٍو بالعباسو  -معمل اللٍمنولوجً -1

 جامعو القاىره -كلٍو الزراعو  -قسم اإلنتاج الحٍوانً  -2

 

اىذراسٔ اىحاىٞٔ فٜ ٍشرػتِٞ تزابٞتِٞ ٗاقؼتِٞ فٜ شَاه دىتا ٍصز باالػتَاد ػيٚ استخذاً ّظاٍِٞ  تَت

ٍختيفِٞ ٍِ ّظٌ اىزػاٝٔ. اىْظاً األٗه ٕ٘ ّظاً اىتغذٝٔ اىصْاػٞٔ ٗ اػتَذ ػيٚ استخذاً اىؼيٞقٔ اىناٍئ اىتٜ 

ذ ػيٚ استخذاً اىسَاد اىؼض٘ٛ ٍغ اىتغذٝٔ % بزٗتِٞ ٗ اىْظاً اىثاّٜ ٕ٘ ّظاً اىسَاد ٗ اػت52َتحت٘ٛ ػيٚ 

ػيٚ اىَنزّٗٔ اىَجزٗشٔ. اتسٌ مو ّظاً ب٘ج٘د اربؼٔ تنزارات ٍِ االح٘اض اىتزابٞٔ ٗ ماّت ٍساحٔ مو 

0088ًح٘ض 
5

. تٌ 5802ٗ اّتٖت فٜ ّٝ٘ٞ٘  5800، ٗاستَزت اىتجزبٔ ىَذٓ ػاً ماٍو حٞث بذأت فٜ ٝ٘ىٞ٘ 

جٌ  2، 08، 5بأٗساُ  ح٘ضرٛ األصٞو ٗ اىقزاٍٞط االفزٝقٞٔ ٍؼًا فٜ مو استشراع أسَاك اىبيطٜ اىْٞيٜ ٗ اىب٘

 ػيٚ اىت٘اىٜ. تٌ اخذ ػْٞات ٍِ اىَٞآ ٗ اىتزبٔ ٗ االسَاك ىينشف ػِ تزمٞش اىَؼادُ اىثقٞئ فٜ مو ٍْٖا.

بِٞ ٍشرػٔ اىسَاد ٗ ٍشرػٔ  8.82اظٖزت اىْتائج ٗج٘د فزٗق ٍؼْ٘ٙٔ ػْذ ٍست٘ٙ ٍؼْ٘ٝٔ اقو ٍِ 

ٗأُ ّظاً اىزػاٝٔ أثز ػيٚ باىْسبٔ ىتزمٞش اىَؼادُ اىثقٞئ فٜ اىَٞآ ٗ اىتزبٔ ٗثالثٔ اػضاء ٍِ األسَاك، اىؼيٞقٔ 

، مَا اُ تزامٌ اىحذٝذ فٜ اىَٞآ ٗ اىتزبٔ ٗ ثالثٔ اػضاء ٍِ ٍحت٘ٙ اىَٞآ ٗ اىتزبٔ ٗاألسَاك ٍِ اىَؼادُ اىثقٞئ

اىنادًٍٞ٘ ٗاىزصاص فٜ اىَٞآ ٗ اىتزبٔ ٗ ثالثٔ اػضاء األسَاك ماُ اػيٚ ٍِ باقٜ اىؼْاصز بَْٞا ماُ تزامٌ 

ٍِ األسَاك اقو ٍِ باقٜ اىؼْاصز، مذىل اظٖزت اىْتائج اُ تزامٌ اىؼْاصز اىثقٞئ ماُ اػيٚ فٜ اىنبذ ٗ 

ماُ اىَستشرػٔ ُ تزامٌ اىَؼادُ اىثقٞئ فٜ ػضالت األسَاك أٗ اىخٞاشٌٞ ػِ اىؼضالت فٜ مو اّ٘اع األسَاك،

  َؼذالت اىؼاىَٞٔ.طبقًا ىي ىَسَ٘ح بٖا إلستٖالك اإلّساُاىحذٗد ا فٜ
 


