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ABSTRACT 

 
Fish is consumed as food by many species, including humans. Water pollution and fish contamination remain 

significant problems. In the present work the concentration of heavy metals ( Lead, Copper, Chromium and Iron) in 

contaminated sea water of Red tilapia (hybrid) rearing tank and their bioaccumulation in different tissues of Female 

Red tilapia were investigated and compared with the values obtained from the tissues of fish reared in a tank contained 

hatchery managed filtered sea water. The results showed a direct relationship between the heavy metal levels in 

contaminated sea water and their accumulation in soft tissues of red tilapia. Concentration of lead and chromium in 

muscles were found higher than the maximum permissible limit. This situation may pose health risk to fish population 

and an ultimate threat to humans.  
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INTRODUCTION 

 

Consumption of fish is increasing day by day due to its nutritional and therapeutic importance. It is not only a 

good source of protein but also rich in essential amino acids, minerals, vitamins and above all omega-3-fatty acids. 

(Medeiros et al., 2012).Water quality is considered to be the key factor in fish production, health and reproduction. 

Pollution of the aquatic environment due to the anthropogenic activities poses serious threats to fish population and 

other aquatic organisms. The major sources of pollutants in sea water are industrial effluents, contaminated 

petroleum and raw sewage disposal (Santos et al., 2005). Their potential toxic effect is revealed not only by 

decreasing the aquatic population but by exposing human beings to such toxic substances directly through food 

chain (Andersen et al., 1996). Metals from discharges can contaminate water and can be accumulated in tissues of 

living organisms. However fish can normally accumulate heavy metals from contaminated water and sediments and 

subsequently become the part of food chain (Yilmaz et al., 2007; Zhao et al., 2012). 

Olojo et al. (2005) reported that long term exposure to heavy metals raised morbidity of juvenile fish and 

decreased breading of adults. It can pose a health risk to fish consumers, which may include decreased fertility, 

dysfunction of variety of organs leading to death (Al-Busaidi et al., 2011; Rahman et al., 2012). 

In the last few decades, the concentrations of heavy metals were studied mostly in the edible part (muscles) 

(Elnabris et al., 2013). However other studies reported the distribution of metals in different organs like liver, 

kidney, heart, gonads, bone, digestive tract and brain. 

In previous studies fish samples were collected from different habitat/stations along with water samples and 

were investigated for the accumulation of heavy metals in their organs and muscles. A correlation was also 

developed between heavy metal content in their organs and water contamination found at their site of collection. 

Although fish are mostly migratory and seldom settle in one place, metals accumulation in fish organs provides 

evidences of exposure to contaminated aquatic environment (Qadir and Malik, 2011) and could be used to assess the 

health condition of the area from which they are collected. In recent years various fish farms have been established 

in order to meet the growing demands. Cultured fish may accumulate significant amount of heavy metals in different 

tissues from its feeding diets and surrounding water (McCarthy and Shugart, 1990).In the present study fingerlings 

of Red tilapia (A hybrid fish of O.mossambicus and O.niloticus) were reared (stocked) in a contaminated aquatic 

system for six months. After six months these grown up fishes were investigated for the accumulation of heavy 

metals like Lead, Copper, Chromium and Iron in their tissues.  Also metals content in muscles were compared 

against permissible limit provided by WHO/FAO to assess the quality of fish for human consumption. 
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MATERIALS AND METHODS 
 

A six months study program was conducted at Seed Production Unit Hawks bay, Department of Fisheries 

Sindh, in which 22 fingerlings of red tilapia (hybrid of O. mossambicus and O. niloticus) of average weight  20 

grams were reared in a tank of capacity two tons labeled as T(Test) for six months. Source of water was a mixture of 

sea water contaminated with heavy metals and municipal water. In another tank labeled as C (Control) 22 

fingerlings of similar size were reared where source of water was hatchery managed filtered sea water mixed with 

municipal water. Water was replenished every week for six months.  Water quality parameters like Temperature, 

Dissolved oxygen, Ammonia nitrogen, Free Carbon dioxide, pH, Salinity, Nitrate/Nitrite nitrogen, Hardness, 

Alkalinity, etc. were monitored and maintained at safe/optimum level throughout the study course in both the tanks 

(Table 1). 

 

Sampling: Water samples from red tilapia rearing tanks were taken at depth 15 cm below the water surface in acid 

washed, polyethylene bottles on weekly basis for heavy metal analysis.  

After six months of rearing period, 15 female red tilapia of quite a similar size and weight from each tank were 

selected, washed with sea water then with ultrapure deionized water, immediately preserved in an ice box and 

transferred to the laboratory where they were kept frozen at -20°C till further analysis. 

 

Sample preparation: Water samples were filtered through nitrocellulose membrane filter of pore size 0.45 µm. The 

filtrate was boiled gently with 1M nitric acid for heavy metal analysis. Frozen fish were partially thawed, and each 

fish was dissected using stainles                                                                                     

                                                                                                                       

ambient temperature. In this study wet digestion technique using a digestion block was considered (Holak, 1980). 

1.0 gram of each dried solid tissue samples were digested in 10 ml mixture of ultrapure nitric acid and perchloric 

acid (4:1) for two hours at 120°C. The clear solution so obtained was diluted to 100 ml with deionized water and 

filtered through nitrocellulose membrane filter of pore size 0.45µm. Similarly a blank was also prepared. All the 

reagents and reference standards of 1000 mg /L were supplied by Merck and deionized water was used throughout 

the work. Composite samples from each organ/tissues were used for subsequent analysis.    

 

Analytical methods: Water samples were analyzed immediately for lead, copper, chromium and iron by 

SPECTROQUANT PHOTOMETER, NOVA 400. The measurement technique used was based upon the complex 

formation with reagents such as pyridyl azo resorcinol, cuprizone, diphenylecarbazide and phenanthroline 

respectively, following the methods developed by Merck (KGaA, Damstadt, Germany) and analogous to APHA, 

1992 .The results obtained were expressed in mg/L.  

 All the tissue samples, blank and standards were analyzed for the detection of heavy metals viz., lead, copper, 

chromium and iron following the standard methods of APHA (1992) by using an automated PC controlled Atomic 

Absorption Spectrometer (Hitachi, A-1800, Japan). The wavelengths of cathode lamp selected were 283.3nm, 

324.8nm, 357.9nm and 248.3nm for lead, copper, chromium and iron respectively. An air: acetylene flame 

composition was applied throughout the measurement. Each measurement was repeated. The results obtained were 

expressed in µg / g dry weight. 

 

RESULT 

 

 Table 2 presents the heavy metal concentrations (mg/L) in water of rearing tanks C and T. The measured mean 

values of Pb, Cu, Cr and Fe in filtered sea water of control tank C were recorded as 0.16 ± 0.03 mg/L, 0.15 ± 0.03 

mg/L, 0.09 ± 0.02 mg/L and 0.88 ± 0.14 mg/L respectively, while in contaminated water of test tank T it is found as 

1.18 ± 0.34 mg/L, 1.85 ± 0.44 mg/L, 0.27 ± 0.05 mg/L and 2.15 ± 0.53 mg/L, respectively. 

 Data on the accumulation of lead, copper, chromium and iron in fish organs viz., Gills, liver, muscles and ovary 

is presented in Table 3.  

 Significant amount of heavy metals were found in organ tissues of red tilapia reared in tank T as compared to 

control tank C.  

 The highest concentration of different metals in different soft tissue of female red tilapia reared in tank T were 

found as lead (18.05 ±  0.43 µg/g) in gills, Iron (286.71 ± 6.5µg/g) in liver, copper (35.64 ±  0.28  µg/g ) in liver and 

chromium (4.84 ± 0.02 µg/g) in liver. Heavy metal accumulation ordered as Fe>Pb>Cu>Cr except in case of liver 

where copper is significantly higher than lead. In general all metals showed considerable variation among tissues but 

iron was found significant. Results showed that all soft tissues of fish contained the lowest concentration of 
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chromium and highest concentration of iron. Liver and ovary showed remarkable concentrations of chromium. 

Copper concentration in ovary was found 4.78 ± 0.07 µg/g which is slightly greater than in gills. Similarly 

chromium concentration in ovary is measured as 2.94 ± 0.07 µg/g which is also greater than that found in gills. 

Similar pattern of heavy metals accumulation in muscles and organ tissues of red tilapia was observed in control 

tank C except in case of lead which is found higher in muscles (0.26 ± 0.02 µg/g) than in ovary (0.15 ± 0.04 µg/g) 

unlike in tank T where more amount of lead accumulated in ovary (11.86 ± 0.27 µg/g) than in muscles (8.03 ± 0.05 

µg/g).  

Table 4 shows maximum permissible limit in µ/g dry weight of heavy metals in edible part (muscles) of fish 

according to international standard and amount of heavy metals accumulated in edible part of red tilapia. The 

concentration of lead and chromium was found higher than the permissible limit provided by FAO/WHO 1989 in 

tank T. 

 

 Table 1. Optimum range of water quality parameters. 

 

Table 1 shows the water quality parameters measured weekly to maintain optimum/safe level in both the tanks C 

and T for six months. 

 

Table 2.  Concentration of heavy metals in Red tilapia rearing tanks C and T. 

 

Source of water Lead (mg/L)  

 

Mean± SEM                         

Copper (mg/L) 

 

Mean± SEM 

Chromium( mg/L)   

 

Mean± SEM   

Iron (mg/L) 

 

Mean± SEM 

Filtered sea water 

(C) 

0.16± 0.03 0.15± 0.03 0.09± 0.02 0.88± 0.14 

Contaminated sea 

water (T) 

1.18± 0.34 1.85± 0.44 0.27± 0.05 2.15± 0.53 

 

*Table 2 shows mean ± SEM concentration of heavy metals (mg/L) in control tank C and test tank T, measured on 

weekly basis, for a period of six months. 

 

DISCUSSION 

 

We can infer that the high level of heavy metals in rearing tank T having contaminated sea water is due to the 

discharge of agriculture and industrial waste through the coastal water. The high level of lead in water may be the 

result of leaded petrol spill from fishing boats and discharge of oil and bilge water from ships and industrial plants 

(McEldowney et al., 1993; Mason, 2002). The present results corroborate with the previous studies that reported 

high metal levels in the sea water of Suez Bay (El-Moselhy, 2000) and in Red Sea (Hamed and El-Moselhy, 2000). 

Sr.No. Parameters Values Obtained 

01. Dissolved Oxygen 5.5-7.5 mg/L 

02. Temperature 25-31 °C 

03. pH 7.5-8.2 

04. Unionized Ammonia Nitrogen <0.1 mg/L 

05. Salinity 5-18 ppt. 

06. Carbon dioxide 0-7 mg/L 

07. Alkalinity 2.5-2.8 mm/L 

08. Total Hardness 160-200 mg/L 

09. Turbidity 20-60 FAU 

10. Nitrate Nitrogen 5-18 mg/L 

11. Nitrite nitrogen <0.3 mg/L 
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Table 4. Maximum Permissible Limit of heavy metals in Fish Muscles. 

. 

Organization/ 

country/rearing tank 

Heavy Metal Concentration in ug/g                                   Reference 

Pb Cu Cr Fe 

European 

Community 

0.2    EC , 2005 

England 2.0 20   MAFF, 2000 

FAO 1983 0.5 30   FAO, 1983 

FAO/WHO 1989 0.5 30 0.15 100 WHO/FAO, 1989 

WHO 1989 2.0 30  100 WHO, 1989 

TANK C 0.26 0.31 0.11 25.97  

TANK T 8.03 3.62 1.42 50.09  

 

*Table 4 shows maximum permissible limit of heavy metals in µg/g dry weight in edible part (muscles) of fish 

according to international standards and concentration of heavy metals accumulated in muscles of studied fish Red 

Tilapia.  

Abbreviations: EC= European Committee; MAFF= Ministry of Agriculture fisheries and food; FAO= Food and 

agriculture organization; WHO = world health organization 

 

The present study reveals that the metal accumulation in different tissues of fish viz; Gills, liver, muscles and 

ovaries is closely related to the metal concentration in water. Each tissue has different capacity of accumulation. 

Among the four fish organs liver exhibited the highest tendency to accumulate heavy metals while muscles showed 

the lowest tendency to accumulate such metals.  The concentration of toxic metals was highest in liver tissues of 

O.niloticus followed by gills then muscles. (Jasim et al, 2016).  Amundsen et al. (1997) reported that in white fish 

the heavy metal accumulation was usually lowest in muscles and highest in liver or gills. Previously it has been 

shown that the lowest concentration of metals accumulated in fish muscles. Bioaccumulation of the essential metals 

copper, zinc and iron was found mainly in the liver, while gills showed the highest accumulation of lead and 

manganese (El-Moselhy et al., 2014). High level of copper in liver was observed in many field studies (Zhao, 2012 

and Eisler, 2010). Essential metals copper, zinc and iron mainly accumulated in the liver which may be attributed to 

its role in normal metabolic processes (Zhao, 2012). Jobling (1995) reported that the high accumulation of heavy 

metals in gills and hepatic tissues is related to the natural binding proteins such as metallothionine which are 

synthesized in liver and gills tissues and detoxify them. Similarly accumulation of iron in liver is likely linked to its 

normal physiological role in blood cells and hemoglobin synthesis (Gorur et al., 2012).  Present study showed the 

highest concentrations of lead in gills. Similar results for high concentrations of lead in gills were recorded by 

Kargin (1998), Abu-Hilal and Ismail (2008) and Qadir and Malik (2011).  Exchange of metal ions from water occurs 

mainly through the gills (Qadir and Malik, 2011). The large surface areas of the gills help the toxic metals to diffuse 

rapidly (Dhaneesh et al., 2012). However Saleh (1982) reported that the high level of pollutants accumulation in fish 

liver may be attributed to the degree of pollution in the aquatic environment by heavy metals. This report was 

supported by the observations of other researchers with a variety of fish species (Guerrin et al., 1990; Saeed and 

Sakr, 2008). The order of accumulation of heavy metals in muscles of Thunnus tonggol collected from Karachi Fish 

Harbour were Fe>Cu>Cr>Pb (Ahmed et al.,2015), whereas in present study Pb accumulation is greater than Cu and 

Cr in test tank T. The edible part of farmed fish species O.niloticus and S.aurata showed a considerable level of 

heavy metals accumulation (Elnabris et al., 2013). Asgedom et al. (2012) reported the accumulation of heavy metals 

in the bone and muscle tissues of Nile Tilapia and Common Carp. Gills of Oreochromis mosssambicus showed 

greater concentration of Pb, liver was the target organ for Cu and Cr whereas lowest bioaccumulation of metals was 

observed in gonads.(Raheela et al., 2014) Ovaries exhibited different patterns in metal accumulation in the present 

study. However, the fish samples collected from within tank C had non-significantly higher levels of metals in their 

bodies than those obtained from tank T. Among the four fish organs, fish liver showed the highest tendency of metal 

accumulation.  The present findings revealed a higher concentration of heavy metals in fish organs in tank T as 

compared to those of tank C. This may be the result of their high concentrations in water. 

Presently many researchers from different countries are studying the accumulation of heavy metals content in 

different fish organs and its effect on human health. Metals such as copper, zinc and iron are essentially required for 

the normal physiological functions but their higher level may exhibit toxicological effect on human health (Tuzen, 

2003). Bioaccumulation of non-essential metals may lead to muscles dystrophy, infertility as well as have 

deleterious effect on the liver, kidney and respiratory organs (Fernandes, 2008). 
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It is clear from the Table 4 that the heavy metals accumulation in the edible part of red tilapia reared in tank C 

was found below the permissible limit, therefore it is safe for consumers. However the measured values of essential 

micronutrients copper (3.62 ± 0.04) and Iron (50.09 ± 0.53) in edible part of fish in tank T were found within the 

permissible limit while the concentration of chromium (1.42 ± 0.09) was higher than the permissible limit according 

to FAO/WHO Standards. Whereas the measured value of lead (8.03 ± 0.05) which is potentially a toxic element was 

found significantly higher than the MPL and may pose health risks to consumers. Normally fish muscles do not 

accumulate chromium. However young fish may have higher tendency to absorb chromium which declines with age 

causing reduction in chromium level in tissues. (Dara, 1995). High concentration of chromium in water was related 

to the waste water disposal from textile, photography and paint industries as well as discharge from agriculture field 

(Rahman et al., 2012). Chromium has toxic effects on a variety of organs with hemorrhagic effect, it may cause 

ulceration of the tissues in organisms when exposed to high level of chromium. The major sources of lead are 

plumbing, ammunition, glass and paint industry. Lead is a non-essential element that causes neurotoxicity, 

nephrotoxicity and other effects on fish and other animals (Garcia- Leston et al., 2010). 

 

CONCLUSION 

 In this regard a constant and regular monitoring of the aquatic system is required during fish farming and 

management strategies should be framed and followed to control the waste water disposal in the area used for 

aquaculture activities. There is a great relationship between the metal content in aquatic system and their 

accumulation in soft tissues of cultured fish. 
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