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Abstract  
Heavy metals in our environment have been of great concern because of their 

toxicity whentheir concentration is more than the permissible level. These 

metals enter in the environment by different ways e.g. aquatic, agricultural, 

industrial activities. Heavy metals such as Lead (Pb), Nickel (Ni) Manganese 

(Mn) and Cadmium (Cd) have World Health Organization (WHO) limits 

above which they are toxic. Some of the toxic effects include; reduced growth 

and development, cancer, damage to the nervous system, and in extreme 

cases death. Water from Nguru River is used for small scale farming and 

domestic purposes, with a variety of fish in this river including tilapia and 

mudfish are edible which could lead to accumulation of toxic metals to 

mankind. These pose a threat to human life hence the need to assess levels of 

heavy metals in Nguru River. This study aimed at determining levels of Pb, 

Ni, Mn, Zn, Cd and Cr in tilapia fish gills, and water from Nguru River. 

Atomic absorption spectroscopymodel 210VGP, was used for measurement 

of the levels of the elements. The mean concentrations (mg/kg) of the heavy 

metals in tilapia fish gills ranged as follows: Pb (0.05-0.00 mg/kg), Ni (5.36-

0.23 mg/kg), Mn (0.90-0.01 mg/kg), Zn (21.00-0.26 mg/kg), Cd (0.08-0.00 

mg/kg) and Cr (ND-ND). In water, the ranges of mean concentration (mg/l) 

of heavy metals were as follows: Pb (0.005-0.001 mg/l), Ni (0.008-0.002 
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Introduction 
Heavy metals occur naturally in the 

ecosystem with larger variations in the 

concentration. Even though some 

heavy metals form the part of our daily 

life activities, they are subjected to 

potent toxics, contaminating 

ecosystems. Some heavy metals like 

iron, cobalt, copper, manganese, 

molybdenum, and zinc are essential to 

the human body to maintain the 

metabolism, but its excessive levels 

can be damaging to the organism 

(Ayres, 2002). Unlike other 

pollutants, such as petroleum 

hydrocarbons and wastes that invade 

the environment, heavy metals 

accumulate, eventually reaching toxic 

levels. The problems associated with 

the contamination by heavy metals 

were first highlighted in the 

industrially advanced countries 

because of their large industrial spills, 

especially after accidents caused by 

the pollution of metals like mercury 

and cadmium (Safty at al., 2008). Iron, 

cobalt, copper, manganese, zinc, etc. 

are required by humans, but excessive 

levels can cause a grave damage to the 

organism. It is the estuary of the Seine, 

an ecological association and a 

representative of the water police that 

brings their testimony to this worrying 

situation. However, there has been a 

growing awareness of the need for 

sound management of water resources 

and in particular to control the 

dumping of waste in the environment 

(Pahl, 2007).Heavy metals such as 

mercury, plutonium and lead are toxic 

(Ayres, 2002), and are their 

accumulation over a period of time in 

the body of animal can cause serious 

illness (Duxbury, 1995). 

The elevated heavy metal 

contamination rate can be attributed to 

rapid population growth, increased 

urbanization, expansion of industrial 

activities, exploration and exploitation 

of natural resource. Factors such as 

expansion of irrigation, spread of 

other modern agricultural practices 

and the absence of environmental 

regulations have also contributed to 

mg/l), Mn (0.538-0.016 mg/l), Zn (0.035-0.002 mg/l), Cd (0.001- ND) and Cr 

(0.010-0.003 mg/l). 
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the increased contamination (Giller et 

al., 1998). 

Heavy metals are produced from a variety of natural and anthropogenic source 

they are indeed an intrinsic natural constituents of our environment. In fluvial 

environments, however, metal pollution can result in from direct atmospheric 

deposition, geologic weathering or through the discharge of agricultural, 

municipal or industrial waste products. (Dayan and Paine, 2001). Apart from 

the natural sources, several anthropogenic ones also contribute to metal 

concentrations in the environment. In recent times, industrial and mechanical 

activities have raised natural concentrations causing serious environmental 

problems (Obasohan and Oronsaye, 2004). Aquatic environment is one of the 

receiving ends for pollutants, particularly heavy metals which are ploughed 

back into the food chains through bioaccumulation in plankton and 

invertebrates to fishes and finally biomagnified in man (Censi et al., 2006). 

Fish are often at the top of the aquatic food chain and many concentrate large 

amount of heavy metals from polluted water that build up by ingestion, ion-

exchange of dissolved metals across lipophilic membranes and absorption on 

tissue and membrane surface (Mendil et al., 2005). Despite the fact that metal 

bio magnification is influenced by metal assimilation, pollutants can still move 

through the various trophic levels in an ecosystem (Wang, 2002) .At the highest 

trophic levels, the increased concentrations in tissues may become toxic 

(Mohamed and Gad, 2008). 

The pollutants that enter the water cause undesirable changes, which affect the 

ecological balance of the environment. Among all the pollutants, accumulation 

of heavy metals is of global importance due to its adverse impact on human 

health. Fish is a valuable food item and source of protein. The concentration of 

heavy metals in aquatic organisms is higher than that present in water through 

the effect of bio concentration and bio magnification and eventually threaten 

the health of human by sea food consumption (Eneji et al., 2011). 

The aimandobjective of this study is to determine the concentrations of Pb, Ni, 

Mn, Zn, Cd, and Cr in Tilapia fish gills and water sample in Nguru, Yobe state, 

and to compare with international standard.  

 

Heavy Metals in Fish 
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Fish and marine products contain many elements which are essential for human 

life at low concentration. Nevertheless, they can become toxic at high 

concentrations. However, certain heavy metals such as mercury, cadmium and 

lead, are toxic even at low concentration when ingested over long period. Fish 

normally carry natural burden of heavy metal concentration. In heavily polluted 

areas, the heavy metal concentrations actually found are exceeding the natural 

concentration (Kar et al., 2008). 

Fish and other aquatic animals take up heavy metals from their food and water 

that passes through their gills. The uptake of metals is often dependent on the 

amount of food ingested and on the heavy metal content of the food. The main 

organs which are used in fish for storage and detoxification of heavy metals are 

liver, kidney and bones. These organs are normally not used for human 

consumption in Europe and America. In Asia, however, smaller fish are 

consumed wholly and other gut contents often are used in fermented sauce or 

salted (Abdel-Baki et al., 2011). 

 

Heavy Metals in Water 

Trace elements of natural origin are transported by rivers and transferred to the 

coastal marine system through estuaries. The trace elements are distributed 

between the dissolved and particulate phase, while their fate and bioavailability 

depend on the particle chemistry and competition between surface and 

dissolved forms in terms of complex processes (Oronsaye et al., 2010). Hence, 

the estuaries constitute a natural reactor in which heterogeneous processes at 

the interface between dissolved phase and suspended particulate matter which 

constitute an important part of the trace elements geochemical cycles (Censi et 

al., 2006). 

Human activities such as mining, manufacturing and fossil fuel burning has 

resulted in the accumulation of lead and its compounds in the environment, 

including air, water and soil. Lead is used for the production of batteries, 

cosmetics, metal products such as ammunitions, solder and pipes, etc. Lead is 

highly toxic and hence its use in various products, such as paints, gasoline, etc, 

has been considerably reduced nowadays. The main sources of lead exposure 

are lead based paints, gasoline, cosmetics, toys, household dust, contaminated 

soil, industrial emissions. Lead poisoning was considered to be a classic disease 
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and the signs that were seen in children and adults were mainly pertaining to 

the central nervous system and the gastrointestinal tract (Martin-Del et al., 

2002). 

Toxicity of lead, also called lead poisoning, can be either acute or chronic. 

Acute exposure can cause loss of appetite, headache, hypertension, abdominal 

pain, renal dysfunction, fatigue, sleeplessness, arthritis, hallucinations and 

vertigo. Chronic exposure of lead can result in mental retardation, birth defects, 

psychosis, autism, allergies, dyslexia, weight loss, hyperactivity, paralysis, 

muscular weakness, brain damage, kidney damage and may even cause death 

(Mtanga and Machiwa, 2007). 

Cadmium is released into the environment through natural activities such as 

volcanic eruptions, weathering, river transport and some human activities such 

as mining, smelting, tobacco smoking, incineration of municipal waste, and 

manufacture of fertilizers. On very long exposure time at lower concentrations, 

it can become deposited in the kidney and finally lead to kidney disease, fragile 

bones and lung damage (Agatha, 2010).  

Chromium is present in rocks, soil, animals and plants. It can be solid, liquid, 

and in the form of gas. Occupational sources of chromium include protective 

metal coatings, metal alloys, magnetic tapes, paint pigments, rubber, cement, 

paper, wood preservatives, leather tanning and metal plating(Mwegoha 

andKihampa, 2010).  

Chromate compounds can induce deoxyribonucleic acid (DNA) damage in 

many different ways and can lead to the formation of DNA adducts, 

chromosomal aberrations, alterations in replication and transcription of DNA 

(Obasohan and Oronsaye, 2004). 

 

Methodology 

Fish Sampling and Treatment  

A wide fishing net was pushed to the bottom of the river and dragged out. The 

characteristics of tilapia fish include: It has 13 – 16 dorsal spine; 10-14 dorsal 

soft rays; 3 anal spines; 8 – 10 anal soft ray. The upper profile of head is not 

convex; the lower pharyngeal bone is as long as broad, and with anterior lamella 

shorter than toothed area; the median pharyngeal teeth is not broadened; it has 

14-16 dorsal fin and 10-14 soft rays; 8-11 lower gillrakers; It has a dark 
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longitudinal band that appears on flanks when agitated with no bifurcated dark 

vertical bars on flanks. Its dorsal and caudal fins are not feebly blotched. It has 

brownish-olivaceous body with an iridescent blue seen and bright green lips. It 

has a pinkish chest. Its caudal and anal fins are brownish-olivaceous with yellow 

spots, the dorsal and anal fins outlined by narrow orange band; "tilapia" large 

spot, extending from last spine to 4th soft ray and always bordered by yellow 

band. It has a yellowish or greyish caudal fin without dots, but tends to develop 

a greyish caudal fin with dots of increasing size during development (Teugels 

and Thys, 2003). 

The gills were immediately removed and stored at -20ºC. Latter the gills were 

dried at 105 °C in a gravity oven to constant weight. The dried fish gills from 

each sampling station were mixed and homogenized by grinding with a pestle 

and mortar into a fine powder and placed in well labeled plastic bags.  

Triplicate digestions were performed following the procedure as described by 

Türkmen and Ciminli (Türkmen and Ciminli, 2007). Fish gills were wet 

digested where 1g of dried fish gills were accurately weighed using electronic 

balance. An 18ml of concentrated HNO3 were first added in a Kjeldahl flask 

and then gently heated on hot mantle until the dense brown fumes began to 

appear. Hydrogen peroxide was added drop wise to clear the brown fumes and 

improve the dissolving power of nitric acid. Digestion of fish gills was allowed 

to evaporate to about 5 ml. This was cooled and filtered (using Whatman No 42 

filter paper) into 25 ml different clean and dry volumetric flask and then diluted 

to the mark with distilled water. The digested samples were then transferred into 

separate plastic bottles, labelled and stored waiting for analysis. For background 

correction, six blanks were digested as pre-test samples and each of the blanks 

was analysed for Pb, Ni, Mn, Zn, Cd, and Cr, by atomic absorption 

spectrophotometer model 210VGP. 

 

Water Sampling and Treatment  

One litre plastic bottles were used to collect water at an interval of one foot deep 

and across the river from three points and mixed thoroughly to have a 

homogenous three different samples. From the homogenously mixed water, five 

bottles of 500-ml water samples per sampling site were taken. Water samples 

were acidified to a pH of < 2 with analytical grade nitric acid while in the field 
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and then transported to the laboratory for storage awaiting digestion. 250 ml of 

acidified water were measured and put in a clean conical flask and 5 ml of nitric 

acid added. The mixture was heated at 100oC with the addition of few drops of 

hydrogen peroxide until there were no brown fumes and the volume reduced to 

about 5cm3. The mixture was then filtered using Whatsman 0.45μm filter paper 

in a 25-ml volumetric flask and topped to the labeled mark. The samples of 

water were digested in triplicates and then transferred into separate plastic 

bottles, labeled and stored waiting for analysis. For background correction, six 

blanks were digested as pre-test samples and each analyzed for Pb, Ni, Mn, Zn, 

Cd, and Cr, by atomic absorption spectrophotometermodel 210VGP. 

 

RESULT 

Table 1: Mean concentration (mg/kg) of heavy metals in tilapia fish gills 

(Mean±Sd) and standard by WHO/ FAO 

S/NO CONCENTRATION Mg/Kg STANDARD BY WHO/FAO Mg/Kg 

 Elements  Mean ± Sd  

1 Cr 0.00±0.00 0.14 

2 Cd 0.08±0.0 02.00 

3 Pb 0.05±0.0 02.00 

4 Mn 0.90±0.01 2.50 

5 Zn 21.00±0.26 75.00 

6 Ni 5.36±0.23 0.40 

 

During the analysis, some of the heavy metals under study were detected in the 

tilapia fish gills. Cr was not detected at all while Cd, Pb, Mn, and Zn were below 

the acceptable value of WHO/FAO and only Ni has the mean of 5.36 which is 

above the accepted value of WHO/FAO. 

 

Table 2: Mean concentration (mg/l) of heavy metals in water sample 

(Mean±Sd) 

S/NO Metals    Mean ± SD(mg/l)  WHO/FAO (mg/l)  

1 Cr 0.010±0.003 0.050 

2 Cd 0.001±0.000 0.003 

3 Pb 0.005±0.001 0.010 
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4 Mn 0.538±0.016 0.40 

5 Zn 0.035±0.002 3.00 

6 Ni 0.008±0.002 0.070 

 

During the analysis, water was found to contain all the heavy metals with most 

of the elements concentrations varying significantly between the sampling 

stations. Mn is slightly high in the water sample compare to WHO/FAO 

standard and Pb, Cr, Cd, Zn, and Ni are low compare to WHO/FAO standard. 

 

Discussion 

Results from analysis have shown that these heavy metals: Pb, Ni, Mn, Zn, Cd, 

Cr, were all present in the gill of fish sample analyzed while the concentration 

of Cr are not detected and Cd and Pb were below the detection level and Mn is 

higher than the recommended value of  WHO/FAO (2003) of 0.40mg/kg. This 

is an indication that Nguru River is contaminated with Manganese, due to the 

agricultural activities by farmers in the area. Furthermore, for the concentrations 

of heavy metals in water sample are averagely high Cr, Cd, Ni, and Zn were 

low in water sample compare to WHO/FAO standard of domestic use of water 

while that of Pb and Mn are high in the water sample compare to WHO/FAO 

standard for the domestic use of water. High concentration of metals in water 

compared to fish samples suggests that the water acts like a body for some of 

these metals. The concentration of heavy metals in fish is lower than that of 

water (from table and 1 and table 2) 

 

Conclusion 

During the analysis, some of the heavy metals under study were detected in the 

tilapia fish gills. Cr was not detected at all while Cd, Pb, Mn, and Zn were below 

the acceptable value of WHO/FAO and only Ni has the mean of 5.36 which is 

above the accepted value of WHO/FAO. So also, water was found to contain 

all the heavy metals with most of the elements concentrations varying 

significantly between the sampling stations. Pb and Mn are slightly high in the 

water sample compare to WHO/FAO standard and Cr, Cd, Zn, and Ni are low 

compare to WHO/FAO standard. 

 

Recommendations 
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➢ There is need for constant monitoring of the trace metal concentrations 

in Nguru River, since the river serves as source of drinking water, 

irrigation and fishing for the local inhabitants in the study area.  

➢ Reverine vegetation is also recommended along the river for heavy 

metal absorption from the water and sediments.  

➢ Since the study deal with only one part of fish organ, it is therefore 

recommended that further study be carried out to look into other parts 

like muscles, kidney, liver and scales as there might exist some 

differences.  

➢ Other types of fish like mud fish should be analyzed for heavy metals to 

check the level of pollution. 

➢ As the metal concentrations in water are affected by diversified factors 

such as dissolve oxygen, pH, temperature, conductivity and organic 

matter contents need to be investigated.  
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