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Abstract 
 

Some heavy metals - lead, manganese, copper, nickel, zinc, chromium, iron, cadmium, cobalt and arsenic 

(Pb, Mn, Cu, Ni, Zn, Cr, Fe, Cd, Co and As) contents in selected fishes from Abuloma River in Rivers State 

of Nigeria was studied after dry ashing using the Flame Atomic Absorption Spectrometric technique. From 

the analysis, Pb, Zn and Fe were identified in all the fish samples with concentration range of 0.024-0.160 

μg/g (Pb); 0.246-2.779 μg/g (Zn) and 0.346-1.047 μg/g (Fe). Ni, Cd and Co were not detected in the fish 

samples. Mn, Cu, Cr and As were found in some of the fish samples with the concentration range of 0-

0.144 μg/g (Mn); 0-0.276 μg/g (Cu); 0-0.063 μg/g (Cr) and 0 - 9.167 μg/g (As). The concentration observed 

for As, was far higher than the recommended permissible limits by Food and Agricultural Organisation; 

which is 0.002 μg/g. The pollution index (Pi) analysis indicates a very high index for As in Mullet fish 

(1194.5), Sika fish (3222) and Stock fish (4583.5); while the Pi for Pb > 1 also indicates severe pollution. 

Hence, these fish species from Abuloma River could be considered as unfit for consumption. 
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Introduction 

The increasing industrial activity in Rivers State, as 

the major site of Nigeria’s oil industries has 

resulted in the pollution of their water bodies with 

heavy metals. Heavy metal pollution in rivers has 

been observed as a serious concern as it is 

increasing steadily throughout the world each year. 

This is due to the release of pollutants from the 

various sources of industrial, agricultural and 

mining waste such as leaching of minerals and soil 

erosion as well as anthropogenic activities either 

directly or indirectly into the aquatic system. This 

has resulted in disruption in the ecological balance 

of different systems [1]. 

Fish is an aquatic organism of high 

economic value that responds to environmental 

change. Thus, it is extremely suitable to be utilized 

as an indicator for pollution studies. Moreover, fish 

is a good bio accumulator as it has the optimum size 

for analysis, and a long lifespan and it is easily 

obtained in large quantity to be sampled for 

accumulated metals. Generally, this accumulation 

depends on metal concentration, time of exposure, 

way of metal uptake, environmental conditions 
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such as water, temperature, pH, hardness, salinity 

and intrinsic factors (fish age, feeding habit, size). 

Various metals show different affinity to fish 

tissues. Most of them accumulate mainly in liver, 

kidney and gills. Metals distribution in various 

organs is time related. Accumulation of metals in 

various organs of fish may cause structural lesions 

and functional disturbance [2].  

The bioaccumulation of heavy metals in 

different tissues of aquatic organisms leads to 

several harmful effects. It may have genotoxic, 

mutagenic, Immuno-suppressive and cytotoxic 

effects. It may also result in histopathological 

changes, abnormalities in fish reproduction and 

public health hazard for human consumption such 

as polluted fish [3]. The main threats for fish 

consumers are associated with exposure to 

cadmium, mercury, arsenic, and lead [4]. For 

human beings, there are several different sources of 

heavy metal pollution such as rechargeable nickel-

cadmium batteries and cigarette smoking, which 

are considered as the major sources for cadmium 

exposure; inducing serious effects such as renal 

damage and bone fracture [5]. 

Rivers State, located in the South-South 

geopolitical zone of Nigeria, is economically 

significant as the center of Nigeria's oil industry. 

Oil extraction and transportation throughout the 

water bodies of this state, is one of the nation’s 

main pollution sources of polluted waters in Rivers 

State. Many industries and cities, which surround 

the state are another pollution sources. Cities and 

industrial wastes and pollution enter the water 

bodies and pollute them. There are different fish 

species in these polluted waters. The aim of this 

study is to evaluate the concentration of selected 

heavy metals - lead, manganese, copper, iron, zinc, 

chromium, nickel, arsenic, cadmium and cobalt, 

accumulated by fishes living in polluted water of 

Abuloma river, Rivers State, Nigeria, to ascertain 

their safety for consumption. 

 

Materials and Methods 

Sample collection  

Four different species of fish namely: 

Catfish, Sika fish, Stock fish and Mullet were 

bought from local fishermen at Abuloma River, 

Rivers State, Nigeria. The fishes were further 

subjected to preparation and analysis. 
 

Sample preparation  

The muscle tissue of each of the different 

species of fish was ground using a mortar and pestle 

into smaller pieces and oven dried at 60 oC until 

constant weight was reached (i.e. no moisture 

content in the samples). 1 g each of the dried fish 

samples was weighed into pre-weighed porcelain 

crucibles and transferred into a muffle furnace 

where they were ashed at 600 oC for two hours. The 

ashed samples were removed from the furnace and 

allowed to cool in a desiccator.  

The cooled ashed samples were carefully 

transferred into four different 100 cm3 beakers. 

Then 10 cm3 of nitric acid was added to each of the 

samples for digestion and then placed on a water 

bath at 99 oC to boil for 30 minutes. The samples 

were allowed to cool. The cooled solubilised 

sample was further filtered using a filter funnel and 

filter paper into a 1000 cm3 volumetric flask, and 
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the filtrate was made up to the mark with distilled 

water and stored in sample containers. The filtrates 

of each of the fish samples were analysed using 

Atomic Absorption Spectrophotometer, AAS 500F 

(PG instruments LTD, UK) to determine the 

concentration of the following heavy metals in each 

of the samples: Pb, Mn, Cu, Fe, Zn, Cr, Ni, As, Cd, 

Co. 

 

Metal pollution index 

The metal pollution index (Pi) is applied to 

assess the contamination of metals among the 

different organs of the fish samples under 

investigation [6]. 

The Pi is calculated by the following equation: 

Pi = Ci/Csi 

where, Pi is the monomial pollution index of metal 

i; Ci is the content of metal i in the fish samples 

(µg/g of wet weight); Csi is the threshold value of 

metal i in the fish samples. 

The Pi value is divided into four pollution 

levels. Pi < 0.2 suggests no significant pollution, 

0.2 < pi < 0.6 indicates minor pollution, 0.6 < pi < 

1 represents a moderate pollution, and pi > 1 

illustrates a severe pollution [6]. 

 

Results and Discussion 

The result of the metal uptake and accumulation in 

fishes living in polluted water of Rivers State, 

Nigeria, are shown on Table 1, while the pollution 

index analysis is indicated on Table 2. 

 

Table 1: Concentration of selected heavy metals in fish species from Abuloma River (μg/g) 

Samples 

Parameters 

Pb Mn Cu Ni Zn Cr Fe Cd Co As 

Mullet 0.160±

0 

0.144±

0 

0.168±

0 

ND 0.571±0.00

1 

0.036±0 0.346±0.00

1 

ND ND 2.389±0.0 

Sika fish 0.052±

0 

ND ND  ND  0.246±0.00

1 

ND 0.674±0.00

1 

ND ND 6.444±0.00

2 

Catfish 0.235±

0 

0.001±

0 

ND ND 0.457±0.00

1 

0.054±0.0

1 

1.047±0.00

2 

ND ND ND 

Stockfish 0.024±

0 

ND  0.276±

0 

ND 2.779±0.00

1 

0.063±0 0.510±0.00

2 

ND  ND  9.167±0.00

1 

FAO 

Limits [7] 

0.0035 0.2 0.5 0.005 1.0 0.05 0.8 0.007 - 0.002 

ND = Not Detected 

 

Table 2: Pollution index of selected heavy metals in fish species from Abuloma river 

Samples 

Parameters 

Pb Mn Cu Ni Zn Cr Fe Cd Co As 

Mullet 45.71 0.72 0.34 0 0.57 0.72 0.43 0 0 1194.5 

Sika fish 14.86 0 0 0 0.25 0 0.84 0 0 3222.0 

Catfish 67.14 0.01 0 0 0.46 1.08 1.31 0 0 0 

Stockfish 6.86 0 0.55 0 2.78 1.26 0.64 0 0 4583.5 
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The result indicates a Pb concentration of 

0.160 ±0.0 μg/g for Mullet fish, 0.052 ±0.0 μg/g for 

(Sika fish), 0.235±0.0 μg/g (Catfish) and 0.024 ±0.0 

μg/g (Stockfish). For Mn, the observable 

concentrations were 0.144±0.0 μg/g (Mullet fish) & 

0.001±0.0 μg/g (Catfish). Mn was not detected in 

Sika and Stockfish. For Cu analysis, the observed 

concentrations are 0.166 ±0.0 μg/g (Mullet) and 

0.273±0.0 μg/g (Stockfish). Cu was not detected in 

Sika fish and Catfish, while Ni, Cd and Co were not 

detected in the fish samples. Zn was detected in all 

the samples with the following concentrations: 

0.571±0.001 ug/g (Mullet), 0.246±0.001 μg/g (Sika 

fish), 0.457±0.001 ug/g (Catfish) and 2.779±0.001 

μg/g (Stockfish). For Cr determination in the fish 

species, the observed concentration are: 0.036±0.0 

ug/g (Mullet), 0.054±0.0 μg/g(Catfish), and 

0.063±0.0 μg/g (Stockfish). However, Cr was not 

detected in Sika fish. The Fe observed in the various 

fish samples occurred in Mullet fish (0.346±0.001 

μg/g), Sika fish (0.674±0.001 μg/g), Catfish 

(1.047±0.002 μg/g) and Stockfish (0.51±0.002 

μg/g). Surprisingly, an elevated concentration of As 

was detected in three of the four fish samples. The 

observed concentrations are 2.389±0.0 μg/g (Mullet 

fish), 6.444±0.002 μg/g (Sika fish) and 9.167±0.001 

μg/g (Stockfish). As was not detected in Catfish. 

From the results obtained, Pb was far above 

the limit prescribed by Food and Agricultural 

Organisation (FAO). The highest concentration of 

Pb was recorded in Catfish (0.235±0.0 μg/g) and 

this might be attributed to anthropogenic factors. 

Lead is a chemical element from the heavy metals 

category and it is one of the most ubiquitous and 

useful known metal to humans [8]. Even though it 

has no essential role in the living organism, Pb is 

detectable in practically all phases of the inert 

environment and in all biological systems [9].  

Manganese indicated a low concentration 

far below the observable limit by FAO (0.2 μg/g). 

The observable Mn could be from natural sources. 

Copper concentration was also found to be very low 

compared to the prescribed concentration by FAO 

(0.5 μg/g). Ni, Cd and Co were not in any way 

detected and is therefore an indication that no 

anthropogenic source with Ni, Cd and Co were 

discharged into the Abuloma River. Zinc 

concentrations were also found to be low compared 

to the FAO limit of 1.0 μg/g.  

Thus, the highest concentration of observed 

Zn is 2.78 μg/g in Stockfish. This is an indication 

that Zn may bioaccumulate in fish with time. Zinc 

wastes can have a direct toxicity to fish at increased 

waterborne levels [10]. Fisheries can be affected by 

either Zn alone or more often together with Cu and 

other metals [11][12]. The main target of water 

borne Zn toxicity are the gills [10], where the Ca2+ 

uptake is disrupted leading to hypocalcemia and 

eventually, death [13]. 

For Cr and Fe, the observed concentration 

was slightly above the FAO limits. Cr is an essential 

nutrient metal necessary for metabolism of 

carbohydrates [14]. Chromium enters into the 

aquatic ecosystem through effluents discharged 

from leather tanneries, textiles, electroplating, 

metal finishing, mining, dyeing and printing 

industries, ceramics, photographic and 

pharmaceutical industries [15][16]. Poor treatment 
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of these effluents can lead to the presence of Cr in 

the surrounding water bodies, where it is commonly 

found at potentially harmful levels to fish 

[17][18][19]. 

The observed concentration of As is far 

above the limits prescribed by FAO in the Mullet, 

Sika and Stock fishes. The As concentration in the 

fish species are grossly unacceptable. The riverine 

area where the fishes are sampled is a reservoir of 

industrial discharge. It is, therefore, not surprising 

that the As concentration is high in these aquatic 

species. Arsenic reach aquatic ecosystem by a 

variety of sources including manufacturing 

companies, mineral or strip mines, smelting 

operations and electric generating stations (power 

points). One major agricultural source of As is the 

manufacture and use of Arsenical defoliants and 

pesticides. It also has been used to kill aquatic 

plants in order to reduce the difficulty encountered 

during hook and line fishing areas over grown with 

aquatic vegetation [11].  

Arsenic compounds in the third oxidation 

state (Arsenites) are absorbed fairly rapidly into fish 

and are more toxic than Arsenic compounds in the 

oxidation static V (Arsenates) [20]. Acute 

exposures can result in immediate death because As 

induces increases in mucus production causing 

suffocation, or direct detrimental effects on the gill 

epithelium. Chronic exposures can result in the 

accumulation of metalloid to toxic levels and it is 

responsible for several disease conditions [21]. 

Pollution index analysis 

The pollution index results indicate a minor 

to no significant pollution for Mn, Cu, Ni, Zn, Cd 

and Co. A severe pollution occurred with Zn and Cr 

in Stockfish. Cr and Fe also showed a severe 

pollution in Catfish. Very severe pollution was 

observed with Pb in Mullet, Sika fish, Catfish and 

Stockfish, while As showed a very severe pollution 

index in Mullet fish, Sika fish and Stockfish. 

 

Conclusion  

From the results obtained, the Mullet, Sika 

and Stockfishes are not recommended for human 

consumption due to the objectionable high 

concentration of Pb and As observed. These 

elevated concentrations are as a result of massive 

industrial activities taking place in the study area 

which ends up polluting the water body as a result 

of their effluent discharges. The Catfish, however, 

was not affected by the As absorption, though 

further studies may be required to ascertain the 

suitability of the Catfish obtained from Abuloma 

river for human consumption. 
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