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ABSTRACT 

The Ogba River situated in Benin City, Nigeria, which was the focus of this research, is in 

receipt of mixed effluents which may contain a wide range of pollutants via the City’s master 

drainage system and its surroundings. This could naturally have undesirable effects on fish 

and on the health of those who rely on the water body as a source of fisheries resources. In 

this light, the present study specifically investigated the concentrations of` Copper (Cu), Iron 

(Fe), Lead (Pb) and Zinc (Zn) in some fish species namely, Chrysichthys nigrodigitatus, 

Hemichromis bimaculatus, Hemichromis faciatus, Alestes nurse  and Tilapia zillii and water 

from Ogba River, employing Atomic Absorption Spectrometric technique, with a view to 

assessing the potential human health risk of these metals. In water, the mean concentrations 

of Cu, Fe, Pb and Zn ranged from 0.12 -0.15 mg/L, 0.13 -0.23 mg/L, 0.02 -0.024 mg/L and 

0.30 -0.50 mg/L respectively while in fish, the mean concentrations of heavy metals ranged 

from 0.14 mg/kg (Pb) in T. zillii to 204 mg/kg(Fe) in H. bimaculatus. The bioaccumulation 

quotient (BQ) values ranged from 7.0 (Pb) in T. zillii. to 1569.2 (Fe) in H.bimaculatus while 

the estimated average daily intake (EADI) values (mg/person/day) ranged from 0.116 for Fe 

in H.bimaculatus to 0.00016 for Pb in A.nurse. The mean concentration of Pb in water 

exceeded the maximum limit as recommended by the World Health Organization (WHO) 

while the mean concentrations of Fe and occasionally Pb and Zn in all the investigated fish 

species exceeded the maximum limit for fish as recommended by the Food and Agriculture 

Organization of the United Nations (FAO).  Relevant agencies such as the Ministries of 

Environment and Health were enjoined to monitor the Ogba River ecosystem in order to 

curtail further deterioration of this freshwater body.  
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1.0 INTRODUCTION 

Global consumption of fish has increased due to their good nutritional value and therapeutic 

benefits. In addition to its important source of protein, fish typically have rich contents of 

essential minerals, vitamins and unsaturated fatty acids (Ajibare et al., 2021). Aquatic 

pollution has been defined as the contamination of water by the discharge of substances that 

are harmful to living organisms including fish (Obianime et al. 2017). Pollution of inland 

water bodies in third world nations such as Nigeria has been blamed principally on the 

discharge of untreated effluents from homes and industries (Kanu and Achi, 2011). Heavy 

metals are an assemblage of inorganic pollutants that generally belong to a group of metals 

that have atomic masses greater than 40 g and densities greater than 5g/cm3. It has been 

recognized that the quality of any water body is influenced by its physiochemical status 

including its heavy metal profile and status (Alaa and Osmani, 2010). Natural aquatic media 

have many uses such as drinking water, irrigation, fishery and energy production (Iscen et al. 

2008). According to Jones et al., (2022), the major exposure route of heavy metals in man is 

by ingestion of contaminated food and water. Heavy metals can be introduced into aquatic 

bodies through unnatural means such as mining, metal smelting, metallurgical industries, 

waste disposal and combustion of fossil fuels (Menon, 2007). Bioaccumulation of heavy 

metals in the tissues of aquatic species including fish has been described as an indication of 

the abundance and consequent availability of metals in the ambient aquatic environment 

(Sumit et al., 2021). Some metals such as Magnesium, Selenium, Potassium and Sodium are 

essential elements needed for normal body functions while others such as Copper, Iron, Zinc, 

Manganese and Molybdenum are required for enzymatic processes (Adepoju-Bello et al. 

2009). It has been recognized that the toxicity of heavy metals on fish can be influenced by 

several factors including pH, alkalinity, hardness, salinity, total solids and sedimentation load 

(Aprile and Bouvy, 2008). The unwholesome effects of heavy metals on human health has 

been highlighted by the Standard Organization of Nigeria (SON, 2007). The heavy metals of 

interest (HMI) were Copper (Cu), Zinc (Zn), Iron (Fe) and Lead (Pb). Copper is a naturally 

occurring metal found in the earth’s crust. It is generally present in surface waters, with 

cupric ion (Cu+2) as the primary form in which it naturally occurs (Mazon and Fernandes, 

1999). Zinc is also naturally present in the earth’s crust and is an inherent part of our 

environment as it can be found in plants, animals and humans (Chuan et al. 2009). Iron is 

naturally abundant in the environment and is a major component of the earth’s core 

(Kalyoncu et al. 2012). Lead is known to enter drinking water supplies as a result of the 

corrosion of materials containing Pb in water distribution facilities (Dietz et al. 1996). Ogba 

River is a popular freshwater ecosystem in Benin City, known for its rich fisheries resources. 

The River receives effluents which may contain a wide range of pollutants through the City’s 

master drainage system and its surroundings. This could naturally have undesirable effects on 

fish and on the health of those who rely on the water body as a source of fisheries resources. 

The River has attracted the attention of researchers since Mercury (Hg), a very hazardous 

heavy metal and a known neuro-poison was detected in fish and water (Wangboje and 

Oronsaye, 2001). The study was thus geared towards assessing the potential health risk to 

man with regard to possible heavy metal contamination of this ecosystem. 
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2.0 MATERIALS AND METHODS 

2.1 Brief description of study area 

Ogba River is situated in Benin City, Nigeria and lies within Latitude 6.5oN and Longitude 

5.8oE. The River also serves as an inflow point for effluents from Benin City via a master 

drainage system (Wangboje et al. 2016). Climate-wise the wet season runs from April to 

October while the dry season falls between November and March. Typically, rainfall peaks in 

July and September with reduced rainfall in August. Air temperature ranges from 23oC to 

34oC annually, while annual relative humidity is between 69% and 96% .Vegetation is typical 

of the tropical rainforest belt with some parts actively used for farming activities. In the 

neighbourhood of the River, is a Zoological garden, a prison, a Bridge, farm lands, a master 

drainage system and the Edo state office of the Agricultural Development Programme (ADP). 

The stations established for the study were the Zoo station (Zoological garden station) and 

Ogba Bridge station (Fig.1).  The stations are approximately 3 km apart along the River and 

are located at approximately 4 km and 7.5 km from the River source respectively. The Zoo 

station receives effluents from the Zoological garden while at the Bridge station, human 

activities such as fishing, car washing, carpet washing, swimming and traditional 

worshipping can be observed. Based on limited and available resources, the study was carried 

out between December 2012 and February 2013.  
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Figure 1: Ogba River showing the sampling stations 

Source: Survey Dept. Benin City, 1:20000 

 

2.2 Collection of water and bio-indicators 

Water samples were collected at approximately 30 cm depth below the water surface using 

pre-treated polypropylene bottles of 250 ml capacity. Five (5) ml of concentrated nitric acid 

was applied in-situ to each bottled sample in order to keep the metals in solution. Water 

samples were transported to the laboratory and stored at -5oC in a freezer.  The fish samples 

were collected using baited hooks and local fish traps with the assistance of artisanal 

fishermen. Fish samples were washed in River water to remove adhering debris and were 

thereafter placed in labeled polythene bags and moved to the laboratory within 24 hours in an 

Eskimo® ice box in order to preserve their integrity. 
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2.3 Laboratory procedures 

In the laboratory, the fish samples were identified with taxonomic keys as published by 

Holden and Reed (1972) and Olaosebikan and Raji (1998).  Cross referencing was done with 

the fishbase website (www.fishbase.org). The identified species were Chrysichthys 

nigrodigitatus (Lacepede, 1803), Mean total length=21.02±1.43cm, mean weight= 456±2.12 

g (n= 8),  Hemichromis bimaculatus (Gill, 1862), Mean total length=12.24±0.25cm, mean 

weight= 16±0.12 g (n= 6),   Hemichromis faciatus (Peters, 1857), Mean total 

length=22.61±0.55cm, mean weight= 251±1.27 g (n= 8),  Alestes nurse (Ruppel, 1832), 

Mean total length=24.28±1.66cm, mean weight= 125±1.87 g (n= 7),   and Tilapia zillii 

(Gervais, 1848), Mean total length=19.63±1.04cm, mean weight= 512 ±1.62 g (n= 8). Fish 

samples were mounted on a wooden dissecting board after which tissues of muscle were 

excised from the flanks using a stainless steel lancet while wearing disposable hand gloves. 

Excised tissues were oven dried in a DHG ®9202 Thermostatic drying oven (Healthquip 

Medical, England) at a temperature of 85oC until a constant weight was reached. Each sample 

was milled separately using a porcelain mortar and pestle and kept in sealed vials prior to 

digestion. Two (2) g of milled fish was weighed into a 250 ml conical flask and thereafter 

digestion was achieved by organic extraction method as described by Streedevi et al. (1992).  

 

Blanks were prepared using the same quantity of mixed acids but without the samples. Water 

samples were digested using the pre-concentrated acid method (Parker, 1972). Each sample 

was stored in plastic reagent containers prior to further analysis. Blank samples were 

prepared using the same quantity of Nitric acid. All reagents used were of analytical grade 

(BDH, Poole, England). Fish and water digests were analyzed for Fe, Cu, Pb and Zn by 

means of an Atomic Absorption Spectrophotometer (Unicam® 696 series) equipped with 

solar software using air acetylene flame as an oxidant. Concentrations of heavy metals in fish 

and water were expressed in mg/kg and mg/L respectively. 
 

2.4 Calculation of bioaccumulation quotient (BQ) for heavy metals 

The bioaccumulation quotient (BQ), Equation (1), indicates the level of retention of heavy 

metals and other chemical compounds in the tissues of aquatic species (Chen and Folt, 2000). 
 

BQ =
Heavy metal concentration in fish

Heavy metal concentration in water
      (1) 

 

2.5 Estimated average daily intake (EADI) of heavy metals by man   

The EADI was obtained by multiplying the mean heavy metal content  in fish (mg/kg) by the 

per capita fish consumption of an area (0.04kg/person/day in the Niger Delta) and dividing 

the product by the typical human adult body weight, estimated to be 70 kg (Ezemonye et al., 

2017). 

2.6 Condition factor for fish  

The condition factor, Equation (2), expresses the fatness, wellbeing, and relative robustness 

of a fish. It is believed that a heavier fish of a given length is in better condition than a lighter 

fish of the same length (Nikolsky, 1963).  

http://www.fishbase.org/
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Condition factor = 100 ∗ 𝑊
𝐿⁄ 3       (2) 

 

Where W= Weight of fish (g); L= Total length of fish (cm).  
 

2.7 Toxicity quotient (TQ) for heavy metals 

Toxicity quotient (TQ), Equation (3), for chemical elements is a comparison of the measured 

concentration of site-related elements in ecological matrices with specific health-based 

criteria (Newstead et al., 2002). 
 

𝑇𝑄 =
Measured concentration of heavy metal in fish sample

Health based criteria
   (3) 

 

2.8   Statistical methods 

Data generated from the study were analysed using computer software (GENSTAT version 

13.3 for windows). Analysis of variance (ANOVA) was used to test for significant 

differences between mean values of heavy metals at 5% level of probability. Least Significant 

Difference was used to separate means. Regression analysis was also employed as part of the 

statistical protocol while Microsoft Excel (For Windows), was used for all graphical 

presentations. 
 

3.0  RESULTS 

As presented in Table 1, the mean concentration of Cu in water ranged from 0.12 mg/L at the 

Zoo station to 0.15 mg/L at the Bridge station while Fe ranged from 0.13 mg/L at the Zoo 

station to 0.23 mg/L at the Bridge station. The mean concentration of Pb in water ranged 

from 0.02 mg/L at the Zoo station to 0.024 mg/L at the Bridge station while Zn ranged from 

0.30 mg/L at the Zoo station to 0.50 mg/L at the Bridge station. As shown in Table 2, there 

were no significant differences (P>0.05) in the mean concentrations of the investigated heavy 

metals in water between stations while in Table 3, there were no significant differences 

(P>0.05) in the mean concentrations of heavy metals in water between months. As shown in 

Table 4, the mean concentration of Cu in fish ranged from 1.050 mg/kg in T. zillii to 3.413 

mg/kg in A. nurse while the mean concentration of Fe ranged from 105 mg/kg in C. 

nigrodigitatus to 204 mg/kg in H. bimaculatus. The mean concentration of Pb in fish ranged 

from 0.140 mg/kg in T. zillii to 0.600 mg/kg in C. nigrodigitatus while the mean 

concentration of Zn ranged from 61.07 mg/kg in A. nurse to 96.72 mg/kg in H. bimaculatus.  
 

There were significant differences (P<0.05) in the mean concentrations of heavy metals 

between fish species. No significant differences (P>0.05) were observed in the mean 

concentrations of metals in fish species between stations (Table 5), while no significant 

differences (P>0.05) were observed in the mean concentrations of metals between months in 

the fish species (Table 6). As presented in Figure 2, the highest mean BQ value of 1569.2 was 

recorded for Fe in H.bimaculatus while the least mean BQ value of 7.0 was recorded for Pb 

in T. zillii. The Estimated average daily intake (EADI) values (mg/person/day) ranged from 

0.116 for Fe in H.bimaculatus to 0.00016 for Pb in A.nurse (Fig. 3) while the total heavy 

metal burden (mg/kg) in fish species ranged from 172.22 in C.nigrodigitatus to 303.71 in 

H.bimaculatus (Fig.4). The condition factor for fish species ranged from 6.22 for 

H.bimaculatus to 134.16 for T.zillii as presented in Fig.5 while the toxicity quotient (TQ) for 
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heavy metals ranged from 0.04 for Cu in C.nigrodigitatus to 6.80 for Fe in H.bimaculatus 

(Fig.6). 
 

Table 1: Monthly variations of heavy metals in water (mg/L) from Ogba River 

ZOO 

STATION 

Cu Fe Pb Zn BRIDGE 

STATION 

Cu Fe Pb Zn 

December 0.19 0.10 0.039 0.20 December 0.18 0.10 0.009 0.20 

January 0.08 0.10 0.012 0.40 January 0.10 0.20 0.029 0.70 

February 0.10 0.20 0.011 0.30 February 0.17 0.41 0.034 0.50 

Mean 0.12 0.13 0.020 0.30 Mean 0.15 0.23 0.024 0.50 
 

Table 2: Mean comparison of heavy metal concentrations (mg/L) in water at stations 

using Least Significant Difference 

                                                                             Metals  

Sampling stations Cu Fe Pb Zn 

Zoo 0.12a 0.1a 0.020a 0.3a 

Bridge  0.15a 0.2a 0.024a 0.5a 

Means in the same column with similar superscripts are not significantly different (P>0.05). Vertical 

comparisons only. 
 

Table 3: Mean comparison of heavy metal concentrations (mg/kg) in water for the 

months using Least Significant Difference 

 Months Cu  Fe  Pb  Zn  

December 0.18a 0.1a 0.024a 0.20a 

January 0.09a 0.2a 0.020a 0.60a 

February  0.14a 0.3a 0.022a 0.40a 

*WHO Threshold 2.0 0.3 0.01 3.0 

Means in the same column with similar superscripts are not significantly different (P>0.05). Vertical 

comparisons only.*World Health Organisation 

 

Table 4: Mean comparison of heavy metal concentrations (mg\kg) in fish species using 

Regression Analysis 

Fish species Cu Fe Pb Zn 

A. nurse 3.413a 146.0b 0.2833b 61.07b 

C. nigrodigitatus 1.220b 105.0b 0.6000a 65.40b 

H. bimaculatus 2.585b 204.0a 0.4050a 96.72a 

H. fasciatus 3.120a 187.0a 0.3167a 68.77b 

T. zillii 1.050b 186.0a 0.1400b 88.70a 

*FAO Threshold 30 30 0.5 75 

Means in the same column with similar superscripts are not significantly different (P>0.05). Vertical 

comparisons only.* Food and Agriculture Organization of the United Nations 
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Table 5: Mean comparison of heavy metal concentrations (mg/kg) in different fish 

species at the two stations using Regression Analysis 

 

Stations Cu Fe Pb Zn 

Zoo 2.782a 175.5a 0.3750a 78.85a 

Bridge 2.587a 176.0a 0.3183a 76.23a 

Means in the same column with similar superscripts are not significantly different (P>0.05). Vertical 

comparisons only. 

 

Table 6: Mean comparison of heavy metal concentrations (mg/kg) in different fish 

species for the months using Regression Analysis 

 

                                                                       Metal  

Month Cu Fe Pb  Zn  

December 2.733a 123.0a 0.4925a 83.85a 

January 2.730a 179.8a 0.2800a 66.50a 

February 2.590a 224.5a 0.2675a 82.28a 

Means in the same column with similar superscripts are not significantly different (P>0.05). Vertical 

comparisons only. 

 

 
Figure 2: Bioaccumulation quotient (BQ) values for heavy metals in fish species 
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Figure 3: Estimated average daily intake (EADI) figures for heavy metals 
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Figure 4: Total heavy metal burden (mg/kg) in fish species 

 

 

Figure 5: Condition factor values for fish species 
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Figure 6: Toxicity quotient (TQ) for heavy metals 

 

4.0 DISCUSSION 

In this study, it was observed that the mean concentrations of Cu, Fe, Pb and Zn were highest at 

the Bridge station compared to the Zoo station. This finding could be due to a higher 

anthropogenic impact and hence a greater level of perturbation at the Bridge station compared to 

the Zoo station. Some easily recognizable human activities that take place at the Bridge station 

include car washing, laundry, carpet washing, fishing, traditional worshipping and swimming. It 

has been recognised that waste products that enter aquatic bodies occur in both solid and liquid 

forms derived from domestic, industrial and agricultural activities and as a result such water 

bodies can become contaminated beyond natural levels (Kanu and Achi, 2011). The resultant 

effects of this on public health and the environment are usually great in magnitude (Osibanjo et 

al. 2011).  

 

Anthropogenic load on aquatic ecosystems has been reported to lead to increased inputs of heavy 

metals, which can have toxic effects on aquatic organisms including fish (Marenkov et. al., 
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of no use in the human body. The metal can be sourced from automobile parts, fossil fuel, lead 

pipes, batteries, solders, alloys, plastic stabilizers, rust inhibitors and ammunition (Wangboje and 

Ekundayo, 2013). Effects of Pb poisoning in man includes gastrointestinal, neuromuscular and 

renal signs and symptoms such as anorexia, headache, malaise, lead-palsy, encephalopathy, and 

insomnia (Erah et al. 2002). It has also been reported that Pb is a cumulative poison and a 

possible human carcinogen (Bakare-Odunola, 2005). Higher mean values of Cu (2.17 mg/L), 

Pb(0.03 mg/L) and Zn(2.72 mg/L) in water from the lower River Niger were recorded by 

Olatunji and Osibanjo (2012) compared to the mean concentrations of the same metals in this 

study. Similarly higher mean values of Pb (53.67 mg/L) and Zn (50.36 mg/L) in water from the 

Southern Caspian Sea were recorded by Saravi et al. (2010) compared to this study. A closely 

comparable mean value of 0.418 mg/L for Zn in water from the lower Cross River was reported 

by Udoidiong et al. (2013). In this study, the mean concentrations Cu, Pb and Zn in the fish 

species were generally higher at the Zoo station compared to the Bridge station especially in the 

month of December. This finding could be attributed to a higher influx of Cu, Pb and Zn and 

their compounds into the Zoo station within the month of December especially by way of 

effluents from the Zoological garden and the master drainage channel. It has been reported that 

the indiscriminate discharge of effluents into receiving water bodies in developing countries such 

as Nigeria, can adversely tarnish the water quality of such aquatic media thus posing additional 

risk to public health (Omoleke, 2004). 

 

The Zoo station is located approximately a kilometre downstream of the outflow of the master 

drainage channel and could thus be conceivably more impacted by pollutants such as metals than 

the Bridge station which is situated further down the stretch of the River. The mean 

concentrations of the investigated metals were not significantly different (P>0.05) between the 

fish species and between the stations. This finding could be attributed to the period of sampling 

which fell within the dry season when there was no rainfall that would have increased the mixing 

of water thus creating a dilution effect on the aquatic medium in the process. It was reported by 

Ekeh and Sikoki (2003) that physico-chemical properties of aquatic bodies can be influenced by 

variations in seasons.  In this study, all the heavy metals were bioaccumulated by the fish species 

of which the highest BQ values were recorded for Fe. This finding is not surprising as Fe is 

naturally very abundant in the earth’s crust and is a component of fish blood. Furthermore the 

ferric and ferrous forms of the metal are highly soluble in water thus making the metal readily 

bioavailable to fish. Bioaccumulation of metals by fish usually occurs when the rate of uptake of 

metals exceeds the rate of elimination of such metals. The estimated average daily intake (EADI) 

figures for heavy metals via the potential consumption of fish took the general rank profile of 

Fe> Zn>Cu>Pb.  

 

This observed sequence was clearly influenced by the mean concentrations of the 

aforementioned metallic elements in the fish species which took a similar trend. It would thus 

mean that potential consumers of these fish species will be exposed to more of Fe and less of Pb 
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in their diet, assuming these fish species were to be consumed on a daily basis. The total heavy 

metal burden in fish revealed that H.bimaculatus and C.nigrodigitatus had the highest and lowest 

burden respectively, clearly indicating the dynamics of metal uptake and retention by different 

species. The condition factor revealed that all the fish species were well conditioned in their 

aquatic media with T.zillii having the highest value compared to the other fish species. This 

observation is probably due to the fact that this particular fish species had desirable food items 

and prey in abundance in its habitat. The condition factor may be influenced by factors such as 

diet and favourable water quality. With regard to potential impact on human health, the mean 

concentration of Cu in all the experimental fish species did not exceed the Food and Agriculture 

Organization of the United Nations (FAO, 1983) limit for metals in fish however the mean 

concentration of Fe in all the fish species were clearly above the FAO limit. The mean 

concentration of Pb in C. nigrodigitatus and the mean concentration of Zn in H. bimaculatus, 

were above the FAO limits. The toxicity quotient (TQ) for heavy metals revealed that the values 

for Fe in all the fish species, Pb in C.nigrodigitatus and Zn in T.zillii and C.nigrodigitatus were 

all above unity, indicating a risk to potential consumers in terms of heavy metal poisoning. 

 

Copper (Cu), Fe and Zn are essential elements required for proper metabolic functions in man 

but could become toxic when excess levels are found in the human body. For example, Cu has 

been reported to cause anaemia, kidney and liver damage, stomach and intestinal irritation in 

man when recommended doses are exceeded (Turnland, 1988). Excess Fe in the human body can 

lead to haemo-chromatosis while the excess intake of Zn, can lead to vomiting, dehydration, 

abdominal pain, nausea, lethargy and dizziness (Agency for Toxic Substances and Disease 

Registry, 1994).  

 

Apart from natural sources of these metals, Cu can be sourced from pesticides, wood 

preservatives, paints, fertilizers and piping material amongst others while Fe can sourced from 

pipes, fossil fuels and effluents from textile and metallurgical industries. Zinc can be sourced 

from alloys, galvanized iron work, batteries, refuse, pesticides and fossil fuel amongst others. In 

this study, the mean concentrations of Cu, Fe and Zn in A. nurse exceeded the mean 

concentrations of 0.37 mg/kg (Cu), 0.37 mg/kg (Fe) and 4.36 mg/kg (Zn) recorded in Cyprinus 

carpio from the Isikli Dam, Turkey, by Kalyoncu et al. (2012) while the mean concentration of 

Pb in the investigated fish species were lower than the mean value of 4.48 mg/kg (Pb) recorded 

in T. zillii from the Anthi-Galana-Sabaki Tributaries, Kenya, by Muiruri et al. (2013). 

 

5.0 CONCLUSION 

The study revealed that the   elements of immediate concern were Fe, Pb and Zn in fish and Pb in 

water, since the mean concentrations of the aforementioned metals exceeded standard maximum 

allowable limits for human health. It is thus pertinent for relevant regulatory agencies to 

continuously monitor the Ogba River ecosystem in order to avoid further deterioration of this 

freshwater body with regard to heavy metal contamination. It is suggested that future monitoring 
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should encompass other heavy metals not covered in this study as well as extending the period of 

sampling campaign in order to establish specific trends. 

 

6.0 ACKNOWLEDGEMENT 

We are grateful to Management of Martlet Laboratory, Benin City, for the use of their Atomic 

Absorption Spectrometric facility. 

 

7.0 CONFLICT OF INTEREST 

The authors declare no conflict of interest associated with this work 

 

8.0 REFERENCES 

Adepoju-Bello, A. A., Ojomolade, O. O., Ayoola, G. A. and Cooker, A. A. B. (2009). 

Quantitative analysis of some toxic metals in domestic water obtained from Lagos 

Metropolis. The Nig. J. Pharm. 42 (1), 57-60. 

Agency for Toxic Substances and Disease Registry (1994). Toxicological profile for zinc. United 

States Department of Health and Human Service, Public Health Service/205-88-0608. 

Ajibare, A., Ogungbile, P., Ayeku, P., Akande, J. (2021). Human health risks assessment of 

 some heavy metals in Oreochromis niloticus from a Tropical Reservoir. Aquatic 

Food Studies, 1(2), AFS35. https://doi.org/10.4194/AFS35 

Alaa, G.M. and Osmani, W.K. (2010). Water quality and heavy metal monitoring in water, 

sediments and issues of the African catfish, Clarias gariepinus (Burchell, 1822) from 

River Nile, Egypt. J.  Environ. Protec. 1, 389-400. 

Aprile, F.M. and Bouvy, M. (2008). Distribution of heavy metals in sediments at the Tapacura 

River Basin, North-Eastern Brazil. Braz. J. Aqua. Sci.  Tech. 12(1), 1 - 8. 

Bakare-Odunola, M.T. (2005). Determination of some metallic impurities present in soft drinks 

marketed in Nigeria. The Nig. J. Pharm. 4(1), 51-54. 

Chen, C.Y. and Folt, C.L. (2000). Bioaccumulation of arsenic and lead in a freshwater food web. 

Environ. Sci.  Tech. 34, 3878-3884. 

Chuan, F. ,Jinsong, G., Jie, P., Junsheng, Q. and Weissheng, Z. (2009). Potential ecological risk 

assessment of heavy metal pollution in sediments of the Yangtze River within the 

Wanzhou Section, China. Bio. Trace Elem. Res. 129 (1-3), 270-277. 

Dietz, R., Riget, F. and Johansen, P. (1996). Lead, Cadmium, Mercury and Selenium in 

Greenland marine animals. Sci. Tot. Environ. 186, 67-93. 

Ekeh, I.B. and Sikoki, F.D. (2003). The state and seasonal variability in some 

physicochemical parameters of New Calabar River, Nigeria. Suppl. Acta Hydrobiol. 5, 

45-60. 

https://doi.org/10.4194/AFS35


Wangboje, O.M. and Braimah, A. Journal of Engineering for Development, Vol. 14(1), March (2022) pp.46-62 

60 
 

Erah, P.O., Akujieze, C.N. and Oteze, G. (2002). The quality of groundwater in Benin City: A 

baseline study on inorganic chemicals and microbial contaminants of health importance 

in boreholes and open wells. Trop. J. Pharm. Res. 1(2), 75-82. 

Ezemonye, L,  Tongo, I., Fasipe, P., Ogbeide,  O. and  Ogbomida E. (2017). Assessment of 

 organochlorine pesticide levels in fruits and vegetables from markets in southern 

Nigeria.  In: Conference proceedings of the 9th International Toxicology 

Symposium in Africa, 7th- 8th September, 2017, Benin City, Nigeria. pp. 2-3. 

Food and Agriculture Organization of the United Nations (1983). Compilation of legal limits 

 for hazardous substances in fish and fishery products. FAO Fishery Circular 464. 

Holden, M. and Reed, W. (1972). West African freshwater fish. Longman Group Limited, 

London. 68 pp. 

Iscen, C.F.,  Ilhan, S., Arslan N., Yilmaz, V. and Ahisk, S. (2008). Application of multivariate 

statistical techniques in the assessment of surface water quality in Uluabat Lake, 

Turkey. Environ. Mon. Assess. 144 (1-3), 269-276. 

Jones, D.H., Xinhua Yu, X.,  Guo, Q., Duan, X. and  Jia, C. (2022). Racial disparities in the 

 heavy metal contamination of urban soil in the southeastern United States. Int. J. 

 Environ. Res. Public Health, 19: 1105. https://doi.org/10.3390/ijerph19031105 

Kalyoncu, L., Kalyoncu, H. and Arslan, G. (2012). Determination of heavy metals and metal 

levels in five fish species from Isikh Dam Lake and Karacaoren Dam Lake (Turkey). 

Environ. Mon. Assess. 184 (4), 2231-2235. 

Kanu, I. and Achi, O. K. (2011). Industrial effluents and their impact on water quality of 

receiving Rivers in Nigeria. J. App. Tech. Environ. San. 1(1), 75-86. 

Marenkov, O.M., Izhboldina, O.O.,  Nazarenko, M.M.,  Mylostyvyi, R.V., 

Khramkova, O.M.,Kapshuk, N.O., Prychepa,, M.V. and Nesterenko, O.S. (2021). 

Influence of heavy metals on physiological and biochemical parameters of 

Pseudorasbora parva (Cypriniformes, Cyprinidae). Regul. Mech. Biosyst., 12(4): 745–

752. 

Mazon, A.F. and Fernandes, M.N (1999). Toxicity and differential tissue accumulation of copper 

in the tropical freshwater fish Prochilochus scrofa (Prochilodontidae). Bull. Environ. 

Contam. Tox. 63, 797-804. 

Menon, H. (2007). Effect of heavy metal soil pollution and acid rain on growth and water use 

efficiency of a young model ecosystem. Plant and Soil. 297, 171-183. 

 

Muiruri, J.M., Nyambaka, H.N. and Nawiri, M.P. (2013). Heavy metals in water and Tilapia fish 

from Athi-Galana-Sabaki Tributaries, Kenya. Int. Food Res. J. 20(2), 891-896. 

Newstead, J.N., Cousins, I. K. and Giesy, J.P. (2002). Predicted distribution and ecological risk 

 assessment of a segregated hydrofluoranthene in the Japanese environment. 

 Environ. Sci. Tech., 36: 4761-4769. 

Nikolsky, G.V. (1963). The Ecology of Fish. Academic Press, London. 352 pp. 

 



Wangboje, O.M. and Braimah, A. Journal of Engineering for Development, Vol. 14(1), March (2022) pp.46-62 

61 
 

Obianime, A.W., Odili, O. and Olorunfemi, O.J. (2017). Air and soil carcinogenic risk 

evaluation and impact on the health status of automechanics: The Nigeria Environment. 

Int. J.  Med. Res. App. 1(1), 26-34. 

Olaosebikan, B.D. and Raji, A. (1998). Field guide to Nigerian freshwater fishes. Federal 

College of Freshwater Fisheries Technology, New Bussa, Nigeria. 106 pp. 

Olatunji, O.S. and Osibanjo, O. (2012). Determination of selected heavy metals in inland 

freshwater of Lower River Niger drainage in North Central Nigeria. Afr. J.  Environ. Sci. 

Tech. 6(10) http://dx.doi.org/10.4314%2fajest.v6i10. Accessed on 26th January, 2014. 

Omoleke, I.I. (2004). Management of environmental pollution in Ibadan, an African City: The   

 challenges of health hazard facing Government and the People. J. Hum. Eco. 15(4), 266-

 275. 

Osibanjo, O., Daso, A. P. and Gbadebo, A.M. (2011). The impact of industries on surface water 

quality of River Ona and River Alaro in Oluyole Industrial Estate, Ibadan. Afr. J. Biotech. 

10(4), 696-702. 

Parker, C. R. (1972). Water Analysis by Atomic Absorption Spectroscopy. Varian Techtron Ltd. 

Australia. 

Saravi, S.S.S., Tabari, S., Bandany, G., Dehghan, A. and Shokrzadeh, M. (2010). Heavy metals 

(Zn, Pb, Cd and Cr) in fish, water and sediments sampled from Southern Caspian Sea, 

Iran. Tox. Indust. Health. 26(10), 649-656. 

Standard Organisation of Nigeria (2007). Nigerian Industrial Standard for Drinking Water 

Quality. NIS 554, Standard Organisation of Nigeria, Abuja, Nigeria. pp. 16 – 18.  

Streedevi, P. A, Suresh, A., Siraramakrisha, B, Prohavathi, B. and Radhadrias, K. (1992). 

Bioaccumulation of nickel in the organs of the freshwater fish Cyprinus carpio and the 

fresh water mussel Lamethodens marginals under lethal and sub-lethal nickel stress. 

Chemosphere 24 (1): 29-36. 

 

Sumit, K. P., Ahad, A., Ahmed, K.K.U., Kamal, M. and. Reza, S. (2021). Bioaccumulation of 

 heavy metals in fish and shellfish from Rupsa River, Bangladesh, and risk assessment for 

 human. Bangladesh J. Fish. 33(2):305-316. 

Turnland, J.R. (1988). Copper nutrition, bioavailability and influence of dietry factors. J. Ame. 

 Diet. Ass. 1, 303-308. 

Udoidiong, O.M., Oribhabor, B.J., Munam, E.E. and Bernard, J.J. (2013). Assessment of the 

 impact  of human settlement on the heavy metal concentrations of Lower Cross River, 

 Nigeria. Sci. J. Pure App. Sci. 2(7), 

 www.sjournals.com/index.php/SJPAS/article/view/838. Accessed on 2nd February 2014. 

Wangboje, O. M. and Oronsaye, J.A.O. (2001). Bioaccumulation of Iron, Mercury, Copper, Zinc 

and Chromium by fish species from Ogba River, Benin City, Nigeria. Afr. J. App. Zoo.  

Environ. Biol. (3), 45-49.  

http://dx.doi.org/10.4314%2fajest.v6i10
http://www.sjournals.com/index.php/SJPAS/article/view/838


Wangboje, O.M. and Braimah, A. Journal of Engineering for Development, Vol. 14(1), March (2022) pp.46-62 

62 
 

Wangboje, O.M. and Ekundayo, O.T. (2013). Assessment of heavy metals in surface water of the 

Ikpoba Reservoir, Benin City, Nigeria. Nig. J. Tech. 32(1), 61-66.   

World Health Organisation (2004). Guidelines for Drinking Water Quality. 3rd Edition. Volume 

1. Recommendations. World Health Organisation, Geneva. 


