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Abstract 

 
The freshwater fishes (Schilbe mystus, Sarotherodon galileus, Mormyrus rume and Clarias anguillaris) are the 

most commercially important finfishes in Nigeria. Investigations were made on the accumulation of five (5) heavy 

metals: Lead (Pb), Chromium (Cr), Iron (Fe), Cadmium (Cd), and Zinc (Zn) collected from water, sediment and 

fish organs (gills, intestines and flesh) inhabiting the Ajiwa dam. Standard methods analyses revealed low 

accumulation of metals in the water and flesh of the finfishes for both seasons compared to the sediment. The 

mean concentration of heavy metals decreased in this sequence: Fe>Zn>Pb>Cr>Cd (wet season) and 

Fe>Zn>Cr>Cd>Pb (dry season) for all sampled fish organs. Fe had the highest mean concentration (106±2.30mg/l) 

in all the samples while Cd (0.43±0.02mg/l) and Pb (0.22±0.01) had the least mean concentration for the wet and 

dry seasons respectively. The bio-water accumulation factors showed that the flesh accumulated all the five metals 

with Fe (>0.5mg/l) as the highest and Zn (≤0.221mg/l) as the least. The bio-sediment accumulation factors in the 

flesh were ≤2 mg/kg. The results of heavy metals concentrations obtained from the sampled fish organs and water 

from the dam were within the limit of FAO/WHO recommendation for human consumption and striving of the 

finfishes.  
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Introduction 

Decades  ago,  the  ability  of  the  aquatic  ecosystem to  sustain  this  important  aquatic resource  (fishes)  has  

come under  threat,  as  a  result  of  increasing  contamination of surface water and sediments in the aquatic 

medium as  it  accumulates  in  aquatic  organisms  (planktons and invertebrates) and invariably, bioaccumulates 

in humans, the final consumer of the aquatic resources, which now pose a great concern globally (Malik et al., 

2010; Aghoghovwia et al., 2016; Hossain et al., 2016; Akinjogunla and Lawal-Are, 2020; Akinjogunla et al., 

2023). Water plays a very significant role in the life of human and aquatic organisms. Water with zero content of 

toxicant is essential for living a healthy life since polluted water can pose humans health at risk through direct or 

indirect contact with dangerous chemicals (Akinjogunla et al., 2023).  

In the recent times, Ajiwa irrigation Dam, Katsina has been subjected to a lot of anthropogenic pollutants capable 

of impairing the healthy status of the river with the influence of inhabitants and fisherfolks on the dam 

(Akinjogunla and Shuai’bu, 2022). Aquatic contamination has been increased by industrial revolution, mechanical 

waste and anthropogenic activities. Significant pollutant discharge into water have resulted to magnanimous 

hazards to the fresh water ecosystem. Contaminants of aquatic systems with heavy metals is one of the most 

challenging problems globally now, because of their toxicity, persistency and ability of bioaccumulation (Zeitoun 

and Mehana, 2014). Metals accumulate in sediment at a considerable amount and finally enters into the food chain 

through water and plants (Bhuyan and Islam 2017).  

Finfishes constitute major sources of animal protein intake of human, (Akinjogunla et al., 2021; Akinjogunla and 

Usman, 2023; Akinjogunla and Shehu, 2024), particularly in developing countries and are consumed or presented 

in various palatable ways (fresh, cooked, grilled, dried, fried or smoked) depending on individual’s taste, 

preference or socio-economic status (Akinjogunla et al., 2017). Fishes are the most important aquatic biota and 

are susceptible to heavy metals pollution (Akan et al. 2012).  

Heavy metal toxic waste is considered as a major ecological disaster because of its inability to breakdown to 

smaller harmless pieces and so, they regenerate to survive in the environment and also in the aquatic organisms 

(Ayangbenro and Babalola 2017). In aquatic system, the ambient environment (water and sediment) is usually the 

medium and receiving point of these metal pollutants (Gilbert &Avenant-Oldewage 2014). Pollution appraisal in 

an environment based on water analyses only is not a comprehensive and precise method of identifying 

contaminants in aquatic systems (Ismail et al. 2016) while metal concentration in sediment is also an indispensable 

tool in water quality evaluation (Abdel-Khalek et al. 2016). The biotic and abiotic properties of the aquatic 
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environment differ from one habitat or ecosystem (marine, estuarine or freshwater) to another. Human activities 

(domestic or industrial) that can result in the alteration of the waterbeds, presence or absence of fauna (preys or 

predators), support or impeding of aquatic growths etc. can lead to degradation of water quality (Verma et al., 

2012). 

The concentration of metals becomes toxic to both the fish and the final consumer (human and animals) when it 

exceeds the permissible level (Abdallah et al., 2012; Adaka et al., 2017; Akinjogunla and Lawal-Are, 2020; 

Okunade et al., 2021; Akinjogunla et al., 2023). This threshold limit varies not only between different metals but 

also among different species. Metals become toxic when the metabolic activities of the organism fail to detoxify 

them (Mansour and Sidky, 2002). Exposure to heavy metals could eventually lead to health hazards or threats 

connected with the ingestion of contaminated / polluted fish by man. All these sources of pollution affect the 

physiochemical characteristics of the water, sediment and biological components (Akinjogunla et al., 2023), and 

thus the quality and quantity of fish stocks (Mantovani, et al., 2005; Singh, et al., 2006). 

Schilbe mystus, Sarotherodon galileus, Mormyrus rume and Clarias anguillaris are freshwater fishes that are of 

great commercial importance and in abundance in the study area (Akinjogunla and Shuaibu, 2022). Fish and other 

aquatic food are capable of concentrating heavy metals in their tissues (Akinjogunla and Lawal-are, 2020; 

Akinjogunla et al., 2023) and for the fact that they play a vital role in human nutrition, they need to be checked 

properly to ensure that unnecessary high level of some organic and inorganic pollutant is not being transferred to 

human through consumption. 

To the best of our knowledge, from literature survey, no work has been reported on the assessment of heavy metals 

in fishes, sediments and water of the Ajiwa Irrigation Dam. Therefore, in this study we accessed the concentration 

levels of selected heavy metals such as Cadmium (Cd), Lead (Pb), Chromium (Cr), Zinc (Zn) and Iron (Fe) in the 

four commonly consumed finfishes (Schilbe mystus, Sarotherodon galileus, Mormyrus rume and Clarias 

anguillaris) tissues (gills, intestine, flesh) of the Ajiwa irrigation Dam. 

 

Materials and Method 

 

Sampling Area 

Ajiwa Irrigation dam / reservoir (Figure1) is located at Batagarawa Local Government Area of Katsina State 

(Akinjogunla and Shuai’bu, 2022) with its primary purpose of suppling water but as time goes on, fishing activities 

was added (Akinjogunla and Usman, 2023). 

 

 
Figure 1. Ajiwa Irrigation dam 

Source: Akinjogunla and Shuai’bu, 2022 
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Sampling stations 

Along the river, three (3) sampling stations were selected and named as sampling station A, B, C across the Dam 

area, with particular reference to areas where there are continuous human interactions and discharge of wastewater.  

 

Water sample collection 

Water samples were collected at each sampling station (Station A, B, C) for a period of six (6) months. Water 

sampling was done by immersing sampling bottles at about 10cm below the water surface. A volume of 500 ml of 

water sample was collected from each sampling station.  

 

Sediment Sample Collection 

Sediment from each study station was collected using hand trowel into pre-cleaned polythene bag for the period 

of six (6) months between July (which marked the peak of rainy season) to December, 2023 which marked the 

peak of dry season. All the samples were collected under the same condition. The sediment samples collected were 

kept in polyethylene bags and preserved under a freezing condition (< -20 °C) before laboratory analysis. 

 

Fish Samples Collection and Identification 

Four (4) fish species (Schilbe mystus, Sarotherodon galileus, Mormyrus rume and Clarias anguillaris) were 

collected monthly for a period of six months at the fish landing site of the dam. The fishes were washed using the 

dam water and preserved in an ice cooler and transported to the Department of Biochemistry laboratory, Gombe 

State University, Gombe State. 

 

Samples Preparation and Analysis  

Water sample  

Raw water was subjected to wet digestion. 100ml unfiltered water was measured into a 250ml beaker and 20ml 

“Analar” nitric acid solution plus 10ml of 50% hydrochloric acid solution was added. The acidified water was 

evaporated to almost dryness on a hot plate and 5ml of 50% hydrochloric acid was again added and heated for 15 

minutes. The beaker was removed and cooled to room temperature before transferring the contents into a 100ml 

volumetric flask and made up to the mark with distilled water (Wufem et al., 2009). The digested water was filtered 

and analyzed for the levels of heavy metals using AA6800 (Shimadzu Japan). Atomic Absorption 

Spectrophotometer (AAS). 

 

Fish samples  

The fish organs (gills, intestines and flesh) were eviscerated and then transferred into electric oven at 400C. They 

were dried in the oven at this temperature for 24 hours and then pulverized in a clean dry porcelain mortar (Ahmed 

et al., 2010). The pulverized samples were dried further for 1hour at a reduced temperature of 200C and put into 

clean dried bottles. 3.0g of the dried fish samples was weighed into a silica crucible and ashed in a muffle furnace 

at a temperature of 6000C for 5 hours (Adeniyi et al., 2005). The ashes were cooled to room temperature and sieved 

to remove particles and then transferred into a 250ml conical flask. Thereafter, 20ml of concentrated HNO3 was 

added and diluted to 50ml with deionized water and swirled gently after which the volume was made up to 100ml 

with deionized water and analyzed for heavy metals as with the water.  

 

Sediment  

Sediment Samples were dried, ground and sieved with 200mm mesh screen. For each sample, 5.0g of sediment 

was measured into 150ml flasks. 50ml of 0.1M HCl was added and the flasks was agitated for 30 mins at 200 

rev/min. The mixture was filtered into 50ml flask and made up to the mark with deionized water (Ahmed et al., 

2010). 

 

Chemical Analysis 

Flame atomic absorption spectrophotometry (FAAS) AA6800 (Shimadzu Japan) supplied with ASC-6100 auto 

sampler and air acetylene atomization gas mixture with elements specific hollow cathode lamp was used for the 

determination of the targeted heavy metals at Department of Biochemistry laboratory Gombe State University, 

Gombe State. Analytical grade standards of each target heavy metals were used. 

 

Determination of Bioaccumulation Factors 

The bioaccumulation factors of the heavy metals in the organs, water and sediment were determined using the 

method adopted to gauge the bioaccumulation of trace metals as advocated by the FEPA (2003) in the tissues of 

commonly consumed fish. 

𝐵𝑊𝐴𝐹 =  
𝐻𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑜𝑟𝑔𝑎𝑛𝑠

𝐻𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟
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𝐵𝑆𝐴𝐹 =  
𝐻𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑜𝑟𝑔𝑎𝑛𝑠

𝐻𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡
 

 

Statistical Analysis 

Data generated from this study were analyzed as mean ± standard error using Microsoft Excel 2010. All means 

recorded were determined considering a level of significance less than 5% (p < 0.05) at 95%. It was used to test 

for significant relationship among heavy metals levels in muscle, water and sediment of the sampling site. 

 

Results 

 

The mean concentration  of Cadmium (Cd), Lead (Pb), Chromium (Cr), Zinc (Zn) and Iron (Fe) in the various 

tissues (gills, intestines and flesh) of common edible fishes  (Schilbe mystus – S. mystus, Sarotherodon galileus – 

S. galileus, Mormyrus rume – M. rume and Clarias anguillaris – C. anguillaris), sediment and water from three 

(3) sampling points at the Ajiwa Irrigation Dam in Kastina State  during the wet and dry seasons is reported in 

Table 1. 

 

Table 1. The concentration (Mean ± SD, in mg/kg) of metals in tissues of fish samples obtained from Ajiwa 

irrigation Dam, Katsina during both wet and dry seasons. 
 S. mystus C. anguillaris 

M Gills Intestine Flesh Gills Intestine Flesh 

Wet Season  

Cd 1.16 ± 0.04 1.45±0.05 1.40± 0.01 0.43± 0.02 0.48±0.01 0.44±0.01 

Pb 2.11±0.02 1.21±0.15 1.28±0.20 1.57± 0.01 1.58±0.01 2.00±0.01 

Cr 1.47± 0.02 1.48±0.02 1.35± 0.03 0.51±0.03 0.51±0.02 0.49± 0.01 

Zn 3.20± 0.14 3.14±0.01 2.23± 0.15 8.85±0.05 8.55±0.04 8.30±0.03 

Fe 106± 2.30 98± 2.23 105 ± 2.33 33.0 ±0.05 13.68±0.40 10.20± 0.10 

Dry Season 

Cd 0.47 ± 0.02 0.43±0.02 0.34± 0.01 0.60± 0.02 0.60±0.02 0.31±0.01 

Pb  0.44±0.02 0.34±0.02 0.22±0.01 0.53± 0.03 0.52±0.02 0.28±0.01 

Cr 0.81± 0.02 1.00±0.02 0.98± 0.01  0.79±0.02 0.79±0.02 0.40± 0.01 

Zn 36.6± 0.14 30.0± 0.06 36.6± 0.15 35.00±0.02 35.01±0.01 34.00±0.03 

Fe  60.6± 0.21 60.5± 0.22 63.6 ± 0.21 53.00 ±0.05 53.00±0.05 52.01± 0.04 
 M. rume S. galileus 

M Gills Intestine Flesh Gills Intestine Flesh 

Wet Season 

Cd 1.28±0.02 1.10±0.05   1.10 ±0.01 1.02±0.03 1.24±0.02 1.18±0.01 

Pb 2.62±0.17 2.55±0.14 2.18±0.16 2.47±0.01 2.38±0.01 2.43±0.02 

Cr 1.29±0.11 1.20±0.12 1.23±0.01 1.33±0.02 1.28± 0.02 1.35± 0.01 

Zn 2.83±0.21 3.44±0.21 2.33±0.19 2.98±0.02 1.98±0.02 2.60± 0.01 

Fe 100±1.52 101±1.82 99±1.72 94.7± 1.53 16.14±0.23 19.12±0.19 

Dry Season 

Cd 0.39±0.02 0.49±0.02 0.48 ±0.01 0.60±0.01 0.31±0.02 0.30±0.01 

Pb 0.25±0.03 0.46±0.02 0.45±0.03 0.40±0.01 0.22±0.01 0.26±0.02 

Cr 0.76±0.03 0.76±0.02 0.77±0.03 1.76±0.02 0.75± 0.02 1.76± 0.01 

Zn 37.6±0.23 37.6±0.23 38.00±0.21 35.2±0.02 34.22±0.02 34.20± 0.01 

Fe 55.5±3.07 55.44±3.07 54.50± 3.03 54.1± 0.15 54.10±0.16 53.11±0.14 

Keys: M: Metals (Mg/kg); Cadmium (Cd); Lead (Pb); Chromium (Cr); Zinc (Zn); Iron (Fe); Schilbe mystus – S. 

mystus; Sarotherodon galileus – S. galileus; Mormyrus rume – M. rume and Clarias anguillaris – C. anguillaris 

 

The mean concentration of heavy metals in the fish tissues decreased in the following sequence: Fe>Zn>Pb>Cr>Cd 

in wet season and Fe>Zn>Cr>Cd>Pb in dry season for all sampled fish organs. There were no significant 

differences (p>0.05) of these metals observed between the sampled fish tissues, water and sediment and seasons. 

Fe recorded the highest mean values in both seasons (106±2.30mg/kg for wet season and 63.6±0.21mg/kg for dry 

season). Cd concentration has the lowest value (0.43±0.02mg/kg) in the gills of C. anguillaris in wet season while 

Pb had the lowest value (0.22±0.01mg/kg) in the flesh of S. mystus and intestines of C. anguillaris in the dry 

season. 

In this study, the gills and flesh of S. mystus were recorded to contain the highest levels of Fe for the wet and dry 

seasons respectively while its intestines were recorded to have the highest value of Cd during the wet season only.  

The flesh of C. anguillaris recorded the lowest value of Fe for both seasons while its gills were recorded to have 

the lowest value of Cd during the wet season. During the dry season, the intestines of M. rume had the highest 

value of Pb while the intestines of S. galileus and S. mystus had the lowest levels of Pb. 
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Table 2. The concentration (Mean ± SD, in mg/l metals in water samples for both Wet and dry seasons obtained 

from Ajiwa irrigation Dam, Katsina. 

    Heavy Metals 

Season Parameters Cd Pb Cr Zn Fe 

Wet 
Water (mg/l) 0.44± 0.02 0.27 ± 0.02 0.07 ± 0.03 69.00±0.36 2.29±0.02 

Sediment (mg/kg) 0.63± 0.15 0.30 ± 0.02 0.60 ± 0.05 69.9±0.31 2.35±0.03 

Dry 
Water (mg/l) 1.21± 0.03 2.60 ± 0.02 1.56± 0.05 72.10±0.31 90.66±0.03 

Sediment (mg/kg) 1.35± 0.04 2.77 ± 0.03 1.44 ± 0.03 72.2±0.26 106.0±2.57 

WHO (2011)  

tolerance limit  

Water (ppm) 0.001– 0.005 0.1 0. 1 0.10 5.00 

Sediment (ppm) 0.l 5.00 0.03 - 0.3  5.00 

Keys: Cadmium (Cd); Lead (Pb); Chromium (Cr); Zinc (Zn); Iron (Fe) 

 

Table 2 below shows the mean concentration of these heavy metals (Cd, Pb, Cr, Zn and Fe) in the sampled water 

and sediments from the Ajiwa Irrigation dam. The highest metal accumulated was Fe (90.66±0.03mg/l and 

106.0±2.57mg/kg) for both water and sediment samples respectively during the dry season while the lowest metal 

accumulated was Cr (0.07 ± 0.03mg/l and 0.60 ± 0.05 mg/kg) for water and sediment samples respectively for the 

wet season  

The values recorded for Cd exceeded the tolerance limits for both sediment and water samples for both wet and 

dry seasons while values of Pb obtained in this study were within range for the sediment samples for both seasons 

but the values obtained for the water samples exceeded the WHO limits. 

The values recorded for Cr during this study exceeded the tolerance limits for sediment samples for both seasons 

and water samples for the dry season only. Zn values exceeded the tolerance limits for both water and sediment 

samples for both the wet and dry seasons while Fe values recorded during the wet seasons for both water and 

sediment samples were within the limits but values obtained for both water and sediment samples for the dry 

season exceeded the acceptable tolerance values. 

In Table 3, the bioaccumulation factor of fish tissues to water (BWAF) is presented. Cd values ranged between 

0.503 in the gills of C. anguillaris to 1.661 in the flesh of S. mystus while Pb values were between 0.731 in the 

gills and intestines of C. anguillaris to 1.348 in the gills of S. galileus. Cr values ranged between 0.552 (in the gills 

and intestines of C. anguillaris) and 1.932 (in the intestines of S. mystus). Lowest to the highest values for Zn 

ranged from 0.221 in the intestines of S. mystus to 0.310 in the gills of C. anguillaris. The highest and lowest 

values of Fe (0.775 and1.813) were recorded for intestines of S. galileus and the flesh of S. mystus respectively. 

The least recorded values of Fe, Cr and Cd were found in sampled organs of C. anguillaris while least values for 

Zn and Pb were alternated between sampled organs of S. galileus and S. mystus respectively. 

Table 4 shows the bioaccumulation factor between the fish tissues and sediments (BSAF) collected from the Ajiwa 

Irrigation dam, Katsina.  Cd values recorded ranged across the sampled fish organs (gills, intestines and flesh) of 

the four selected fish samples from 0.410 (in the gills of C. anguillaris) to 1.380 (in the flesh of S. mystus). Pb 

values ranged between 0.537 in the intestines of S. mystus to 1.800 in the gills of M. rume. The values of Cr 

recorded was between 0.593 (flesh of C. anguillaris) and 2.093 (intestines of S. mystus) while the values for Zn 

recorded ranged from 0.219 in the intestines of S. mystus to 0.494 in the intestines of S. galileus.  

The recorded values for Fe were between 0.523 from the intestines of C. anguillaris to 1.537 from the gills of S. 

mystus. Sampled tissues of C. anguillaris accumulated the least values of all the heavy metals examined while the 

highest values accumulated rotates between S. mystus, M. rume and S. galileus.  

 

Table 3. Mean concentration of the bioaccumulation factor of fish tissues to Water (BWAF). 

SAMPLE TISSUES Cd Pb Cr Zn Fe 

S. mystus Gill 0.987 0.993 1.398 0.275 1.792 

Intestine 1.078 0.574 1.932 0.221 1.705 

Flesh 1.661 0.592 1.429 0.275 1.813 

M. rume Gill 1.012 1.069 1.196 0.284 1.672 

Intestine 1.151 1.048 1.202 0.283 1.673 

Flesh 0.896 0.986 1.220 0.285 1.651 

S. galileus Gill 1.152 1.348 1.282 0.263 1.601 

Intestine 1.545 1.324 1.245 0.263 0.755 

Flesh 0.896 1.344 1.294 0.256 0.777 

C. anguillaris Gill 0.503 0.731 0.552 0.310 0.925 

Intestine 0.533 0.731 0.552 0.308 0.609 

Flesh 0.515 0.874 0.546 0.299 0.669 

Keys: Cadmium (Cd); Lead (Pb); Chromium (Cr); Zinc (Zn); Iron (Fe); Schilbe mystus – S. 

mystus; Sarotherodon galileus – S. galileus; Mormyrus rume – M. rume and Clarias anguillaris – C. anguillaris 
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Table 4. Mean concentration of the bioaccumulation factor of fish tissues to Sediments. 

SAMPLE TISSUES Cd Pb Cr Zn Fe 

S. mystus 

Gill 0.823 0.928 1.520 0.273 1.537 

Intestine 0.898 0.537 2.093 0.219 1.462 

Flesh 1.38 0.553 1.553 0.273 1.555 

M. rume 

Gill 0.843 1.800 1.300 0.282 1.435 

Intestine 0.959 0.980 1.306 0.281 1.443 

Flesh 0.747 0.921 1.333 0.283 1.416 

S. galileus 

Gill 0.959 1.260 1.393 0.261 1.373 

Intestine 1.287 1.237 1.353 0.494 0.648 

Flesh 0.747 1.253 1.406 0.254 0.667 

C. anguillaris 

Gill 0.419 0.684 0.600 0.308 0.790 

Intestine 0.444 0.686 0.600 0.306 0.523 

Flesh 0.429 0.817 0.593 0.297 0.574 

Keys: Cadmium (Cd); Lead (Pb); Chromium (Cr); Zinc (Zn); Iron (Fe); Schilbe mystus – S. 

mystus; Sarotherodon galileus – S. galileus; Mormyrus rume – M. rume and Clarias anguillaris – C. anguillaris 

 

Discussion 

 

This study revealed that all the heavy metals analyzed were found in water, sediment and fish samples of Ajiwa 

irrigation Dam, Katsina. The results obtained showed that the water samples were lower in heavy metals 

concentration in line with reference values for USEPA, (2010). However, the sediments accumulated more heavy 

metal than the water and fish samples, these have also been observed by numerous researchers (Moruf and 

Akinjogunla, 2019; Akinjogunla and Lawal-Are, 2020; Akinjogunla et al, 2023) in some study areas. Sediment 

has been known to be the major depository of metals, holding more than 99% of total amount of a metal present 

in the aquatic system (Ozturk et al., 2009). According to Brady et al. (2015), these metal toxins act together with 

the sediment, to escalate to sequestration. Thus, excessive dilutions of these heavy metal contaminants are detected 

in sediment which now serves as a reservoir to these metallic ions (Brady et al. 2015; Bai et al. 2018). 

The high levels of metals at surface water observed at wet season could be attributed to the combined effects of 

the effluents from the use of herbicides, and the mining products depots, which were discharged into the river close 

to that station; similar conclusion was drawn by Obasohan and Oronsaye (2000). Presence of zinc in water bodies 

such as Ajiwa dam could be associated with human activities such as the use of chemicals and zinc-based fertilizers 

by farmers (Egila and Nimyel, 2002). The levels of Zinc, Chromium and Cadmium recorded at all the stations 

during this investigation were lower than the maximum acceptable limits for aquatic life as recommended by WHO 

(2011). The presence of Lead may be due to surface runoffs and municipal waste discharges into the water bodies.  

The values obtained for Pb, Cr and Cd in the flesh, gills and intestine of the finfishes are in line with values reported 

by Wokoma (2011), where concentration of lead in tissue of Psuedotolithus elongatus, Mugil cephalus and 

Chrisichthyes nigrodigitatus from Sombreiro River located in Rivers State was 0.23mg/kg, 0.17mg/kg and 0.21 

mg/kg respectively while Sambo et al (2014) reported the concentration of lead in the flesh of Oreochromics 

niloticus from Ibrahim Adamu Lake, Jigawa state, Nigeria as 0.27mg/kg and the level in the river sample as 

0.81mg/l. Opaluwa et al (2012) reported the concentration of lead and cadmium from Uke Stream, Nasarawa State, 

Nigeria from different tissues of Synodontis schall respectively as 0.021mg/g and 0.005mg/g (head), 0.014mg.g 

and 0.015mg/g (gills), 0.011 mg/g and 0.026 mg/g (intestine) and 0.012 and 0.001 mg/g (flesh), while in Clarias 

gariepinus, the levels of lead and cadmium were respectively recorded as 0.031 mg/g and 0.005mg/g (head), 0.022 

mg/g and 0.016mg/g (gills), 0.012mg/g and 0.025mg/g (intestine) and 0.013 mg/g and 0.001mg/g (flesh) and the 

corresponding water and sediment concentration were respectively recorded as 0.040mg/l and 0.095mg/g (lead) 

and 0.023 and 0.035mg/g (Cadmium).  

The slight variation of values for the water and sediments between the findings in this study and those of previous 

reports could be attributed to the type of anthropogenic activities around the rivers studied, type of wastes deposited 

into the surface water and /or leached into the aquatic ecosystem through soil erosion.  

The bioaccumulation potentials of different fish species as well as their level of tolerance could be a possible factor 

for the low concentration of these metals in the flesh of these species studied suggested that there may be little or 

no potential health hazard arising from their consumption with regard to Cadmium and Lead 

The bio-accumulation factor (BWAF) values of the heavy metals analyzed in this study showed that 

bioaccumulation has occurred in the fish but not at an alarming rate as at the time of this study. Even though the 

fish samples are benthic feeder, their constant contact with the sediment does not affect its food intake to a great 

extent probably as a result of rapid remobilization of the adsorbed metals back into the surface waters through 

changes in some physicochemical parameters such as temperature, pH, and redox potentials. Also, the 

phenomenon that different metals are accumulated at different concentrations in the various organs of fish was 
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observed in this study. The variance in the level of deposits in the different organs and/or tissues of a fish can 

predominantly be accredited to the variations in the biological role of each organ, its comportment, regulatory 

ability, and feeding habits (Van der Oost et al., 2003).  

For the fish organs examined, the gills have the highest concentration of all the metals, while the flesh recorded 

the least value and is thus the least preferred site for bioaccumulation. The high concentration of the metals in the 

gills could be due to element complexion with the mucus coverings in the gills which cannot be completely 

removed from the gill lamellae before analysis (Figueiredo-Fernandes et al., 2007). Another important influence 

in the total metal concentrations in the gills is the fact that metals get adsorbed onto the gills surface as the first 

target or point of contact for pollutants in water.  

The concentrations of these heavy metals may be attributed to accumulation from the run-off of fertilizers and 

pesticides as well as runoff from the residential area and oil spillages from boats and canoes used at the dam 

(Chitou et al., 2021). The levels of metal in water bodies (lakes, rivers, lagoons) are mostly manipulated in the wet 

season by stormwater run- off from the environs on the water bodies' catchment and this ordinarily leads to a 

buildup in the metals. Islam et al. (2015) reported that metal concentration is expected to be low during the wet 

season due to the dilution effect on heavy metals but some site-specific activities and sources of metal 

contamination could lead to an exception to this general trend. Different trends of seasonal effects on heavy metal 

levels in water and sediments have been reported (Islam et al., 2015; Edokpayi et al., 2017; Le et al., 2020).  

The results obtained from the assessment of these trace metals suggest that they may pose a potential toxicity 

problem due to the high clay content of the sediments which reduces drainage and increases the reduction of the 

metals. The continuous and regular intake of these finfishes collected from the Irrigation dam may likely induce 

health risks with regards to Cr, Pb and Cd intoxication. Although, WHO did not establish guidelines for Fe and 

Zn because they are not of health concern at levels found in drinking water, while Cr is an essential element that 

enhances the metabolism of carbohydrates, lipids and protein in humans (Udiba et al., 2020).  

 

Conclusion 

 

The study confirms that there was a significant presence of heavy metals in the commercially important finfishes 

collected from the Ajiwa irrigation dam. The bioaccumulation of some of these metals in the tissues of the finishes 

and water samples from the dam was within permissible/tolerable limits, indicating they are safe for consumption. 

The results obtained also revealed that the sediments accumulated metals at concentrations higher than the 

permissible limits. Continuous exposure of the dam to sources of these metals may pose a hazard to the end 

consumers (humans), as these finfishes will eventually absorb some of these metals into their edible tissue which 

is the main part of consumption for humans. Therefore, there is a need to regularly monitor organisms collected 

from these areas for metals accumulation. 

 

References 

 

Abdallah SA, Uzairu A, Kagbu JA, Okunola OJ. 2012.  Assessment of heavy metals bioaccumulation by Eleusine 

indica from refuse dumpsites in Kaduna Metropolis, Nigeria. Journal of Environmental Chemistry and 

Ecotoxicology, 4(9), 153-160.DOI: 10.5897/JECE11.039 

Abdel-Khalek AA, Elhaddad E, Mamdouh S, Marie MS. 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 Journal of Fisheries and Aquatic Science, 

16 (2), 227–239. 

Adaka G1, Ajima M1, Ezeafulugwe C1, Osuigwe D1, Nlewadim A. 2017. Assessment of Heavy Metals in Fish 

Tissues of Some Fish Species in Oguta Lake, South-Eastern Nigeria. Futo Journal Series, 3(1), 249 – 

257. 

Adeniyi A A, Okedeyi OO, Afolabi JA. 2005. Assessment of the impact of industrial activities on water quality in 

Lagos, Nigeria. Journal of Applied Sciences and Environmental Management, 9(2), 147-154. 

Aghoghovwia OA, Ohimain EI, Izah, SC. 2016. Bioaccumulation of heavy metals in different tissues of some 

commercially important fish species from Warri River, Niger Delta, Nigeria. Biotechnology Research 

Journal, 2, 25-32 

Ahmed A, Dodo A, Bouba AM, Clement S, Dzudie T. 2010. Determination of minerals and heavy metals in water, 

sediments and three fish species (Tilapia nilotica, Silurus glanis and Arius parkii) from Lagdo Lake, 

Cameroun. Journal of Fisheries International, 5(3), 54-57.  

Akan JC, Mohmoud S, Yikala BS. Ogugbuaja VO. 2012. Bioaccumulation of some heavy metals in fish samples 

from river Benue in Vinikilang, Adamawa State, Nigeria. American Journal of Analytical Chemistry, 

3, 727-736. 

Akinjogunla VF, Shehu NI. 2024. Orange Peel extracts as preservative on fresh, smoked and boiled Clarias 

gariepinus (Catfish) and their proximate composition. Acta Natura Et Scientia, 5(2), 89 – 95.  



 

88 
 

Akinjogunla VF, Shuai’bu U. 2022. Ichthyofauna Composition and Operative Artisanal Fishing Activities in 

Ajiwa Irrigation Dam, Katsina State, Northern Nigeria. Journal of Innovative Research in Life Sciences, 

4(1), 45-53. 

Akinjogunla VF, Lawal – Are AO. 2020. Seasonal Assessment of the Impacts of heavy metal deposits in 

Crassostrea gasar (Adanson, 1757) from the Mangrove Swamp of the Lagos Lagoon. Journal of 

Experimental Research, 8(2), 21 – 31. 

Akinjogunla VF, Usman BI. 2023. Biochemical compositions in the carcasses of some indigenous finfishes in 

Ajiwa Irrigation Dam, Katsina State, Northern Nigeria. Acta Natura Et Scientia, 4(2), 216 – 224. 

Akinjogunla VF, Lawal-Are AO, Soyinka OO. 2017.  Proximate composition and mineral contents of the 

Mangrove oysters (Crassostrea gasar) from Lagos Lagoon, Nigeria. Nigeria Journal of Fisheries and 

Aquaculture, 5 (2), 36 – 49. 

Akinjogunla VF, Mudi ZR, Akinnigbagbe OR, Akinnigbagbe AE. 2021. Biochemical Profile of the Mangrove 

Oyster, Crassostrea gasar (Adanson, 1757) from the Mangrove Swamps, South-West, Nigeria. Tropical 

Journal of Natural Products, 5(12), 137 - 2143 

Akinjogunla VF, Ejikeme CE, Udoinyang EP, Mustapha AA. 2023. Determination of physicochemical parameters 

and assessment of trace metals bioaccumulation in the Lagos lagoon and edible tissues of the Southern 

Pink Shrimp (Farfantepenaeus notialis - Pérez-Farfante, 1967). Agricultural Science and Technology, 

15(3), 46-56  

Ayangbenro AS, Babalola OO. 2017. A new strategy for heavy metal polluted environments: A review of 

microbial biosorbents. International Journal of Environmental Research and Public Health, 14(1), 94. 

Bai L, Liu XL, Hu J, Wang Z, Ha G, Li SL, Liu CQ. 2018. Heavy metal accumulation in common aquatic plants 

in rivers and lakes in the Taihu Basin. International Journal of Environmental Research and Public 

Health, 15, 2857. doi:10.3390/ijerph15122857. 

Bhuyan MS, Islam MS. 2017. A critical review of heavy metal pollution and its effects in Bangladesh. Scientific 

Journal of Energy and Engineering, 5: 95. 

Brady JP, Ayoko GA, Martens WN, Goonetillek A. 2015. Development of hybrid pollution index for heavy metals 

in marine and estuarine sediments. Environmental Monitoring and Assessment, 187(5), 4563. 

https://doi.org/10.1007/s10661-015-4563-x. 

Chitou NE, Chouti WK, Kouazounde J, Mama D, Cakpo AR. 2021. Speciation of trace metal elements in 

sediments of Alibori River, North-West of Benin. African Journal of Environmental Science and 

Technology, 15, 142- 157. https://doi.org/10.5897/AJEST2020.2954 

Edokpayi JN, Odiyo JO, Popoola EO, Msagati TAM. 2017. Evaluation of temporary seasonal variation of heavy 

metals and their potential ecological risk in Nzhelele River, South Africa. Open Chemistry, 15, 272-

282. 

Egila JN, Nimyel DN. 2002. Determination of trace metal speciation in sediments from some Dams in Plateau 

State.  Journal of Chemical Society of Nigeria, 27, 21–75. 

F.E.P.A. (Federal Environmental Protection Agency). 2003. Guidelines and Standards for Environmental Pollution 

Control in Nigeria. 238 pp. 

Figueiredo-Fernandes A, Ferreira-Cravo M, Fernandes C, Fontainhas-Fernandes A, Monteiro SM. 2007. 

Bioaccumulation of metals in Liza saliens from Esmoriz-paramos coastal lagoon, Portugal. 

Ecotoxicology, 16(14), 355-369. Doi: 10.1007/s10646-006-0133-8. 

Gilbert BM, Avenant-Oldewage A. 2014. Arsenic, chromium, copper, iron, manganese, lead, selenium and zinc 

in the tissues of the large mouth yellow fish, Labeo barbus kimberleyensis (Gilchrist and Thompson, 

1913), from the Vaal Dam, South Africa and associated consumption risks. Water SA, 40 (4), 739–748. 

Hossain MI, Saha B, Begum M, Punom NJ, Begum K, Rahman MS. 2016. Bioaccumulation of heavy metals in 

Nile Tilapia, Oreochromis niloticus (Linnaeus 1758) fed with commercial fish feeds. Bangladesh 

Journal of Scientific Research, 29, 89-99. 

Islam MS, Khabir Uddin M, Tareq SM, Shammi M, Kadir A, Kamal I, Sugano T, Kurasaki M, Saito T, Tanaka S, 

Kuramitz H. 2015. Alteration of water pollution level with the seasonal changes in mean daily discharge 

in three main rivers around Dhaka City, Bangladesh. Environments. Mdpi.Com, 2, 280-294. 

https://doi.org/10.3390/ environments2030280 

Ismail A, Toriman ME, Juahir H, MdZain S, AbdulHabir NL, Retnam A, AmriKamaruddin MK, Umar R, Azid 

A. 2016. Spatial assessment and source identification of heavy metals pollution in surface water using 

several chemometric techniques. Marine Pollution Bulletin, 106 (1–2), 292–300 

Le HP, Nguyen HT, Pham HN, Le TD, Dao Viet H, 2020. Levels of heavy metals in seawater, sediment and in 

the tissue of Crassostrea belcheri in the Western estuary of Ganh Rai bay Item Type Journal 

Contribution. Vietnam Journal of Marine Science and Technology, 20 (4A), 4554. 

https://doi.org/10.15625/1859-3097/15646 

Malik N, Biswas AK, Qureshi TA, Borana K, Virha R. 2010. Bioaccumulation of heavy metals in fish tissues of 

a freshwater lake of Bhopal. Environmental Monitoring Assessment, 167, 267-267. 



 

89 
 

Mansour SA, Sidky MM. 2002. Ecotoxicological Studies 3. Heavy metals contaminating water and fish from 

Fayoum Governorate. Egyptian Journal of Food Chemistry, 78, 15-22. 

Mantovani R, Pigozzi G, Bittante G. 2005. Genetics of temperament and productive traits in the Italian heavy 

draught Aorse breed. EAAP publ. Wageningen, 116, 155- 162. 

Moruf RO, Akinjogunla VF. 2019. Concentration of Heavy Metals in Sediment of Two Interconnecting 

Brackish/Freshwater Lagoons and the Bioaccumulation in the Crustacean, Farfantepenaeusnotialis 

(Pérez-Farfante, 1967). Journal of Fisheries and Environment, 43 (3), 55 – 62. 

Obasohan EE, Oronsaye JAO. 2000. Heavy metals in water, sediment and some important commercial fish spp 

from Ikpoba River, Benin-city, Nigeria. Journal of Applied Science and Environmental Management. 

4, 263-268. 

Okunade GF, Lawal MO, Uwadiae RE. 2021. Evaluation of Water Quality and Heavy Metal Concentration across 

Two Connecting Tropical Lagoons in Lagos, Nigeria. Journal of Biological Research & Biotechnology. 

19(1), 1202-1209. i.org/10.4314/br.v19i1. 

Öztürk M, Özözen G, Minareci O, Minareci E. 2009. Determination of Heavy Metals in Fish, Water and Sediments 

of Avsar Dam Lake in Turkey. Iranian Journal of Environmental Health, Science and Engineering, 6(2), 

73-80. 

Sambo F, Haruna M, Idris S, Mohd S, Nasir A. 2014. Assessment of Heavy Metals in Water and Fish from Ibrahim 

Adamu Lake, Jigawa, Nigeria. Trends in Applied Sciences Research, 9, 603-6. 

Singh RK, Chavan SL, Sapkale PH.  2006. Heavy metal concentrations in water, sediments and body tissues of 

red worm (Tubifex spp.) collected from natural habitats in Mumbai, India. Environmental Monitoring 

Assessment, 129(1-3), 471-481 

Udiba UU, Udeme UU, Ekom U, Akpa R. 2020. Concentration and Potential Human Health Hazards of Heavy 

Metals in Periwinkle (Tympanotonus fuscatus) Purchased from Major Markets in Calabar, Nigeria. 

Journal of Health and Pollution, 10, 1-12. 

Van der Oost R, Beyer J, Vermeulen NP. 2003. Fish bioaccumulation and biomarkers in environmental risk 

assessment: A review. Environmental Toxicology and Pharmacology, 13(2), 57-149. Doi: 

10.1016/S1382.6689(02)00126-6 

Verma PU, Purohit AR, Patel NJ. 2012. Pollution status of Chandlodia lake located in Ahmedabad Gujarat. 

International Journal of Engineering Research and Applications, 2, 1600-1610. 

WHO (World Health Organization) 2011. Guidelines for Drinking Water. 4th ed. Geneva: Taylor & Francis. 

210pp. 

Wokoma OAF. 2011. Heavy Metal Concentrations in Three Commercially Important Fish Species in the Lower 

Sombreiro River, Niger Delta, Nigeria. Journal of Natural Sciences Research, 4(22),164 – 8. 

Wufem BM, Ibrahim AQ, Gin NS, Shibdawa MA, Adamu HM, Agya PJ. 2009. Levels of heavy metals in Gubi 

Dam water, Bauchi Nigeria. Global Journal of Environmental Sciences, 8(2), 29-37. 

Zeitoun MM, Mehana EE. 2014. Impact of water pollution with heavy metals on fish health: Overview and 

Updates. Glob. Vet., 12(2): 219-231. 

 


