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A B S T R A C T   

Ogun and Eleyele Rivers are in the Western part of Nigeria with a potential risk of heavy metal pollution because 
of many industrial wastes channeling through their courses. Therefore, in this study, the concentration of heavy 
metals and the possible human health risk of consuming Clarias gariepinus and Sarotherodon melanotheron 
collected from industrially polluted Ogun and Eleyele Rivers in Nigeria were evaluated. 

The concentration of arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), manganese (Mn), nickel (Ni), 
and lead (Pb) in tissues (gill, muscle, and liver) of fish was measured using Atomic Absorption Spectroscopy 
(AAS) and compared with the maximum permissible. The Estimated Daily Intake (EDI), Targeted Hazard Quo-
tient (THQ), and Carcinogenic Risk (CR) of the metals were estimated for the determination of human health risk. 
Probabilistic predictions of the health risk were performed with Oracle Crystal Ball software. 

Results of this study showed that the dry weight concentrations of the metals in the gills, liver, and muscle of 
the two fish species from the two sites were well below the permissible limits set by the joint FAO/WHO Expert 
Committee. Only the EDI for arsenic in gills of C. gariepinus obtained from the Ogun River exceeded the set limit. 
The THQ was >1 for As in the gills and liver of C. gariepinus and S. melanotheron obtained from the Ogun river 
suggesting non-carcinogenic risk to the consumers. The carcinogenic risk above 10− 6 obtained for As, Cd, and Ni 
in the tissues of the two fish species suggested cancer risk to the consumers of fish from the two rivers. 
Consequent to our observation, consumption of fish from the study site presents some public health concerns. 
Therefore, this study advises routine heavy metal monitoring of fish along these rivers to implement regulatory 
standards by the government environmental health management agencies.   

1. Introduction 

The global increase in fish consumption is attributable to the nutri-
tional benefits of fish consumption [1–3]. They serve as a good source of 
proteins, vitamins, omega-3-fatty acids, and essential minerals [4]. 
Owing to the advancing industrialization and increasing population, the 
turnover of industrial waste and anthropogenic activities have height-
ened the contamination rate of the aquatic environment [5]. Globally, 
aquatic environments are being polluted with toxicants and heavy 
metals. Studies have shown accumulation of heavy metals in different 
aquatic biodiversities such as prawn, crayfish, crabs, bivalve, and fish 
[6–10]. Consequently, there is a concomitant increase in the human 
health risk through consumption of fish contaminated with heavy metals 
[11–15]. 

Heavy metals are important aquatic pollutants with non- 
biodegradable and bioaccumulation properties, high toxicity, and 
long-time persistence [3,16]. The major source of heavy metal pollution 
into the river is the earth’s crust. Additionally, heavy metals are known 
to be transmitted into the river through industrial effluents directed to 
the rivers. Sea organisms accumulate these contaminants primarily by 
uptake through the skin and gills via surface contacts with sediments, 
industrial effluent, and wastewater, as well as via the food they consume 
[17]. Thus serving as a secondary source of exposure to humans [18]. 

These heavy metals upon entry through the fish’s gills and other 
organs are accumulated in different parts of the fish body up to a toxic 
level [19]. Previous studies have confirmed that heavy metals may enter 
into the food chain through the natural and anthropogenic processes and 
cause toxicity in the aquatic organisms even at low concentrations [19, 
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20]. The long period of intake of heavy metals through foodstuffs such as 
fish may lead to chronic accumulation, which consequently can cause 
damages to organs and tissues [21]. Consequential effects of metal 
accumulation are mutagenesis, carcinogenesis, teratogenesis, deforma-
tion, and breakdowns of organs [22]. 

Thus, this study selected the Ogun and Eleyele Rivers located in the 
Western part of Nigeria because they are key commercial rivers for 
fishing and are prone to industrial wastes pollution. For instance, the 
Ogun River is a recipient of a huge amount of waste including industrial 
and domestic effluents as well as a recipient of urban and agricultural 
sewage wastewaters. Ogun state is highly populated and industrialized, 
making it rivers pollution prone. About six different industries discharge 
their wastes into the river. The industries include Vitabiotics, Nestle, 
Glaxos, Smith kline, Sona Breweries, and Nigerian German chemicals. 
[23]. The Lafenwa Agoka fishing unit is a commercial fishing hub of the 
Ogun River, surrounded at the bank by lafenwa cow butcher, lafenwa 
market, and sawmill. Eleyele River on the other hand is located north-
east of Ibadan, Oyo state. It extends northward to Awotan, Westward to 
Ologun eru, and Eastward to Ijokodo. The Apete River links the Eleyele 
River and Oba-dam that is located within the University of Ibadan. 
Agricultural farm runoff, human wastes, waste from automobile work-
shops, and other anthropogenic activities are constantly polluting the 
water. The fish hunted in the Ogun and Eleyele Rivers are consumed as 
the main protein source by the residents of these cities as well as the 
other cities in the western parts of Nigeria. Therefore, the assessment of 
heavy metals in the tissue of fish is considered highly important as they 
are highly accumulated in aquatic organisms and pose significant health 
risks over prolonged exposure. We determined the concentration of 
heavy metals and the health risk associated with two highly consumed 
fish species collected from the Ogun and Eleyele rivers in Nigeria 
(Fig. 1). 

2. Materials and methods 

2.1. Study area 

Collection of fish was done in May 2020 with Ogun River, Abeokuta, 
and Eleyele River, Ibadan was chosen as sites 1 and 2 respectively. Ogun 

River originates in Sepeteri, Oyo state near Shaki, it flows through Ogun 
state via Ogun-oyan dam and discharges into the Lagos lagoon. In 
addition, Lafenwa Agoka fishing unit (Latitude 7.16 ◦N, Longitude 3.33 
◦E) (Fig. 1B) is a commercial fishing hub of the Ogun River, surrounded 
at the bank by Lafenwa cow butcher, Lafenwa market, and sawmill. The 
fishing unit serves as a source of livelihood for many people in the area. 

Eleyele River is located northeast of Ibadan, Oyo state (Latitude 7.42 
◦N, Longitude 3.86 ◦E) (Fig. 1A). It extends northward to Awotan, 
Westward to Ologun eru, and Eastward to Ijokodo. 

2.2. Collection of fish samples 

Five replicates totalling 20 each of two fish species; Clarias gariepinus, 
and Sarotherodon melanotheron (Fig. 2) were collected from sites 1 and 2 
in May and November 2020. Upon collection, the fish were immediately 
transferred into the icebox and conveyed into the laboratory. Before 
dissection, they were allowed to thaw and anthropometric measure-
ments were taken. The gills, liver, and muscle were harvested and pre-
pared for metal analysis. Each of the tissue was oven-dried at 80 ◦C and 
was monitored until a constant weight was reached. 

2.3. Sample digestion 

Dry gills, muscle, and the liver (0.1 g) were ground to powder. The 
samples were then transferred into a digestion flask containing a mixture 
of Conc. Sulphuric acid (H2SO4) and Conc. Nitric acid prepared in a 3:1 
(v/v) ratio and heated in a water bath. The heating was followed by 
repeated addition of ¾ drops of hydrogen peroxide (H2O2) until the 
solution became clear. H2O2 was added to reduce nitrous vapours and 
accelerates digestion by raising the temperature [24,25]. After 20 min of 
additional heating at 150 ◦C, the samples were allowed to cool to room 
temperature. The gills and muscle samples were diluted with deionized 
water up to 50 mL and 25 mL for liver samples. The diluted samples were 
filtered through No 1 Whatman filter paper. 

2.4. Atomic absorption spectroscopic analysis 

The resultant filtrates obtained from the digestion process were 

Fig. 1. Map of the sampling Sites (A: Eleyele river in Ibadan (Site 2), B: Agoka fishing units of Ogun river (Site 1)).  
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subjected to Atomic Absorption Spectroscopic Analysis (AAS) of heavy 
metals. The concentration of Arsenic, Cobalt, Chromium, Cadmium, 
Lead, Manganese, and Nickel was measured in all the samples on PG 
instrument (AA990) AAS that uses air-acetylene flame with UV-detector 
and automatic zero to compensate the blank. A hydride generator was 
used along with the flame AAS for Arsenic detection. The working 
standard solutions of lead (Pb), Arsenic (As), cobalt (Co), chromium 
(Cr), and cadmium (Cd), Nickel (Ni), and Manganese (Mn) were the 
product of Loba Chemie PVT. Ltd. Mumbai, India. The calibration curves 
for each standard were prepared individually by applying linear corre-
lation using the least square method. 

2.5. Human health risk assessment 

2.5.1. Estimated daily intake (EDI) 
The daily intake by consuming the fish sample was estimated using 

equation 1 below: 
([26],Matouke and Abdullahi, [5]. 

C × IR
BWa

(i) 

The daily intake of heavy metals was estimated based on the con-
centration in the muscle samples of the fish species. 

C is the average concentration of heavy metals in fish (mg/kg dry 
weight); IR (Fish consumption ratio: 24.7 g/person/day described by 
[27] and reported by Taiwo et al. [26]); ED is the exposure duration 
(70.65 years as average lifetime) [28]; EFr is the exposure frequency 
(365 days/year). BWa is the average adult body weight (60 kg; [29]); 
and ATn is the average exposure time for non-carcinogens (assuming 70 
years) 

2.5.2. Non-Carcinogenic Risk (THQ) 
The non-carcinogenic risk of consuming the fish species was deter-

mined using the Targeted Hazard Quotient (THO). The THO gives in-
dications of the human health risk level due to exposure to pollutants. 
Higher THQ values indicate there is a higher probability of experiencing 
long-term non-carcinogenic effects. If THQs <1, toxic effects are not 
expected to occur [71]. If the THQ =/>1, there is a potential health 
hazard [30]. 

THQ =
C × IR × ED EFr

BWa × ATn × RFD
× 10 − 3 (ii) 

Where; RFD is the oral reference dose. The RFD for metals obtained 
from Integrated Risk [31–33]. 

2.5.3. Hazard Index (total THQ) 
The combined non-carcinogenic effect of the metals was assessed to 

determine the risk of multiple metal contaminations. 

HI =
∑

THQs (iii)  

2.5.4. Carcinogenic risk (CR) 
Carcinogenic risk is the incremental probability to develop cancer 

over a lifetime of an individual when exposed to a potential carcinogen 
[11,34]. The acceptable limit set for lifetime exposure to carcinogens 
ranged from 10–4 (risk of developing cancer over a lifetime is 1 in 10, 
000) to 10–6 (risk of developing cancer over a lifetime is 1 in 1,000,000) 
[35,36]. When CR values are above 10− 5, the probability that an indi-
vidual will develop cancer would be > 1 over 100,000 [37,38]. The oral 
slope factor of carcinogens (mg/kg/day) derived from the Integrated 
Risk Information System provided [39,40]) is accessible for the carci-
nogenic metals (As, Pb, Ni, Cr, and Cd). 

CR =
C × ED × IR × EFr × CSF

BW × AT
× 10 − 3 (IV)  

2.5.5. Probabilistic risk modeling using monte carlo simulation (MCS) 
The use of single-point values for the estimation of risk exposure to a 

pollutant is usually accompanied by high uncertainties. To accommo-
date these uncertainties, a probabilistic method involving the Monte 
Carlo simulation technique was used. The Oracle Crystal Ball Software 
(version 11.1.2.4, Oracle, Inc., USA) considering 10,000 iterations was 
used for the simulation, and percentile 95 % of THQ and CR was 
benchmarked as a value that could endanger the health of consumers 
[41–44]. 

3. Results 

3.1. Concentration of Metals in the tissues of two different fish species 
obtained from Eleyele and Ogun River 

Concentration of heavy metals in the tissues of the fish collected from 
the two selected rivers was reported in Table 1. The metals concentra-
tion was estimated in mg/kg/ dry weight. In all the tissues and fish 
species, the concentration of As was highest for both the fish collected 
from the Eleyele and Ogun rivers. Clarias gariepinus collected from the 
Ogun river had the highest concentration of As in the gills followed by 
the liver, whereas, the Pb (7.93 ± 1.43 mg/kg) content was highest in 
the muscle. Ni was next after As with a concentration range of 5.9 ±
4.2–12.0 ± 2.1 mg/kg. Similarly, the As concentration in Sarotherodon 
melanotheron supersedes every other metal analysed. The concentration 
in the tissues; gills (190.0 ± 62.0 mg/kg), liver (230.0 ± 128.0 mg/kg) 
and muscle (130.0 ± 28.0 mg/kg) indicated the highest content was in 
the liver. As clearly indicated in Table 2, the concentration of As, Cd, Co, 
and Ni were highest in the liver whereas the Pb and Cr concentration 
were highest in the gills. Only Mn concentration was found to be higher 
in the muscle of Sarotherodon melanotheron. 

For the fish obtained from Eleyele River, the arsenic concentration 
was 69.0 ± 3.0 mg/kg and 130.0 ± 13.0 mg/kg in the gills and muscle 
respectively while it was below the detectable limit (BDL) in the liver. 
The concentration of Pb in the muscle was 4.41 ± 3.72 mg/kg, 6.87 ±

Fig. 2. Samples of Fish Species collected in this study (a: Clarias gariepinus, b: Sarotherodon melanotheron).  
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1.25 mg/kg in the liver, and 8.13 ± 1.24 mg/kg in the gills. The same 
concentration of Ni was found in the gills (8.7 ± 0.7 mg/kg) and liver 
(8.7 ± 0.1 mg/kg) of Clarias gariepinus while the concentration in the 
muscle was 4.3 ± 3.4. Cd in the gills, liver, and muscle was 3.3 ± 0.11 
mg/kg, 2.6 ± 0.70 mg/kg, and 2.1 ± 0.63 mg/kg respectively while the 
same amount of Cr was found in the gills (1.17 ± 0.00 mg/kg) and 
muscle (1.17 ± 0.78 mg/kg). Mn was below the detectable limit in the 
muscle but the concentration was 1.82 ± 0.94 mg/kg and 1.93 ± 1.28 
mg/kg in the gills and liver respectively. The muscle of Clarias gariepinus 
contains the highest amount of Co followed by the gills and the liver. The 
trend of metal concentration in Sarotherodon melanotheron obtained 
from the Eleyele River varies with the tissues. Arsenic in the liver and 

muscle was below the detectable limit while the concentration in the 
gills was 21.0.0 ± 17.0 mg/kg. The distribution pattern of Cd and Co, in 
Sarotherodon melanotheron followed the pattern gills > muscle > liver. 
Cd, and Cr, were below detectable limits in the liver of Sarotherodon 
melanotheron. In all the tissues, the concentration of Mn was below the 
detectable limit. Lead concentration in the muscle was the highest 
having the value of 7.85 ± 7.78 mg/kg and 2.53 ± 0.59 mg/kg in the 
liver while the concentration in the gills was 1.12 ± 0.19 mg/kg. Nickel 
on the other hand was highest in the liver with the concentration being 
8.8 ± 7.6, followed by muscle (4.1 ± 2.3 mg/kg) and gills (1.0 ± 0.1 mg/ 
kg). 

Table 3 
THQ and Hazard Index for different heavy metals from consumption of two fish species obtained from Ogun and Eleyele River.  

Site Specie Organ 
Target Hazard Quotient (THQ)  

As Cd Co Cr Mn Ni Pb HI 

Ogun River 

Clarias gariepinus 
Liver 0.232 0.246 0.008 – – 0.0004 0.0015 0.246 
Muscle 0.177 0.188 0.008 0.00005 – 0.0006 0.0034 0.188 
Gills 2.907 2.925 0.013 0.0002 – 0.0009 0.003 2.925 

Sarotherodon melanotheron 
Liver 1.15 0.006 0.018 0.0002 0.00001 0.0009 0.0038 1.179 
Gills 0.958 0.005 0.016 0.0006 0.000007 0.0008 0.0041 0.984 
Muscle 0.643 0.005 – 0.0004 0.00002 0.0007 0.0022 0.651 

Eleyele River 

Clarias gariepinus 
Gills 0.346 0.005 0.01 0.0006 0.00002 0.0007 0.0035 0.366 
Liver – 0.004 0.009 0.0002 0.00002 0.0007 0.003 0.017 
Muscle 0.682 0.003 0.018 0.0006 – 0.0003 0.0019 0.705 

Sarotherodon melanotheron 
Gills 0.101 0.004 0.014 0.00006 – 0.00008 0.0005 0.121 
Liver – – 0.0004 – – 0.0007 0.0011 0.003 
Muscle – 0.001 0.001 0.00008 – 0.0003 0.0034 0.006  

Table 2 
Estimated daily intake of the metals identified in various tissues of two fish species obtained from Eleyele and Ogun Rivers.  

Site Specie Organ 
Expected Daily Intake (10− 5 mg/kg/dw) 

As Cd Co Cr Mn Ni Pb 

Ogun River 

Clarias gariepinus 
Liver 19.0 1.25 0.65 – – 2.42 1.43 
Muscle 14.0 – 0.64 0.04 – 3.21 3.26 
Gills 24.0 0.33 1.06 0.16 – 4.9 2.83 

Sarotherodon melanotheron 
Gills 78.0 1.32 1.33 0.48 0.27 4.15 3.85 
Liver 94.0 1.71 1.43 0.16 0.52 4.78 3.61 
Muscle 52.0 1.30 – 0.32 0.61 3.72 2.06 

Eleyele 
River 

Clarias gariepinus 
Gills 28.0 1.34 0.84 0.48 0.75 3.6 3.34 
Liver – 1.06 0.75 0.16 0.80 3.59 2.83 
Muscle 56.0 0.88 1.43 0.48 – 1.77 1.81 

Sarotherodon melanotheron 
Gills 8.3 1.16 1.16 0.05 – 0.41 4.63 
Liver – – 0.03 – – 3.63 1.04 
Muscle – 0.27 0.11 0.06 – 1.7 3.23  

Table 1 
Metal concentration in three different tissues of fish species obtained from Ogun and Eleyele Rivers.  

Site Specie Organ 
Heavy Metals (10− 5 mg/kg dw) 

As Cd Co Cr Mn Ni Pb 

Ogun River 

Clarias gariepinus 
Liver 46.0 ± 33.0 3.05 ± 1.60 1.58 ± 1.5 BDL BDL 5.9 ± 4.2 3.47 ± 2.15 
Muscle 35.0 ± 30.0 BDL 1.55 ± 0.01 0.29 ± 0.10 BDL 7.8 ± 0.2 7.93 ± 1.43 
Gills 580 ± 25.0 0.81 ± 0.42 2.58 ± 0.76 0.39 ± 0.00 BDL 12.0 ± 2.1 6.87 ± 4.99 

Sarotherodon melanotheron 
Gills 190.0 ± 62.0 3.2 ± 0.44 3.23 ± 2.45 1.17 ± 0.78 0.64 ± 0.59 10.0 ± 1.2 9.36 ± 0.00 
Liver 230..0 ± 128.0 4.2 ± 1.01 3.48 ± 0.13 0.39 ± 0.00 1.25 ± 0.93 17.0 ± 2.7 8.76 ± 1.87 
Muscle 130.0 ± 28.0 3.2 ± 0.13 BDL 0.78 ± 0.39 1.48 ± 0.70 9.0 ± 0.8 5.01 ± 0.61 

Eleyele River 

Clarias gariepinus 
Gills 69.0 ± 3.0 3.3 ± 0.11 2.05 ± 0.00 1.17 ± 0.00 1.82 ± 0.94 8.7 ± 0.7 8.13 ± 1.24 
Liver BDL 2.6 ± 0.70 1.82 ± 0.00 0.39 ± 0.00 1.93 ± 1.28 8.7 ± 0.1 6.87 ± 1.25 
Muscle 130.0 ± 13.0 2.1 ± 0.63 3.48 ± 0.65 1.17 ± 0.78 BDL 4.3 ± 3.4 4.41 ± 3.72 

Sarotherodon melanotheron 
Gills 21.0 ± 17.0 2.8 ± 0.46 2.83 ± 0.26 0.12 ± 0.08 BDL 1.0 ± 0.1 1.12 ± 0.19 
Liver BDL BDL 0.08 ± 0.03 BDL BDL 8.8 ± 7.6 2.53 ± 0.59 
Muscle BDL 0.65 ± 0.22 0.27 ± 0.17 0.16 ± 0.04 BDL 4.1 ± 2.3 7.85 ± 7.78 

NB: BDL means Below Detection Limit. 
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Fig. 3. THQ for the consumer of Sarotherodon melanotheron obtained from Ogun River due to its heavy metal content.  
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Fig. 4. THQ for the consumer of Clarias gariepinus obtained from Ogun River due to its heavy metal content.  
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3.2. Human Health Risk Assessment of heavy metals detected in two 
different fish species collected from Eleyele and Ogun River 

3.2.1. Estimated Daily Intake (EDI) of heavy metals detected in two 
different fish species collected from Eleyele and Ogun River 

The estimated daily ingestion values of the identified metals through 
consumption of two species of fish from two locations are shown in 
Table 2. The calculation was based on the United states-Environment 
and Protection Agency risk analysis. The values obtained are depen-
dent on both the concentration of the metal in fish tissue and reported 
protein ingestion rate when the average adult body weight was 
considered at 60 kg. The trend of the EDI for the heavy metals in the fish 

species is tissue-dependent. The EDI obtained for Cd, Pb and As were 
lower than the provisional tolerable weekly intake (PTWI), only the EDI 
for As in gills of Clarias gariepinus obtained from the Ogun river exceeds 
the set limit. The reported PTWI for As, Pb, and Cd is 0.015, 0.025, and 
0.007 mg/kg body weight respectively 

3.2.2. Non-carcinogenic and carcinogenic risks of consuming fish obtained 
from Eleyele and Ogun River 

3.2.2.1. Non-carcinogenic risks of consuming fish obtained from Eleyele 
and Ogun River. Target Hazard Quotient (THQ) and Hazard Index (HI) >
1, is an indication for probable adverse health effects whereas when the 

Fig. 5. THQ for the consumer of Sarotherodon melanotheron obtained from Eleyele River, Ibadan due to its heavy metal content.  
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THQ is ≤ 1, adverse health effects are not probable. The THQ and HI due 
to ingestion of As, Cd, Cr, Pb, Ni, and Co in different species as well as 
when consumed in the gills, liver, and muscle of fish obtained from the 
Eleyele and Ogun rivers are depicted in Table 3 and Figs. 3–8 respec-
tively. The THQ values of As through consumption of gills and liver of 
Clarias gariepinus and Sarotherodon melanotheron obtained from the 
Ogun river exceed the non-carcinogenic threshold value of 1 indicating 
non-carcinogenic risk to the consumers. The THQ values for the other 
heavy metals (Cd, Co, Cr, Ni, and Pb) show an absence of non- 
carcinogenic risk with THQ < 1. TTHQ (Hazard index) of two fish spe-
cies obtained from the Eleyele River suggest the absence of non- 
carcinogenic combined effects, however, HI through consumption of 

Sarotherodon melanotheron obtained from the Eleyele River is above 0.6, 
suggesting caution. The HI through consumption of the two fish species 
obtained from the Ogun River may pose some non-carcinogenic risk. 
Overall, Arsenic was the highest non-cancer risk contributor of all the 
fish species (Table 3). 

3.2.2.2. Carcinogenic risk of consuming fish obtained from Eleyele and 
Ogun River. The carcinogenic risk values of different metals identified in 
different tissues of fish obtained from the Eleyele and Ogun River are 
shown in Table 4. The accepted range (10− 4-10-6) was exceeded by As, 
Cd, and Ni from all the fish species. When CR value is less than 10-6 it is 
insignificant and the cancer risk can be neglected while values above 10- 

Fig. 6. THQ for the consumer of Clarias gariepinus obtained from Eleyele River, due to its heavy metal content.  
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Fig. 7. THQ in consumers due to heavy metals content in Muscle of Clarias gariepinus and Sarotherodon melanotheron obtained from Eleyele River, Ibadan.  

Fig. 8. THQ in consumers due to heavy metals content in Muscles of Clarias gariepinus and Sarotherodon melanotheron obtained from Ogun River.  
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4 is considered harmful and pose a cancer risk. Among all the studied 
heavy metals, As has the highest chance of cancer risk while Cd and Ni 
have the lowest chance of cancer risk. Cr and Pb had no chance of cancer 
risk when consumed in the fish obtained from the Eleyele and Ogun 
rivers. 

3.2.3. Non-cancer risk characterization based on Monte Carlo simulation 
Monte Carlo simulation was employed to handle the uncertainties in 

heavy metal concentration and the variability in toxic response among 
individuals, body weight, and ingestion rate of fish. 

The THQ due to ingestion of As, Cd, Cr, Pb, Ni, and Co in different 
species as well as when consumed in the muscle of fish obtained from the 

Table 4 
The cancer risk for heavy metals from consumption of two fish species obtained from Ogun and Eleyele River.  

Site Specie Organ 
Cancer Risk (10− 5) 

As Cd Cr Ni Pb 

Ogun River 

Clarias gariepinus 
Liver 10.0 2.91 – 1.52 0.0045 
Muscle 7.94 – 0.074 2.01 0.010 
Gills 130.0 0.78 0.030 3.07 0.0089 

Sarotherodon melanotheron 
Liver 43.0 3.06 0.089 2.6 0.012 
Gills 52.0 3.97 0.030 2.99 0.011 
Muscle 29.0 3.01 0.059 2.33 0.0065 

Eleyele River 

Clarias gariepinus 
Gills 16.0 3.12 0.089 2.25 0.011 
Liver – 2.47 0.030 2.25 0.0089 
Muscle 31.0 2.03 0.089 1.11 0.0057 

Sarotherodon melanotheron 
Gills 4.56 2.70 0.0089 2.56 0.0015 
Liver – – – 2.27 0.0033 
Muscle – 0.62 0.012 1.07 0.011  

Fig. 9. CR of As, Cd, Cr, Ni and Pb In Adult Consumer of Clarias gariepinus obtained from Ogun River.  
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Fig. 10. CR of As, Cd, Cr, Ni and Pb In Adult Consumer of Sarotherodon melanotheron obtained from Ogun River.  

Fig. 11. Cancer Risk of As, Cd, Cr, Ni and Pb In Adult Consumer of Clarias gariepinus obtained from Eleyele River, Ibadan.  
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Eleyele and Ogun rivers based upon Monte Carlo simulation are depicted 
in Figs. 3–8. The rank order of non-cancer risk for each metal across 
species, organs, and Collection site was based on the 95th percentile of 
the THQ and HI. 

The order was As (1.49)>Co(0.02)>Ni (0.00097)>Cd (0.0064)>Pb 
(0.005)>Cr (0.00026)>Mn (0.00001) in Sarotherodon melanotheron, and 
As(3.67)>Co(0.015))>Cd (0.006)>Pb (0.0031)>Ni(0.0011) and HI 
(2.61) in Clarias gariepinus obtained from the Ogun River (Fig. 3–4). For 
the fish obtained from the Eleyele, Ibadan, the THQ in adult consumer of 
Sarotherodon melanotheron was As (0.13)>Co (0.018)>Cd (0.007)>Pb 
(0.0042)>Ni (0.0009)>Cr (0.00009) and HI (0.047). Whereas in Clarias 
gariepinus, it was As (0.90)>Co (0.021)>Cd(0.0056)>Pb(0.0042)>Ni 
(0.00095)>Cr(0.00085)>Mn(0.00003) and HI (0.85) (Fig. 5–6). Over-
all, consumption of fish from the Eleyele River does not pose non-cancer 
risk to consumers as the THQ is less than 1 for all metals whereas greater 
than 1 for As in the two fish species obtained from the Ogun River. 

The simulation prediction of the non-cancer risk of consuming heavy 
metals from the muscle of fish obtained from the Ogun River and Eleyele 
River, Ibadan are depicted in (Fig. 7–8). The THQ rank order for the 
heavy metals in the muscle of the fish obtained from the Eleyele River, 

Ibadan was, As (1.13)>Co(0.029)>Pb(0.00438)>Cd(0.0044)>Cr 
(0.00094)>Ni(0.00031) (Fig. 7). While the order was As (0.82)>Cd 
(0.011)>Co(0.01)>Ni(0.008)>Cr(0.005)>Pb(0.004) (Fig. 8) for the 
fish obtained from Ogun river. 

3.2.4. Carcinogenic risk characterization based on Monte Carlo simulation 
The percentile 95th of the Cancer Risk in consumers of fish obtained 

from the Eleyele and Ogun Rivers are shown in Figs. 3–14. The 
acceptable limit set for lifetime exposure to carcinogens ranged from 
10–4 (risk of developing cancer over a lifetime is 1 in 10,000) to 10–6 

(risk of developing cancer over a lifetime is 1 in 1,000,000). Using the 
acceptable limit of 10–4, As pose cancer risk to consumers of Clarias 
gariepinus and Sarotherodon melanotheron obtained from the Ogun River 
and Clarias gariepinus obtained from the Eleyele River, as the CR values 
were higher than the set limit (Table 3). Also, the probabilistic predic-
tion of the cancer risk of consuming As in the muscle of fish obtained 
from the Eleyele River (Fig. 13) and muscle of fish obtained from the 
Ogun River (Fig. 14) showed value greater than the set limit. 

Fig. 12. Cancer Risk of As, Cd, Cr, Ni and Pb In Adult Consumer of Clarias gariepinus obtained from Eleyele River, Ibadan.  
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Fig. 13. Cancer risk of As, Cd, Cr, Ni and Pb In Adult Consumer of the edible portion of Clarias gariepinus and Sarotherodon melanotheron obtained from Eleyele 
River, Ibadan. 

Fig. 14. CR of consuming As, Cd, Cr, Ni, and Pb in the Muscles of Clarias gariepinus and Sarotherodon melanotheron obtained from Ogun River.  
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4. Discussion 

The concentration of As, Cd, Co, Pb, Ni, Mn, and Cr analysed in this 
study suggested that the metals are from similar sources of pollution 
related to the study site viz., agricultural waste, human waste and 
anthropogenic activities, biometric characteristics, and as well, the 
behavioural pattern of the fish [45]. Similar to the observation of 
Arulkumar et al. [9], our result also suggested variation in the tissue 
accumulation pattern of the heavy metals. 

Metal accumulation in fish is a complex process contributed mainly 
by endogenous and exogenous factors [46,47]. The exogenous factors 
could include parameters such as bioavailability of a particular metal, 
alkalinity, and temperature of the environment [47], whereas, the 
endogenous factor could include the feeding habit of the fish species. 
Surface contact with water, food chain, and respiratory activity are the 
three major means through which metals enter into the fish (Malik et al., 
2010). For metal accumulation studies in fish, the gills which are in 
direct contact with the contaminated medium (water) and have the 
thinnest epithelium of all the organs making it penetrable for metals 
[48], and the liver being the organ of metabolism are best target organs 
[24]. The level in gills will reflect the concentration of elements in the 
water where the fish lives while the level in the liver will correspond to 
storage in the fish body [49]. According to Kalay et al. [50], a 
contaminant will accumulate in the muscle of fish only after exceeding 
the body defence barriers. In other words, the muscle may serve as a 
good indicator for chronic exposure [51]. In this study, more accumu-
lation was observed in the gills for some of the metals. This is consistent 
with previous observations where a higher accumulation of some of the 
metals was observed in the gills than the other tissues analysed [52]. The 
variation in metal accumulation suggested that both exogenous and 
endogenous factors contribute to metal accumulation in the fish. From 
the observation of Jovanović et al. [53], direct transfer of heavy metals 
from sediments is the major route of passage in many aquatic species i.e. 
metals accumulate in bottom feeders and transfer up the food chain 
through biomagnification. Arsenic for instance is perpetual in the sedi-
ment thus continually accumulates in benthic fish [54]. This could 
therefore explain why As accumulate more in the fish species studied. 

The concentration of all the identified metals in the tissues (gills, 
liver, and muscle) of the fish species is below the suggested consumption 
limit ([55,56], USFDA, 1993 [57];). Overall, the fish species collected 
from the two sites contained detectable levels of the metals analysed and 
the accumulation of these heavy metals may present health risk to the 
population of consumers based on calculation and simulation obtained 
in this study. 

The estimated daily intake or tolerable intake was used to describe 
the safe levels of the heavy metals [58]. The values described in this 
study were dependent on the dry weight concentration of metals in the 
fish muscle and the fish ingestion rate considering the average adult 
weight at 60 kg [5]. Only Arsenic in the gills of Clarias gariepinus har-
vested from the Ogun River exceeded the provisional intake level sets by 
WHO, [59], therefore, consumption of these fish species harvested from 
the two sites might not pose any health risk since the provisional limits 
were not exceeded in the muscle of fish. 

The THQ as a measure of health risk may signify some levels of 
concern [60]. When THQ > 1, it flags a concern alert whereas a THQ < 1 
indicate that the level of exposure is lower than the reference dose in 
which daily exposure at this level is unlikely to cause any adverse health 
effect during an individual’s life time [45]. In this study, long time 
consumption of fish from the Ogun River might pose some health 
concern suggesting that consumers of the fish from the sites might 
experience significant non-carcinogenic health risk and therefore must 
exercise some caution. 

Risk associated with carcinogenic effects of a metal is expressed as 
excess probability of cancer incidence over a 70 years lifetime [61]. 
Consumption of the two fish species from the two sites over a long period 
may have carcinogenic effects as the cancer Risk (CR) values obtained 

for Arsenic, Cadmium, and Nickel were greater than the acceptable 
guideline value of 10− 6 [58]. This observation is in agreement with 
Nduka et al. [62] who reported similar health risks for As, Cd, Cr, Ni, and 
Pb in different painkiller drugs locally manufactured in Nigeria. The 
aggressive accumulation through consumption of these metals from 
various sources, therefore, raises concern and requires a prompt 
response from the necessary regulatory agencies in Nigeria. 

The toxic nature of arsenic has been said to be dependent on its 
chemical form [63]. Arsenic is a metalloid widely reported with adverse 
health effects in humans. Chronic exposure has been shown with a va-
riety of health concerns including many types of cancer, neurological, 
dermatitis, and cardiovascular diseases [64–67]. Cadmium is another 
heavy metal reported with a high risk of cancer, nephrotoxicity, hepa-
totoxicity, reproductive and skeletal damages [68], while nickel is a 
natural constituent of earth crust assumed to be useful as a cofactor 
during iron absorption [69]. Chronic exposure may however be involved 
in circulatory system disorders in humans. Chromium is a metal irritant 
of the respiratory tract with the potential to cause pulmonary sensiti-
zation. Chronic exposure can also lead to bronchial carcinoma, auric 
deficiency (renal diseases), lung cancer, and the hepatocellular defi-
ciency [70]. Based on the observation of this study, the toxic potentials 
of As, Cd, Ni, and Cr are likely to be manifested in the consumers of fish 
harvested from the two sites especially the Ogun River if continually 
consumed over a long period. 

4.1. Conclusion and recommendation 

This study analysed the concentration of As, Cd, Co, Cr, Ni, Mn, and 
Pb in the tissues of two fish species collected from the Ogun and Eleyele 
Rivers. We observed that arsenic was most prominent among the metals 
in the tissue of all the fish species. Although the concentration of metals 
in the fish was below the permissible limit, consumption of the fish from 
the Ogun River over a long period might present some non-carcinogenic 
risk while consumption of As, Cd, Ni, and Cr might predispose consumer 
of fish from the two sites to cancer risk. Therefore, proper awareness 
must be created and necessary government environmental health man-
agement agencies must put in place necessary regulations. 
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[49] M. Roméo, Y. Siau, Z. Sidoumou, M. Gnassia-Barelli, Heavy metal distribution in 
different fish species from the Mauritania Coast, Sci. Total Environ. 232 (3) (1999) 
169–175. 
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