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Abstract 
This research work examined the concentrations of Cobalt (Co), Manganese (Mn), and Cadmium (Cd) 
and its associated health risk factors in gills, muscles and livers of Catfish (Clarias graphinus) and Ray-
finned fish (Cyphomyrus Psittacus) collected from the banks of Komodugu River in Gashua, Yobe State, 
Nigeria. The analysis was carried out by Flame Atomic Absorption Spectrometry after digestion of the 
samples. The results showed that the concentration of Cd and Co in fish samples were slightly higher 
than the permissible limit, while the concentration of Mn was below the permissible limit. Values of 
pollution load index (PLI) indicate that heavy metal pollution exist. The Estimated Daily Intake(EDI) 
and Target Hazard Quotient(THQ) of the fish species confirmed no pollution of the organs of all of the 
fish samples due to Co and Mn except Cd where the THQ of organs of the fish samples is greater than 
one (1) which confirmed a pollution of these organs by Cd. 
 
Keywords: Heavy metals, Estimated daily intake (EDI), Pollution load index (PLI), Target 
hazard quotient (THQ). 
 

 
INTRODUCTION 
Fish is a vital component of the human diet, offering high-quality protein, essential fatty acids, 
and a range of micronutrients important for human health (FAO/WHO, 2011). However, 
environmental pollution, particularly from heavy metals, has raised growing concerns about 
the safety of fish and seafood as a food source. Heavy metals such as mercury (Hg), lead (Pb), 
cadmium (Cd), arsenic (As), and chromium (Cr) are persistent pollutants that accumulate in 
aquatic environments through anthropogenic activities like industrial discharge, agricultural 
runoff, and mining (Jaishankar et al., 2014; Rajeshkumar et al., 2018). 
 

These metals are not biodegradable and tend to bioaccumulate in aquatic organisms, 
especially fish, which are at higher levels in the food chain. Consumption of contaminated 
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fish can result in chronic exposure to toxic metals, leading to severe health problems including 
neurotoxicity, kidney and liver damage, reproductive disorders, and even carcinogenesis 
(Burger & Gochfeld, 2005; Jaishankar et al., 2014). Several studies have shown that fish in 
polluted water bodies may contain metal concentrations that exceed recommended safety 
thresholds (Usero et al., 2004; Rajeshkumar et al., 2018). As such, assessing the health risks 
associated with the consumption of heavy metal-contaminated fish is critical. Health risk 
assessments typically involve estimating the daily intake of metals and comparing these 
values with established reference doses and tolerable limits (USEPA, 2000). However, most of 
the works have focused primarily on common freshwater fish species such as clarias 
gariepinus and tilapia nilotica, with limited attention given to other species like cyphomyrus 
psittacus (ray-finned fish).  
 
The dual species comparative approach and the inclusion of cyphomyrus psittacus (a 
relatively understudied fish), and the application of human health risk assessment indices 
contribute new insights into environmental pollution levels in the komodugu river and their 
applications for food safety and public health. This study seeks to evaluate the concentration 
of selected heavy metals in commonly consumed fish species and conduct a risk assessment 
to determine their potential impact on human health.  
 
MATERIALS AND METHODS 
Study Area 
River Yobe is one of the rivers of West Africa located in Yobe State Nigeria. Its coordinates are 
130 42’0” N and130 19’60” E, a tributary of Lake Chad formed by the union of the Hadaija and 
Komadugu Gana Rivers. It situated between Nigeria and Niger. It forms the border between 
the two countries for some 95 miles (150 km) and flows a total of 200 miles (320 km) to empty 
into the Western end of Lake Chad (El-Ishaq et al., 2016). The average annual temperature of 
the town ranges from 38oC to 40 oC with a mean maximum temperature of 39.8°C between 
March to April and mean minimum temperatures of 28.1°C between June to September. 
Gashua falls within the vegetation zone of Sudan Savannah usually dominated by shrubs and 
short tress with a yearly rainfall of 500 to 1000mm that lasts for about 120 days (Wakawa et 
al., 2017). The river serves as a valuable source of untreated water for consumption and other 
home activities for communities who live along the route. Also, irrigational farm practices are 
a dominant form of the agricultural system around the research area. Therefore, 
agrochemicals easily enter the river ecosystem and become primary contaminant of the river 
at Gashua 

. 
Figure 1: Map of komodugu river 
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Sample Collection 
Two different species (four sample of each specie) namely Catfish (Clarias gariepinus) and Ray-
finned Fish (Cyphomyrus psittacus) were collected from fishing nets that were casted and left 
overnight with assistance from fishermen in the area. The samples were removed from nets, 
kept inside icebox, and taken to the laboratory for analysis. 
 
Sample Pre-Treatment  
The fish samples were washed, dissected, and organs (liver, gills and muscles) were removed, 
and oven dried separately for 2 hours at a steady temperature of 105oC. Dried organ samples 
of each specie were ground using mortar and pestle and then placed in moisture free synthetic 
bag and kept in a desiccator for further analysis. 
 
Data Analysis  
Data were analyzed using Microsoft Office Excel and expressed in term of descriptive 
statistics. Mean concentrations of heavy metals manganese (Mn), cadmium (Cd), and cobalt 
(Co) were Presented as (Mean±SD) of three replicate measurements.  
 
Human Health Risk Assessment  
Human health risk assessment involves the estimation of the probability of adverse health 
effects in humans who are exposed to metals in contaminated environments. It involves 
exposure assessment, due to the behavioural and physiological differences in adults and 
children. 
 
Pollution Load Index (PLI) 
The pollution load index is an accurate and credible index used in monitoring heavy metal 
pollution in aquatic habitats and food. PLI is a mathematical model that combines impacts of 
metals in a single form. Tomlinson et al., (1980) suggested calculating the PLI by taking the 
five highest concentration factors (CFs) and deriving the fifth root of the five factors multiplied 
together. In general, PLI is computed using a geometric equation proposed by Usero et al., 
(1997). 

( )nnCFCFCFCFCFLPI
1

.............
4321

= , ……………………………………… (1) 

Where nCF  is the concentration of the nth element under investigation. A PLI > 1 indicates 

heavy metal pollution exists while a value < 1 suggests no pollution (Tomlinson et al. (1980).  
 
Estimated Daily Intake (EDI) 

The estimated daily intake is calculated from the following equation (Ghazala et al., 
2021); 

weight
B

CCD
EDI

mFake 
= nti ………………………………………………………. (2) 

where akeD nti
 is the average daily intake of food= 0.585kg of vegetable/person/day 

CF is the conversion factor =0.08045 

 Cm is the metal concentration in the fish tissue (mg/kg dry weight basis)  

 
weight

B  is the average body weight for adults (70 kg) (Yaqub et al., 2021)?  

 
Target Hazard Quotient (THQ)   
The target hazard quotient, which is a measure of non-carcinogenic risk is a ratio of estimated 
daily intake (EDI)) and the oral reference dose (RfD). The RfD (mg/kg bw/day) represents an 
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estimate of the daily oral exposure of the human population that is likely to be without an 
appreciable risk of deleterious effects. The RfDs were 0.003, 0.3, 0.001, 0.02, 0.04, 0.14, 0.007, 
0.04 and 0.03 (mg/kg/day) for Cr, Zn, Cd, Ni, Pb, Mn, Fe, Cu and Co respectively (USEPA, 
2019). The following equation is used to calculate the    

 
RfD

EDI
THQ=  ……………………………………………………………………….. (3) 

A THQ < 1 reveals that there is no adverse hazard of the exposed population. A THQ equal 
to 1 show that the concerned receptors may experience noncarcinogenic health risk, while the 
probability should increase as the THQ value increases. In calculating the THQ, the effect of 
cooking on the concentration of contaminants was not considered and the ingestion dose was 
assumed to be equal to the absorbed dose of the contaminant (Saha et al., 2016). Based on the 
literature, exposure to two or more pollutants may cause additive and/or interactive effects, 
and hence, the combined target hazard quotient (CTHQ) may be calculated. The CTHQ gives 
an overview of health risks of all metals together through fish consumption. The CTHQ is 
calculated from the following equation: 


=

=
3

1i

THQCTHQ , …………………………………………………………………... (4)  

Where i is the index of the studied heavy metal 
 
RESULTS AND DISCUSSION 
Concentrations of Heavy Metals in Fish Species 
 
Table 1: Maximum and Minimum Concentrations of Cd, Co and Mn (mg/kg) in organs of 
Ray -fined Fish (Cyphomyrus Psittacus) and Catfish (Clarias graphinus) 

 
Cadmium concentrations in gills of fish species decreased according to the trend; catfish (6.29 
± 3.36 mg/kg) >ray-fined fish (3.94 ± 2.21 mg/kg). Values reported in previous studies were 
much lower than the results obtained in this research. Jafia et al., (2022) reported Cd levels of 
0.046 ±0.01 and 0.05 ±0.01 mg/kg respectively in the gills and muscle of Clarias graphinus 
obtained at the bank of Komadugu-Yobe River, Gashua, Yobe State in North-East Nigeria. 
Much lower Cd results of 2.00 E- 03 each in the gills and muscle of Clarias graphinus were 
reported by Mohammed et al., (2023). Cadmium concentrations in liver of fish species 
obtained in this study ranged from 8.15 ± 0.46 mg/kg in catfish to 6.63 ± 2.16 mg/kg in ray-
fined fish. Literature values for Cd in liver below and within the range from 4.34 ± 0.55 to 8.15 
± 0.46 mg/kg were reported by Jafia et al., (2022). Cadmium concentrations in muscles of 
various species obtained in this study ranged from 6.27 ± 3.56 mg/kg in catfish to 6.25 ± 3.56 
mg/kg in ray-fined fish. Available literature values for cadmium in muscle below and within 
the range 1.62 ± 0.03 to 6.34 ± 2.80 mg/kg were reported by Jafia et al., (2022). Very low 
concentration of Cadmium in muscle of Oreochromis niloticus (0.06 ±0.00 mg/kg), Clarias 

Maximum and Minimum Concentrations in Ray -fined Fish (Cyphomyrus Psittacus) 

 Gills Liver Muscle 

Heavy metals Min. Max. Min. Max. Min. Max. 

Cadmium 1.139 ± 0.25 3.94 ± 2.21 2.44 ± 0.99 6.63 ± 2.16 4.50 ± 3.16 6.25 ± 3.56 

Cobalt 2.13 ± 0.13 4.9 ± 0.2 1.63 ± 0.25 2.13 ± 0.86 1.00 ± 0.00 4.75 ± 0.59 

Manganese 
3.04 ± 2.12 6.71 ± 2.49 1.76 ± 0.80 

6.35 ± 3.73 
3.15 ± 0.99 3.39 ± 0.67 

Maximum and Minimum Concentrations in Catfish (Clarias graphinus) 

Cadmium 3.94 ± 3.17 6.29 ± 3.36 7.11 ± 0.46 8.15 ± 0.46 4.23 ± 3.65 6.27 ± 3.56 

Cobalt 1.36 ± 0.29 3.63 ± 1.93 3.00 ± 1.58 4.31 ± 2.15 2.53 ± 1.28 4.00 ± 1.41 

Manganese 2.24 ± 0.33 5.31 ± 0.65 1.31 ± 0.14 2.52 ± 1.92 1.95 ± 0.66 2.08 ± 0.58 
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gariepinus (0.05 ±0.01 mg/kg) and Synodontisschall (0.002 ±0.004 mg/kg) obtained from 
Komadugu-Yobe River, Gashua, Yobe State, North-East Nigeria were reported by Jafia et al., 
(2022).  
 

The maximum Cobalt concentrations in gills, liver and muscles of Ray -fined Fish (Cyphomyrus 
psittacus) is in the order; gills (4.9 ± 0.2 mg/kg) > muscle (4.75 ± 0.59 mg/kg) > liver (2.13 ± 
0.86 mg/kg) and also in Catfish (Clarias graphinus) is in the order; liver (4.31 ± 2.15 mg/kg) 
species decreased according to the trend; ray-fined fish (4.9 ± 0.2 mg/kg) > catfish (3.63 ± 1.93 
mg/kg). Values reported in previous studies were much lower than the results obtained in 
this research. Jafia et al., (2022). 
 

Manganese concentrations in gills of fish species decreased in the order; ray-fined fish (6.71 ± 
2.49 mg/kg) > catfish (5.31 ± 0.65 mg/kg). Values reported in previous studies were lower 
than results in this study. Ezekiel et al., (2019) reported Mn concentrations of 1.61 ±0.04, 1.96 
±0.08, 68 ± 0.08, 1.48 ± 0.11 and 1.87 ± 0.11 mg/kg in the gills of Oreochromis niloticus, 
Clariasgariepinus, bagrus bayad, Synodontisschall and alestes nurse in selected fish species from 
Dadin Kowa Dam, Gombe State, Nigeria. Concentrations of Mn in liver of fish species 
obtained in this study decreased in the order; ray-fined fish (6.35 ± 3.73 mg/kg) >catfish (2.52 
± 1.92 mg/kg). Literature values for Mn in liver below the range 2.52 ± 1.92 to 8.20 ± 1.53 
mg/kg were reported. Ezekiel et al., (2019) reported Mn concentrations of 1.84 ±0.02, 1.46 
±0.09, 1.50 ± 0.06, 1.26 ± 0.12 and 1.35 ± 0.06 mg/kg in the livers of Oreochromis niloticus, 
Clariasgariepinus, bagrus bayad, Synodontisschall and alestes nurse in selected fish species from 
Dadin Kowa Dam, Gombe state. Manganese concentrations in muscles of fish species obtained 
in this study decreased in the order; ray-fined fish (3.39 ± 0.67 mg/kg) > catfish (2.08 ± 0.58 
mg/kg). Literature values for Mn in muscle below the range 2.08 ± 0.58 to 7.58 ± 1.83 mg/kg 
were reported. Ezekiel et al., (2019) reported Mn concentrations of 1.71 ±0.02, 1.42 ±0.19, (1.65 
± 0.16, 1.12 ± 0.05 and 2.27 ± 0.24 in the livers of Oreochromis niloticus, Clariasgariepinus, bagrus 
bayad, Synodontisschall and alestes nurse in selected fish species from Dadin Kowa Dam, Gombe 
state. 
 
Table 2: Total Concentrations of Cd, Co, and Mn (mg/kg) in Ray -fined Fish (Cyphomyrus 
Psittacus) and Catfish (Clarias graphinus) at Different sampling Sites 

Sampling sites Cadmium Cobalt Manganese 

Total Concentrations of heavy metals in Ray -fined Fish (Cyphomyrus Psittacus) 

S1 12.37 ± 6.40 6.36 ± 3.16 11.52 ± 4.51 
S2 13.78 ± 5.88 9.54 ± 1.55 11.62 ± 4.27 
S3 8.51 ± 4.52 7.93 ± 1.31 12.93 ± 6.30 
S4 13.80 ± 5.79 4.75 ± 0.38 10.93 ± 5.44 

Total Concentrations of heavy metals in Catfish (Clarias graphinus) 
S1 16.77 ± 6.75 10.26 ± 4.16 7.72 ± 2.08 
S2 20.71 ± 7.37 7.25 ± 2.99 9.15 ± 1.57 
S3 18.40 ± 7.54 10.11 ± 4.09 6.84 ± 3.63 
S4 19.11 ± 7.13 8.78 ± 4.57 8.29 ± 3.63 

Key: S1, S2, S3 and S4 are sampling sites 1, 2, 3 and 4. 

 
Concentrations of Cadmium in different parts of fish species at all the sample sites determined 
in this study are much greater than 0.05 mg/kg recommended by the World Health 
Organization (WHO) and Food and Agricultural Organization (FAO). Also the 
Concentrations of Co in the fish species determined in this study are greater than 0.1mg/kg 
recommended by the World Health Organization (WHO) and Food and Agricultural 
Organization (FAO). The largest source of exposure to cobalt is food (WHO, 2006). Cobalt has 
effect on reproduction and animal development. It is estimated that the daily intake from food 
alone is 5-40μg and that those with iron deficiency have increased absorption of cobalt (WHO, 
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2006). As an essential component of vitamin B12 it is found in every tissue. The total amount 
of cobalt in the human body is 1.1-1.5mg but with 0.11mg in the liver alone (WHO, 2006). 
Concentrations of Mn in the fish species determined in this study are below 83.28 mg/kg 
recommended by the World Health Organization (WHO) and Food and Agricultural 
Organization (FAO). 
 
Non-Carcinogenic effects of Heavy Metals due to Consumption of Fishes 
Pollution Load Indices (PLI) of Heavy Metals in Organs of Fish Species 
The PLI values of the heavy metals of the fish species were calculated and presented in table 
below: 
 
Table 3: PLI Values of Heavy Metals in Organs of Fish Species 

Fish Specie Gills Liver Muscle 

Ray-fined Fish 3.1969 ± 0.26 2.9194 ± 0.44 3.9328 ± 0.59 

Catfish 4.524 ± 0.35 3.547 ± 0.90 4.624 ± 0.22 

 
The highest PLI value, 4.624 ± 0.22 was found in the muscle of Catfish. The lowest value, 
2.9194 ± 0.44 was found in liver of Ray-fined fish. The mean PLI values in gills, liver and 
muscles of the various fish species are 3.1969 ± 0.26, 2.9194 ± 0.44 and 3.9328 ± 0.59 
respectively. By Tomlinson et al., (1980) assessment, there is a probability of heavy metal 
contamination of all organs of the various fish species. These values are much higher than 
previous results (Oliver et al., 2022; Jafia et al., 2022). Oliver et al., (2022) reported load pollution 
indices of 0.0067 ± 0.01, 0.0967 ± 0.07 and 0.0333 ± 0.04 in the Muscle, Gills and Liver of the 
large scale yellow fish (Labeobarbus marequensis) collected from three different sites along 
Solwezi River, Zambia. Jafia et al., (2022) reported PLI values in gills and muscles of O. 
niloticus, 2.34 and 1.08, C. gariepinus, 1.18 and 1.33 and S. schall, 1.18 and 1.93 respectively. 
 
Assessment of Cadmium, Cobalt and manganese Contamination in Fish Species 
Table 4: Estimated Daily Intake (EDI) and Target Hazard Quotient (THQ) of Cd, Co and 
Mn of organs of Ray -fined Fish (Cyphomyrus Psittacus) and Catfish (Clarias graphinus) 

 (EDI) and (THQ) for Ray -fined Fish (Cyphomyrus Psittacus) 

 Gills Liver Muscle 
 EDI THQ EDI THQ EDI THQ 
Cadmium 0.0016 ± 0.00 1.6194 ± 0.19 0.0037 ± 0.00 3.7403 ± 1.83 0.0042 ± 0.00 4.2458 ± 0.45 

Cobalt 0.0025 ± 0.00 0.0844 ± 0.03 0.0015 ± 0.00 0.0490 ± 0.00 0.0017 ± 0.00 0.0555 ± 0.05 

Manganese 0.0034 ± 0.00 0.0246 ± 0.01 0.0043 ± 0.00 0.0231 ± 0.01 0.0026 ± 0.00 0.0188 ± 0.00 

(EDI) and (THQ) for Catfish (Clarias graphinus) 

Cadmium 0.0045 ±0.00 4.4638 ± 1.07 0.0060 ± 0.00 6.0079 ± 0.43 0.0044 ± 0.00 4.3944 ± 0.84 

Cobalt 0.0020 ± 0.00 0.0664 ± 0.03 0.0028 ± 0.00 0.0949 ± 0.01 0.0023 ± 0.00 0.0774 ± 0.02 

Manganese 0.0033 ± 0.00 0.0236 ± 0.01 0.0014 ± 0.00 0.0102 ± 0.00 0.0016 ± 0.00 0.0115 ± 0.00 

 

 
The estimated daily intake (EDI) of Co in Ray- fined fish ranged from 0.0015 ± 0.00 in liver to 
0.0025 ± 0.00 in Gills, indicating no Co contamination, since each of these values is less than 
0.03, the oral reference dose (RfD) of the metal. The Co contamination of Ray- fined fish is not 
confirmed by the target hazard quotient (THQ) since all the values of the THQ are less than 1 
which indicate no Co pollution. The estimated daily intake (EDI) and target hazard quotient 
(THQ) of various organs of fish species are within the acceptable limit as shown in table 3 
above. The values for EDI in this study are within the values reported by previous researchers 
while the corresponding THQ are far below the results reported by previous works. Javed et 
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al., (2016) reported Cobalt EDI for male and female freshwater fish Mastacembelus armatus as 
3.09 × 10−3 and 3.53 × 10−3 and THQ for male and female freshwater fish Mastacembelus armatus 
10.33 and 11.77 respectively. 
 
The estimated daily intake (EDI) of Mn in catfish ranged from 0.0014 ± 0.00 in liver 0.0033 ± 
0.00 in gills and in Ray-fined fish ranged from 0.0026 ± 0.00 in muscle to 0.0043 ± 0.00 in liver 
indicating no Mn contamination, since each of these values is lower than 0.14, the oral 
reference dose (RfD) of the metal. Mn contamination of ray-fined fish and catfish is not 
confirmed by the target hazard quotient (THQ) as their values falls below 1. These values are 
within the values reported in previous works. Pokorska-Niewiada K. et al., (2022) reported 
manganese EDI and THQ in muscle and testicles for common bream (Abramis brama L.) as 
0.12, 0.153 and 0.001, 0.001 also Javed et al., (2016) reported EDI of male and female 
Mastacembelus armatus as 3.08 × 10−3 and 3.5 × 10−3 and THQ of 0.022 and 0.025 respectively. 
The estimated daily intake (EDI) of Cd in Ray- fined fish ranged from 0.0016 ± 0.00 in Gills to 
0.0042 ± 0.00 in muscle, indicating Cd contamination, since each of these values is greater than 
0.001, the oral reference dose (RfD) of the metal. The Cd contamination of Ray- fined fish is 
confirmed by the target hazard quotient (THQ) of 4.2458 ± 0.45. The estimated daily intake 
(EDI) and target hazard quotient (THQ) vary significantly among various organs of fish 
species. The highest Cd contamination was found in the liver of Catfish with an EDI of 0.0060 
± 0.00 and THQ of 6.0079 ± 0.43. These values are higher than previous results. Jafia et al., 
(2022) reported cadmium EDI and THQ for O. niloticus, 4.20E-03 and 4.26E-04, C. gariepinus, 
3.82E-02 and 3.92E-05 and S. schall, 2.26E-03 and 2.93E-05 respectively. 
 
CONCLUSION 
Concentrations of three heavy metals (Co, Mn and Cd) in gills, liver and muscles of two fishes 
namely; Ray -fined Fish (Cyphomyrus Psittacus) and Catfish (Clarias graphinus) were 
determined by flame atomic absorption spectrometry, after microwave digestion of the 
samples. 
The EDI and THQ of the fish species confirmed no pollution of the organs of all of the fish 
samples due to Co and Mn except Cd where the THQ of organs of the fish samples is greater 
than 1 which confirmed a pollution of these organs by Cd. 
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