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ABSTRACT: The major problems in human diets are the 
presence of toxic materials in consumable foods. Fishes 

have been used for many years as indicators of 

environmental pollution status, and, thus, they are 

regarded as good indicators of metal pollution in marine 

environments. This study aimed to assess some toxic 

elements in Clarias gariepinus (Cat fish) sold in Minna, 

Niger State Nigeria and the health risk associated with their 
consumption. The fishes used for the study were purchased 

from Katcha market and Minna fish market from different 

sellers and these were done in triplicates. The level of some 

trace metals such as Arsenic (As), Cadmium (Cd), 

Chromium (Cr), Lead (Pb), and Mercury (Hg), were 

investigated using Atomic Absorption Spectroscopy (AAS). 
The Bioaccumulation factor and health risk (daily intake, 

health risk index and hazard index) from the consumption 

of these fishes was assessed using standard methods and 

formula. Fish samples were digested using a modified 

procedure from the Association of Official Analytical 

Chemists (AOAC) and were subsequently analyzed using 
AAS. The results showed that trace metals in fishes sold in 

Minna town were higher than the WHO/FAO permissible 

limit of metal in fishes. There is significant different 

(P<0.05) between the fishes sold in Minna and that of 

Katcha. Total hazard index of all metals in C.gariepinus from 

Katcha market and Minna fish market were 0.37 and 1.25 

respectively. This concludes that fish in Minna market are 
contaminated with heavy metals (HMs) with deleterious 

effect on consumption and also bioaccumulate in the fish. 

The risk assessment shows that fish in Minna are 

contaminated with potentially toxic elements and could 

pose health risk from heavy metal contamination when 

consume via food chain. 
 

 

Keywords: Clarias gariepinus, hazard assessment, heavy 

metals, Niger state, safety 

 
 
 

INTRODUCTION 
 
The consumption of fish is seen among high proportion of 
the population as a cheap way of increasing the protein, 
minerals and vitamin content in the body. Fish have been 
used as indicators of environmental pollution status, and, 
thus, they  are  regarded  as  good   indicators   of   metal  

 
 
 
 
pollution in aquatic environments (Mohammed et al., 
2016). Fishes are mostly vulnerable and heavily exposed 
to pollution because they cannot escape from the 
detrimental effects of pollutants in  their  environment  i.e.  
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they are cold blooded animals and survive only in water 
bodies (Oguh et al., 2019a; Mahboob et al., 2014). Toxic 
elements i.e. HMs are the most important pollutants in 
aquatic life because of their toxicity, accumulation and 
bio-magnification by marine organism. In aquatic 
environments, heavy metals (HMs) pollution is cause by 
direct atmospheric deposition, geologic weathering or 
through the discharge of agricultural chemicals, municipal 
waste, residential or industrial waste products, and water 
treatment plants waste. Fish can be contaminated with 
trace metal when different parts of the fish are exposed to 
the air or from polluted or contaminated rivers which 
cause serious health risk of consumers. 

Environmental pollutants such as HMs bioaccumulate 
in food chain when the fish are consume by human which 
can cause an antagonistic effects (chronic or acute 
diseases) and even death of consumers, so fish among 
other animals are used to determine the health condition 
of aquatic ecosystem. Bioaccumulation of heavy metals 
means an increase in the degree of toxic metals in a 
living organism over a period of time, compared with 
chemical’s level in the environment. Several studies have 
showed that accumulation of HMs in fish tissue is mainly 
dependent on the HMs concentration in the water and 
exposure period; though some other environmental 
factors such as pH, water temperature, hardness, oxygen 
concentration, salinity, alkalinity and dissolved organic 
carbon may affect and play significant roles in metal's 
accumulation and toxicity to aquatic life especially fish 
(Jitar et al., 2014; Authman et al., 2015; Oguh et al., 
2019b). 

More times very young stages of fish (larvae and 
juveniles) grow up in the near shore zone of the river, 
where the water quality is heavily contaminated (Zaqoot 
et al., 2017). Accumulation of HMs varies from fish 
species to the other; some fish accumulate more heavy 
metal than others. The toxicity effects of toxic elements 
can affect individual growth rates, physiological functions, 
reproduction, and even mortality in fish. Toxic metals 
accumulate in fish bodies by three possible ways: gills, 
digestive track and body surface. The gills are considered 
as the significant site for direct uptake of metals from the 
water (Beijer and Jernelov, 1986), HMs in fish come 
mainly from their diet, though the body surface is 
normally estimated to take minor part in uptake of heavy 
metals in fish (Selda and Nurşah, 2012). Fish are used in 
bioaccumulation tests for aquatic organism because it is 
a higher tropic level organism and are usually eaten by 
human (Olaifa et al., 2004). 

Trace metal refers to any metallic chemical element 
that has a relatively high density greater than 5 g/cm

3
 and 

is toxic or poisonous even at low concentrations. 
Examples of some toxic heavy metals include mercury 
(Hg), cadmium (Cd), arsenic (As), chromium (Cr), 
thallium (Ti) and lead (Pb). The densities of Pb, Hg and 
Cd are 11.4 gcm

-3
, 13.6 gms/cubic cms and 8.65 

gms/cubic cms   respectively  (Oguh et al., 2020). It   has  
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been shown that even low concentration of Hg, Cd, Pb, 
Al and As can cause a wide variety of health problems 
(Hassaan et al., 2016). Toxicity of heavy metal can result 
in damaged or reduced mental and central nervous 
function, lower energy levels and damage to blood 
composition, lungs, kidneys, liver and other vital organs. 
Long-term exposure of HMs may result in slowly 
progressing physical, muscular and neurological 
degenerative processes that mimic Alzheimer's disease, 
Parkinson's disease, muscular dystrophy and multiple 
sclerosis. Allergies are not common and repeated long-
term contact with some toxic metals may cause cancer. 
Metals elements such as Cd, Hg, As and Pb are non-
essential and therefore have toxic effects on living 
organisms such as damage to the renal and nervous 
systems of fish as well as gill damage (severe destructive 
pathological changes, i.e. structural lesions) (Barka et al., 
2001; Lars, 2003; Velcheva et al., 2010; Deore and 
Wagh, 2012). 

Lead has been shown to damage the liver, kidneys, 
heart, brain, nerves and other organs. Exposure to Pb 
causes increase in heart disease, anemia, high blood 
pressure, and reproductive disorders osteoporosis (brittle 
bone disease) especially in men. Cadmium is highly toxic 
metal because it’s cause serious illness, rheumatoid 
arthritis (RA), full skeletal deformities, cancer, depressed 
growth, hypertension, diarrhea, vomiting, stomach 
problems, fractures in bone, damage to DNA, failure in 
reproduction and fertility, cause damage to nervous 
system, damage to immune system, cancer, fetal 
deformity and death (Mansour and Sidky, 2002). Effect of 
chromium on humans by fish intake are faded immune 
system, Skin diseases, Cause ulcer and upset stomach, 
Respiratory track problem, Alteration in genetic material, 
Lung cancer, liver and kidney damage and Death. 
Mercury toxicity include visual field construction, 
behavioral changes, memory loss, headaches, tremors, 
loss of fine motor control, spasticity, hair loss, mental 
retardation to fetus and fetal deformity, cerebral polsy, 
blindness, deafness and muscular rigidity (Clarkson et 
al., 2003). Arsenic is acutely toxic element and large 
intakes can result in adverse symptoms to 
gastrointestinal tract, severe disturbances of the 
cardiovascular and central nervous systems and 
eventually death. The latest WHO evaluation concludes 
that, exposure to arsenic via drinking water is causally 
related to cancer in the lungs, kidneys, urinary bladder 
and skin (WHO, 2001). 

Fish are considered as an excellent source of 
polyunsaturated fatty acids (predominantly omega-3 fatty 
acids), protein, Zn, iron and calcium (Toth and Brown, 
1997). Fish is a valuable and cheap food item, and also 
major part of the human diet. The accumulation of 
several chemicals in fish is as a result of pesticides runoff 
from nearby farms, detergent as a result of washing in 
the reservoir and dump materials in the sites. This 
increases   high  concentrations  of  heavy  metals  in  the  
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water body, which cause the disruption of the ecological 
balance of river water. Fish in such areas can be 
contaminated with HMs, consumption of this fishes by 
humans can cause accumulation of these toxic metals in 
the food chain which could cause an adverse health 
effect from consuming fishes in the river. Hence, the 
study aim to determine the assessment of some toxic 
elements in aquatic bio-indicator (Clarias gariepinus) sold 
in Katcha and Minna, Niger State Nigeria-Major threats to 
food safety and the health risk associated with their 
consumption. 
 
 
MATERIALS AND METHODS 
 
African Catfish (Clarias gariepinus), were selected for the 
study because it is the major consumed fish in Niger 
State. The rusted dry fishes used for the study were 
bought from Katcha Market and Minna fish market, Niger 
State Nigeria. 
 
 
Sample collection 
 
Sample collections were carried out according to the 
methods described by Oguh et al., 2020. The fishes used 
for the study were purchased from two different locations 
(Katcha Market and Minna fish market).  In each location 
the fishes were purchased from six different sellers and 
joined together to have a represent sample. The fishs 
samples were purchased between the months of 
January, 2021.  
 
 
Fish tissue preparation 
 
Dry Fish samples were rinsed with distilled water to get 
rid of any remnants of trace metals on the outer surface 
of the fish. Muscle tissues of  fish (dorsal muscle) was 
used in this study because it is the major target tissue for 
metal storage and is the most edible part of the fish. Fish 
tissues were cut and oven dried for 1 hour at 90ºC to a 
constant weight. After ensuring of samples complete 
dryness they were removed and then grounded into 
powder using ceramic mortar and sieved through 20µm 
mesh and then stored in polyethylene bottles at 30ºC until 
analysis.  
 
 
Digestion of Fish Samples 
 
Exactly 5 g of the dry powdered sample was put into a 50 
ml beaker with 5 ml of HNO3 and 5 ml of H2SO4. When 
the fish tissue stopped reacting with HNO3 and H2SO4, 
the beaker was then placed on a hot plate and heated at 
60°C for 30 min. After allowing the beaker to cool, 10 ml 
of HNO3 was added and returned to  the  hot  plate  to  be  

 
 
 
 
heated slowly to 120°C. The temperature was increased 
to 150°C, and the beaker was removed from the hot plate 
when the samples turned black. The sample was then 
allowed to cool before adding H2O2 until the sample was 
clear. The content of the beaker was transferred into a 50 
ml volumetric flask and diluted to the mark with ultra-pure 
water. All the steps were performed in the fume hood. 
Digested samples were analyzed for levels of As, Cd, Cr, 
Hg and Pb using Atomic Absorption Spectroscopy. The 
above procedures in this section followed the guidelines 
from the Analytical Methods for Atomic Absorption 
Spectroscopy. 
 
 
Health risk assessment of HMs via the consumption 
of fishes 
 
Risk assessment was evaluated by considering only the 
edible part (muscles tissues) of the fish and to determine 
daily intake of metal (DIM), health risk index (HRI) and 
hazard index (HI). 
 
 
Daily intake of metals (DIM) 
 
The DIM was calculated to estimate the daily loading of 
metals into the body system (via the consumption of fish) 
of a specified body weight of a consumer according to 
(USEPA, 2011). The DIM was determined using: 
 
ADDM = DI (kg/day) x Mfish (mg/kg)/BW (kg) 
 
Where; 
 
ADDM = Average daily dose (mg,kg/d) of the metal into 
the body via the consumption of fish. 
DI = the daily intake of fish for adult is 0.227 kg/day

-1
 for 

food describe by Shakeri et al. (2015) 
Mfish = the concentration of HMs in the fish tissues 
(mg/kg) 
BW = Represent the estimated average body weight of 
investigated in adult (55 kg for adults). 
 
 
Health risk index (HRI) 
 
The health risk index (HRI) for the populations through 
the consumption of contaminated fish was assessed 
based on the DIM relative to reference oral dose (RfD) for 
each metal. This is an index justifying individual’s risk of 
HMs. The HRI value of less than one implies safe tread 
and is considered acceptable; otherwise, the fish may 
pose heavy metals risk. The HRI of the fish was 
calculated using a formula describe by USEPA, 2017. 
 
HRI = ADDM/ RfDM 
Where; 
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ADDM = represents the average daily dose (mg,kg/d) of 
the metal 
RfDM = is the reference dose of the metal (mg,kg/d) 
RFDM is defined as the maximum tolerable daily intake 
of metal with no adverse effect. 
HRI is the ratio between exposure and the reference oral 
dose (RfD). If the values are lower than one (1), there will 
be no obvious risk. 
 
 
Estimation of hazard index (HI) 
 
The hazard index (HI) was calculated to determine the 
overall risk of exposure to all the heavy metals via the 
ingestion of a contaminated fish using a formula describe 
by USEPA, (2002). The hazard index (HI) is the 
summation of the HRI arising from all the metals 
examined. The value of the hazard index is proportional 
to the magnitude of the toxicity of the fish consumed. HI > 
1 indicates that the predicted exposure is likely to pose 
potential health risks. However, a hazard index >1 does 
not necessarily indicate that a potential adverse health 
effects will result, but only indicates a high probability of 
posing health risks. 
 
HI = ΣHQAs + HQCd + HQCr + HQHg + HQPb 
 
 
Statistical analysis 
 
The data obtained were analyzed using IBM Statistical 
Product and Service Solution (SPSS) version 25 and 
Microsoft excel 2013. The results were expressed as 
mean ± standard deviation (SD). One way analysis of 
variance (ANOVA) was carried out as P < 0.05 
considered statistically significant. 
 
RESULTS 
 
Concentration of heavy metals in fishes 
 
The HMs mean concentrations of As, Cd, Cr, Hg and Pb 
analyzed in Clarias gariepinus from Katcha market (KM) 
and Minna market (MM) are shown in (Table 1). The 
concentration of HMs (As, Cd, Cr, Hg, and Pb) in KM and 
MM were 0.52, 0.83, 0.67, 0.31, 0.98 and 1.54, 1.91, 
1.12, 1.32, 1.04 mg/kg respectively. The result shows 
that fishes from MM were more contaminated with HMs 
than KM. The concentration of HMs on fish from KM and 
MM were all greater than the maximum permissible limit 
of HMs in fish as recommended by FAO/WHO (2016); 
FAO, (1993) and Saha et al. (2016). 
 
Estimation of average daily dose of metal (ADDM) 
 
The average daily dose of metals for adult (via the 
consumption   of  fish  from  KM and MM)  was  estimated  
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according to the average fish consume through the food 
chain. The ADDM values for HMs as (0.002, 0.006), Cd 
(0.003, 0.007), Cr (0.002, 0.004), Hg (0.001, 0.005), and 
Pb(0.004, 0.004) in fish from KM and MM respectively for 
HMs. The result shows that fishes in MM  and KM have 
less ADDM but continuous consumption may cause 
health risk (Figure1). 
 
 
Estimation of Health Risk Index HRI  
 
The HRI of HMs As, Cd, Cr, Cu, Hg, and Pb in 
C.gariepinus from KM and MM were 0.2, 0.06, 0.001, 0.1, 
0.01 and 0.6, 0.14, 0.002, 0.5, 0.01 respectively. The HRI 
for fishes were all less than one which do not indicate 
toxicity of metals (Figure 2). 
 
 
 
Estimation of Hazard index (HI) 
 
The HI of the overall health risk exposure of all analyzed 
heavy metals via the ingestion of a contaminated fish 
C.gariepinus is shown in (Figure3). Total Index of all 
metals in KM, and MM were 0.37 and 1.25 respectively. 
The result shows that Fishes Minna markets were highly 
contaminated with heavy metals. HI > 1 indicates that the 
predicted exposure is likely to pose potential health risks.  
 
 
DISCUSSION 
 
The result shows that fish purchased from Minna fish 
market were contaminated with heavy metal compared to 
the fish purchased in Katcha Market. This may be due to 
the different locations and sources of fish, Katcha is one 
of the LGA in Niger state and they cultivate a lot of fish 
due to rivers surrounding them and Minna is the state 
capital, fish sellers bring fishes from different part of the 
state to sale. This fishes are expose during transport and 
might accumulate a lot of Metals in the process also due 
to high vehicular movement in the urban areas (Minna 
Market) may also be a cause of accumulation of metal. 
Fish habitat have been contaminated with many 
anthropogenic activities such as washing of clothes, 
nitrate from soap are discharge in the water and 
combustion.  Aquatic life abound in the waters can 
bioaccumulate these toxic metals and subsequently 
transfer it to consumers via food chain. Fish accumulate 
large quantities of toxic metals and the accumulation 
depends upon the intake and elimination from the body. 
There was significant difference in the concentrations of 
HMs in fish’s locations (Katcha market and Minna fish 
market).There was a significant increase of metal in 
C.gariepinus purchase from MM than in KM. The 
variation in the level of HMs accumulation in different 
location may support the view that there is  a  variation  in  
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Table 1: Concentration of heavy metals in fish samples, 
 
Heavy Metals Fish samples PL(mg/kg) by FAO/WHO 
 KM(mg/kg) MM(mg/kg) 2016*, Saha et al., 2016** 
As 0.52 ± 0.25

b
 1.54 ± 0.03

a
 0.01* 

Cd 0.83 ± 0.08
b
 1.91 ± 0.11

a
 0.05* 

Cr 0.67 ± 0.09
b
 1.12 ± 0.05

a
 1.5** 

Hg 0.31 ± 0.12
b
 1.32 ± 0.10

a
 0.01* 

Pb 0.98 ± 0.11
b
 1.04 ± 0.04

a
 0.3* 

 
Results Expressed as Mean ± SD. Mean values with different superscript letters on 
the rows are considered significant (P<0.05). PL=Permissible limit,       n=3 

 
 

0.002

0.006

0.003

0.007

0.002

0.004

0.001

0.005
0.004

0.004

KM MM

Figure 1: Estimation of average daily dose of metal (ADDM)

As Cd Cr Hg Pb

 
 
 
 
ability of fish to accumulate HMs depending on their 
sources or habitat. The HMs (As, Cd, Cr, Hg, and Pb) 
dictated in fishes from MM were all above the FAO/WHO, 
2016 permissible limit of   0.01, 0.05, 1.5, 0.01, and 0.3 
mg/kg respectively (Table 1). The mean concentrations of 
HMs in MM decrease in the following order 
Cd>As>Hg>Cr>Pb.  The levels of Cr were comparatively 
lower in the fish samples which are in accordance with 
the findings of Oguh et al. (2019a) who also recorded low 
Cr in fish sample from contaminated water. Heavy metals 
and nutrients absorbed by fish are usually translocated to 
different parts of the fish which could reduce the 
concentrations in the water. However, availability of HMs 
in the water and continuous stay in the polluted water 
could lead to higher concentration in the fish. 

Arsenic affects almost all organs during its acute or 
chronic exposure. Toxicity is due to arsenic's effect on 
many cell enzymes, which affect metabolism, DNA repair 
and brain problem. The most prominent chronic 
manifestations of As involve the skin, lungs, liver and 
blood systems. The levels of Cd recorded in this study 
was however much higher than the values of 0.27 mg/kg 
reported for fish by Hossam et al. (2017). Cadmium is a  

 
 

dangerous element because it can be absorbed via the 
alimentary track; penetrate through placenta during 
pregnancy and damage membrane and DNA. High dose 
of chromium is observed to cause Bronchopneumonia, 
chronic bronchitis, diarrhea, emphysema, and headache, 
irritation of the skin, itching of respiratory tract, liver 
diseases, lung cancer, nausea, renal failure, reproductive 
toxicity, and vomiting. Mercury poisoning symptoms 
include blindness, deafness, brain damage, digestive 
problems, kidney damage, lack of coordination and 
mental retardation. Lead can cause serious injury to the 
brain, nervous system, red blood cells, low IQ, impaired 
development, shortened attention span, hyperactivity, 
mental deterioration, decreased reaction time, loss of 
memory, reduced fertility, renal system damage, nausea, 
insomnia, anorexia, and weakness of the joints when 
exposed to high lead. The bio-accumulated metals on the 
fish may interact directly with biomolecules such as 
nucleic acid, protein, carbohydrate and disrupting critical 
biological processes which results to toxicity (Huang et 
al., 2017; Oguh et al., 2019b). 

The daily intake indicates the amount of HMs that will 
be taken in the body when such fish is consumed.  
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0.37

1.25

Figure 3: Hazard index of metals

KM MM

 
 
 
 
The study shows a significant amount of HMs from the 
consumption of fish in a day. The HRI values were less 
than one indicating that consumers of fishes from KM and 
MM may not be exposed to health risk but continuous 
consumption may lead to accumulation. Hazard index 
(HI) which shows the overall risk of exposure to all 
analyzed metal indicate that the consumption of fish can 
pose health risk to consumer through the intake of metal 
since the values of the HI obtain were all greater than 1. 
 
 
Conclusion 
 
The study concludes that trace metals concentrations 
exceed the permissible recommended values, which 
suggest that fish from these areas are not fully safe for 
human health. 
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