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Abstract 
The effects of smoking on the nutrient profile and trace metal levels in smoked knife fish (Notopterus afer) 
purchased from markets in four major districts of Sierra Leone was investigated. Concentrations of Cadmium (Cd), 
Lead (Pb), Zinc (Zn), Iron (Fe), Copper (Cu), and Manganese (Mn) in the smoked fish were determined. Fish 
samples were analyzed for proximate composition and heavy metal contents at the University of Ibadan, Nigeria. 
Proximate analysis was carried out using methods prescribed by AOAC while metal analysis was done using bulk 
scientific 200A atomic absorption spectrophotometer. Data was subjected to descriptive statistical analysis for 
easy understanding of results.  ANOVA was used to test the multi interaction effect of locations, nutrients and 
metal levels. The Turkey’s post-hoc test (HSD) was used to determine differences in the assessed variables. All 
statistical calculations were performed with SPSS 20.0 version for windows. The results of nutrient profile for N. 
afer showed that the fish furnishes enough nutrients, especially the protein content, which ranged from 43.73 ± 
5.06 to 53.26 ± 11.33. The levels of all metals in the fish were above the limits permitted by Food and Agriculture 
Organization of the United Nations and World Health Organization (FAO/WHO), European Community 
Regulation (EU) and European Commission (EC). Assessment of non-carcinogenic health hazard using Target 
Hazard Quotient (THQ) and Hazard Index (HI) suggested no concern from consumption of smoked N. afer bought 
from the selected markets. Cd level exhibited carcinogenic risk, while Fe and Zn showed significant health hazard 
risk (THQ > 1). The estimated daily intake (EDI) of the metals through fish consumption was below the permissible 
tolerable daily intake. It can be concluded that there is no likely potential human health risk by consuming smoked 
fish from the selected markets.  
Keywords: Proximate composition, Trace metals, Notopterus afer, carcinogenic risk, hazard index, target hazard 
quotient. 
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1. Introduction  

A shift from animal protein to fish protein which has less cholesterol level (Shrivastava et al., 2011), has generally 
increased in recent decades (Wim et al., 2007). The fisheries sector is an important source of income, employment 
and food and nutrition security in Sierra Leone. The sector is one of the main contributors to the national economy, 
throwing in about 10% of the country GDP (Neiland et al., 2016). Fish according to Pasqualino et al. (2016) is the 
most important animal-source food in the diets of Sierra Leoneans as it provides close to 80% of animal protein 
intake. Fish is important for nutrition, and more importantly in Sierra Leone that ranks very low globally on poverty 
and nutrition indicators, with high incidence of malnutrition in under five children. Fish and other aquatic products 
are critical for economic activity, export earnings and employment in Sierra Leone, as well as food security and 
nutrition. Consumption of fish has significant health benefits; the omega-3-fatty acid in fish improves lipid profile 
and reduce cholesterol level which is a precursor to coronary heart disease, stroke and preterm disease (Burger and 
Gochfeld 2005; Musaiger and D’Souza 2008; Bashir et al., 2012). Bashir et al. (2012) noted that fish is a good 
source of vitamins and minerals. Musaiger and D’Souza (2008) reported that fish consumption has 
hypolipidemic/or antiatherogenic effects; lowering risk of prostate cancer, reduced occurrence of renal-cell 
carcinoma in women and reduced risk of dementia and Alzheimer disease in certain conditions.  
Despite the plethora of benefits derived by human from a fish diet, the levels of toxic contaminants in fish are of 
considerable concern and have been implicated for serious health risks especially in human.  Burger and Gochfeld 
(2005) and Bashir et al. (2012) noted that frequent fish consumption is a potential source of human exposure to 
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toxic chemicals. There is therefore a global concern for the quality and safety of fish and fishery products as a 
major protein source (Huss et al., 2003) especially in the third world nations. Fish has been recognized as an 
important link for the transfer of toxic metals in humans (Shrivastava et al., 2011). Fish bio-accumulate 
considerable amounts of trace metals and organic pollutants that persist in their tissues for a long period. This 
metal in the long run enter the human metabolism through consumption causing dangerous health issues 
(Shrivastava et al., 2011). Metals have been noted to have double-edged roles in food which according to Iwegbue 
(2011) range from the nutritional requirement of essential elements to the toxicity associated with the excessive 
intake of both the essential and toxic metals; consequently, their determination is of necessary concern. Certain 
metals for example Cadmium, Lead and Mercury have been known to exhibit exceptional toxicity, even at low 
concentrations with significant health hazards. Metals like Cd and Hg are known to impair kidney function and 
reproductive capacity; cause hypertension, tumor and hepatic dysfunction, while Pb can cause renal failure, liver 
damage, impaired hearing or cause mental retardation, In women, at elevated levels may result in a shortened 
gestation period (Iwegbue, 2011).  
Metals such as Cu, Fe, Mn, and Zn are essential and required for normal body function such as the synthesis of 
metalloprotein. Their deficiency in the body may lead to disease condition, while excessive intake may cause 
toxicity problems leading to premature aging and oxidative damage, a key component of chronic inflammatory 
disease and a suggested initiator of cancer (Naughton and Petroczi, 2008). 
There are many pathways by which metals enter into fish especially through the food chains, cooking and smoking. 
Handling and processing practices have been known to modify fish proximate composition, amino acids and fat 
profiles, including their nutritional quality. Literature is replete with information on the assessment of the nutrient 
and heavy metal profiles of raw or uncooked fish, with scanty information on the nutrient and metal profiles of 
cooked or processed fish. A lot of studies has been carried out in other clime on the effect of processing on the 
concentration of heavy metals in fish and seafoods for example in African catfish (Ersoy and Ozeren, 2009; Ersoy, 
2011); sea bass (Ersoy et al., 2006), seabass, and red seabream (He et al., 2010), sardine, hake, and tuna (Perello’ 
et al., 2008); rainbow trout (Gokoglu et al., 2004), finfish and shellfish (Kalogeropoulos et al., 2012).  

Information on the effect of processing, especially smoking on the nutrient and trace metal profile of fishes sold 
in major markets in Sierra Leone is sketchy if at all they are available. This present study therefore seeks to analyze 
and document information on the proximate and mental contents of important commercial species Notopterus afer, 
and also determine the hazard levels of the metals in the fish. 

  
2. Materials and Methods 

2.1 Study Area 
The study was carried out in Sierra Leone, West Africa. Samples used for the study were bought from markets in 
four selected district headquarters, which include Western urban (Freetown), Bombali (Makeni), Bo (Bo City) and 
Kenema (Kenema town). 
 
2.2 Sample collection and preservation  
The Knife fish (Notopterus afer) samples used for the study were purchased from four different markets in the 
four selected districts of Sierra Leone. The smoked fish samples were wrapped with foil and packaged in well-
labeled transparent polyethylene bags and were taking to the Department of Aquaculture and Fisheries 
Management, Njala University laboratory for further processing. The samples were air and sun dried daily before 
they were finally sent to the University of Ibadan Nigeria where the digestion, nutrients and trace metal analysis 
were carried out. 

2.3 Methods for analysis of metals in fish 
Bulk Scientific 200A atomic absorption spectrophotometer was used for the determination of Pb, Cd and Cu. 
Hollow cathode lamps were used as the excitation source. Lamp intensity and band pass were used according to 
the manufacturer’s recommendations. Acetylene and airflow rates for all elements were 2 to 4 litres per min.  
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2.4 Heavy metal analyses 
Fish sample tissues were oven dried at 70 to 73°C until constant weight was obtained. The specimens were then 
ground to fine powder and stored in desiccators in order to avoid moisture accumulation before digestion. The 
digestion procedure was carried out as described by Kotze et al. (2006). Twenty milliliter (20 ml) of concentrated 
nitric acid (55%) and 10 ml of perchloric acid (70%) was added to approximately 5 g tissue (dry mass) in a 100 
ml Erlenmeyer flask. The digestion was done on a hotplate (200 to 250°C) until the solutions were clear. The 
digested fish solutions were filtered through an acid resistant 0.45 mm filter paper and made up to 50 ml each with 
distilled water. The samples were stored in clean glass bottles prior to the determination of the metal concentration 
with Atomic Absorption Spectrophotometer (AAS). 
Stock standard was prepared by dividing the molar mass of the compound of the element by the molar mass of the 
element. The standard solution prepared was used to calibrate Atomic Absorption Spectrophotometer (AAS). 
Metal readings were taken from the equipment in mg/g and the results were converted to mg/kg which is the actual 
concentration of the metal in the sample using the equation proposed by Aderinola, et al. (2009): 

 
Concentration of metal  = Calibration reading x volume of digest 

Weight of sample 
 
2.5 Estimation of daily dietary intakes (EDI) of metals  
The estimated daily intakes (EDI) for the analyzed metals were calculated by multiplying the respective mean 
concentration of the metal determined in the targeted fish samples by the weight of fish consumed by an average 
individual in Sierra Leone. This was obtained from the fish consumption rate set to 91.2 g day-1 per person from 
the annual per capital fish consumption of 33.3 kg for Sierra Leone (FUS, 2015) and calculated by using the 
formula proposed by Ahmed (2015).  

 
EDI = DFC x MC  

Where  
DFC = daily food (fish) consumption,  
MC = mean metal concentration in fish sample.  

 
2.6 Estimation of target hazard quotient (THQ) 
The non-carcinogenic risk assessments are typically conducted to estimate the potential health risks of pollutants 
using the target hazard quotient (THQ). The THQ values obtained through the consumption of fish species by local 
inhabitants can thus be assessed for each heavy metal and calculations can be done using the standard assumption 
for an integrated USEPA risk analysis as follows (USEPA, 1989). 

  
THQ =  C× EFr × ED× FIR 
           BW × TA × RfD × 10−3 

Where,  
C is the heavy metal concentration in fish (mg/kg wet weight),  
FIR is the fish consumption rate set to 91.2 g day-1 per person from the annual per capital fish 
consumption of 33.3 kg for Sierra Leone (FUS 2015),  
EFr is the exposure frequency (365 days/year),  
ED is the exposure duration (30 years or 10,950 days) for non-cancer risk as used by USEPA,  
RfD is the reference dose of individual metal as shown in Table 1 (USEPA 2000), BW is an 
average adult body weight (70 kg)  
TA is the average exposure time for non-carcinogens (10,950 days) (USEPA, 2011). 
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Table 1: Oral reference doses of metals (RfD) and upper tolerable daily intakes (UL) of assessed metals 

No. Element RfD (mg Kg-1 day-1) [references] UL (mg day-1) 
[references] 

1 Fe 0.700 (USEPA 2010) 45 (FDA 2000) 

2 Mn 0.014 (USEPA 2010) 11 (FDA 2000) 

3 Zn 0.300 (Khan et al., 2008, USEPA 2010) 40 (FDA 2000) 

4 Cu 0.040 (Khan et al., 2008, USEPA 2010) 10 (FDA 2000) 

6 Cd 0.001 (Khan et al., 2008, USEPA 2010) 0.064 (Garcia-Rico et al., 2007) 

7 Pb 0.0035 (Khan et al., 2008) 0.240 (Garcia-Rico et al., 2007) 

  

2.7 Hazard index (HI)  

Hallenbeck, (1993) reported that exposure to two or more pollutants may result in additive and/or interactive 
effects. Thus, in this study, cumulative health risk was evaluated by summing the THQ values of individual metal 
and expressed as Hazard index (HI) as below.  
 

HI = THQ (Pb) + THQ (Cd) + THQ (Mg) + THQ (Fe) + THQ (Cu) + THQ (ZN) 

2.8 Determination of carcinogenic risk 

Carcinogenic risk (CR) indicates an incremental probability of an individual developing cancer over a lifetime due 
to exposure to a potential carcinogen. Cancer risk over a lifetime exposure to Pb were obtained using cancer slope 
factor (CSF), provided by USEPA (USEPA, 2000). The equation used for estimation of the cancer risk is as below:  

CR = CSF × EDI carcinogens  
Where,  

CSF is the carcinogenic slope factor of 0.0085 (mg kg/day) for Pb (USEPA, 2010).  
EDI is the estimated daily intake of heavy metals. 

 
Acceptable risk levels for carcinogens range from 10−4 (risk of developing cancer over a human lifetime is 1 in 
10,000) to 10−6 (risk of developing cancer over a human lifetime is 1 in 1,000,000). 

2.9 Proximate Analysis of fish samples  
In this study, moisture content (%), total ash (%), fat (%), fiber (%) and carbohydrate (%) were determined by the 
methods prescribed by Association of Official Analytical Chemists (AOAC, 2005). Crude protein content of the 
fish samples was determined according to the method prescribed by AOAC (2000). 

2.10 Statistical analysis  
Data obtained in this study was subjected to descriptive statistical analysis for easy understanding of results.  
ANOVA was used to test the multi interaction effect of locations, nutrients and metal levels. The Turkey’s post-
hoc test (HSD) was used to test if the means of two different groups under comparison are significantly different 
(p<0.05). All statistical calculations were performed with SPSS 20.0 version for windows. 
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3. Results and Discussion 

3.1 Proximate composition of fish samples 

The proximate composition of Notopterus afer are presented in Table 2. Proximate composition are useful for 
determining how the nutritive value of fish conforms to the range of dietary requirement and commercial 
specification.  

Table 2. Proximate composition of smoked Notopterus afer 

Parameters 
Treatments±STD 

Bo Freetown Kenema Makeni 

ASH 18.00±3.49a 18.23±3.60a 18.53±0.60a 20.33±2.35a 

CP 46.60±3.33a 43.73±5.06a 44.39±1.47a 48.20±5.60a 

EE 7.70±0.20a 8.47±0.51a 8.60±0.70a 8.60±0.50a 

CF 0.01±0.00a 0.01±0.00a 0.01±0.00a 0.01±0.00a 

DM 91.89±0.34a 89.41±0.89b 91.42±0.64a 91.37±0.48a 

MC 8.11±0.34b 10.59±0.89a 8.58±0.64b 8.63±0.48a 

CHO 22.15±2.39a 18.96±7.97a 19.89±0.78a 36.69±41.15a 

CP – Crude protein; EE – Ether extract; CF – Crude fibre; DM – Dry matter; MC – Moisture content; CHO – 
Carbohydrate 
 
The parameters measured for the fish were not significantly different from each other. The values obtained for the 
assessed variables are not significantly at variance with what other researchers reported (Abdullahi, 2001; Mumba 
and Jose, 2005; Effiong and Mohammed, 2008; Olayemi et al., 2011). Ash values which ranged from 18.00±3.49 
to 20.33±2.35 were not significantly different for the four locations. Ash according to Adewumi et al. (2014) is a 
measure of the mineral content of food item. Ash is the inorganic residue that remains after the organic matter has 
been burnt off (Adewumi et al., 2014). Fish with high ash values may be a good source of minerals such as calcium, 
potassium, zinc, iron and magnesium. The results for ash obtained in this study is at variance with the result Jolaoso 
et al. (2016) reported for smoked Pseudotolithus elongatus from Ologe and Lagos Lagoo, Nigeria. 

The protein content obtained for the fish in this study ranged from 43.73±5.06% – 48.20±5.60% and were not 
significantly different from each other (Table 2). Smoking is believed to concentrate crude protein contents of red 
fish, (Kumolu-Johnson, 2010) and according to Koral et al. (2009) this concentration effect is basically as a result 
of loss of moisture and not the loss of protein nitrogen by the smoked fish. Adewole and Omotosho (1997) also 
reported that variations observed could be as a result of fish age, habitat, and feed consumption or absorption 
capability and conversion potentials of essential nutrients from their diets or their local environment into such 
biochemical attributes needed by the organism’s body. The ranges of CP obtained in this study were higher than 
that of Pierestani et al. (2009), Musaiger and D`Souza (2008) and Bassey et al. (2014), and also higher than the 
values obtained by Jolaoso et al. (2016) for smoked Sphyraena barracuda (31.58%) at Ologe and Lagos Lagoon, 
Nigeria.  

Ether extract for N. afer ranged from 7.70±0.20 to 7.70±0.20 and were not significantly different for all the four 
sampling locations. Fat or fatty acids is important as it is needed for the prevention of cardiovascular disorder and 
also for maintaining proper functioning of membrane in living cells. The fat content of this study were not different 
from what Fawole et al. (2007) and Bassey et al. (2014) reported in their studies. Fish according to Ackman (1989) 
can be grouped into four categories based on their fat contents: lean fish (< 2%), low fat (2-4%), medium fat (4-
8%) and high fat (>8%). Hence, based on these categorization N. afer can be regarded as high in fat. The fat values 
reported in this study are not far from the 10.62% reported by Daniel (2015) for Chrysichthys nigrodigitatus 
obtained from Cross River, Nigeria. The value is however below the value of 25.31±2.78 reported by Msuku and 
Kapute (2018) for smoked Diplotaxodon fish in Malawi. The results of this study is also at variance from the 
0.40% fat that Jolaoso et al. (2016) obtained for smoked Pseudotolithus elongatus in Ologe and Lagos Lagoo, 
Nigeria. Traditional method of fish preservation, smoking and salting have been said to reduce crude fat content 
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of fish due to oxidation and crude fat breakdown into other components; oxidation of poly-unsaturated fatty acids 
(PUFA) contained in the fish tissue to products such as peroxides, aldehydes, ketones and the free fatty acids 
(Holma and Maalekuu, 2013). 

Crude fibre recorded for N. afer showed similarity and were not significantly different for all the locations 
(0.01±0.0). Fishes are not known to have capacity to sufficiently digest crude fibre. According to Stickney and 
Shumway, (1974), many monogastric animals, of which fish is one have intestinal microflora that is incapable of 
degrading dietary fibre. Fish do not possess endogenous enzymes that can catalyse the hydrolysis of cellulose and 
other fibrous constituents of the diet (Stickney and Shumway, 1974). Information on the nutritional value and 
dietary requirement of fibre for farmed fish is limited (Halver, 1972). Consequently, the inclusion of crude fibre 
in fish feeds is limited to about 7 percent, in order to limit the amount of undigested materials entering the culture 
system (Gatlin III, 2010). Smoking has been associated with increase in fish fibre contents, by oxidizing poly-
unsaturated fatty acids (PUFA) components, contained in their tissues to products such as peroxides, aldehydes, 
ketones and free fatty acids (Daramola et al., 2007). 

Dry matter content of the formulated diets ranged from 89.41±0.89 to 91.89±0.34; these values are not statistically 
different except for Freetown location that vary from others (P<0.05). Dry matter of feed is the final product after 
elimination of moisture through drying. It is an indicator of the amount of nutrients that are available to the animal 
in a particular feed. According to Kiczorowska, et al. (2019) smoking process increased the concentration of 
nutrients, including the content of dry matter, crude ash, and crude protein, and reduced the fat content. 

The Moisture Content of the fish (MC) exhibited some level of significance (p < 0.05) as shown in Table 2. 
Moisture contents of a fish according to Olagunju et al. (2012) are a good indicator of its relative energy level, 
protein and lipid. Smoking, salting and frying have been observed to reduce moisture content of fishes (Holma 
and Maalekuu, 2013). Fish with low fat are known to have high water in their body and tend to be white in color. 
For example Pierestani et al. (2009) reported that Liza aurata, Cyprinus carpio and Sander lucioperca had fat 
contents lower than 5% and were classed as low/lean fish with moisture contents above 75%. The moisture values 
obtained in this study although are above the 6 – 8% safe level for dried fish, are not significantly varied from 
what Msuku and Kapute (2018) obtained for Diplotaxodon from Lake Malawi.  

The carbohydrate determined for the fish in this study was not significantly different for the four locations. Gatlin 
III, (2010) noted that fish do not have a specific dietary requirement for carbohydrate. High carbohydrate values 
in the fish according to Adewole and Omotosho (1997) could be due to the presence of elements like calcium and 
potassium in the fish species diets. 

 
3.2 Heavy metal concentrations in sampled fishes 

The mean heavy metal contents determined for Notopterus afer at the four sampling locations are presented in 
Tables 3, while Table 4 shows the permissible levels of metal in food as a comparison to the value obtained in this 
study. Heavy metal contents of the fish samples varied in their concentrations with locations but were not 
significant different, except for lead (Pb) that showed significant differences (P<0.05) in Bo and Freetown. The 
levels of metals in Notopterus afer showed some levels of elevation when compared to allowable thresholds. 
The order of metal concentration in the two fish species was Fe > Zn > Mn > Pb > Cu > Cd. Lakshaman et al 
(2009) noted that accumulation of metals in different species is the function of their respective membrane 
permeability and enzyme system. The highest concentration of Pb was detected in Notopterus afer with 
concentration of 3.72 ± 1.24 – 14.2 ± 1.03 mg/kg. According to Crosby, (1977) ammunition, cable sheaths, type 
metals pigments, storage batteries, solder and anti-knock compounds in petrol are the sources of lead. Higher 
concentration of lead is known to inhibit active transport mechanisms involving ATP and may also suppress 
cellular oxidation-reduction reactions and even inhibit protein synthesis (Adeyeye et al., 1996). Lead is 
nonessential element and a great threat to life if present in substantial quantity. It is toxic even at low concentrations 
and has no known function in biochemical processes (Burden et al., 1998). The Pb values recorded for N. afer in 
this study were quite high and were above the maximum standard level of 0.5 mg/kg dry weight recommended by 
FAO (1983). The researchers because of these abnormally high level presence in the smoked fish have decided to 
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a comprehensive survey and analysis using a different laboratory in order to validate the veracity of these results. 
Zinc has the second highest concentration among the metals in this study (66.00±12.68 – 89.67±24.48). Zinc is 
one of the essential elements as copper and cobalt for both animals and humans. Zinc has been reported to be 
necessary for embryo development in fish (Carpene et al., 1994).  Smoking of fish is believed to increase the bio-
concentration of Zinc in fish. Zinc serves as cofactors to some important enzymes and also involved in most 
metabolic pathway in humans and its deficiency can lead to loss of appetite, growth retardation, skin changes and 
immunological abnormalities; however, at higher concentration they tend to be toxic (Fawole et al., 2013). Fish 
takes up Zn directly from water, especially via mucous and gills. The varying concentration of zinc in the muscle 
of fish samples could be due to the presence of large number of fishing vessels and trawlers, which use galvanized 
metal coatings to prevent rusting, and this ultimately find its way into the ambient media through leaching 
(Lakshamanan, et al., 2009). The values of Zn obtained were above the 50 mg/kg maximum zinc level permitted 
for fish according to Food Codex. The values of Zn in this study are higher than the value recorded in the tissues 
of Oreochromis niloticus from Ologe lagoon by Kumolu-Johnson and Ndimele (2012). 
Copper concentration reported in this study for N. afer ranged from 1.08±0.75 – 11.35±17.45 and were not 
significantly different. These values were however above what Rejomon et al. (2010), Olowu et al. (2010), Yilmaz 
(2009) and Daniel et al. (2013) reported. The values reported for copper here was also well above the 3.0 and 1.0 
– 3.0 mg/kg prescribed limits for food fish by WHO (1994) and FEPA (2003) for copper in food and fish 
respectively. 

Manganese levels recorded in the study ranged from 3.50 ± 2.18 – 33.83 ± 36.96. Manganese functions as an 
essential constituent for bone structure, for reproduction and for normal functioning of the nervous system. It is 
also part of the enzyme system (Fleck, 1976). It is obvious that the fish investigated will complement the supply 
of zinc and manganese in the food of the people who eat the fish. Iron in meat or fish plays an important role in 
the prevention of iron deficiency. Half of the iron in meat and fish is present as haeme iron (in haemoglobin). Fe 
is an essential element in human diet and forms part of hemoglobin, which allows oxygen to be carried from the 
lungs to the tissues. This is well absorbed at about 15.33%, a figure that can be contrasted with other forms of iron 
such as that from plant foods at 1-10% (Bender, 1992). Iron from animal sources also enhances the absorption of 
iron from other sources and so contributes significantly to the prevention of anaemia, which is so widespread in 
developing countries (Wheby 1974). Iron level recorded in this study was however on the high side compared to 
the permissible levels of 43 mg/kg recommended by WHO/FAO.  

Cadmium is widely known to be a highly toxic non–essential heavy metal and it does not have a role in biological 
process in living organisms. Thus, even at its low concentration, cadmium could be harmful to living organisms 
(Tsui and Wang, 2004). The maximum concentration of Cadmium detected in the muscle of N. afer indicated high 
potential health risk to the majority of the patronizing fish consumer population in the study areas. The grand mean 
concentration of Cadmium in the fish which was above the WHO/FAO maximum permissible limit of 0.2mg/kg 
for food samples could not be tolerated and the consumers might raise alarm if they were actually aware of its 
potential health risks. 

Table 3. Heavy metal concentrations of smoked Notopterus afer 

Parameters 
Treatments±STD 

Bo Freetown Kenema Makeni 

Pb 3.72±1.24b 5.40±1.52b 12.25±4.51a 14.20±1.03a 

Cd 0.27±0.29a 0.08±0.10a 0.12±0.10a 0.13±0.08a 

Mn 33.83±36.96a 3.50±2.18a 8.67±10.40a 8.83±11.47a 

Fe 348.17±332.99a 160.33±52.57a 175.83±78.69a 400.17±481.16a 

Cu 1.53±0.80a 1.08±0.75a 1.12±1.17a 11.35±17.45a 

Zn 66.00±12.68a 77.33±14.37a 75.12±14.42a 89.67±24.48a 
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Table 4. Metal maximum permissible limit (mg/kg) 

Metals N. afer (mg/kg) Maximum permissible limit (mg/kg) 

Pb 8.892 2.0 (MAFF 1995) 

Cd 0.150 0.2 (WHO/FAO) 
Mn 13.708 5.5 (WHO/FAO) 

Fe 271.125 43 (WHO/FAO) 

Cu 3.771 20 (MAFF 1995) 

Zn 77.029 50 (MAFF 1995) 

 

3.3 Estimated daily intakes (EDI) and carcinogenic risk (CR)  
The estimated dietary intakes and carcinogenic risk of metals based on per capital consumption of 33.3 kg fish for 
N. afer are displayed in Table 5 while Table 6 provides information on the THQ of metals from consumption of 
the fish. There was no carcinogenic risk recorded for any of the fish while THQ of Fe (0.505) and Zn (0.335) 
indicated significant health risk. THQ of < 0.2 for any given pathway is considered acceptable. For preliminary 
quantitative risk assessment, THQ of 0.2 is regarded negligible. If THQ is > 0.2, the risk assessment should either 
be redefined and or risk management measures need be taken. The results in this study revealed that Copper 
contributed the highest daily intake and Pb contributed the lowest daily intake. The EDI revealed that the 
investigated fish samples were below the recommended values hence no risk to people’s health associated with 
the intake of the studied metals through the consumption of the fish. Carcinogenic risk associated with the 
consumption of the fish species is minimal with the exception of cadmium that exhibited tendency towards 
carcinogenic risk. Generally, the values of CR lower than 10−6 are considered as negligible, above 10−4 are 
considered to be unacceptable and lying in between 10−6 and 10−4 are considered as acceptable range, Cancer and 
non-cancer risks estimate threshold is 10-4

.  CR is used as a bright line for setting goals for decision-making. 10-4 
should however not be considered as cancer risk benchmark. This threshold can be 32 months for children younger 
than 6 years and 98 months for adults (NEHC, 2001). 10-6 is set as a point of departure for cancer risk as a 
regulatory decision. Cd was close to cancer risk threshold of 10-4 and as such should be monitored closely. 

 
     Table 5. Estimated daily intakes (EDI) and Carcinogenic risk (CR) for Knife fish  

Metals Notopterus afer (Knife fish) 

Concentration 
mg/kg 

EDI 
µg/kgbw/day 

Carcinogenic risk (CR) 

Pb  8.892 11.585 0.927 na 
Cd  0.150 0.195 0.002 na 

Mn 13.708 17.860 0.117 na 

Fe  271.125 353.237 3.003 na 
Cu 3.771 4.913 0.042 na 

Zn 77.029 100.358 0.853 na 
Legend: EDI – estimated daily intake; CR – carcinogenic risk; na – not applicable. 
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Table 6. THQ for smoked N. afer 
Metals  Oral Reference Dose - Rfd 

(mg/kg per day) 
Notopterus afer 

(Knife fish) 
Concentration 

(mg/kg) 
THQ 

Pb 1.5 (0.005 mg/g) 8.892 0.008 

Cd 1 x 10-3 0.150 0.065 

Mn 1.4 x 10-1 13.708 0.128 

Fe 7.0 x 10-1 271.125 0.505 

Cu 4.0 x 10-2 3.771 0.123 
Zn 3.0 x 10-1 77.029 0.335 

HI = (⅀THQ Pb…..THQ Zn)  

  THQ: Total Hazard Quotient 
 
 
3.4 Hazard index - HI 
The hazard index (HI) recorded for Notopterus afer in this study was 1.164. Hazard index (HI) of < 1.0 is 
considered acceptable while HI > 1 need to be redefined or be subjected to monitoring (NEHC, 2001). Hazard 
index (HI) measured for N. afer was above 1, an indication of human health risk. 

 
4. Conclusion 
Tradition process of fish preservation such as smoking has the capacity to reduce nutritional composition of fishes 
and also bioconcentrate heavy metals in fishes. The nutrient profiles of the fish species assessed in this study are 
appropriate to supply nutrients needs of consumers. The metal levels recorded were however beyond 
recommended permissible levels; consequently, in order to assure public safety these metals must be controlled in 
food sources. Reason for their control is owing to the fact that increased concentration of food heavy metals is 
associated with the etiology of a number of diseases (WHO 1995), especially cardiovascular, renal, neurological 
and bone diseases. In view of the importance of fish in human diet, it is necessary that biological testing and 
monitoring of the fish meant for consumption be carried out regularly to ensure human safety and health. 
Monitoring and evaluation should be carried out periodically in order to ascertain when the levels of heavy metals 
is above the acceptable limit for safe consumption as these metals could be passed to humans and predispose the 
consumers to possible health hazards. Safe disposal of domestic wastes and industrial effluents should be practiced 
and where possible recycled to avoid these metals and other contaminants from going into the environment.  
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