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Fish are a cheaper and more readily available source of 
protein for resource poor communities around the world 
(Sayer and Cassman 2013), than other farmed sources 
of protein. Globally, approximately 21.4 kg of fish is 
consumed per capita (FAO 2010) per year. In Namibia, 
annual fish consumption per capita is between 10 kg and 
12.1 kg (Tveldten et al. 1994; FAO 2016). Fishery is one 
of the major economic activities in the Zambezi region of 
Namibia (van der Waal. 2011; Tweddle and Hay 2012; 
Alexander 2013). Three major rivers in the Zambezi region, 
namely the Zambezi, Kwando/Linyati and Chobe Rivers 
provide a source of livelihood for the region’s inhabitants.

Contamination and pollution of aquatic environments 
with metals from natural and anthropogenic sources are 
issues of public health concern worldwide (Ambedkar 
and Muniyan 2011) especially in areas, such as the 
Zambezi region of Namibia, where fish form a big part of 
the human diet and a source of livelihood. Approximately 
82% of households in the region market fish (Tveldten et 
al. 1994).

The most common metals in fish are cadmium (Cd), 
lead (Pb) and mercury (Hg), (FSAI 2009; Authman et al. 
2015). Cadmium and lead toxicity in humans is most often 
linked to long-term consumption of fish (Castro-González 
and Méndez-Armenta 2008; WHO 2011; Bosch et al. 
2016). These metals bioaccumulate, are very persistent in 
the environment (Ambedkar and Muniyan 2011; Baharom 
and Ishak 2015) and are bio-magnified along the food 

chain (MacFarlane and Burchett 2000). Bioaccumulation of 
cadmium in the kidneys can result in renal failure. Acute 
or chronic exposure to inorganic lead has been reported 
to cause cancer (Al-Busaidi et al. 2011; Rahman et al. 
2012), neurologic (Charlet et al. 2012), cardiovascular 
(Bosch et al. 2016), haematological (Bosch et al. 2016; 
Leung et al. 2017) and teratogenic effects (McCluggage 
1991; Al-Busaidi et al. 2011; Rahman et al. 2012; Piper 
and Restrepo 2013). Potential sources of metal pollution 
for aquatic systems are diverse and vary with geographical 
location. They include geologic weathering, erosion, 
direct atmospheric uptake, discharge of industrial, mining, 
residential, municipal and agricultural waste streams into 
rivers (Jabeen and Chaudhry 2010; Authman et al. 2015).

Because the major rivers of the Zambezi region course 
through many places and countries, toxic metals may be 
released or washed into the water polluting the aquatic 
environment and fish. The levels of metals in fish can be 
used to assess pollution in aquatic ecosystems and the 
safety of freshwater fish as a food source. Therefore, a 
cross-sectional study was carried out to assess the levels 
of cadmium and lead in the muscle of three freshwater fish 
species commonly consumed in the Zambezi region.

The study was carried out in Katima Mulilo town in 
the Zambezi region of Namibia (Figure 1). The region is 
located	in	the	extreme	north-east	of	the	country	(17°49′	S,	
23°57′	E).	 It	covers	an	area	of	approximately	14	785	km2 
and has a population of approximately 90 596 (NSA 
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2011). Three major rivers traverse the region, namely, the 
Zambezi, Kwando/Linyati and Chobe Rivers (Figure 1).

Three-spotted tilapia, Oreochromis andersonii (Castelnau, 
1861) (n = 11), sharp tooth catfish, Clarias gariepinus 
(Burchell, 1822) (n = 14) and tigerfish, Hydrocynus vittatus 
(Castelnau, 1861) (n = 12) were purchased from randomly 
selected fish traders at a popular fish market in Katima Mulilo 
town over a four-week period in June 2018. The fish were 
dispatched on ice to the University of Namibia laboratory 
(Katima Mulilo). Each fish specimen was identified to species 
level following the guidelines in Skelton (2001), labelled and 
weighed (g) and total length measured. Thereafter, each 
specimen was placed separately in a sterile polyethylene 
bag	 and	 stored	 frozen	 at	 −20	 °C.	 Frozen	 fish	 specimens	
were dispatched to the Agricultural Laboratory (Windhoek) 
for analysis of cadmium and lead in muscle following 
the procedure of Bervoets and Blust (2003), using the 
Inductively Coupled Plasma Optimal Emission Spectrometer 
(ICP-OES, iCAP 6000 Series, Thermo Fischer Scientific, 
Bremen, Germany) on dried muscle. Drying was carried out 
at 70 °C in a forced-air drying oven until a constant weight 
was achieved. Standard reference materials from De Bruyn 
Spectroscopic Solutions (500MUL20-50 STD2) were used for 
quality assurance (QA) and quality control (QC), as per the 
manufacturer’s recommendation. Each batch of samples was 
analysed with a blank and recoveries were within 10% certified 
values. Only reagents of a recognised analytical grade and 
double distilled deionised water were used for rinsing and 
dilutions. A Shapiro–Wilk test was used to test for normality 
of the data. ANOVA was used to test for the significance of 

differences in metal concentrations between fish species, 
where p < 0.05 was considered statistically significant.

Cadmium was not detected in all three fish species. The 
highest mean lead levels were recorded in catfish (0.96 ± 
0.67 mg kg−1), followed by tigerfish (0.74 ± 0.88 mg kg−1) 
and tilapia (0.45 ± 0.3 0 mg kg−1) in descending order, as 
shown in Table 1 and Figure 2. The variation in total body 
length and body weight followed the same pattern as lead 
concentrations, that is, catfish > tigerfish > tilapia (Table 1). 
Lead levels in all three fish species were normally distributed 
as confirmed by the Shapiro–Wilk test (W = 0.93). Analysis 
of variance (ANOVA) revealed that there were no significant 
differences in lead concentrations between the catfish, 
tigerfish and tilapia (F(2, 34) = 1.77, p = 0.18).

Cadmium contamination of rivers has been reported to 
originate from mining, industrial and agricultural sources, 
and the breakdown of the geological matrix in India 
(Ambedkar and Muniyan 2011; Ambedkar et al. 2017). 
The absence of mining activities (the latter are considered 
as one of the major contributors of cadmium) along the 
courses of the rivers in the Zambezi region (MacDonald, 
2007) may explain the absence of cadmium in fish in this 
study. Previous studies in a number of freshwater fish 
species did not also detect cadmium (Addo-Bediako et al. 
2014; Jooste et al. 2015; Garcia et al. 2016; Korkmaz et al. 
2017). It has also been reported that cadmium has a lower 
bioaccumulation in fish muscle, compared with kidneys and 
livers	 (Chowdhury	 et	 al.	 2004;	Shinn	 et	 al.	 2009;	 Jarić	 et	
al. 2011; El-Moselhy et al. 2014; Ahmad and Sarah 2015; 
Abarshi et al. 2017; Ibrahim et al. 2018; Rajeshkumar and 
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Li 2018). The failure to detect cadmium in fish may be a 
reflection of the low level of contamination in river systems in 
the study area. Higher levels of cadmium are often reported 
in marine than in freshwater fish (Agwu et al. 2018).

Lead levels of 0.45–0.96 mg kg−1 (dry weight) were 
detected in the three fish species. Using a conversion 
factor of five (5) between dry and wet mass concentration 
(Magalhães et al. 2007; Harmelin-Vivien et al. 2009; 
Cossa et al. 2012; Bonito et al. 2016), the adjusted 
wet concentration of lead in fish muscle of 0.09–0.19 
mg kg−1 was much lower than the levels of 1–1.2 mg 
kg−1 determined for O. mossambicus in South Africa 
(Addo-Bediako et al. 2014), and below the Codex 
Alimentarius Commission (2015) recommended maximum 
safe level (0.3 mg kg−1) for long-term human consumption. 
Based on the Codex Alimentarius Commission standard 
on lead and cadmium levels, the fish sampled from the 
market were safe for human consumption. However, other 
studies have reported some health impacts of lead at very 
low concentrations, which puts into question the validity 
of lead thresholds (US-EPA 2004). Our findings suggest 
that cadmium and lead levels in river water were low, but 
additional studies are required to verify this assertion. Other 
studies in freshwater fish have reported lead levels many 
times higher than the acceptable maximum lead levels 
(Rose et al. 2015; Nevárez et al. 2015) especially in catfish 
(Jooste et al. 2015) and Oreochromis (Addo-Bediako et al. 
2014). The contribution of industrial activities, municipal 

waste discharge and run-off from subsistence and intensive 
agricultural activities to lead contamination of river water 
and fish observed in this study is likely to be minimal, but 
cannot excluded, because the rivers course through a 
number of towns and countries.

Although lead concentrations were low and did not differ 
between the three fish species (p = 0.18), the omnivorous 
catfish had the highest mean lead levels (0.96 mg kg−1), 
which may be a reflection of the higher concentrations of 
metals on the riverbed, a habitat for catfish, as has been 
reported by other studies (Zhang et al. 2007; Leung et 
al. 2017). The feeding behaviour of catfish may have 
increased their chances of taking up lead contaminated 
food in the form of aquatic plants, invertebrates and small 
fish, compared with specialised feeders, such as tilapia 
(herbivorous). As a predator fish species at the top of the 
aquatic food chain, tigerfish were expected to accumulate 
more	 lead	 than	 catfish	 (Jarić	 et	 al.	 2011).	 It	 is	 speculated	
that tigerfish grow faster than the accumulation of lead or 
that their rate of excretion of lead is faster. However, the 
fact that tigerfish in our study were smaller than catfish 
may explain the unexpected finding. As expected, tilapia, 
a predominantly herbivorous fish species at a lower trophic 
level	on	 the	aquatic	 food	chain	 (Jarić	et	al.	2011),	had	 the	
lowest levels of lead (0.45 mg kg−1). Results of this study 
suggest that a diet based on tilapia may be safer than a diet 
that contains catfish or tigerfish.

The failure to detect cadmium and the low lead levels 
detected in fish in this study suggest that the river systems 
and the fish sourced from them contain insignificant 
levels of cadmium and lead. This study, although utilising 
a smaller sample size, provides baseline data for future 
studies on trace metal and other contamination in fish and 
for human health risk assessments in the Zambezi region.
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