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ABSTRACT  
This study examined Copper (Cu), Iron (Fe), and Zinc (Zn) levels in Limnothrissa miodon fish from Lake 
Kariba in Zambia and their potential impact on human health. Two-gram samples from each stratum 
underwent a 12-hour digestion, and concentrations were determined using Microwave Plasma Atomic 
Emission Spectrometer. Results indicated that Cu, Fe, and Zn concentrations fell within Food and 
Agricultural Organization and World Health Organization safety limits. Estimated Daily Intake (EDI) and 
Hazard Quotient (THQ) values for males and females remained under recommended thresholds, 
suggesting minimal health risks from consumption. Element concentrations followed the order Fe >  
Zn > Cu, all below Recommended Daily Allowances (RDAs). THQ values, with Zn posing the highest 
potential risk followed by Fe and Cu, were under one. Overall, the Hazard Index (HI) was 0.02, 
signifying a low non-carcinogenic risk from fish consumption. Despite safety, ongoing monitoring of 
heavy metal accumulation in the ecosystem is advisable for long-term safety. In conclusion, trace 
element levels in Limnothrissa miodon from Lake Kariba are safe for human consumption with low 
associated health risks. Nonetheless, continued monitoring of heavy metal levels is vital.
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Introduction

Heavy metal pollution, resulting from the release of industrial, 
agricultural, and household waste into the natural environ-
ment, is a significant global environmental concern (Rahmani 
et al. 2018; Hasimuna et al. 2022; Mohiuddin et al. 2022). Natu-
rally occurring elements like copper (Cu), zinc (Zn), and iron (Fe) 
are vital components of the Earth’s crust and play crucial roles 
in biological systems (Yahya et al. 2018; Hasimuna et al. 2021; 
Simukoko et al. 2021). These metals, known as essential 
elements, have critical functions in cellular organelles and 
various components like lysosomes, endoplasmic reticulum, 
cell membranes, nuclei, mitochondria, and certain metabolic 
enzymes (Wang and Shi 2001; Yahya et al. 2018).

Despite their importance in biological systems, elevated 
concentrations of heavy metals can have detrimental effects 
on ecosystems and human health (Hasimuna et al. 2022). 
Human activities have increased heavy metal levels in both ter-
restrial and aquatic environments, impacting ecosystem health 
and product quality (Ustaoglu and Islam 2020; Yang et al. 2020).

Heavy metals have been investigated in several compart-
ments of aquatic ecosystems in various parts of the globe. 

For instance, Mishra and Tripathi (2008) studied the capacity 
of three macrophytes namely Eichhornia crassipes, Spirodela 
polyrrhiza W. Koch (duckweed) and Pistia stratiotes L. (water 
lettuce) to effectively remove heavy metals from water. In 
addition, levels of heavy metals were studied to specify 
heavy metals in Enteromorpha intestinalis a macrophytic 
algae and concluded that aquatic algae could be used as 
an indicator of heavy metal contamination (Yozukmaz et al.  
2018). To add on, freshwater fish species and or their 
organs (liver, gills, muscle, brain, and blood plasma) have 
been investigated for heavy metals contamination (Can et al.  
2012; Mela et al. 2013; Paschoalini and Bazzoli 2021; Simukoko 
et al. 2021; Hasimuna et al. 2022). Moreover, freshwater 
mussels have also shown that heavy metal contamination 
occurs in aquatic environments and has a negative impact 
on the genes of these species (Aksu et al. 2012; Khan et al.  
2019).

Copper, zinc, and iron are essential trace elements for 
various biological processes, including those in humans 
(Yunusa et al. 2023). However, excessive levels of these 
metals in aquatic environments due to pollution can lead to 
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adverse health effects for aquatic organisms and human consu-
mers (Zhang et al. 2022; Yunusa et al. 2023).

Copper, essential for enzymatic functions and physiological 
processes, can cause gastrointestinal issues, liver and kidney 
damage, and neurotoxicity at elevated levels (Alloway 2013; 
Hefnawy and El-Khaiat 2015; Rajeshkumar and Li 2018; Renu 
et al. 2023). Zinc, vital for immune system regulation, wound 
healing, enzymatic activities, and metabolic processes, can 
cause gastrointestinal distress, nausea, vomiting, and poten-
tially impact the immune system and other organs when 
exposed excessively (Brown et al. 2001; Goyer and Clarkson  
2001; Bredesen 2015; Traven et al. 2023). Iron, important for 
oxygen transport, DNA synthesis, and electron transport in 
the body, can be harmful in high concentrations, leading to 
gastrointestinal problems and organ damage (Satarug et al.  
2010; Nazanin et al. 2014; Bharti et al. 2022; Jomova et al. 2022).

Limnothrissa miodon, commonly known as Lake Tanganyika 
sardine or Kapenta, is a commercially significant fish species 
native to Lake Tanganyika, providing essential protein for local 
consumption and export (Muvengwi et al. 2012; Hasimuna 
et al. 2019, 2023a). This species primarily feeds on planktonic 
organisms, such as zooplankton and phytoplankton, which are 
abundant in the open waters they inhabit (Muvengwi et al.  
2012; Mandima et al. 2016). L. miodon was introduced into Lake 
Kariba from Lake Tanganyika in 1967 and 1969, subsequently 
supporting the fishing industry in the area within three years 
(Chali et al. 2014; Hasimuna et al. 2019, 2023a). Lake Kariba, situ-
ated on the Zambia-Zimbabwe border, serves as a vital resource 
for the surrounding communities, providing water for hydro-
power generation, domestic use, irrigation, and fish as a 
protein source (Tumbare 2008; Hasimuna et al. 2019, 2023b).

However, the increasing human population and associated 
human activities around Lake Kariba pose a risk of heavy 
metal contamination to the fishery. This study aimed to inves-
tigate the levels of heavy metal contamination in Limnothrissa 
miodon in Lake Kariba and assess the potential risks to human 
health. The objectives of this study were as follows: 

i To determine the levels of contamination of the trace 
elements (Cu, Fe, and Zn) in L. miodon in Lake Kariba;

ii To assess the potential health risks associated with the con-
sumption of L. miodon contaminated with trace elements;

iii To provide recommendations to mitigate the impact of 
trace element contamination on L. miodon and the lake 
ecosystem.

Materials and methods

Sampling sites

The L. miodon samples used in this study were obtained from 
Lake Kariba which is located at Latitude 16.95 S and Longitude 
27.97 E. It covers an area of 5,580 km2 and its storage capacity 
is 185 km3. The mean depth of the lake is 29 m; the maximum 
depth is 97 m. On the Zambia side, the lake is divided into four 
strata for the sake of fisheries management, Stratum I and II 
are in Sinazongwe, Stratum III is in Gwembe, and Stratum IV is 
in Siavonga (Figure 1). This water body was selected for this 
research because it is a commercial fishery from which one of 

the highly consumed small fish species L. miodon commercial 
fish species and a pelagic fishery is caught (Cochrane 1984; 
Magadza 2011; Hasimuna et al. 2023a). L. miodon is a pelagic 
clupeid which is an r-selected fish species that reaches maturity 
at about 35 mm in total length and grows to around 5 cm (Bell- 
Cross and Bell-Cross 1971; Hasimuna et al. 2023a). Furthermore, 
this fish feeds on aquatic insects, crustaceans, phytoplankton, 
rotifers, and zooplankton. A total of 150 individuals of 
L. miodon were obtained from randomly selected lake points in 
each stratum as described by Hasimuna et al. (2023a), giving a 
total of 600 individuals collected from all the strata. L. miodon 
was picked for investigation in this study due to its significance 
in providing micronutrients such as calcium, zinc, vitamin B12 
and iron as well as its high accessibility and consumption 
among the less privileged consumers (Nölle et al. 2020). In 
addition, this species is consumed whole by a large section of 
the population and any risks to consumers would have far-reach-
ing consequences to the lives of consumers. Figure 1 shows the 
four strata from which the samples were obtained.

Sample preparation

For the determination of the three trace elements in the whole 
body of L. miodon, the process involved five (5) basic steps 
namely: (1) flask preparation, (2) sample preparation, (3) 
sample digestion, (4) sample dilution, and (5) sample filtration. 
The apparatus used included the weighing balance, 100 mL 
volumetric flasks, hot plate, funnels, filter papers, deionized 
water, fume hood, and hot air oven. The 100 mL volumetric 
flasks were washed with soap and tap water and soaked in 
10% nitric acid for 12 h to avoid any cross-contamination.

The flasks were then rinsed with deionized water (from 
bench top water purification system at CVRI) and dried in a 
hot air oven for 90 min. The fresh L. miodon was also dried in 
the hot air oven to completely remove the moisture and then 
the samples were ground into powder as a whole in groups. 
About 2 g of L. miodon samples from each group were 
weighed and transferred into the sample flasks labelled with 
respective identification numbers (IDs). A reagent blank was 
also prepared with no sample added but following all the 
steps for sample extraction. Twenty (20) mL of 65% nitric acid 
(Kanto Chemical Co. Japan) was added to the sample flasks 
and the blank flask. Then 10 mL of 70% perchloric acid 
(Merck, South Africa) was added in the same way.

The sample flasks were shaken slowly and left to stand in the 
fume hood for 12 h for acids to digest the samples at ambient 
temperature. After 12 h of digestion, the samples were placed 
on the hot plate and boiled until the brown fumes stopped and 
the samples became clear. The samples were then filtered in 
100 mL volumetric flasks and diluted to the mark. Finally, the 
samples were read using the Microwave Plasma Atomic Emis-
sion Spectrometer (MP-AES) 4200, by Agilent Technology, 
Germany. Sample analysis was done at the Zambia Agricultural 
Research Institute (ZARI) in Lusaka.

Quality control

To ensure precise and accurate results, standard procedures 
were followed during sampling as well as laboratory work 
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following the American Public Health Association (APHA) 
guidelines. [32] L. miodon samples were analyzed for the con-
centration of the anions and Heavy Metal determination. The 
multi-parameter analyzer was calibrated with different stan-
dards, and daily prepared from standard stock solutions of 
the respective ions (1000 mg/L) and deionized water. The stan-
dardization of the instruments was carried out several times 
during the procedure for anions and heavy metals. The stan-
dards for the four heavy metals (Cu, Fe, and Zn) used were all 
from PerkinElmer, USA. The readings of all parameters were 
replicated to check the reliability and accuracy of the instru-
ment, method, and dataset.

For the analysis of heavy metals, three standards and a blank 
sample were run by the Microwave Plasma Atomic Emission 
Spectrometer (MP-AES) by Agilent Technology, Germany. The 
standard and blank samples were repeated after an interval 
of 10 samples to check the validity of the results. The reprodu-
cibility was obtained at a 90 ± 5% confidence level, and the 
mean value of each sample was used for further analysis. 
Throughout this study, all the reagents used were of analytical 
grade and were certified to be pure by the Chemical and 
Mineral Laboratory of the Copperbelt University, School of 
Mines and Mineral Sciences, Metallurgy Department. This was 
necessary for obtaining a calibration curve after diluting a 
stock standard solution.

Analysis of the three metals

The Cu, Fe, and Zn concentrations in the sample solutions were 
determined using the MP-AES 4200, by Agilent. Sample analysis 
was done at the ZARI in Lusaka. Before running the samples for 
heavy metal analysis, the MP-AES was calibrated and standar-
dized as described in our earlier study (Hasimuna et al.  
2023a). The concentration of three heavy metals was plotted 
against the calibration curves of absorbance for each individual 
which helped to determine the concentration in the fish 
sample.

Human health risk assessment

Estimated daily intake (EDI)

The following equation (Equation 1) was used to calculate the 
estimated daily intake of Kariba Kapenta (Ahmed et al. 2019):

EDI = (Cn∗IGr)/Bwt (1) 

where Cn is the average of the mean concentration level of a 
particular element in the fish (mg/kg dry-wt); IGr is the accep-
table ingestion rate, which is 55.5 g/day (Adults, 20 years and 
older) and 52.5 g/day (Children, 12–19 years). Bwt is the body 
weight.

Figure 1. Shows the four strata of Lake Kariba, Zambia.
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Target Hazard Quotient (THQ) for non-carcinogenic 
risk assessment

The ratio of EDI and the Oral Reference Dose (RfD) was used to 
estimate THQ. RfDs for Cu, Fe, and Zn are presented in Table 2. 
According to the United States Environmental Protection 
Agency (USEPA 2008), ratio values less than 1 imply non-signifi-
cant risk effects. THQ formula is expressed as shown in Equation 
2 below (USEPA 2008):

THQ = (Ea∗Ep∗EDI/At∗RfD)∗10− 3 (2) 

where THQ is the Target Hazard Quotient, Ea is the exposure 
duration; Ep is the exposure frequency; and At is the average 
time for the non-carcinogenic element (Ea × Ep).

Hazard Index (HI)

The HI was calculated as a summation of the target hazard quo-
tients of the elements (Cu, Fe, and Zn) found in L. miodon for 
each age group Equation 3.

HI = THQ (Cu)+ THQ (Fe)+ THQ (Zn) (3) 

Where HI < 1 is safe, > 1 is hazardous, and THQ (Cu) is the target 
hazard quotient for Cu intake (Baki et al. 2018; Hasimuna et al.  
2023a).

Data analysis

The concentrations of Cu, Fe, and Zn in L. miodon were ana-
lyzed using descriptive statistics. Normality and homoscedasti-
city tests were performed on the means of these four elements 
using the Shapiro–Wilk and Bartlett tests, respectively. The data 
exhibited homogeneity and normal distribution, enabling the 
use of analysis of variance (ANOVA) to compare the mean con-
centrations of the trace elements (Cu, Fe, and Zn) across the 
four strata. Post hoc analysis was conducted using the Tukey 
test to identify significant differences among the means after 
the ANOVA test. The statistical significance level for all tests 
was set at 5%. The entire analysis was conducted using R Stat-
istical Software version 4.1.2.

Results

Heavy metal accumulation in the fish

In this study, the cumulative mean concentrations (in mg/kg 
dry wt.) of all three trace elements in L. miodon in the lake 
were as follows: Fe (5.55) > Zn (5.113) > Cu (0.152). The mean 
concentration of iron was the highest followed by that of 
Zinc, and copper had the lowest concentration (Figure 2). The 

mean concentrations of all metals obtained in this study were 
compared to those of other selected studies as presented in  
Table 1.

The distribution of Cu in L. miodon across the four strata of 
L. Kariba is shown in Figure 3. There was a significant (p-value  
< 0.05) difference in the mean concentrations in (mg/kg dry 
wt.) of Cu following the order: Stratum I (0.163) > Stratum III 
(0.149) > Stratum II (0.155) > Stratum IV (0.139). Stratum one 
had the highest concentration followed by Stratum III while 
Stratum II and IV had the lowest concentrations respectively. 
Figure 3 shows the pairwise comparisons of Cu between 
strata.

On the other hand, the mean concentration (mg/kg dry wt.) 
of Fe in L. miodon across the four strata of L. Kariba showed 
varied amounts across strata (p-value < 0.05): Stratum II 
(7.149) > Stratum IV (5.959) > Stratum III (5.186) > Stratum I 
(3.905) having strata pairwise comparisons as shown in  
Figure 4. Stratum two had the highest concentration followed 
by Stratum IV whereas Stratum III and IV had the lowest 
concentrations.

Conversely, the mean concentrations (mg/kg dry wt.) of Zn 
in L. miodon across the four L. Kariba were significant (p-value <  
0.05) across L. Kariba strata. in Stratum II followed by Stratum III 
(Figure 5). The general order in terms of distribution was as 
follows: Stratum II (7.149) > Stratum IV (5.959) > Stratum III 
(5.186) > Stratum I (3.905) respectively. Pairwise comparisons 
are shown in Figure 4.

Assessment of health risks associated with trace 
elements

The health risk assessment from trace elements was deter-
mined by way of comparing the mean concentration of each 
element against the maximum permissible levels set by inter-
national bodies as shown in Table 2. In terms of mean concen-
tration across the lake, Copper had the lowest mean 
concentration followed by zinc and Iron respectively. The 
mean concentrations were in the order Fe (5.550) > Zn 
(5.113) > Cu (0.152).

Estimated Daily Intake (EDI) and the recommended 
daily allowance RDA

Table 3 shows a comparison of the EDIs of trace elements in 
L. miodon and the respective RDAs for selected age groups. 
Generally, the EDIs were in the order: Fe > Zn > Cu in both 
adults and were far lower than the RDAs (Moreira et al. 2012) 
for the respective metals.

Table 1. Comparison of present study results to selected studies.

Study
Cu 

(mg/kg dry wt.)
Zn 

(mg/kg dry wt.)
Fe 

(mg/kg dry wt.) Species Tissue

Present Study 0.152 0.152 5.55 Limnothrisa Miodon Whole
Kwaansa-Ansah et al. (2019) 0.020 ± 0.012 0.022 ± 0.005 - Scomber colias Muscle
Kamzati et al. (2020) 0.406 2.078 18.64 Oreochromis shiranus chilwae Whole

0.406 2.214 32.31 Clarias gariepinus
0.416 2.004 16.34 Barbus paludinosus

Omara et al. (2020) 8.8 ± 0.36 (6.4 ± 0.26) 135.2 ± 0.15 (44.7 ± 0.20) 272.8 ± 0.36 Protopterus annectens Muscles
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Target Hazard Quotient (THQ) and Hazard 
Index (HI)

The calculated THQs for each trace element in this study were 
less than one (<1) and were in the order of: Zn (0.014) > Fe 
(0.006) > Cu (0.000) respectively. On the other hand, the HI 
was also less than one (HI = 0.02). THQ and HI greater than 
one (>1) indicates an overall health risk of ingestion of heavy 
metals through the consumption of food (i.e. fish, invert-
ebrates, and vegetables), and is rated high and classified as 
harmful (USEPA 2008). Since the hazard index (0.020) was less 
than one, it means that the non-carcinogenic risk effect for 
the consumers of L. miodon is low.

Discussion

In our present study, the concentration levels of the three pro-
minent heavy metals (Cu, Fe, and Zn) were observed on 
L. miodon from the four strata of Lake Kariba. Cu is a significant 
element in all living organisms and is required for cellular res-
piration, free radical defence, neurotransmitter function, and 

tissue biosynthesis (Soylak and Unsal 2010; Hefnawy and El- 
Khaiat 2015; Hasimuna et al. 2022). Excess accumulation of 
Cu is dangerous to people as it can lead to hepatic cirrhosis, 
liver and kidney disorder, nausea, diarrhoea, fever, hemolytic 
anaemia and degeneration of basal ganglia (Behbahani et al.  
2013; Hefnawy and El-Khaiat 2015; Rajeshkumar and Li 2018; 
Korkmaz et al. 2019). L. miodon from Lake Kariba had a 
copper concentration of 0.152 (mg/kg dry wt.) which is below 
the levels FAO and the joint FAO/WHO recommended 
maximum permissible limit of 30 mg/kg dry wt (FAO 1983; 
FAO/WHO 1989). Berg et al. (1995) also found that Tilapia 
rendalli and Oreochromis mortimeri had low Cu concentrations 
from Kassesse Bay of the same lake on the Zimbabwean side. In 
addition, higher Cu concentrations were found in Stratum I and 
III while Stratum II and IV had the lowest concentrations 
respectively. The concentration of Cu just like many other 

Figure 3. Mean concentrations of copper in the four strata of L. Kariba, Zambia. 
The error bars represent the standard error and different letters show significant 
differences.

Figure 4. Mean concentrations of iron in the four strata of L. Kariba, Zambia. The 
error bars represent the standard error and different letters show significant 
differences.

Figure 2. Mean concentrations of trace elements in L. Kariba, Zambia. The error 
bars represent the standard error and different values represent the mean con-
centration of each element.

Table 2. Maximum Permissible Limit (MPL) of heavy metals in fish (mg/kg dry 
wt.) according to international standards.

Trace Element

Cu Fe Zn Reference

0.152 5.550 5.113 Current study
30 – 30 FAO (1983)
30 – 40 FAO/WHO (1989)
30 100 100 WHO (1989)

Figure 5. Mean concentrations of zinc in the four strata of L. Kariba, Zambia. The 
error bars represent the standard error and different letters show significant 
differences.

Table 3. A comparison between estimated daily intake (EDI) and the 
recommended daily allowance (RDA) for males and females.

Element  
mg/day

RDA Male RDA Female

EDI
19– 
30y

31– 
50y

51– 
70y

19– 
30y

31– 
50y

51– 
70y

Cu 0.9 0.9 0.9 0.9 0.9 0.9 0.12
Fe 8 8 8 18 18 8 4.40
Zn 11 11 11 8 8 8 4.054
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metals is influenced by several natural and anthropogenic 
sources such as agriculture, domestic wastes, mining, and 
mineral processing (Hosseini et al. 2015; Korkmaz et al. 2019; 
Kwaansa-Ansah et al. 2019; Li et al. 2020; Hasimuna et al.  
2021, 2022; Hasimuna et al. 2023b). The higher levels of Cu in 
Stratum I are not surprising because this is the stratum that 
receives water from the Zambezi River which passes through 
the North-Western Province of Zambia which is one of the 
two major mining provinces of Zambia (Hasimuna et al. 2022) 
while the main key driver of increased Cu levels of stratum III 
may be due to runoff, leaching and anthropogenic activities 
that use Cu-containing compounds, such as pesticides and fer-
tilizers can introduce copper into Lake Kariba (Tumbare 2008; 
Hasimuna et al. 2021). However, complex environmental pro-
cesses affect the concentration of Cu in aquatic ecosystems 
such as being bound in the sediments. This is similar to the 
observation made by Rader et al. (2019) who reported that 
Cu undergoes an adsorption process, naturally precipitating 
or binding to sediments and suspended particles in water. 
Within natural water bodies, these interactions can constrain 
Cu’s bioavailability, leading to the transport of Cu from the 
water column to sediment, thereby reducing the concentration 
of dissolved Cu within the lake.

Moreover, the low concentration of Cu can also be 
influenced by Lake Kariba’s chemical properties like pH and 
alkalinity. When conditions encourage the creation of less 
soluble Cu compounds, it can lead to reduced copper levels 
in the water. According to Rader et al. (2019), Cu is swiftly 
removed from natural water systems. In their study, over 70% 
of the introduced copper was eliminated from the water 
column within just 16 days of dosing. Cu also has a high 
affinity and binds to various dissolved ligands and solid 
phases, affecting its transformation and bioaccumulation in 
aquatic ecosystems. Cu may bind to various inorganic and 
organic constituents, such as hydrous manganese oxides and 
iron oxides, clay, organic matter, and sulfides which will affect 
the transformations and fluxes of copper between various com-
partments in the aquatic environment (De Jonge et al. 2012; 
Rader et al. 2019). Other studies in sub-Saharan Africa have 
recorded Cu concentrations lower than the FAO permissible 
value of 30 mg/kg (Berg et al. 1995; Kwaansa-Ansah et al.  
2019; Kamzati et al. 2020; Mannzhi et al. 2021). Therefore, the 
mean concentrations of Cu were within the recommended 
maximum limit of 30 mg/kg dry wt, hence posing no threat 
to the health of the fish and the consumers.

Fe is present in aquatic ecosystems in three different forms, 
however, dissolved ferrous iron (Fe2+) is generally the most 
bioavailable and readily assimilated by fish and other aquatic 
organisms (Bury et al. 2011). The presence of Fe in fish is impor-
tant in facilitating several metabolic functions such as oxygen 
transportation, deoxyribonucleic acid (DNA) synthesis, and 
electron transportation (Hasimuna et al. 2022). Regardless of 
this, its concentration in the body tissues must be regularly 
monitored because excessive quantity can cause tissue 
damage (Nazanin et al. 2014). The imbalance of iron causes 
anaemia, increased likelihood of bacterial infection, and poten-
tial susceptibility to other divalent metal toxicity, liver damage, 
such as Parkinson’s, Alzheimer’s, type-2 Diab and possibly neu-
rodegenerative diseases (Bury et al. 2011; Ardeshir et al. 2017). 

The results of the present study reported a mean concentration 
of Fe of 5.55 mg/kg dry wt which is below the permissible limit 
of Fe consumption of 100 mg/kg dry wt, and any levels above 
this are considered excessive (WHO 1989). Similarly, other 
studies reported lower mean concentrations of Fe in the 
muscle tissues of various fish species from sub-Saharan Africa 
(Mannzhi et al. 2021; Simukoko et al. 2021; Hasimuna et al.  
2022). The results of the current study are lower than those 
reported by Kamzati et al. (2020) who indicated a range of 
16.342–32.314 mg kg−1 in fish species (e.g. Clarias gariepinus 
and Oreochromis shiranus chilwae) from an endorheic Lake. 
Our results also differ from those of Omara et al. (2020), who 
reported far higher Fe mean concentrations (272.8 ± 0.36 mg/ 
kg) in the muscle of the African lungfish (Protopterus annectens) 
from the Nyabarongo and Nyabugogo rivers, Rwanda. This 
could be attributed to the fish species studied (e.g. Clarias gar-
iepinus, Oreochromis shiranus chilwae and Protopterus annec-
tens) being k-selected species unlike our r-selected L. miodon 
species (Hasimuna et al. 2023a) may have accumulated more 
elements since they have a longer growing period and hence 
have a longer exposure duration. Unlike our current study in 
L. Kariba and that of Kamzati et al. (2020) in L. Chilwa which 
are within the permissible limit, Omara et al. (2020) reported 
levels beyond the permissible limits in the Nyabarongo and 
Nyabugogo rivers, Rwanda which could be due to some dis-
charges in the river.

The analysis showed that the mean concentration of Fe in all 
the strata was within the permissible levels (Figure 4). The per-
missible limit of Fe consumption is 100 mg/kg dry wt and any 
levels above this are considered excessive (WHO, 1989). In 
this analysis, iron mean concentration was highest in stratum 
two compared to the others with stratum one having the 
least concentration. Higher Fe concentrations in Stratum II 
and IV can be attributed to the increased development in agri-
cultural and industrial exacerbated by rapid human population 
growth (Chifamba 2007; Tumbare 2008; Hosseini et al. 2015). In 
addition, run-off-induced climate change impacts have 
increased the transportation of iron-bearing sediments, 
organic matter, and dissolved iron in water bodies (Anderson 
et al. 2023; Riise et al. 2023). An increase in water temperature 
also enhances the dissolution of iron and other minerals from 
sediments, increasing the availability of dissolved iron for 
uptake by aquatic organisms (Félix-Bermúdez et al. 2020). Fur-
thermore, Fe is the most abundant and important metal with 
98% of it used in steel production, manufacturing, transpor-
tation, and agriculture hence it can easily be drained in 
aquatic ecosystems (Bury et al. 2011; Hasimuna et al. 2021).

Zn is integral to metalloenzyme function, DNA replication, 
protein synthesis, and cell division (Brown et al. 2001; Bredesen  
2015; Korkmaz et al. 2019). However, excessive levels of Zn in 
aquatic environments can be toxic to fish and other aquatic 
organisms, leading to adverse effects on their health and survi-
val. High zinc levels can damage fish gills, which are critical for 
oxygen uptake and waste elimination (Taslima et al. 2022). This 
can result in respiratory distress. Zn toxicity can disrupt fish 
reproductive systems, causing reduced egg production, poor 
egg quality, and decreased hatchability of eggs (Taslima et al.  
2022). The bioconcentration of Zinc in fish increases with 
time and the food web with significantly higher Zn levels has 
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been reported to have harmful impacts on people such as 
causing deficiency of Cu and Fe, nausea, headache, fever, 
vomiting, skin irritant, tiredness, and adnominal pain (Papa-
giannis et al. 2004; Yi et al. 2017; Hasimuna et al. 2022).

The current study found a mean concentration of Zn to be 
5.113 mg/kg dry wt which was lower than the 40 mg/kg dry 
wt recommended limit by the joint committee of the Food 
Agriculture Organization and the World Health Organization 
(FAO/WHO 1989). The results of this study are slightly higher 
than those reported in other studies in sub-Saharan Africa 
whose mean concentrations in fish muscles ranged between 
0.022 and 4.815 mg/kg (Berg et al. 1995; Kwaansa-Ansah 
et al. 2019; Adeogun et al. 2020; Kamzati et al. 2020; Mannzhi 
et al. 2021). This could be explained due to the differences in 
species and organs examined (Kotzé et al. 1999). Our current 
study examined the whole fish owing to the size of the fish 
compared to the other studies which examined individual 
organs such as the muscle. However, our study is consistent 
with the findings of Gale et al. (2004) who reported that 
Whole-body analyses for Zn in small sunfish showed 
significantly higher (Zn) than those observed in fillets of the 
same species. This could have led to recording elevated due 
to critical organs and parts of the fish such as the liver, bones 
and gonads which are reported to be sites where Zn is 
stored. This is in agreement with the findings of other studies 
which reported high levels of Zn in fish which is consumed 
whole (Gale et al. 2004) and in critical organs such as the 
liver, vertebrae and gonads (Kotzé et al. 1999; Murugan et al.  
2008). Furthermore, higher Zn concentration was reported in 
Stratum II and Stratum III compared to the other strata. This 
could be attributed to anthropogenic activities such as agricul-
ture and aquaculture in these areas and the fact that Zn is more 
mobile compared to other elements like Cu which remain 
bound up as insoluble complexes in soil and sediments 
(Kotzé et al. 1999; Gale et al. 2004; Murugan et al. 2008; 
Yahya et al. 2018).

According to Kamzati et al. (2020), Zn can enter water bodies 
through runoff from agricultural and industrial areas, as well as 
waste effluent. Surface runoff from semi-urban regions, 
fertilizer leaching, and waste burning are proposed key 
factors for heightening zinc levels in Stratum II and Stratum 
III as they are key agricultural areas (Hasimuna et al. 2023a). 
This could also be due to differences in habitats and land- 
based activities in strata II and III. This is similar to the obser-
vations made by Yap and Al-Mutairi (2022) and Vu et al. 
(2017) regarding land-based discharges and surface run-offs 
which were attributed to be the cause of high nutrients and 
chemicals in the surface waters. These are said to be major 
niche habitats for reef-associated, pelagic-neritic, and bentho-
pelagic fishes which had accumulated higher mean concen-
trations of trace elements in the Malaysian Peninsular. Lastly, 
other possible sources of these metals are chemicals used in 
industries, boating, tourism and daily life wastewater of 
humans which eventually gets into aquatic organisms and 
poses threats as reported in numerous studies (Yozukmaz 
et al. 2018; Guo et al. 2020; Johnson et al. 2020; Lu et al.  
2020; Zhang et al. 2022). Furthermore, other potential sources 
of Zn, Cu and Cu to Lake Kariba could be attributed to anthro-
pogenic activities by humans releasing them from natural 

sources such as sediments both within and outside the water 
body as was reported from Lake Taihu (Li et al. 2022). 
Further, the perspective of sedimentology that looks at the 
characteristics of heavy metals and their environmental beha-
viours will be critical (Yahya et al. 2018) by considering metal 
concentration in the soil as well as the associated ecological 
and environmental activities.

Health risks analysis

All metals’ THQs tested in this study in both males and females 
were less than 1. As such, the consumption of the fish species 
may not threaten the health of consumers. These results are 
consistent with other results found by Simukoko et al. (2021) 
in fish from the same lake. Similarly, the HI which is an indicator 
of the health effect of both single metal exposure and the 
cumulative effect of multiple metal exposure was less than 
1. This indicates that consuming L. miodon regularly does not 
pose a health threat within the lifetime of the consumer. A 
study assessing Cu, Zn and other elements in muscles of Sardi-
nella maderensis in the coastal waters of Ghana found HIs that 
were greater than 1, implying consumption of this fish species 
may result in some non-carcinogenic effects (Nyarko et al.  
2023). This difference in findings may be a result of the 
varied species and degree of pollution of the water bodies 
assessed. The presence of pollutants (e.g. metals) in fish is 
dependent on the species, body size, physiological state, 
feeding patterns, tissue type, metabolite properties, type of 
pollutant and degree of pollution in the environment (Đikano-
vić et al. 2016; Vu et al. 2017; Hasimuna et al. 2022; Yap and Al- 
Mutairi 2022).

Additionally, L. miodon meets some of the key character-
istics of r-selected fish species such as rapid development, 
small body size and short life span which reduces the 
levels of trace element accumulation in their body (Reznick 
et al. 2002; Yap and Al-Mutairi 2022). To add on, the accumu-
lation of metals in fish has been linked to fish length and size 
(Li et al. 2020; Yap and Al-Mutairi 2022), therefore, the small 
size and length of L. miodon allow this species to have less 
exposure and risk to the accumulation of metals investigated 
in this study. Furthermore, based on our estimated EDI 
and given the RDA, it can be suggested that L. miodon can 
be consumed by both sexes of any age group without 
posing any health risk for all the assessed metals and can 
be a major source of micronutrients (Mphande and Chama  
2015).

Conclusion

In conclusion, this study delved into the assessment of 
copper (Cu), iron (Fe), and zinc (Zn) concentrations in 
L. miodon fish sampled from stratum I, II, and III of Lake 
Kariba, Zambia, with a focus on potential health implications 
for consumers. The results of our investigation indicate that 
the levels of Cu, Fe, and Zn detected in the fish fall below 
the thresholds associated with health risks for consumers of 
L. miodon. Thus, based on the findings of this study, we 
advocate the consumption of L. miodon by individuals of 
age groups between 19 and 70 years as a source of essential 
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nutrients, particularly micronutrients. Furthermore, this 
species has a faster growth rate and hence spends less 
time in the aquatic environment which may bring about 
less accumulation of trace elements and heavy metals to 
levels that can cause harm as was found by Hasimuna 
et al. (2023a). This makes consumption of this species regard-
ing trace and heavy metals safe for human consumption. 
Nevertheless, it is essential to acknowledge that while the 
metal concentrations in the fish remain within permissible 
limits, ongoing agricultural, mining, and other human activi-
ties within the region likely contribute to the presence of 
these trace elements. As a precautionary measure, it is 
imperative to implement effective monitoring strategies for 
these anthropogenic activities to mitigate their impact on 
the lake’s fish population. Furthermore, this underscores the 
importance of raising awareness among stakeholders respon-
sible for Lake Kariba’s management. Regulatory bodies, par-
ticularly government environmental health management 
agencies, should establish and enforce stringent regulations 
to safeguard the lake’s ecosystem and the health of its con-
sumers. Periodic monitoring of heavy metal levels in the lake 
is also recommended, coupled with the adoption of 
measures to reduce heavy metal contamination, ensuring 
the long-term ecological health of the lake and the safety 
of fish consumption.
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