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Abstract  Lacustrine ecosystems have not been widely 
assessed for heavy metal contamination and associated 
health risks; yet, they could be accumulating these con-
taminants to the detriment of aquatic organisms and com-
munities relying on them for various aspects. The water 
quality index (WQI) and concentrations of heavy met-
als including As, Cd, Co, Cu, Cr, Fe, Mn, Ni, Pb, and 
Zn in water, sediment, Oreochromis niloticus, and in 
the endemic and endangered Coptodon kottae in Lake 
Barombi Kotto in Cameroon were determined to evalu-
ate fish heavy metal bioaccumulation, and heavy metal 
exposure risk posed to communities consuming these 
fish species. The WQI of the lake was found to be excel-
lent with heavy metal concentrations that were lower than 
what was obtained in the sediments and fish samples. 
Mean heavy metal concentrations in sediment ranged 

from 0.86 ± 0.03 mg/kg for Cd to 560.1 ± 11.15 mg/kg for 
Fe. In both fish species, Fe, Mn, and Cu had the highest 
concentrations. Though the heavy metal concentrations 
in the lake water were low, heavy metal bioconcentration 
factors for both fish species were very high ranging from 
1.6 for Fe to 1568 for Mn. The concentration patterns of 
heavy metals in the organs of both fish species followed 
the order bones > gut > muscle. Consumption of these 
two fish species contributes less than 1.0% of the permis-
sible tolerable daily intake (PTDI) and provisional toler-
able weekly intake (PTWI) of these metals with lead (Pb) 
having the potential to exceed permissible exposure levels 
when high amounts of these fish are consumed by adults.

Keywords  Coptodon kottae · Oreochromis 
niloticus · Provisional tolerable weekly intake · 
Hazard quotient · Water quality index · Bio-sediment 
accumulation factor

Introduction

Aquatic environments are habitats for many organisms 
which interact with each other and abiotic factors in a self-
perpetuating manner to ensure a dynamic and sustainable 
ecosystem. These environments play a major role in the 
sustenance of life in communities where they exist by pro-
viding water for consumptive and non-consumptive uses 
that include recreation, food, and medicinal herbs among 
others (Carpenter et al., 2011). They also filter sediments 
and pollutants from water and serve as buffer zones for 
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flooding thereby maintaining water quality. Aquatic eco-
systems, especially freshwater ecosystems, are, however, 
faced with challenges that include pollution and a reduc-
tion in the abundance of biodiversity (Bassem, 2020; 
Malik et  al., 2020; Xu et  al., 2014). Several chemical 
pollutants have been identified in aquatic environments, 
but heavy metals continue to present a significant threat 
and are recognized as major aquatic pollutants (Aboud 
& Nandini, 2009; Fernandez-Maestre et  al., 2018). The 
sources of heavy metals in aquatic environments could 
be autochthonous, originating from natural processes like 
weathering around the catchment area, or allochthonous 
coming from atmospheric deposition, runoffs from agri-
cultural fields, sewage discharge, industrial effluent dis-
charge, dumping of waste, and boating activities among 
others (Algül & Beyhan, 2020; Boehnert et  al., 2020; 
Fonkou et al., 2005).

Aquatic ecosystems including lakes are home to a 
variety of fish species that serve as a vital link in many 
aquatic food webs (Ersoy et al., 2019). Fish is also an 
important part of the human diet because of its high 
nutritional quality (Ayanda et  al., 2018). It is a very 
good and reliable source of protein that is widely pre-
ferred to meat and other animal protein sources due to 
its low cholesterol content (Osman et al., 2001). Aquatic 
pollution however presents a significant challenge to 
these organisms. They are in direct contact with water 
and are therefore exposed to the contaminants that may 
be contained in the water. Fish in contaminated water 
bodies absorb dissolved substances including heavy 
metals directly from the water as it passes through 
their gills or through the ingestion of food that might 
have been contaminated with these metals. In addition 
to these two pathways of exposure, benthic feeders are 
likely to be exposed to contaminants through accidental 
ingestion of bottom sediments that may have adsorbed 
these contaminants, as bottom sediments serve as a sink 
for contaminants like heavy metals in aquatic ecosys-
tems. Fish tend to bioaccumulate significant amounts of 
heavy metals from these abiotic sources.

Some heavy metals including iron (Fe), zinc (Zn), 
copper (Cu), manganese (Mn), and molybdenum (Mo) 
are essential in various metabolic processes, growth, 
and development of fish (Fawole et al., 2007), whereas 
others like lead (Pb), cadmium (Cd), nickel (Ni), and 
arsenic (As) play no vital role in these processes and 
are toxic even at very low concentrations. These met-
als also display a preference for specific organs. Lead 
and Cd, for example, have been found to accumulate in 

the gills, gut, muscles, and bones of fish to levels which 
can be hazardous to both the fish itself and other levels 
of the trophic chain, eliciting toxicological effects on 
reproductive cycles, shell formation, and other devel-
opmental processes (Adebayo, 2017; Authman et  al., 
2015; Ayanda et al., 2018; Pinzón-Bedoya et al., 2020). 
The content of toxic heavy metals in fish can counter-
act their beneficial effects on the consumer. Health risks 
associated with human exposure to heavy metals include 
renal failure, liver damage, cardiovascular diseases, car-
cinogenic, neurotoxic, and gastrointestinal ailments, and 
even death (Fernandez-Maestre et al., 2018; Ngole-Jeme 
& Fantke, 2017). Manifestation of these negative effects, 
however, depends on the level of exposure and the age 
of the consumer. Studies by Ngole-Jeme and Fantke 
(2017) have highlighted the differences in cancerous and 
non-cancerous risk associated with heavy metal expo-
sure in adults and children.

Many international monitoring programs have been 
established to assess the quality of fish for human con-
sumption and to monitor the health of the ecosystem in 
which they are found in an endeavor to prevent heavy 
metal bioaccumulation and biomagnification. Stud-
ies designed to monitor heavy metal pollution levels 
in aquatic ecosystems have mostly focused on surface 
water bodies that receive wastewater and industrial 
effluents, acid mine drainage, and those with catch-
ment areas that include industrial and mining areas 
because these are documented sources of heavy met-
als to aquatic environments. A lot of these studies have 
also been directed towards dams, rivers, and streams, 
but information on pollution in lacustrine ecosystems 
is scanty. The quality of water in streams, dams, riv-
ers, and lakes in areas with a subsistence lifestyle and 
where there are very little industrial activities is usually 
assumed. Lakes around the world provide more than 90 
million tons of fish annually (Welcomme, 2011). The 
ever-increasing human population around this fresh-
water ecosystem threatens its productivity because of 
the increase in anthropogenic activities which tend to 
release pollutants like heavy metals that find their way 
into the lakes. Anthropogenic activities also contrib-
ute to the sediment load received by lakes through the 
acceleration of erosion rates. These sediments act as a 
sink for heavy metals in the lakes but may sometimes 
be the source of these same metals to the overlying 
water (Algül & Beyhan, 2020). Lake sediments could 
therefore be a point source of heavy metals to the water 
in the lake and to aquatic species there present.
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This study uses Lake Barombi Kotto in Cameroon 
as an example of a lacustrine ecosystem which plays a 
significant role in the sustenance of life in surrounding 
communities. This lake is found along the Cameroon 
Volcanic Line and harbors at least eight different spe-
cies of tilapia, including Coptodon kottae and Oreo-
chromis niloticus. Coptodon kottae is endemic to lake 
Barombi Kotto and neighboring Lake Mboandong. 
Formerly called Tilapia kottae, C. kottae is a bentho-
pelagic species of the cichlid family which is currently 
under threat from excessive sedimentation caused by 
deforestation of the surrounding riparian vegetation, 
pollution from agrochemicals, municipal waste, and 
sewage from surrounding settlements (Froese & Pauly, 
2015). These fish species are widely consumed by sur-
rounding communities, and so the presence of con-
taminants such as heavy metals in the lake may present 
a significant threat to these communities. This study 
determined the concentrations of Fe, Cu, Ni, Mn, Zn, 
Co, Ni, Pb, Cd, and Cr in the lake water, sediments, 
and the different organs of the fish species C. kottae 
and O. niloticus collected from Lake Barombi Kotto. 
These results were then used to evaluate the health risk 
associated with the consumption of these fish species 
by surrounding communities. The study also looked 
at the accumulation of heavy metals in the fish rela-
tive to that of the sediments and water in the lake and 
gives insight into the water quality of aquatic ecosys-
tems in an area where there are few industrial sources 
of pollution. The outcome of this study provides stra-
tegic imperatives for the management of lakes and the 
exploitation of the resources therein.

Materials and methods

Description of the study area

Lake Barombi Kotto is a shallow freshwater crater lake 
located 100 m above sea level at latitude 4° 28′ N and 
longitude 9° 16′ E in Meme Division of the Southwest 
Region of Cameroon (Fig. 1). It has a total surface area 
of 330 hectares (3.3 km2), an average depth of 3.8 m, 
and a maximum depth of 6 m. The maximum length 
and width of the lake are 2.2  km and 2  km, respec-
tively. The lake sits on a complex geological setting of 
basaltic volcanic rocks. Studies on the geochemistry of 
these rocks by Fitton and Dunlop (1985) revealed that 
they contain more than 4% of Mg and a relatively high 

content of trace elements which is released into the 
natural waters of the lake as these rocks weather. The 
lake harbors two islands; one of which is home to a 
large island community of the Barombi Kotto natives. 
The resident population impacts the lake through agri-
cultural activities at the peripheries of the lake, laun-
dry, construction, and improper sewage and refuse dis-
posal. All run-off as well as silt from the surrounding 
agricultural farmlands and settlements empty into this 
lake (Awo et al., 2019). Fishing is the main occupation 
of the residents in the island. Previous studies on Lake 
Barombi Kotto by Awo et al. (2021), Awo (2020), and 
Campbell et al. (2017) have focused on health issues 
with respect to urogenital Schistosomiasis, water qual-
ity, and riparian tree diversity. No available literature 
that addresses the concentrations of heavy metals in 
the lake sediments and the fish harvested from the 
lake was found. The health risk associated with heavy 
metal exposure due to the consumption of fish from 
the lake is also not known.

Sampling sites

Six different sites (S1, S2, S3, S4, S5, and S6) repre-
senting the different anthropogenic activities that could 
impact the quality of water in the lake were selected for 
sampling. These sites were Mbondokombo beach (S1), 
Bong di Nsua (S2), and Baptist Church (S3) which are 
located at the shore of the lake close to the settlement. 
The surrounding settlements have no sewage infrastruc-
ture, and so raw sewage is a potential source of pollutants 
at these sites. Komba beach where site S4 was located 
was close to agricultural farmlands in the area, whereas 
sites S5 (Tung) and S6 (Nkondong) were located at the 
inflow and outflow channels, respectively. Agricultural 
activities are the likely source of pollution at these sites. 
This lake is connected to River Meme through the out-
flow channel at site S6.

Fish and sediment sample collection

Fish samples used in this study were bought from fish-
ermen who harvest fish randomly from the lake using 
a fishing mesh commonly called cast net. Ten (10) 
samples each of C. kottae and O. niloticus were used 
in this study. The fish samples were washed with clean 
water, separated according to species, put in ice cool-
ers, taken to the laboratory on the same day, and then 
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frozen at − 20  °C until dissection. Fish samples were 
dissected using stainless steel scalpels. One gram (1 g) 
of accurately weighed epaxial muscle on the dorsal 
surface of each fish sample, the entire gut, and bones 
from each fish sample were collected for analysis. 
These fish organs were oven-dried in an open vented 
oven and powdered in the Life Sciences laboratory of 
the University of Buea in Cameroon.

Sediments from the lake were sampled at a depth of 
0–5 cm using a Van Veen grab sampler at each of the six 
sampling sites, put immediately in airtight polyethene 
bags, and transported to the Life Sciences Laboratory 
at the University of Buea where they were air-dried and 
sieved for further analyses. All samples were collected 
in triplicates from each of the six sampling sites, mak-
ing a total of 18 sediment samples. Both the dried fish 

and sediment samples were transported to the College of 
Agriculture and Environmental Sciences Laboratory of 
the University of South Africa in Johannesburg, South 
Africa for heavy metal analyses. Details of the water 
properties for both the wet and dry seasons of the lake 
have been published in Awo (2020), and so they were 
not determined in this study, but the values published by 
Awo (2020) were used in the determination of the water 
quality index (WQI) of the lake water.

Heavy metals analyses of fish and sediment samples

In the determination of heavy metal content in the fish 
samples, 0.5  g of each of the dried and powdered fish 
sample organs were weighed into separate 50-ml micro-
wave bomb digestion tubes, and 20  ml of concentrated 

Fig. 1   Location of sampling sites in Lake Barombi Kotto, Cameroon
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HNO3 was added. The mixture was thoroughly swirled 
and allowed to stand for a few minutes at room tempera-
ture after which they were then microwave digested. Sedi-
ment samples were also microwave digested by adding 
aqua regia (HNO3 + 3HCl) in 1 g of each sample weighed 
into microwave digestion tubes. A Perkin Elmer Multi-
wave 3000 Microwave unit was used for digestion. The 
temperature of the microwave was raised to 160 °C over 
10 min and held for 15 min at a power of 800 W and pres-
sure of 30 bar. The digestion was carried out for 35 min at 
a rate of 0.5 bar s−1 (Lin et al., 2007). The digested sam-
ples were then cooled, filtered through acid-washed filter 
paper, and transferred into 50-ml volumetric flasks. The 
samples were made up to volume using distilled deion-
ized water, and the concentrations of As, Cd, Co, Cu, Cr, 
Fe, Mn, Ni, Pb, and Zn in each digest were determined 
using a Perkin Elmer Nexion 300 Q ICP-MS.

QC/QA measures

Sampling equipment and all glassware used for analyses 
were thoroughly washed with acidified water prior to 
their use. Analar grade reagents were used for all anal-
yses. A Perkin Elmer Plus ICP multi-element standard 
was used in the calibration of the Perkin Elmer Nexion 
300 Q ICP-MS used for analyses. To determine the per-
centage recovery and reliability of results of heavy metal 
concentration determined using the Perkin Elmer Nex-
ion 300 Q ICP-MS, a solution with a known concentra-
tion of heavy metals prepared using the multielement 
standard was analyzed and the concentrations obtained 
from the equipment were compared with the known 
concentrations. All analyses were carried out in dupli-
cate with two reagent blanks included in each batch of 
microwave digestion.

Data analyses

Statistical analyses

Data on the heavy metal concentrations of the fish sam-
ples were analyzed statistically using the R-statistical 
software. Kruskal–Wallis rank sum test was used to 
compare and test for statistically significant differences 
between the respective organs of the two fish species: 
O. niloticus and C. kottae. Non-parametric tests were 
conducted since data were not normally distributed. 
Kruskal–Wallis rank sum test was preferred because 

after testing for normality of data, the distribution of 
most all the HM were skewed. However, when these data 
were transformed, using different transformation meth-
ods all passed the Kruskal–Wallis test for normality.

Determination of water quality of the lake

The means of water quality parameters of Barombi Kotto 
lake presented in Awo (2020) were used to determine the 
WQI of the river using Weight Arithmetic WQI as indi-
cated in Eq. 1 (George & Ngole-Jeme, 2022).

where WQI is the water quality index, i is the number 
of water quality parameters, qi is the quality rating for 
each water quality parameter, and Wi is the relative 
weight for the water quality parameter. The quality 
rating (qi) for DO and pH was determined according 
to Eq. 2, whereas the qi for all other parameters was 
determined according to Eq. 3. The relative weights 
of the parameters were calculated using assigned 
water quality parameter weights (AW) presented by 
Kangabam et al. (2017) according to Eq. 4.

where Qi is the quality rating of the water quality 
parameter, Vactual is the actual value of the water qual-
ity parameter obtained from laboratory analysis, Videal 
is the ideal value of that water quality parameter that 
is assumed to be 7 for pH and 14.6 mg/l for DO, and 
Si is the WHO permissible level for the parameter.

The assigned weights for the different water quality 
parameters used were pH; 2.54, conductivity; 3.22, tur-
bidity; 2.43, DO; 4.09, TDS; 2.75, total hardness; 1.46, 
NO3

−; 2.57, NO2
−; 2.00, P; 4.00, Na;1.67, Ca; 2.00, and 

Mg; 2.00 (Kangabam et al., 2017). These values were 
then used to determine the water quality index of the 
water in the Barombi Kotto lake where water with WQI 
values of 0–25 is considered excellent, 26–50 good, 

(1)WQI =

∑

Wi qi
∑

Wi

(2)Qi (pH and DO =

[

Vactual − Videal

Si − Videal

]

× 100

(3)qi =
Vactual

Si

(4)Wi =
AW

∑n

i=1
AW
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51–75 poor, 76–100 very poor, and 100 and above 
unsuitable for drinking (Awachat & Salkar, 2017).

Determination of heavy metal accumulation by fish

The bioconcentration factor (BCF) and bio-sediment 
accumulation factor (BSAF) were used to determine 
the accumulation of heavy metals by both fish species 
as directed by Kwok et al. (2013). Whereas BCF was 
used to show how high the concentration of the heavy 
metals in the fish was relative to the lake water, BSAF 
was used to determine the intake of heavy metals by 
the fish from the sediments. The equations (Eqs.  5 
and 6) proposed by Krivokapić (2021) and Kwok 
et al. (2013) were used in the determination of BCF 
and BSAF, respectively.

Determination of heavy metal exposure risk 
associated with consumption of fish

Screening-level human toxicity assessment of all heavy 
metals was done using characterization factors of the 
USEtox Model (Rosenbaum et  al., 2008). The USEtox 
Model is a model developed through the UNEP-SETAC 
Life Cycle initiative that is used to characterize human 
and ecological impacts in life cycle assessments (Haus-
child et al., 2008; Rosenbaum et al., 2008). The USEtox 
Model combines the fate of chemicals of interest in vari-
ous environments, exposure to human through various 
routes, as well as the potential of the metals to cause a 
negative effect in a set of characterization factors that 
are then used to determine the health risk they pose to 
humans and ecosystems. In this study, USEtox Model 
characterization factors for the emission of As, Cr, Cd, 
Co, Cu, Fe, Mn, Ni, Pb, and Zn into freshwater ecosys-
tems in North, West, East, and Central Africa were con-
trasted, and the contribution of ingestion and inhalation 
exposure pathways to the overall human exposure was 
considered as a first step towards the determination of 
the health risk associated with the metals considered in 
this study (Ngole-Jeme & Fantke, 2017). These analy-
ses complimented the Risk Assessment guidance for 

(5)

BCF =
concentration of heavy metal in f ish organ

concentration of heavy metal in the water

(6)BSAF =
Metal concentration in f ish organ

metal concentration in sediment

superfund Volume I Human Health Evaluation Manual 
Part A (Qu et al., 2012; USEPA, 2010).

In determining the health risk associated with heavy 
metal exposure through the consumption of both fish 
species from Lake Barombi Kotto, USEPA guidelines as 
indicated in Qu et al. (2012), and USEPA (2010) were 
used. The daily intake of the heavy metals by individuals 
ingesting fish from the lake was determined using Eq. 7 
(Gbogbo et al., 2018; Kar et al., 2011; Pinzón-Bedoya 
et al., 2020).

where ADI, MC, DI, EF, ED, AT, and BW represent 
average daily intake (mg/kg body weight /day), metal 
concentration in fish (mg/kg), daily intake of fish 
(mg/day), exposure frequency (days/year), exposure 
duration (years), average time of exposure (days), and 
individual body weight (kg), respectively. The val-
ues used for these various parameters are included in 
Table 1.

The metal concentration used for the determination 
of health risk was the mean of the metal concentration 
obtained from 10 different fish samples of each species 
analyzed. Results of studies on food consumption in Cam-
eroon by Pouokam et al. (2017) put the average consump-
tion of freshwater fish at 52 g/day, but Pouomogne and 
Pemsl (2008) also indicated values as low as 15 g/day in 
villages and up to 95 g/day in larger cities of the country. 
These values were therefore used in the determination of 
average minimum and maximum daily intake of heavy 
metals through ingestion of C. kottae and O. niloticus 
from the lake. The average body weight was taken to be 
70 kg for an adult and 25 kg for children. Values of ADI 
were then used to determine the hazard quotient (HQ) of 
the different metals as indicated in Eq. 8.

where RfD represents the reference dose for oral 
intake of the respective metals (mg/kg BW/day). The 
reference dose is the maximum acceptable amount of 
a metal that can be taken in a day without any health 
threats.

According to Pinzón-Bedoya et al. (2020), HQ is used 
to represent the risk of a heavy metal relative to its ref-
erence dose. HQ values greater than 1 indicate a poten-
tial exposure risk, whereas values below 1 indicate no 

(7)ADI =
MC x DI x CF x EF xED

BW x AT

(8)HQ =
ADI

RfD
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exposure risk (Ngole-Jeme & Fantke, 2017; Qu et  al., 
2012). Reference doses used for the heavy metals were 
according to values presented in the United States Envi-
ronmental Protection Agency (USEPA, 2017) and 
the Agency for Toxic Substances and Disease Regis-
try (ATSDR, 2021). These values are also included in 
Table  1. Carcinogenic health risks associated with the 
consumption of the two species of fish from the lake 
were determined as indicated in Eq. 9.

where CSF is the carcinogenic slope factor for each 
metal through the oral exposure route. Details of the 
values used in Eqs. 7–9 are presented in Table 1.

The estimated daily and weekly intake of the differ-
ent heavy metals was also determined. Values for the 
estimated weekly intake (EWI) of heavy metals through 
fish consumption were determined for three different sce-
narios: consumption of fish once a week, four (4) times 
a week, and daily (7 times a week). To obtain the EWI 
of heavy metals by individual ingesting fish from the 
study area, the ADI values were multiplied by seven. 
These values were then compared with the recommended 
provisional tolerable weekly intake (PTWI) values for 
the respective metals to determine the percentage of the 
PTWI for each metal that is contributed by fish consump-
tion. The PTWI estimates the maximum amount per unit 

(9)CR = ADI x CSF

body weight of a potentially harmful substance or con-
taminant in food or water that can be ingested weekly 
without risk of adverse health effects. The PTWI values 
used for the different toxic metals have been published 
in the JECFA guidelines of 2003 and the FAO/WHO 
expert committee on food additives (FAO/WHO, 2010). 
According to this guideline, the permissible tolerable 
daily intake (PTDI) values for the different metals are 7, 
5.6, 3.5, 2–5, 0.05–0.2, 0.035, 0.025, and 0.007 mg/kg for 
Zn, Fe, Cu, Mn, Cr, Ni, Pb, and Cd, respectively, which is 
equivalent to PTWI of 490, 392, 245, 140–350, 3.5–14, 
2.45, 1.75, and 0.49 mg/week, respectively, for a 70 kg 
adult person.

Results and discussion

Water quality of the Barombi Kotto lake

Except for phosphorus (P), the properties of water in the 
lake were all within the WHO stipulated limits for drink-
ing water (Table 2). The source of P in the stream could 
be agricultural activities, the disposal of waste, and the 
leaching of sewage from nearby settlements into the 
lake. Studies by Bowes et al. (2015), Bunce et al. (2018), 
and Gall et  al. (2015) have all highlighted agricultural 
activities as a major source of P to many water bodies. 

Table 1   Parameters used in the calculation of health risks

* Exposure frequency considered were daily (365 days/year), 4 times a week (208 days/year), and once a week (52 day/year)

Parameters Unit Definition Values used

Adult Children

ADI mg/kg body weight/day Average daily intake of heavy metal
MC mg/kg Metal concentration As presented in Table 3
DI mg/day Daily intake of fish 52 52
BW kg Body weight 70 25
RfD mg/kg/day Oral reference dose of metal As = 3.0 × 10−4, Cd = 1 × 10−3

Co = 3.0 × 10−3, Cr = 1.5 × 10−3, 
Cu = 4.0 × 10−2, Fe = 7 × 10−1, 
Mn = 4.6 × 10−2 Ni = 2.0 × 10−2, 
Pb = 3.5 × 10−5 Zn = 3.0 × 10−1

*EF Days/year Exposure frequency 52
208
364

52
208
364

ED Years Exposure duration 65 6
AT Days Average time over which exposure is averaged ED X 365 ED X 365
CSF mg/kg/day Carcinogenic slop factor As = 1.5, Cd = 3.8 × 10−1

Ni = 0.84, Pb = 8.5 × 10−3
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The high concentration of P may indicate a potential 
for the development of eutrophic conditions in the lake, 
with consequences for organisms inhabiting the lake and 
communities which rely on it for the provision of water 
for various purposes. Analyses of the water quality of 
the lake using pH, conductivity, turbidity, DO, TDS, 
total hardness, NO3

−, NO2
−, P, Na, Ca, and Mg yielded 

a WQI value of 11.80 which according to Kangabam 
et al. (2017) and Awachat and Salkar (2017) can be clas-
sified as excellent for drinking purposes despite the high 
P content of the water. Intake of high P content may 
rarely be manifested clinically, but some studies have 
reported significant health threats associated with excess 
P intake in individuals. In recent times, intake of excess 
P has been incriminated in phosphate, calcium, and vita-
min D regulation with consequences on mineral metabo-
lism and chronic kidney disease (Moe et al., 2006), vas-
cular disease (Dhingra et al., 2007; Tonelli et al., 2005), 
and bone loss (Calvo & Uribarri, 2013). Considering 
that P is contained in many other foodstuffs consumed, 

monitoring of blood P levels in individuals making use 
of water from this lake for domestic purposes may be 
necessary to avoid negative health outcomes. Though 
the determination of WQI of the Barombi Kotto lake 
waters did not take into consideration the concentrations 
of heavy metals, their values in the lake were all below 
the WHO maximum acceptable limits for drinking water 
(Table 2). Previous studies by Awo (2020) indicated that 
the heavy metal pollution load index of the river was 
6.2 in the rainy season and 4.7 in the dry season which 
are all lower that the critical pollution level according to 
Prasad and Maiti (2016). The heavy metal pollution lev-
els of the river water are therefore very low.

Heavy metal concentration in sediments

Metal recovery using the multielement standard ranged 
from 82.8 to 107.9% with the highest percentage recov-
ery recorded for Zn and the lowest for As. The concen-
tration of the heavy metals in the sediments was in the 

Table 2   Water quality parameters of Barombi Kotto lake

Modified after (Awo, 2020)

Parameter Mean Standard error Median Standard 
deviation

Range Minimum Maximum WHO standards

pH 8.18 0.30 8.2 0.61 1.10 7.60 8.70 6.5–8.5
Conductivity (µS/cm) 151.55 22.37 141.6 44.75 97.60 112.70 210.30 1500
Temperature (°C) 23.05 0.38 23.2 0.75 1.80 22.00 23.80 25
Total hardness CaCO3 39.03 1.02 38.55 2.04 4.80 37.10 41.90 -
DO (mg/l) 2.30 0.06 2.3 0.12 0.20 2.20 2.40 5
TDS (mg/l) 500.75 0.30 0.35 0.59 1.30 0.00 1.30 500
P (mg/l) 7.48 1.25 7.5 2.50 5.90 4.50 10.40 0.1
NH4

+ mg/l) 2.10 0.38 1.85 0.76 1.70 1.50 3.20 -
NO3

− (mg/l) 2.18 0.32 2.15 0.64 1.40 1.50 2.90 50
NO2

− (mg/l) 1.70 0.18 1.7 0.37 0.80 1.30 2.10 3
HCO3

− (mg/l) 25.98 1.30 25.65 2.61 5.80 23.40 29.20 -
Ca (mg/l) 11.90 0.80 12.6 1.61 3.40 9.50 12.90 700
Mg (mg/l) 2.58 0.51 2.6 1.01 1.90 1.60 3.50 150
K (mg/l) 2.93 0.65 2.85 1.30 2.40 1.80 4.20 12
Na (mg/l) 0.55 0.12 0.55 0.24 0.50 0.30 0.80 50
Fe (mg/l) 3.73 0.59 3.55 1.17 2.40 2.70 5.10 0.3
Zn (mg/l) 0.02 0.00 0.02 0.00 0.00 0.02 0.02 15
Cu (mg/l) 0.01 0.00 0.01 0.00 0.01 0.01 0.02 2
Mn (mg/l) 0.00 0.00 0.002 0.00 0.00 0.00 0.00 0.01
Pb (mg/l) 0.00 0.00 0.001 0.00 0.00 0.00 0.00 0.01
Cd (mg/l) 0.00 0.00 0.001 0.00 0.00 0.00 0.00 0.003
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order: Fe > Mn > Zn > Cr > Cu > Ni > Pb > Co > As > Cd 
(Fig. 2). The high Fe content of these sediments relative 
to the other elements studied could be attributed to the 
basaltic nature of soils in this area. Basalts are enriched 
in Fe and Fe family elements like Ti, V, Co, and Ni. In 
addition, Manga et al. (2013) have indicated that increas-
ing weathering intensity in this area results in a decrease 
in silica content in soils in the area while oxides of Fe 
and Al accumulate, which could explain the high con-
tent of Fe in the sediments in the lake. The metal con-
centrations in sediments varied from one site to the other 
as indicated by the mean separators in Fig. 2.

Heavy metal concentrations in the lake sediments 
were significantly higher than what was obtained in 
the lake water. This is in line with reports by Chapman 
et al. (2011), Weber et al. (2013), and Cicero-Fernández  
et  al. (2017) who all indicated that heavy metals in 
aquatic environments tend to be sorbed onto the sedi-
ments at the bottom of the water body from where they 
could be immobilized if chemical conditions in the water 
body change. In addition, the high concentrations of 

phosphorus in the water coupled with the slightly alka-
line conditions could result in the precipitation of these 
metals in the bottom sediments as insoluble phosphates 
resulting in the higher concentration of the metals in the 
sediments compared to the water.

Concentrations of heavy metals in fish species

All 10 heavy metals investigated in this study were 
detected in both fish species as shown in Fig. 3. In both 
species, Fe, Mn, and Cu had the highest concentration, 
whereas As and Ni had the lowest (Fig.  3). A similar 
pattern of metal concentration was recorded in both fish 
species. In C. kottae, the concentration pattern was Fe > 
Mn > Co > Cr > Cu > Pb > Ni > Zn > Cd > As, and in O. 
niloticus, it was Fe > Mn > Cu > Co > Pb > Cr > Ni > A
s > Zn > Cd (Fig.  3). Similar findings were reported by 
Adebayo (2017) who found high levels of Fe and Zn in 
Hemichromis faciatus in Ureje, Lagos. Except for Pb in 
both species where the concentration in both fish species 
was higher than the World Health Organization (WHO) 
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Fig. 2   Concentrations of heavy metals in the sediments at Lake Barombi Kotto
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guidelines (0.5  mg/kg dry weight) and FAO guidelines 
(2 mg/kg dry weight), the concentrations of heavy metals 
in the fish were mostly within acceptable limits.

The high content of Fe, Mn, and Cu in the tissues of 
both fish species could be attributed to their metabolic 
necessities and the high intake of plankton present in 
the bottom sediments which constitute their food. Metal 
accumulation in fish depends on numerous factors such 
as food habits of the fish, trophic status, source of the 
metal in question, distance of the fish from the con-
tamination source, and the presence of other ions in the 
environment. The concentrations of the heavy metals 

in the fish were much higher than what was obtained in 
the water from the lake but lower than the heavy metal 
concentrations in the sediments. Similar results were 
obtained by Weber et al. (2013) in a subtropical Brazil-
ian river and were also confirmed by analyses of the BCF 
and BSAF carried out in this study.

Very high bioaccumulation of all heavy metals except 
Fe and Zn was observed in both fish species from the 
water (Fig. 4a). However, both species accumulated sim-
ilar amounts from the water though BCF differed among 
metals (P = 0.001). The accumulation of heavy metals 
by the fish from the lake water was significantly higher 

Fig. 3   Total heavy metal 
concentration in fish

Fig. 4   Bioconcentration 
factor (a) and bio sediment 
accumulation factor (b) of 
heavy metals by both fish 
species

(a)

(b)
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than the accumulation from the sediments (P = 0.00) as 
indicated in Fig. 4b.

Similarly, differences observed in the accumulation 
of the various heavy metals from the sediments were 
significant (P = 0.00). Apart from As where O. niloti-
cus accumulated more from the sediment (Fig. 4b), no 
difference was observed between the amount of metals 
accumulated by the two fish species. These findings 
are similar to what Hossain et al. (2022) found out in 
their study in terms of variation of bioaccumulation of 
different heavy metals by fish species but differ in the 
aspect of variation with fish species as bioaccumulation 
of each metal was similar for both species except for As 
(Fig. 4b). This study highlights the ability of fish to bio-
accumulate heavy metals even if the concentrations of 
the metals in the abiotic environment where the fish is 
found are low. According to Ahmad and Al-Mahaqeri 
(2015), fish occupies a higher trophic level and tends 
to accumulate heavy metals from food, water, and sedi-
ments, which could account for the high bioaccumula-
tion observed. The two fish species used in this study 
are also bentho-pelagic species which are likely to scav-
enge for food from bottom sediments and suspended 
particulates in the lake waters, both of which are known 
to adsorb heavy metals from interstitial waters. They 

are therefore exposed to heavy metals directly through 
absorption on the gills as they respire and ingestion of 
food items that may have accumulated heavy metals, 
and indirectly through accidental ingestion of sediments 
as they scavenge for food in the bottom sediments. The 
higher concentrations of the heavy metals in the fish 
relative to the water are therefore explained.

Whereas most studies by Bawuro et  al. (2018) and 
Jezierska and Witeska (2006) have reported high bioac-
cumulation of Zn and Fe, these two metals were the least 
accumulated by both fish species. The pattern of heavy 
metal accumulation by both fish species from the lake 
water followed the order Mn > Pb > Cd > Cu > Zn > Fe. 
Whereas from sediments, the pattern was Co > Pb > Ni 
> Cu > As > Cd > Cr = Mn > Zn > Fe. Differences in pat-
terns suggest that accumulation of heavy metals is not 
directly proportional to the heavy metal concentrations 
to which the fish are exposed but may vary with other 
factors among which are selective absorption of metals, 
rates of uptake, storage, and elimination (Tüzen, 2003). 
These results indicate that these fish species do not accu-
mulate Fe and Zn from the abiotic environment but take 
up significant amounts of Mn and Pb from the water and 
Co, Pb, and Ni from the sediments.

Fig. 5   Comparisons of heavy metal concentration in organs (bones, 
flesh, and gut) of Oreochromis niloticus (Sp1) and Coptodon kot-
tae (Sp2). Letters above the boxes indicate the level of significance 

according to the Kruskal–Wallis test. For a pair of organs, boxes 
with similar letters are not significantly different
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Distribution of heavy metals in fish organs

The muscles, gut, and bones of C. kottae and O. niloticus 
accumulated different amounts of the heavy metals inves-
tigated (Fig. 5). The bones of both O. niloticus and C. kot-
tae recorded significant amounts of Fe (8.67 ± 4.08 and 
6.22 ± 2.5  mg/kg), Mn (2.56 ± 0.17 and 3.21 ± 0.67  mg/
kg), Zn (0.92 ± 0.84 and 3.84 mg/kg), and Cu (1.75 ± 0.2 
and 2.67 ± 0.78  mg/kg), respectively. The concentrations 
of non-essential metals including As, Cd, Co, Cr, Ni, and 
Pb in the bones of the fish ranged from 0.12 to 1.4 mg/
kg with no significant differences in the concentrations of 
As, Co, Mn, and Zn in the bones of the two fish species 
(Fig. 5). Copper Fe and Zn accumulated more in the bones 
of C. kottae, whereas for O. niloticus, it was Mn that accu-
mulated more in the bones. The percentage of the total of 
each metal concentration in the bones of both fish species 
ranged from 10.7% for As to 53.27% for Mn in O. niloticus 
and 33.42% for Pb to 87.3% for Zn in C. kottae. Very few 
studies have investigated heavy metal concentrations in the 
bones of fish, but results from this study indicate that fish 
bones were good accumulators of the heavy metals. Given 
that the bones of these fishes are sometimes chewed along-
side muscles when being eaten, fish bone ingestion could 
be a hidden exposure pathway of heavy metals to consum-
ers with a passion for chewing fish bones.

The concentrations of heavy metals in the gut of O. 
niloticus followed the order Fe > Mn > Cu = Zn > Co > 
Cr = Pb > Ni > As > Cd (Fig.  6). A different pattern of 
heavy metal concentration was obtained in the gut of C. 
kottae where the concentration pattern was Fe > Mn > 
Co = Cu > Pb = Ni > Cr > Zn > As > Cd as indicated in 
Fig. 6. There were significant differences in the concen-
trations of As, Cu, Fe, Ni, and Zn in the gut of C. Kot-
tae and O. niloticus (Fig. 6). The percentage accumula-
tion of metals in the gut of the fish ranged from 28.08% 
for Mn to 61.65% for Zn in O. niloticus and 6.5% for Zn 
to 43.4% for As in C. kottae (Fig. 6). Arsenic in both 
species accumulated more in the gut, whereas Zn pre-
ferred the gut of O. niloticus (Fig. 6).

Significant differences were observed in the concen-
trations of As, Cu, Fe, Mn, and Zn in the muscles of both 
fish species (Fig. 6). The metal with the highest concen-
tration in the muscle of O. niloticus and C. kottae was Fe 
with concentrations of 5.2 mg/kg and 3.4 mg/kg, respec-
tively. Arsenic had the lowest concentration in the muscle 
of C. kottae (0.09 mg/kg), whereas for O. niloticus, the 
metal with the lowest concentration in the muscle was 
Cd (0.15 mg/kg). Percentage accumulation in the muscle 
of the fish ranged from 7.63% for Zn to 36.31% for As in 
O. niloticus and from 6.09% for Zn to 33.45% for Co in 
C. kottae (Fig. 6).

Fig. 6   Partitioning of heavy metals into the bone, gut, and muscle of Oreochromis niloticus (Sp1) and Coptodon kottae (Sp2)
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The preferential segregation of the metals to the gut, 
bones, and muscle of the two fish species varied with 
fish species. Except for As and Zn in O. niloticus where 
the metal concentration pattern in organs was gut > mus-
cle > bone and gut > bone > muscle, respectively, the 
concentration of the other metals in the different organs 
followed the pattern bone > muscle > gut (Fig.  6). Arse-
nic and Pb concentrations in the organs of C. kottae fol-
lowed the order gut > bone > muscle, whereas the other 
metals had the same pattern as what was observed in 
O. niloticus (bone > muscle > gut). Several studies have 
reported low metallic concentration in muscles in relation 
to other organs. Studies by Qadir and Malik (2011), El-
Moselhy et al. (2014), and Bawuro et al. (2018) indicated 
metal concentration patterns in fish to be in the order 
liver > gills > kidneys > muscles. This pattern, however, 
varies with the metal in question. Hossain et  al. (2022) 
have shown that Cu, Zn, Fe, and Cd will preferentially 
accumulate in fish liver, whereas Pb and Mn seem to 
prefer fish gills. According to Qadir and Malik (2011) 
and El-Moselhy et  al. (2014), the segregation of Pb, 
Cd, Cr, and Cu in various fish species follows the order 
liver > gills > kidneys > muscles. The gills and gut of fish 
are expected to be the main route of entry of heavy met-
als into the fish with the gills absorbing metals dissolved 
in the water and the gut absorbing the metals present in 
food and particulates ingested by the fish. Heavy metal 
concentrations in the gut may represent heavy metals that 
are absorbed through food and particulates ingested (Dal-
linger et al., 1987).

Human exposure to heavy metals due to fish consumption

Results from screening-level human toxicity for the heavy 
metals using the USEtox Model indicated that for metals 

emitted into freshwater ecosystems, exposure through 
the ingestion route which may include fish, below and 
above ground produced crops, drinking water, dairy, and 
meat (Fig. 7) are significantly higher than exposure that 
may occur via inhalation for all the heavy metals inves-
tigated. Dermal absorption is another route of exposure, 
but the USEtox Model does not take into consideration 
this pathway of exposure, and so it was not considered 
in this screening-level assessment. Whereas exposure to 
all the heavy metals may occur through the ingestion of 
fish and water, Cd, Mn, Pb, and Zn exposure are likely to 
occur mainly through the ingestion of crops grown above 
ground that have possibly been irrigated with water from 
these ecosystems (Fig. 7). Fish ingestion contributes up 
to 55% of human exposure to As and Co with drinking 
water contributing between 30 and 70% of exposure to 
As, Co, Fe, and Ni (Fig. 7). The least exposure pathway 
was observed for meat and dairy ingestion and inhala-
tion. Chromium according to the screening-level assess-
ment has a slightly different pattern where dairy and meat 
ingestion was the main exposure pathway. This according 
to Ngole-Jeme and Fantke (2017) is because of the affin-
ity of Cr especially trivalent Cr to organic matter.

Analyses of human health risk associated with expo-
sure through fish ingestion indicate that, except for Ni and 
Pb, values for adult and child ADI of heavy metals from 
consumption of O. niloticus were higher than ADI values 
associated with the consumption of C. kottae. This could 
be an indication that consumption of O niloticus presents 
more heavy metal exposure risk to individuals than C. 
Kottae (Table 3). This risk also increases with the aver-
age amount of fish ingested in a day as is expected. Con-
sidering that individuals from larger cities are the ones 
with an average intake of 95 g of fish daily, the heavy 
metal exposure risk is higher in cities than in villages. 

Fig. 7   Heavy metal 
pathways that contribute to 
potential human exposure 
following an assumed expo-
sure in freshwater ecosystems
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Among the heavy metals, values for ADI followed the 
order Fe > Mn > Co > Cu > Cr = Ni = Pb > Zn > As > Cd 
(Table 3). The daily and weekly tolerable intake of heavy 
metals by children was not considered in this study as no 
PTDI and PTWI values for children are available. Only 
those for the adults were considered. Consumption of 
either fish species by adults accounts for less than 1.0% 
of the PTDI of all the heavy metals studied except for Co 
(Table 4). Similarly, the estimated weekly intake values 
for the different heavy metals from the consumption of 
both fish species contribute less than 0.5% of the PTWI. 
The highest contribution made by fish to the PTWI was 
for Co, whereas the lowest contribution was for Zn. Con-
sumption of C. kottae contributed more to the PTWI of 
most of the metals than O. niloticus (Table 4). As low as 
this contribution is, it may become significant should the 
other food items ingested by the adults have high concen-
trations of these heavy metals.

At a minimum ingestion rate of 15 g/day for both fish 
species, there is no heavy metal-associated exposure risk 

for both adults and children as the HQ values were all less 
than one (Table 3). It is unlikely that children would ingest 
fish at the rate of 95 g/day, but even if that happens, they 
are not likely to suffer non-cancer heavy metal-related 
complications due to consumption of both fish species in 
their lifetime because even at this high rate of consump-
tion, the HQ values for all metals for children were below 
one. At an average fish consumption rate of 52 g/day, a 
Pb-associated non-cancer risk exists for adult individuals 
consuming both O. niloticus and C. kottae as indicated 
by the high HQ values (Table 3). This observation is also 
confirmed by the characterization factors for human toxic-
ity of the various metals derived from the combination of 
human exposure through inhalation and ingestion and the 
USEtox effect factors related to human exposure to these 
metals. These factors indicated that As, Pb, and Cd had 
the highest toxicity potential as far as non-cancer-related 
effects are concerned, with 77.6, 17.3, and 12.4 cumula-
tive cases, respectively, in a population exposed to a kg of 
metal emitted in a freshwater ecosystem. The results from 

Table 4   Estimated daily and weekly intakes of heavy metal associated with the consumption of the muscles of Oreochromis niloti-
cus and Coptodon kottae 

PTWI provisional tolerable weekly intake (mg/week/70 kg body wt.), PTDI permissible tolerable daily intake (mg/week/70 kg body 
wt.), EWI estimated weekly intake (mg/week/70 kg body wt.), EDI estimated dai1y intake (mg/week/70 kg body)

Fish species Heavy 
metals

PTDI PTWI ETDI ETWI Percentage 
contribution of 
ETDI to PTDI

Percentage 
contribution of 
ETWI to PTWIMinimum Maximum Minimum Maximum

Oriochromianiloticus As 0.15 1.05 1.3E-05 8.0E-05 8.9E-05 5.6E-04 0.38 0.05
Cd 0.07 0.49 4.6E-06 2.9E-05 3.2E-05 2.3E-04 0.29 0.04
Co 0.12 0.84 4.4E-05 2.7E-04 3.0E-04 1.9E-03 1.61 0.23
Cr 2 14 3.7E-05 2.3E-04 2.6E-04 1.6E-03 8.2E-02 0.01
Cu 35 245 4.8E-05 3.0E-04 3.4E-04 2.1E-03 6.1E-03 8.7E-04
Fe 56 392 1.8E-04 1.1E-03 1.2E-03 7.9E-03 1.4E-02 2.0E-03
Mn 50 350 8.4E-05 5.3E-04 5.9E-04 3.7E-03 7.4E-03 1.1E-03
Ni 0.35 2.45 3.7E-05 2.3E-04 2.6E-04 1.6E-03 0.47 0.07
Pb 0.25 1.75 3.8E-05 2.4E-04 2.6E-04 1.7E-03 0.68 0.1
Zn 70 490 1.1E-05 7.3E-05 8.0E-05 5.1E-04 7.3E-03 1.0E-04

Coptodonkottae As 0.15 1.05 5.0E-06 3.2E-05 3.5E-05 2.2E-04 0.15 0.02
Cd 0.07 0.49 5.1E-06 3.2E-05 3.6E-05 2.3E-04 0.32 0.05
Co 0.12 0.84 4.2E-05 2.7E-04 2.9E-04 1.9E-03 1.55 0.22
Cr 2 14 4.2E-05 2.6E-04 2.9E-04 1.8E-03 0.09 0.01
Cu 35 245 4.0E-05 2.5E-04 2.8E-04 1.8E-03 5.1E-03 7.2E-04
Fe 56 392 1.0E-04 6.6E-04 7.2E-04 4.6E-03 8.2E-03 1.2E-03
Mn 50 350 8.3E-05 5.3E-04 5.8E-04 3.6E-03 7.4E-03 1.1E-03
Ni 0.35 2.45 3.7E-05 2.3E-04 2.6E-04 1.6E-03 0.47 0.07
Pb 0.25 1.75 3.8E-05 2.4E-04 2.6E-04 1.6E-03 0.67 0.1
Zn 70 490 1.0E-05 6.4E-05 7.1E-05 4.5E-4 6.4E-4 9.1E-05
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this study show that continuous consumption of these two 
fish species harvested from the Barombi Kotto lake by 
adults may cause them to suffer from Pb-associated health 
risks during their lifetime. Lead has been associated with 
several health complications (ATSDR, 2021). Accord-
ing to Lam et al. (2007) and Shahid et al. (2012), Pb is 
implicated in blood-related disorders such as colic, con-
stipation and anemia, high blood pressure, and decrease 
of hemoglobin production. Kidney, joints, reproductive 
and cardiovascular systems disorders have also been high-
lighted as some of the non-carcinogenic risks associated 
with exposure to Pb. Long-lasting injury to the central 
and peripheral nervous systems, loss of IQ, endocrine dis-
ruptive complications such as low sperm count, and loss 
of hearing are also highlighted as health complications 
caused by Pb exposure.

Using factors derived for the different heavy metals 
with the characterization factors of the USEtox Model 

and the two exposure pathways, the highest cancer-
related toxicity potentials were recorded for As, Cd, Ni, 
and Pb with 8.6, 3.4 0.9, and 0.04 cases, respectively, per 
kg of emitted metal in freshwater ecosystems. The risk 
potential of the different metals was also observed in the 
non-cancer risk assessment using Risk Assessment guid-
ance for superfund Volume I; Human Health Evaluation 
Manual Part A (Qu et al., 2012; USEPA, 2010). Accord-
ing to results obtained from these analyses, the likeli-
hood that individuals consuming these two fish species 
harvested from Lake Barombi Kotto may develop can-
cer related to As, Cd, Ni, and Pb exposure was higher 
for adults than for children and for those consuming O. 
niloticus compared to those consuming C. kottae (Fig. 8).

Carcinogenic risks associated with exposure to these 
four metals for children ingesting these fish species were 
between 2.8 × 10−11 for Pb to 1.1 × 10−7 for Ni. These 
values were all below the unacceptable risk threshold 

Fig. 8   Cancer risk associated with ingestion of O. niloticus and C. kottae harvest from Lake Barombi Kotto
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for cancer risks (1 × 10−4). For adults, the cancer-related 
risk was slightly higher ranging from 3.2 × 10−7 for Pb to 
2.0 × 10−4 for Ni with values for adults ingesting 52 g of 
either fish species per day having cancer risk values of 
1.1 × 10−4 for Ni. The As-, Cd-, and Ni-associated can-
cer risks were significantly higher for adults ingesting 
O. niloticus at the rate of 95 g/day with risk values of 
1.2 × 10−4, 1.1 × 10−4, and 1.9 × 10−4, respectively. Inges-
tion of C. kottae at the rate of 95 g/day presented Cd and 
Ni cancer-related risk to adults with cancer risk values of 
1.2 × 10−4 and 2.0 × 10−4 for Cd and Ni, respectively.

Results from the health risk assessment have indicated 
that though the water quality of the lake is good, there 
exists the risk of heavy metal exposure through the inges-
tion of fish harvested from lakes in areas with no docu-
mented industrial activity. According to an FAO (2017) 
report, the main protein source for most Cameroonians 
is fish. The national average annual fish consumption in 
the country as of 2013 was 15.4 kg/person highlighting 
the significance of fish in the diet of the populace. Inges-
tion of fish contaminated with heavy metals, therefore, 
presents a health threat to this population.

Conclusion

O. niloticus seems to accumulate more heavy metal than 
C. kottae. Results from this study have revealed that 
the bones of fish could present a hidden route of heavy 
metal exposure to individuals who ingest fish bones as 
they have been shown to accumulate significant amounts 
of heavy metals relative to the muscle. There is a need 
for monitoring and surveillance of activities in the area 
to ensure the existence of C. kottae found only in Lake 
Barombi Kotto and neighboring Lake Mboandong and to 
avoid the worsening of its IUCN conservational status in 
the ecosystem. While the consumption of fish harvested 
from relatively uncontaminated waters makes a very 
low contribution to the PTDI and PWTI, there exists the 
potential of heavy metal exposure for some heavy metals. 
In an area where there are few heavy industries that could 
release heavy metal-laden effluents into the lake, there 
still exists the risk of heavy metal pollution from subsist-
ence agriculture and raw sewage and possibly natural 
processes like weathering. This could also highlight the 
fact that the role of sewage and wastewater effluents from 
unindustrialized regions as well as subsistence agricul-
ture on heavy metal contamination of aquatic ecosystems 
are currently being undermined. The fast growth and 

reproductive rates of O. niloticus coupled with the other 
abiotic stressors already plaguing Lake Barombi Kotto 
may exacerbate and drive the few existing fish species to 
local extinction. Further studies are needed to investigate 
the effects of these metals on the reproductive cycles of 
these fish species and the toxicological implications of 
these metals on the community.
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