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Introduction: Human activities have inadvertently led to the release of harmful
substances, including trace metals, into aquatic environments, with consequential
impacts on aquatic organisms and potential health risks for consumers. This research
assessed the presence, origins, and health implications of trace elements within the
muscles of Clarias batrachus and Chrysichthys nigrodigitatus from the Bomadi and
Gbotebo rivers and their surroundings in Bayelsa State, Nigeria.

Methods: Thirty samples from each fish species were collected and analyzed to
conduct the study. Through the use of an atomic absorption spectrophotometer,
the researchers determined the concentrations of trace metals, including iron,
copper, zinc, lead, nickel, cadmium, and cobalt, in the fish tissues.

Results and discussion: The concentrations of the metals within the two fish
species varied, with notable differences in zinc and cadmium levels. Utilizing
statistical analyses like Pearson correlation, principal component analysis (PCA),
and hierarchical cluster analysis (CA), it was established that the trace metals
originated from diverse sources. The study then evaluated health risks associated
with these trace elements, considering both non-carcinogenic and carcinogenic
hazards for different age groups. The results indicated that children’s total target
hazard quotient fell below 1 for both fish species, implying a limited tendency
toward non-carcinogenic risks through lifelong fish consumption. However, in
some adult fish samples, the quotient exceeded 1, indicating a higher potential
for non-carcinogenic risks. Regarding carcinogenic hazards, the mean risks
were generally lower than the accepted threshold, except for lead in both
fish species among adults and children. Stricter values highlighted that only
lead concentrations in fish from both categories were deemed acceptable.
Consequently, this study highlights the importance of raising awareness
among consumers who buy fish from the studied region. Moreover, consistent
monitoring of potentially harmful trace elements in water, sediments, and fish is
recommended to safeguard consumer health and well-being.
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aquatic ecosystem, environmental health, fish food, health risks, public health, water,
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1 Introduction

Fish consumption has surged significantly in recent decades due
to growing awareness of its health and nutritional benefits, including
its rich content of protein, essential fats, vitamins, and minerals. With
the expansion of aquaculture to address declining wild fish stocks, fish
has become a vital dietary staple for 3.3 billion people globally,
providing over 20% of their average per capita animal protein intake
[Food and Agricultural Organization of the United Nations (FAO/
UN), 2020]. However, this rising demand has brought to light a critical
issue: the contamination of aquatic ecosystems. As fish consumption
increases, so does the potential exposure to harmful contaminants
present in water bodies, raising concerns about the safety of this
otherwise nutritious food source.

The pollution of aquatic environments has become a significant
environmental and public health challenge, particularly as fish are prone
to accumulating toxic substances such as trace metals and other
pollutants (Izah et al., 2023). These contaminants can bioaccumulate and
biomagnify in the food chain, with fish often serving as carriers of these
hazardous substances. Consequently, the consumption of trace metals
contaminated fish can lead to serious health issues, including
immunotoxicity, reproductive problems, and even cancer (Tchounwou
etal, 2012; Izah et al., 2016). The growing reliance on fish as a primary
protein source amplifies the urgency of addressing aquatic contamination
to ensure that the health benefits of fish consumption are not
overshadowed by the risks associated with these environmental pollutants.

Despite this, rising river pollution from wastewater discharges,
household and agricultural wastes trace metals, and unintentional
chemical spills, among others, suggest that fish could be a significant
source of human exposure to toxic and harmful compounds like trace
metals. Trace metals in fish can transfer to humans, posing a severe health
hazard. For example, cadmium has been related to heart, neurological,
and reproductive issues. Exposure to a high dose of cadmium exposure
might cause nausea, vomiting, stomach pain, and tiredness over a short
period (Izah et al., 2016). Furthermore, poisoning associated with lead has
been linked to kidney, muscular, and cardiovascular problems (Izah et al.,
2016). Copper is a required component for various physiological
functions in the human body, although when the concentration is beyond
the permissible range, it can harm the brain, liver, and kidneys.

Despite the toxicity of these metals, they are classified as essential
elements, including iron, copper, chromium, manganese, cobalt, and
zinc, which implies that they are required in biological systems
(Signes-Pastor et al., 2022; Sobolev et al., 2019; Izah et al., 2016). As a
result of the continuous deposition of discharges from anthropogenic
activities, higher concentrations of these essential elements within the
systems increase to hazardous levels for the biota and ecosystems.
Non-essential elements such as cadmium, lead, mercury, and arsenic
are becoming a global concern due to their toxicity (Signes-Pastor
et al.,, 2022; Sobolev et al., 2019; Bassey and Chukwu, 2019).

In the study of trace metals in environmental studies, correlational
and multivariate analyses have been widely applied to determine the
source of elements (Qing et al., 2015). Principal component analysis
(PCA) and cluster analysis (CA) are the most commonly used
multivariate analyses in environmental studies (Chandrasekaran et al,

Abbreviations: PCA, Principal component analysis; CA, Cluster analysis; THQf,
Target hazard quotient for fish; TTHQf, The total target hazard quotient for fish.
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2015). The PCA reduces data sets and extracts smaller numbers to
show the variables’ association (Chandrasekaran et al., 2015). On the
other hand, CA is used to group observations into two or more
mutually exclusive groups based on the combination of the internal
variables (Chandrasekaran et al., 2015).

To identify the human health implications of TE-contaminated
fish resources, a risk evaluation (a tool for assessing, detecting,
and measuring hazards, determining possible exposure pathways,
and estimating the potential threat of toxins to humans) technique
is often used to assess the connected hazard as food safety
measures. The human health hazard evaluation of trace metals in
fisheries resources is used to determine the potential adverse
health impacts of human exposure to environmental hazards.
Hazard identification, dose-response assessment, exposure
assessment, and risk characterization are the four actions involved
in human health risk assessment (Bassey and Chukwu, 2019).
During the health hazard evaluation of trace metals, they are
classified according to their non-carcinogenic and carcinogenic
tendencies. Authors have studied the health risks associated with
trace metals in various common fish samples from different
locations. For example, studies have focused on Clarias batrachus,
Chrysichthys
nigrodigitatus, and Macrobrachium rosenbergii from the Densu

Clarias  gariepinus, Hemichromis fasciatus,
River in Ghana (Amankwaa et al., 2021), Oreochromis niloticus,
Clarias batrachus, and Chrysichthys nigrodigitatus from Lagos
Lagoon (Oladapo and Taiwo, 2024), and Oreochromis niloticus,
Tilapia zillii, Malapterurus electricus, Parachanna obscura,
Chrysichthys nigrodigitatus, Scomber scombrus, and Trachurus
trachurus from the Aba River (Ogoko et al., 2022). Additionally,
research has included Chrysichthys nigrodigitatus from a
floodplain river in Cross River State (Ada et al., 2012), River Oli
in Kainji Lake National Park (Adelakun and Kehinde, 2019), and
the Okulu River in Rivers State (Aigberua et al, 2021),
Tympanotonus fuscatus from coastal region of Bayelsa state
(Ogamba et al., 2016a), Clarias garepinus from Bayelsa State
(Ogamba et al., 2016b), and Oreochromis niloticus and Clarias
camerunensis from Ikoli creek, Bayelsa State (Ogamba et al,
2016¢). In the River Nun around the Tombia community in
Bayelsa State, Nigeria, Clarias batrachus and Chrysichthys
nigrodigitatus have been reported to be less abundant (Gijo and
Alagoa, 2022). Despite these studies, there is limited literature on
the levels of trace metals and the associated health risks in these
species. Furthermore, in the Bomadi River, a major tributary of
the Forcados River in the Niger Delta (Izah et al., 2024), and its
surrounding areas in the Ekeremor Local Government Area of
Bayelsa State, a wide range of human activities take place. These
include boat transportation, which serves as a primary means of
travel and goods transport for local communities. Additionally,
the region is characterized by significant oil and gas operations,
which include both legitimate and artisanal activities. This
activity, along with the presence of houseboats along the
riverbanks, contributes to the complex socio-economic and
environmental landscape of the area. These diverse activities can
have substantial impacts on the river’s ecosystem, including
potential pollution and habitat disruption.

Therefore, the aim of this study is to: (1) determine and compare
the concentrations of trace metals in both fish species, (2) determine
the sources of the trace metals, and (3) assess the health risks
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associated with them in Clarias batrachus and Chrysichthys
nigrodigitatus in Bomadi and Gbotebo rivers and their environs in
Bayelsa State, Nigeria.

2 Materials and methods

2.1 Study area

The Bomadi and Gbotebo rivers and their environs in the
Ekeremor Local Government Area of Bayelsa State are vital rivers for
the inhabitants. The Forcados River receives water from all the rivers.
The locals are greatly dependent on the rivers for their livelihood. This
is because residents depend on fishing for a living. The river also
facilitates the transportation of commodities. In addition, the rivers
are used to transport wood logs to Nigerias western states. The
neighboring oil and gas operations can be reached via the rivers. The
most common plant species include elephant grass, plantains, oil
palms, and Raphia palms. The ridges of the river are also frequently
referenced as farmland. The region’s climate is characterized by
average annual atmospheric temperatures of 28-29°C and relative
humidity ranging from 50 to 95%. The wet season (7 months from
April to October) and the dry season (November to March of the
preceding year) is the primary, separate seasons (Agedah et al., 2015).
Flooding does occur in the region, and it tends to wash leftover soil
into the water bodies during the rainy season—particularly in
September and October.

2.2 Sample collection

Thirty samples of each fish species (Chrysichthys nigrodigitatus
and Clarias batrachus) from Bomadi and Gbotebo rivers and their
environs (latitude 4° 58’ 29” N to 5° 3" 25” N and longitude 5° 39" 50”
E and 5° 41’ 25” E) were purchased from local fishermen in the study
area. Hence, a total of 60 fish samples (Chrysichthys nigrodigitatus
denoted as BF 1-30) and (Clarias batrachus denoted as SF 1-30) were
used for the study. The fish were preserved in a cooler containing ice.

2.3 Samples preparation

The fish samples were dissected, and the muscle was obtained. The
muscles were oven-dried at 60°C until the samples were
completely dried.

2.4 Trace elements and macronutrients
analysis of the water, sediment, and fish
samples

The trace metals analysis of the fish samples was carried out
following the method previously described by Aigberua et al. (2018,
2021). The fish was ground into powder. Then, it was sieved with a
2.00-mm mesh. The sieved samples were digested with a mixture of
69% NO; Analar (BDH, Poole, United Kingdom) and 37% HCI
(Sigma-Aldrich, Steinheim, Germany) in a ratio of 1:10v/v. The
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mixture was heated to near dryness and allowed to cool. This was done
in a fume cupboard. The resultant digest was filtered into a volumetric
flask using a 110-mm-diameter filter. The filtrate was made up to the
mark (20mL) with distilled water. The filtrate was aspirated into a
calibrated flame atomic absorption spectrophotometer (GBC 908
PBMT model, GBC Scientific-Australia). The level of the test metals
was extrapolated from the absorbance-concentration plot. The
concentration for each metal was recorded in mg/kg.

The operational conditions (Supplementary material 1, 2) and
quality control methods were observed during the analysis. Quality
control procedures included reagent blank aspiration, repeating the
sample and analysis, and spike recovery. The recovery percentage
was calculated using Equation 1. Meanwhile, spike recovery was
carried out using a combination of certified reference standards and
test samples. The concentration of trace metals was then calculated
to determine the amount of analyte that could be recovered. The
rates of recovery ranged from 92.0 to 98.3%. A quality standard
check was performed after each analysis of 10 samples. The limits of
detection (LOD) and limits of quantitation (LOQ) were determined
using the standard deviation of the absorbance response and the
slope value of the calibration curve (LOQ). The LOD, LOQ, and
percentage spike recoveries of test metals are also included in
Tables 1, 2. The recovery rate, LOD, and LOQ were calculated using
Equations 1-3. This was done according to the methods described
by Aigberua et al. (2021).

MLSS — MLU.SS
Percentage (% )recovery =| —————— | *100 1
ge (%) ry [ VLSS } (1)
Limit of detection = 3.3 Std dev 2)
scc
Limit of quantification =10 Std dev 3)
SCC

Where MLSS is the element concentration in the spiked sample,
MLU.SS is the element concentration in the unspiked sample, Std dev
is the standard deviation, SCC is the slope calibration curve, 3.3 and
10 are constant factors.

When the concentration of the metals in the sample is below the
equipment detection level, it is denoted as BEDL.

2.5 Evaluation of health risk of trace
elements resulting from the consumption
of fish

A research-based study on trace metal risk assessment addresses
the distinctive qualities and behaviors of elements to consider when
assessing human health risks. The human health risk is based on
non-carcinogenic hazards (using estimated daily intake, EDIf, target
hazard quotient, THQ, and total target hazard quotient, TTHQf) and
carcinogenic hazards. These indices have been widely used to study
the health risks of different environmental samples and foods,
including fish.
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TABLE 1 Summary of abbreviation, units, and values used for the estimation of health risk assessment due to the consumption of muscles of the fish

species.
Factors Abbreviations = Units Adult Children Reference
Level of trace metals in LTm mg/kg Current study Current study Current study
fish
Daily consumption rate DFC g/day/person 36.44 1.86 Aigberua et al. (2021)
Body weight BW Kg 70 21.6 Matouke and Abdullahi
(2020)
Exposure frequency FE Day/year 365 365 Matouke and Abdullahi
(2020)
Exposure duration DE Years 60.85 6 Arisekar et al. (2020)
Average time ATnc Days/year 365xDE 365xDE Ogamba et al. (2021)
Oral reference dose RFD mg/kg/day Cu=0.04, Fe=0.7,Zn=0.3, Cu=0.04, Fe=0.7,Zn=0.3, Arisekar et al. (2020)
Cd=0.001, Pb=0.004 Cd=0.001, Pb=0.004
Ni=0.02 Ni=0.02
Co=0.02 Co=0.02
Cancer slope factor CSF mg/kg/day Pb=0.0085; Cd=6.30 Pb=0.0085; Cd=6.30 Arisekar et al. (2020);
United Statrace Metals
Environmental Protection
Agency (USEPA) (2012)

DFC for children was based on the information provided by Matouke and Abdullahi (2020); DE for an adult is based on the life expectancy rate of Nigerians as of 2021 as presented by Sasu

(2022); BW for an adult is based on the information provided by Ekere et al. (2018).

TABLE 2 Classification level of carcinogenic hazards of trace elements in the samples.

Classification Rating

Extremely low hazard, totally acceptable <107°
Low hazard, showing no willingness to care about the hazard or negligible hazard 1075, 107°
Low-moderate hazard, insignificant hazard 1075, 5x10.07°
moderate hazard, care about the hazard 5x107°, 107"
Moderate-high hazard, care about the hazard and willing to invest 107, 5%x107*
High hazard, paying attention to the hazard and taking action to resolve it 5x107°,107°
Exceedingly high hazard, reject the hazard and must solve it >107°

Source: Joel et al. (2018); Adeyemi and Ojekunle (2021); Aigberua et al. (2021); and Izah et al. (2022).

2.5.1 Non-carcinogenic hazard

2.5.1.1 Estimated daily intake of the fish

The estimated daily intake of the fish (EDIf) was calculated
following the method described by Arisekar et al. (2020) (Equation 4).
The description of the abbreviations and corresponding figures used
to assess the EDIf is shown in Table 1.

EDIf = LTm x DFC ()
Bw

2.5.1.2 The target hazard quotient of the fish

The Target Hazard Quotient of the fish (THQf) was computed
using the method earlier described by Arisekar et al. (2020) and
Matouke and Abdullahi (2020) (Equation 5).

THQf:LTm*FE*DE*DFCxO.OOI )
RFD * BW * AT
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Target hazard quotient is widely used to show the non-carcinogenic
health effects of trace metals in ingestible items like fish tissues. When
the THQf value is <1, it suggests that the possibilities of developing
unfavorable health effects as a result of exposure are extremely
unlikely (Arisekar et al., 2020). As a result, daily metal intake from
food-fish is doubtful to aggravate adverse health effects over a person’s
lifetime (Aigberua et al., 2021). When THQ( is >1, it implies that
adverse health effects are possible (Arisekar et al., 2020).

2.5.1.3 Total target hazard quotient

The sum of the individual THQf is the total target hazard
quotient (TTHQf). The TTHQf values were determined using the
approach outlined by Arisekar et al. (2020) and Matouke and
Abdullahi (2020) (Equation 6).

TTHQf = Y THQf (6)

Where THQS is the target hazard quotient of trace metals in
the fish.
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TABLE 3 Comparative levels of trace metals in Clarias batrachus and Chrysichthys nigrodigitatus from Bomadi and Gbotebo rivers and their Environs in
Bayelsa State, Nigeria.

Parameters Analysis N Clarias batrachus Chrysichthys nigrodigitatus tvalue pvalue
Mean + SD Min Max Mean + SD Min Max
Fe 30 22.60+5.50 12.46 33.50 20.3046.39 12.76 37.84 1.496 0.140
Cu 30 1.58+0.70 0.34 2.57 1.96+1.63 0.29 9.59 ~1.167 0.248
Zn 30 8.86+1.76 5.56 12.83 13.70+6.59 3.37 33.22 —3.885 0.000
Pb 30 2.0642.52 0.00 6.64 2.06+3.03 0.00 9.65 —9.004 0.997
Ni 30 0.49+0.51 0.00 1.67 1.23+1.94 0.00 9.46 2012 0.049
cd 30 0.10+0.22 0.00 1.02 0.29+0.41 0.00 1.53 —2.240 0.029
Co 30 0.06+0.11 0.00 0.34 0.12+0.23 0.00 112 ~1.152 0.254

Min, Minimum; Max, Maximum; and SD, Standard deviation.

2.5.2 Carcinogenic hazard

The carcinogenic risk is frequently used to describe the possibility
of an individual developing cancer due to lifetime exposure to
probable carcinogens from consuming food such as fish. Cadmium
and lead carcinogenic hazards were determined using the approach
previously described by Arisckar et al. (2020) (Equation 7).

Carcinogenic

hazard(CHf) _ LTm * FE * DE * DFC * CSF

BW * AT

x0.001 (7)

The indices for classifying CHf are shown in Table 2.

When the element concentration in the sample is below the
equipment detection level, the health risk cannot be calculated; hence,
it is denoted as “Not calculated because concentration was not
detected=NCCD”

2.6 Statistical analysis

The data analysis was carried out using Minitab 17 and SPSS
version 20. Data were presented as mean+standard deviation.
Student -test was used to compare the level of trace metals in the
concentration of both fish species. Multivariate analysis (principal
component analysis, cluster analysis using Euclidean Distance and
Ward Linkage) and Pearson correlation were used to show the
connections between the measurement variables for each

sample type.

3 Results and discussion
3.1 Level of metals in the tissues of fish

Table 3 shows the relative levels of trace metals in Clarias
batrachus and Chrysichthys nigrodigitatus from the Bomadi and
Gbotebo rivers and their environs in Bayelsa State, Nigeria. The
cadmium concentrations in Clarias batrachus and Chrysichthys
nigrodigitatus ranged from 0.00-1.02 (0.10+0.22) mg/kg to 0.00-1.53
(0.29+0.41) mg/kg, respectively. The cadmium concentration was
statistically higher in Chrysichthys nigrodigitatus than in Clarias
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batrachus. The overall mean concentrations of cadmium observed in
both fish species were higher than the maximum permissible limit of
0.05mg/kg by European Union (2002) (Senarathne and Pathiratne,
2007; Senarathne et al., 2006), lower than the maximum limit of
0.50mg/kg by Food and Agricultural Organization/World Health
Organization (FAO/WHO) (1989) (Elnabris et al., 2013); and at a
tolerable level of 0.30mg/kg as recommended by the median
international standard (Philips, 1993; Senarathne and Pathiratne,
2007; Senarathne et al., 2006).

The lead mean concentration was observed in Chrysichthys
nigrodigitatus [0.00-9.65 (2.06 = 3.03) mg/kg) and Clarias batrachus
(0.00-6.64 (2.06 £2.52) mg/kg], respectively. However, there was no
statistical dissimilarity (p>0.05, based on t-test) in the lead
concentration in the two fish species. The overall mean concentrations
of lead observed in both fish species were higher than the maximum
permissible limit of 0.2 mg/kg by European Union (2002) (Senarathne
and Pathiratne, 2007; Senarathne et al., 2006), 0.5mg/kg by Food and
Agricultural Organization/World Health Organization (FAO/WHO)
(1989) (Elnabris et al,, 2013) and slightly higher than the tolerable
level of 2.00mg/kg as recommended by Median International
Standard (Philips, 1993; Senarathne and Pathiratne, 2007; Senarathne
et al., 2006).

The mean concentrations of cobalt observed in Chrysichthys
nigrodigitatus were 0.00-1.12 (0.12+0.23) mg/kg, and in Clarias
batrachus were 0.00-0.34 (0.06 £0.11) mg/kg, respectively. However,
there was no significant dissimilarity (p>0.05, based on t-test) in the
cobalt concentration in both fish species. The overall mean level of
cobalt showed that both fish species were lower than the WHO
permissible limit of 5.00 mg/kg, as reported by Acharya et al. (2023).

Iron concentrations in Clarias batrachus and Chrysichthys
nigrodigitatus ranged from 12.46-33.50 (22.60 £5.50) mg/kg to 12.76-
37.84 (20.30+6.39) mg/kg, respectively. Statistically, there was no
differences (p>0.05, based on t-test) in the mean values of both
fish species.

The concentrations of copper in Clarias batrachus and
Chrysichthys nigrodigitatus ranged from 0.34-2.57 (1.58 +£0.70) mg/kg
t0 0.29-9.59 (1.96 + 1.63) mg/kg, respectively. Statistically, there was
no difference (p>0.05, based on ¢-test) in the mean values of both fish
species. The overall mean concentrations of copper observed in both
fish species were slightly higher than the maximum permissible limit
of 20mg/kg recommended by the Median International Standard
(Philips, 1993; Senarathne and Pathiratne, 2007; Senarathne et al.,
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2006) and lower than the maximum limit of 30 mg/kg recommended
by Food and Agricultural Organization/World Health Organization
(FAO/WHO) (1989) (Elnabris et al., 2013).

The zinc concentrations in Clarias batrachus and Chrysichthys
nigrodigitatus ranged from 5.56-12.83 (8.86+1.76) mg/kg to 3.37-
33.22 (13.70£6.59) mg/kg, respectively. Statistically, there were
differences (p <0.05, based on t-test) in the mean values of the two fish
species. The overall mean concentrations of copper observed in both
fish species were lower than the maximum permissible limit of 45 mg/
kg recommended by the Median International Standard (Philips,
1993; Senarathne and Pathiratne, 2007; Senarathne et al., 2006) and
40mg/kg recommended by Food and Agricultural Organization/
World Health (FAO/WHO) (1989)
etal., 2013).

The concentrations of nickel in Clarias batrachus and Chrysichthys
nigrodigitatus ranged from 0.00-1.67 (0.49 +0.51) mg/kg to 0.00-9.46
(1.23+1.94) mg/kg, respectively. Statistically, there was variance

Organization (Elnabris

(p<0.05, based on t-test) in the mean values of the two fish species.
The overall mean concentrations of nickel observed in both fish
species were lower than the WHO limit of 25 mg/kg, as reported by
Acharya et al. (2023).

The findings of this study have some similarity with previous
studies on the concentrations of trace metals in the same fish from
some Nigerian and Ghanaian rivers. For instance, Amankwaa et al.
(2021) analyzed trace metals in the tissues of Clarias batrachus and
Chrysichthys nigrodigitatus from the Densu River, Ghana, reporting
concentrations of 1.5mg/kg and 1.1 mg/kg for lead, 0.48 mg/kg and
0.28 mg/kg for cadmium, and 1.22mg/kg and 1.31 mg/kg for copper,
respectively. Ogoko et al. (2022) reported maximum concentrations
of 0.63 mg/kg for lead, 0.81 mg/kg for chromium, and 16.91 mg/kg for
iron in Chrysichthys nigrodigitatus from the Aba River. Adelakun and
Kehinde (2019) studied Trace metals in the muscles of Chrysichthys
nigrodigitatus from River Oli in Kainji Lake National Park, finding
concentrations of 6.55mg/kg for lead, 3.65mg/kg for chromium,
14.56 mg/kg for zinc, 28.20 mg/kg for copper, 218.33 mg/kg for iron,
and 0.001 mg/kg for cadmium. Ayotunde et al. (2012) studied trace
metals in Chrysichthys nigrodigitatus and reported a trend in
concentration with the order Cu>Fe>Zn>Pb > Cd, with the highest
mean concentrations being copper (0.297+0.022 pg/g), cadmium
(0.011 pg/g), iron (0.371 pg/g), and lead (0.008 pg/g). Oladapo and
Taiwo (2024) examined trace metals in fish species from Lagos Lagoon
and reported mean concentrations (in mg/kg) in various organs of
Chrysichthys nigrodigitatus (lead: 12.30-14.85, Copper: 9.15-11.25,
zinc: 4.90-6.10, nickel: 3.90-4.73, cadmium: 2.18-3.33) and Clarias
batrachus (lead: 10.40-11.25, copper: 8.75-11.45, zinc: 8.35-8.80,
nickel: 1.72-1.92, cadmium: 1.30-1.45). The authors further reported
pollution index for the trace metals was reported to be higher in
Chrysichthys nigrodigitatus (5.27) compared to Clarias batrachus
(3.26). Aigberua et al. (2021) reported cadmium, lead, iron, copper,
and zinc in the range of 0.00-1.30 mg/kg, 0.00-54.70 mg/kg, 4.00—
197.30mg/kg, 0.00-73.10mg/kg, and 9.20-35.30mg/kg in
Sarotherodon melanotheron and Chrysichthys nigrodigitatus from
Okulu River in Nigeria.

The study showed no significant differences in the concentration
of iron, copper, lead, and cobalt, which suggests that the sources of the
metals are affecting the fish species evenly. However, apparent
differences exist. Also, there was a statistical differences in the zinc,
cadmium, and nickel concentrations, suggesting that they are from
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diverse sources. Previous studies have indicated that variations in the
concentration of trace metals in fish are cause by several factors (Izah
and Angaye, 2016). Olgunoglu et al. (2015) and Izah and Angaye
(2016) reported that variations in the concentration of metals in fish
are affected by both external characteristics (such as level of dissolved
metals, physicochemistry, dissolved oxygen, interactions between
metals, seasonal and geographical differences) and internal factors
(including species variability about body size, sex, development stage,
breeding condition). Some other factors that affect the level of
elements in fish include the mode of feeding, exposure duration, and
physicochemical position of the toxicants (Aghoghovwia et al.,, 2016).
Again, different studies have shown that organs/tissues have varying
effects on the bioaccumulation of trace metals.

Depending on the locale, different fish respond differently to
identical environmental conditions regarding bioaccumulation (Izah
and Angaye, 2016). This may be due to the trace metal and
macronutrient contamination level in the studied water body. In
general, there were anomalies (although not significant for some of
the trace metals) in the trace metal’s bioaccumulation and
bioavailability patterns in the muscles of both fish. Eneji et al. (2011)
attributed this heterogeneity to bioavailability, inherent fish processes,
ecosystem trophic structure, and threshold variation.

3.2 Multivariate analysis of trace metals in
Clarias batrachus from Bomadi and
Gbotebo rivers and their environsin Bayelsa
State, Nigeria

Tables 4, 5 show the Pearson correlation of trace metals in Clarias
batrachus and Chrysichthys nigrodigitatus, respectively, in Bomadi and
Gbotebo rivers and environs in Bayelsa State, Nigeria. In Clarias
batrachus, iron showed a negative correlation with copper (r=0.459).
Zinc negatively correlated with Cadmium (r=0.456) at p=0.05. Lead
positively correlated with nickel (r=0.434) at p=0.05 (Table 4). In
Chrysichthys nigrodigitatus, iron positively correlated with zinc
(r=0.398) at p=0.05 and cobalt (r=0.516) at p=0.01. Copper
positively correlated with nickel (r=0.614) at p=0.01 and cobalt
(r=0.385) at p=0.05. The correlational analysis revealed the degree of
positive and negative association between the metals. This shows the
interdependence of ions (elements) in the fish. Many parameters did
not show statistical association in both fish species. This could be due
to the influence of chemical, physical, and biological activities within
the aquatic ecosystem (Ehiemere et al., 2022). Ehiemere et al. (2022)
reported that human activities influence element behavior in aquatic
ecosystems. The positive correlation between elements denotes the
similarity in origin (Talukder et al., 2022) or co-contamination
(Chandrasekaran et al., 2015), which human activities could have
influenced. Furthermore, the negative statistical correlation between
the elements is an indication of lower uptake of one metal in the
presence of another and vice versa (Ehiemere et al., 2022), and the
different origins do not associate with the dynamics (Chandrasekaran
etal., 2015) of the metals in the fish. Talukder et al. (2022) reported
that the weak association between trace metals indicates that a single
factor does not influence them; thus, several human and natural
activities control the distribution of the elements.

Furthermore, a weaker positive or negative correlation was observed
between the trace metals in Tables 4, 5. This suggests that the trace metals
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TABLE 4 Pearson correlation (r) of trace metals in Clarias batrachus from Bomadi and Gbotebo rivers and their environs in Bayelsa State, Nigeria.

Parameters Fe Cu Zn Pb Ni Cd Co
Fe 1

Cu —0.459% 1

Zn 0330 ~0.307 1

Pb —0.235 0.163 0.055 1

Ni 0.224 —0.345 —0.077 0.434* 1

cd —0.354 0.062 —0.456* —0.159 0.000 1

Co 0.028 —0.350 —0.065 —0.358 -0.220 -0.013 1

*Correlation is significant at the 0.05 level (two-tailed) (N =30).

TABLE 5 Pearson correlation (r) of trace metals in Chrysichthys nigrodigitatus from Bomadi and Gbotebo rivers and their environs in Bayelsa State,

Nigeria.
Parameters Fe Cu Zn Pb Ni Cd Co
Fe 1
Cu 0.135 1
Zn 0.398* —0.002 1
Pb —0.308 —0.142 —0.152 1
Ni 0.159 0.614%* 0.052 0.200 1
cd —0.018 —0.084 0.309 —0.157 —0.090 1
Co 0.516%* 0.385% 0.354 ~0.185 0.322 0.359 1

*Correlation is significant at the 0.05 level (two-tailed); **Correlation is significant at the 0.01 level (two-tailed), (N=30).

TABLE 6 Principal component analysis of trace metals in Clarias batrachus and Chrysichthys nigrodigitatus from Bomadi and Gbotebo rivers and their

Environs in Bayelsa State, Nigeria.

Clarias batrachus

Chrysichthys nigrodigitatus

Component Component
2 2
Fe 0.797 —0.013 0.076 0.697 -0.170 —0.404
Cu —0.738 0.154 —0.503 0.562 0.640 —0.091
Zn 0.660 0.147 —0.488 0.571 —0.431 0.200
Pb —0.141 0.843 0.007 -0.370 0.422 0.605
Ni 0.254 0.634 0.660 0.492 0.739 0.208
cd —0.568 —0.249 0.562 0.327 —0.526 0.622
Co 0.223 —0.702 0.191 0.845 —0.037 0.162
Total 2.072 1.715 1.286 2.327 1.627 1.034
% of Variance 29.602 24.497 18.371 33.246 23.248 14.776
Cumulative % 29.602 54.099 72.47 33.246 56.494 71.271

Bold data indicate the high positive loading of the variable.

may have originated from both anthropogenic and natural, leading to
varied distribution patterns. Additionally, environmental factors such as
pH, temperature, and redox conditions may have differentially affected
the mobility and bioavailability of the metals. Moreover, biological
uptake and accumulation processes can vary significantly among metals;
for instance, some metals may be bioaccumulated by organisms, while
others may not.

Table 6 shows the principal component analysis of trace metals in
Clarias batrachus and Chrysichthys nigrodigitatus from Bomadi and
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Gbotebo rivers and their environs in Bayelsa State, Nigeria. The total
variance explained by the Principal Component Analysis (PCA) for
Clarias batrachus is 72.47%, distributed across three principal
components (PCs). This indicates that the selected components
effectively capture a substantial portion of the data’s variability,
highlighting key patterns in the relationship between the heavy metals
analyzed. For PC-1 (29.602% Variance), the first principal component,
explaining 29.602% of the total variance, has strong positive statistical
loadings with Iron (r=0.799) and Zinc (r=0.660). These elements may
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TABLE 7 Principal component (Varimax with Kaiser Normalization) analysis of macronutrients and trace metals in Clarias batrachus and Chrysichthys
nigrodigitatus from Bomadi and Gbotebo rivers and their environs in Bayelsa State, Nigeria.

Clarias batrachus

Chrysichthys nigrodigitatus

Component Component
2 p
Fe —0.155 0.499 0.606 0.263 0210 0.752
Cu 0.263 —0.138 —0.857 0.839 —0.082 0.154
Zn 0.002 0.824 0.124 0.038 0.670 0319
Pb 0.854 0.033 —0.012 0.155 —0.029 —0.810
Ni 0.607 —0.182 0.708 0.900 0.023 —0.144
cd —0.116 —0.829 —0.017 —0.148 0.859 —0.101
Co —0.722 —0.092 0.225 0.512 0592 0.360
Total 1.726 1.678 1.669 1.892 1.589 1.507
% of Variance 24.653 23.979 23.839 27.035 22.707 21.529
Cumulative % 24.653 48.632 72.47 27.035 49.741 71.271

Bold data indicate the high positive loading of the variable.

share common sources or exhibit similar behavior in bioaccumulation
within Clarias batrachus. Conversely, PC-1 shows negative loadings
with Copper (r=-0.738) and Cadmium (r=—0.568), indicating that
these metals vary inversely with Iron and Zinc in this fish species. The
opposing loadings suggest that the environmental factors influencing
Copper and Cadmium differ from those affecting Iron and Zinc. In
PC-2 (24.497% Variance), the second principal component explains
24.497% of the variance, with positive loadings on Lead (r=0.843) and
Nickel (r=0.634). These metals are typically associated with industrial
pollutants, suggesting a common source or pathway of accumulation
in Clarias batrachus. PC-2 also shows a negative loading with Cobalt
(r=—-0.702), indicating that as Lead and Nickel levels increase, Cobalt
levels tend to decrease, possibly reflecting different contamination
patterns or biological interactions. In PC-3 (18.371% Variance): the
third principal component accounts for 18.371% of the variance, with
positive loadings on Cadmium (r=0.562) and Nickel (r=0.660). This
component highlights the joint variation of these two metals, which
may be linked to specific contamination events or sources.
Additionally, there is a negative loading with Copper (r=—0.503),
suggesting an inverse relationship between Copper and the other
metals in this component, further emphasizing the complex
interactions between these contaminants in Clarias batrachus.
Similarly, for Chrysichthys nigrodigitatus, the total variance
explained by PCA is 71.271%, distributed across three principal
components. This analysis reveals distinct patterns in trace metal
accumulation, with different metals contributing to each principal
component. For PC-1 (33.246% Variance), the first principal
component explains a substantial 33.246% of the variance and has
positive statistical loadings with Zinc (r=0.571), Iron (r=0.697),
Copper (r=0.562), and Cobalt (r=0.845). These metals appear to
co-occur in Chrysichthys nigrodigitatus, possibly due to shared
contamination sources or similar bioaccumulation pathways. The
strong loading of Cobalt suggests its significant role in this component,
highlighting the potential environmental impact on this species. In
PC-2 (23.248% Variance), the second principal component accounts
for 23.248% of the variance, with positive loadings on Copper
(r=0.640) and Nickel (r=0.739). These metals might be associated
with industrial or anthropogenic activities, contributing to their
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co-variation in this species. PC-2 also displays a negative loading with
Cadmium (r=—0.526), indicating an inverse relationship between
Cadmium and the other metals, which may reflect different
contamination patterns or biological uptake mechanisms. In PC-3
(14.776% Variance), the third principal component explains 14.776%
of the variance and has positive loadings on Cadmium (r=0.622) and
Lead (r=0.605). This component suggests that these two metals, often
linked to pollution, co-occur in Chrysichthys nigrodigitatus. Their
presence in the same component underscores the potential health
risks associated with the consumption of this fish species, as both
metals are known for their toxicity and adverse health effects.

The PCA results for both Clarias batrachus and Chrysichthys
nigrodigitatus reveal significant insights into the distribution and
relationships of trace metals within these species. The variance
explained by the components highlights the complexity of metal
contamination and the potential for bioaccumulation in these
aquatic species.

Table 7 shows the principal component (varimax with Kaiser
normalization) asodiumlysis of macronutrients and trace metals in
Clarias batrachus and Chrysichthys nigrodigitatus from the Bomadi
and Gbotebo rivers and their environs Bayelsa State, Nigeria. The
analysis of the Clarias batrachus indicates that the three principal
components (F-1, F-2, F-3) account for 72.47% of the total variance in
the data. This implies that these components capture a substantial
portion of the variability in the concentrations of trace metals in
Clarias batrachus. F-1 explained 24.653% of the Variance and has
positive statistical loadings with Lead (r=0.854), Nickel (r=0.607),
and negative Loadings with Cobalt (r=-0.722). The first factor
suggests that lead and nickel concentrations are strongly correlated
with each other, while cobalt shows an inverse relationship. This
pattern could indicate a specific pollution source or environmental
factor influencing the accumulation of these metals differently. Lead
and nickel could be co-occurring due to industrial activities or runoff
from contaminated sites, whereas cobalt might be associated with a
different source or environmental condition. F-2 explained 23.979%
of the Variance and has positive statistical loadings with Zinc
(r=0.824), and negative Loadings with Cadmium (r=—0.829). The
second factor highlights a strong positive correlation between zinc and
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a negative relationship with cadmium. This could suggest that areas
with high zinc concentrations have lower cadmium levels, possibly
due to different sources or bioavailability of these metals in the aquatic
environment. F-3 explained 23.839% of the Variance and has positive
statistical loadings with Iron (r=0.606), Nickel (r=0.708), and
negative Loadings with Copper (r=—-0.857). The third factor shows
that iron and nickel are positively correlated, while copper exhibits a
strong negative loading. This relationship could reflect differing
geochemical or anthropogenic processes influencing these metals’
distribution in the aquatic ecosystem.

The Chrysichthys nigrodigitatus explains 71.271% of the total
variance through three factors, indicating that these factors significantly
influence trace metal concentrations in this species. F-1 explained
27.035% of the Variance and has positive statistical loadings with
Copper (r=0.839), Cobalt (r=0.512), and Nickel (r=0.900). This factor
reveals strong positive correlations between copper, cobalt, and nickel,
suggesting that these metals may originate from a common source or
share similar pathways in the environment. Industrial activities or
mining could be potential contributors to these metal concentrations in
the river systems. F-2 explained 22.707% of the Variance and has
positive statistical loadings with Zinc (r=0.670), Cadmium (r=0.859),
and Cobalt (r=0.592). The second factor demonstrates that zinc,
cadmium, and cobalt are positively correlated. This may indicate that
these metals are present together in certain areas, possibly due to
overlapping pollution sources or similar environmental factors that
affect their bioavailability. F-3 explained 21.529% of the Variance and
has positive statistical loadings with Iron (r=0.752), and negative
Loadings with Lead (r=-0.810). The third factor shows a strong
positive loading for iron and a negative loading for lead, suggesting that
areas with high iron concentrations might have lower lead levels. This
inverse relationship could reflect differences in the sources or chemical
behavior of these metals in the aquatic.

10.3389/fsufs.2024.1419143

For both fish species, three components were formed. Within the
same component, many of the metals did not show strong positive
loading, indicating that the elements in the fish are from multiple
human activities. Some identified sources of elements include
agricultural activities, wastrace metals, runoff resulting from human
activities on the soil, oil and gas activities, etc. It is also interesting to
see that the degree of association also followed this trend. This pattern
has been reported several times in the literature (Singh et al., 2015;
Talukder et al., 2022; Chandrasekaran et al., 2015). Hence, the PCA
could identify the sources that account for the variation in the trace
metals composition of the two fish species and thereby explain the
variability observed. In both fish species, some trace metals have no
relation to the other components. This trend has been previously
reported by Talukder et al. (2022).

A high total variance explained by the components (e.g., above 70%)
indicates that the principal components effectively summarize the
original data. This means that the majority of the information in the data
has been captured by the three components. This high variance suggests
that the identified components represent key factors influencing metal
concentrations. For the Clarias batrachus (72.47% variance), this
indicates that the three principal components capture 72.47% of the total
variability in the concentrations of trace metals. The first factor (F-1)
alone explains 24.653% of the variance, indicating that it is the most
significant factor affecting trace metal levels in this species. For the
Chrysichthys nigrodigitatus (71.271% variance), it also showed that three
components were explained, with the first factor (F-1) contributing
27.035%, showing it is a critical factor in the trace metal distribution.

Figures 1, 2 illustrate the hierarchical cluster analyses of trace
metal distributions in the muscles of two fish species, Chrysichthys
nigrodigitatus and Clarias batrachus, collected from Bomadi and
Gbotebo rivers and their surrounding areas in Bayelsa State, Nigeria.
The analysis aims to categorize and reveal distinct patterns of trace

183.29

122.19

Distance

61.10|

0.00 ! ;
Fe Cu

FIGURE 1

rivers and their environs in Bayelsa State, Nigeria.

Parameters

Hierarchical cluster analysis (Euclidean Distance, Ward Linkage) of trace metals in muscles of Chrysichthys nigrodigitatus from Bomadi and Gbotebo

Cd Pb Zn

Frontiers in Sustainable Food Systems

09

frontiersin.org


https://doi.org/10.3389/fsufs.2024.1419143
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Izah et al. 10.3389/fsufs.2024.1419143
216.76 |
o 14451
)
c
]
-
o4
o
72.25-
1
0.00 \I I\ f }
Fe Zn Cu Ni Cd Co Pb
Parameters
FIGURE 2
Hierarchical cluster analysis (Euclidean Distance, Ward Linkage) of trace metals in muscles of Clarias batrachus from Bomadi and Gbotebo rivers and
their environs in Bayelsa State, Nigeria.

metal accumulation within these species, providing insights into
environmental contamination and metal bioaccumulation.

The hierarchical cluster analysis for Chrysichthys nigrodigitatus
delineates two primary clusters: Cluster A is predominantly
characterized by the presence of iron. The grouping suggests that
iron accumulates in a distinct manner compared to other trace
metals in the fish muscles. Cluster B includes the remaining metals
and is further subdivided into two sub-clusters (1 and 2). Sub-cluster
1 comprises a diverse set of metals including iron, copper, nickel,
cadmium, cobalt, lead, and zinc. Within this sub-cluster, there is a
further division (I and II). Sub-sub-cluster I contains lead alone. This
isolation of lead indicates a unique accumulation pattern or source
of lead distinct from other metals. Sub-sub-cluster II includes
copper, nickel, cadmium, and cobalt. Notably, copper and cadmium
are highlighted for their equal distances from each other, indicating
a similar pattern of distribution or bioaccumulation. Sub-cluster 2
consists of sodium and calcium. This sub-cluster forms a separate
group from the metals in Sub-cluster 1, suggesting different
environmental ~ or  physiological  factors  influencing
their accumulation.

The hierarchical cluster analysis for Clarias batrachus reveals
two major clusters (A and B). Cluster A includes iron and zinc,
which are grouped together at equal distances. This indicates that
these two metals share similar accumulation patterns in the fish
muscles. Cluster B involves the remaining metals, which are
organized into two sub-clusters (1 and 2). Sub-cluster 1 contains
lead alone, showing a distinct pattern of accumulation that separates
it from other metals in this analysis. Sub-cluster 2 is divided into
two smaller groups (1 and 2). Group 1 includes copper and nickel.
These metals are found at equal distances from each other,
suggesting a similar pattern of distribution or accumulation.
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Group 2 consists of cadmium and cobalt. These metals also exhibit
equal distances between them, indicating a similar pattern
of bioaccumulation.

The hierarchical cluster analyses for both fish species reveal
distinct patterns of trace metal accumulation, reflecting their
environmental exposure and physiological processes. For Chrysichthys
nigrodigitatus, the separation of iron in Cluster A indicates a
prominent role in the metal profile of this species, while the more
complex grouping in Cluster B suggests varying sources or
mechanisms of accumulation for other metals. The isolation of lead in
Sub-sub-cluster I highlights its unique accumulation behavior,
potentially linked to specific environmental factors or sources. In
Clarias batrachus, the grouping of iron and zinc in Cluster A shows a
similar distribution pattern, while the distinct isolation of lead in
Sub-cluster 1 points to its specific accumulation characteristics. The
division of Sub-cluster 2 into groups containing copper and nickel,
and cadmium and cobalt, further emphasizes the varying distribution
patterns and bioaccumulation tendencies of these metals. Overall,
these clustering patterns provide valuable insights into the
environmental contamination and bioaccumulation of trace metals in
fish from these rivers.

Generally, the cluster analysis reduced the element into three
groups for both fish species based on the similarity in the trace metals
composition. This could help reduce the number of elements for
further studies. The trace metals within the same cluster showed a
high association level (Singh et al, 2015). While elements with
separate collectors show dissimilarity in sources of contamination
(Gyimah et al, 2018). The pollutants may be from multiple
anthropogenic activities, including waste materials, oil and gas
activities, agrochemicals use, soil elements leaching into the water
during flooding periods, or soil erosion.
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TABLE 8 EDIf for adults (mg/kg) through the consumption of Clarias batrachus from Bomadi and Gbotebo rivers and their environs in Bayelsa State,

Nigeria.
Sampling code Fe Cu Zn Pb Ni Cd Co
SF1 14.63 0.22 5.50 1.65 0.56 NCCD NCCD
SF2 12.48 041 4.82 NCCD 0.24 NCCD 0.16
SF3 15.12 0.54 5.64 NCCD NCCD NCCD 0.05
SF4 7.43 1.34 5.19 3.46 NCCD NCCD NCCD
SF5 13.24 1.04 4.65 272 0.62 NCCD NCCD
SF6 11.38 0.64 4.55 242 0.53 0.12 NCCD
SEF7 12.23 1.05 3.68 0.25 0.27 NCCD NCCD
SF8 14.48 1.10 4.19 NCCD NCCD NCCD NCCD
SF9 11.85 0.53 5.89 NCCD NCCD NCCD NCCD
SF10 1241 1.22 4.80 NCCD 0.18 0.07 NCCD
SF11 12.66 0.29 533 1.68 0.58 NCCD NCCD
SF12 12.48 0.41 4.82 NCCD 0.24 NCCD 0.16
SF13 15.12 0.80 5.64 0.12 NCCD NCCD 0.18
SF14 7.43 1.34 5.18 3.46 NCCD NCCD NCCD
SF15 13.31 0.64 4.56 2.78 0.62 NCCD NCCD
SF16 1138 0.81 4.28 2.38 0.87 0.12 NCCD
SF17 6.99 1.05 3.93 0.29 0.27 0.18 0.12
SF18 9.71 1.10 4.46 NCCD NCCD NCCD NCCD
SF19 11.85 0.87 5.49 NCCD NCCD NCCD NCCD
SF20 12.25 133 2.94 NCCD 0.18 NCCD NCCD
SF21 14.75 0.28 537 1.80 0.57 NCCD NCCD
SF22 12.20 0.18 2.89 NCCD 0.24 NCCD 0.16
SF23 15.12 0.54 6.68 NCCD NCCD NCCD 0.05
SF24 7.43 1.33 341 3.46 NCCD NCCD 0.06
SF25 13.24 0.86 4.65 2.77 075 NCCD NCCD
SF26 10.94 075 4.40 231 0.22 0.12 NCCD
SF27 17.44 1.05 3.68 0.25 0.27 0.18 NCCD
SF28 9.79 1.10 4.19 0.11 NCCD 0.23 NCCD
SF29 6.49 0.69 2.89 NCCD 0.17 0.53 0.05
SF30 7.11 1.22 4.69 0.28 0.29 0.02 NCCD
Min 6.49 0.18 2.89 NCCD NCCD NCCD NCCD
Max 17.44 1.34 6.68 3.46 0.87 0.53 0.18
Mean 11.76 0.82 4.61 1.07 0.26 0.05 0.03
SD 2.86 0.36 0.92 1.31 0.26 0.11 0.06

Min, Minimum; Max, Maximum; SD, Standard deviation; NCCD, Not calculated because concentration was not detected.

3.3 Health risk assessment of trace metals
in fish

Health risks from toxicants, such as trace metals, can be both
cancerous and non-cancerous. Both are frequently utilized to illustrate
the various ways in which exposure to toxins can harm the body. The
main determinant of whether or not a trace metals is harmful to the
human body is the amount consumed daily (Aigberua et al, 2021).
The various exposure routes, such as ingestion, inhalation, and skin
contact, also impact daily consumption. Trace elements enter the body
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most commonly through the digestive system. Hence, this exposure
category is included first (Aigberua et al., 2021).

Estimated daily intake of the fish for adults and children (mg/kg
body weight/day) through the consumption of Clarias batrachus from
Bomadi and Gbotebo rivers and their environs, Bayelsa State, Nigeria,
is shown in Tables 8, 9, respectively. The EDIf of iron, copper, zinc,
lead, nickel, cadmium, and cobalt ranged from 6.49-17.44 (mean
11.76), 0.18-1.34 (mean 0.82), 2.89-6.68 (mean 4.61), NCCD—3.46
(mean 1.07), NCCD—0.87 (mean 0.26), NCCD—0.53 (mean 0.05),
NCCD—0.18 (mean 0.03), respectively the adult (Table 9), and
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TABLE 9 EDIf for children (mg/kg) through the consumption of Clarias batrachus from Bomadi and Gbotebo rivers and their Environs in Bayelsa State,
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Nigeria.
Sampling code Fe Cu Zn Pb Ni Cd Co
SF1 242 0.04 091 027 0.09 NCCD NCCD
SF2 2.06 0.07 0.80 NCCD 0.04 NCCD 0.03
SF3 2.50 0.09 0.93 NCCD NCCD NCCD 0.01
SF4 123 0.22 0.86 0.57 NCCD NCCD NCCD
SF5 2.19 0.17 0.77 045 0.10 NCCD NCCD
SF6 1.88 0.11 0.75 0.40 0.09 0.02 NCCD
SEF7 2.02 0.17 0.61 0.04 0.04 NCCD NCCD
SF8 239 0.18 0.69 NCCD NCCD NCCD NCCD
SF9 1.96 0.09 0.97 NCCD NCCD NCCD NCCD
SF10 2.05 0.20 0.79 NCCD 0.03 0.01 NCCD
SF11 2.09 0.05 0.88 0.28 0.10 NCCD NCCD
SF12 2.06 0.07 0.80 NCCD 0.04 NCCD 0.03
SF13 2.50 0.13 0.93 0.02 NCCD NCCD 0.03
SF14 1.23 0.22 0.86 0.57 NCCD NCCD NCCD
SF15 2.20 0.11 0.75 0.46 0.10 NCCD NCCD
SF16 1.88 0.13 0.71 0.39 0.14 0.02 NCCD
SF17 1.16 0.17 0.65 0.05 0.04 0.03 0.02
SF18 1.61 0.18 0.74 NCCD NCCD NCCD NCCD
SF19 1.96 0.14 091 NCCD NCCD NCCD NCCD
SF20 2.03 0.22 0.49 NCCD 0.03 NCCD NCCD
SF21 244 0.05 0.89 0.30 0.09 NCCD NCCD
SF22 2.02 0.03 0.48 NCCD 0.04 NCCD 0.03
SF23 2.50 0.09 1.10 NCCD NCCD NCCD 0.01
SF24 1.23 0.22 0.56 0.57 NCCD NCCD 0.01
SF25 2.19 0.14 0.77 0.46 0.12 NCCD NCCD
SF26 1.81 0.12 073 0.38 0.04 0.02 NCCD
SF27 2.88 0.17 0.61 0.04 0.04 0.03 NCCD
SF28 1.62 0.18 0.69 0.02 NCCD 0.04 NCCD
SF29 1.07 0.11 0.48 NCCD 0.03 0.09 0.01
SF30 118 0.20 0.78 0.05 0.05 NCCD NCCD
Min 1.07 0.03 0.48 NCCD NCCD NCCD NCCD
Max 2.88 0.22 1.10 0.57 0.14 0.09 0.03
Mean 1.95 0.14 0.76 0.18 0.04 0.01 0.01
SD 047 0.06 0.15 0.22 0.04 0.02 0.01

Min, Minimum; Max, Maximum; SD, Standard deviation; NCCD, Not calculated because concentration was not detected.

1.07-2.88 (mean 1.95), 0.03-0.22 (mean 0.14), 0.48-1.10 (mean 0.76),
NCCD—0.57 (mean 0.18), NCCD—0.14 (mean 0.04), NCCD—0.09
(mean 0.01), and NCCD—0.03 (mean 0.01) for the children
(Table 10). Based on the mean, the distribution of elements was in the
order iron > zinc >lead > copper > nickel > cadmium > cobalt (for
adults) and iron > zinc > lead > copper > nickel > cadmium = cobalt.

Furthermore, the EDIf for adults and children (mg/kg body
weight/day) through the consumption of Chrysichthys nigrodigitatus
from the Bomadi and Gbotebo rivers and their environs in Bayelsa
State, Nigeria, is shown in Tables 10, 11, respectively. The EDIf of iron,
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copper, zing, lead, nickel, cadmium and cobalt from 6.64-19.70 (mean
10.57), 0.15-4.99 (mean 1.02), 1.75-17.29 (mean 7.13), NCCD - 5.02
(mean 1.07), NCCD - 4.92 (mean 0.64), NCCD - 0.80 (mean 0.15),
and NCCD - 0.58 (mean 0.06) respectively the adult (Table 10), and
1.10-3.26 (mean 1.75), 0.02-0.83 (mean 0.17), 0.29-2.86 (mean 1.18),
NCCD—0.83 (mean 0.18), NCCD—0.81 (mean 0.11), NCCD—0.13
(mean 0.02), and NCCD—0.10 (mean 0.01), for the children
(Table 11). Based on the mean, the distribution of elements was in the
order iron > zinc >lead > copper > nickel > cadmium > cobalt (for
adults) and iron > zinc > lead > copper > nickel > cadmium > cobalt.
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TABLE 10 EDIf for adults (mg/kg) through the consumption of Chrysichthys nigrodigitatus from Bomadi and Gbotebo rivers and their Environs in

Bayelsa State, Nigeria.

Sampling code Fe Cu Zn Pb Ni Cd Co
BF1 11.04 022 10.69 1.68 1.05 NCCD NCCD
BF2 11.93 0.41 4.82 NCCD 0.24 NCCD 0.10
BF3 13.04 0.53 5.63 NCCD NCCD NCCD 0.05
BF4 7.43 1.23 3.47 3.46 NCCD NCCD 0.06
BE5 12.72 1.04 4.65 220 0.62 NCCD NCCD
BF6 8.76 0.57 9.55 5.01 1.89 0.16 NCCD
BE7 7.03 1.31 7.82 0.61 0.48 0.17 NCCD
BF8 15.00 1.24 14.60 NCCD NCCD 0.14 NCCD
BF9 6.64 0.74 6.27 NCCD NCCD 0.67 NCCD
BF10 19.70 1.44 17.29 0.59 0.99 0.71 0.58
BF11 6.82 0.40 5.50 1.65 0.54 0.06 NCCD
BF12 13.52 4.99 4.82 NCCD 4.92 NCCD 031
BF13 15.13 053 5.63 NCCD NCCD 0.23 0.05
BF14 7.43 1.34 1.75 4.60 NCCD NCCD NCCD
BF15 8.09 1.04 3.10 2.66 0.62 0.12 NCCD
BF16 8.78 0.57 9.76 5.02 191 0.16 0.05
BF17 7.03 1.32 7.84 0.77 0.48 0.19 0.06
BF18 9.79 1.24 9.39 NCCD NCCD 0.14 0.11
BF19 6.64 0.75 6.27 NCCD NCCD 0.80 0.07
BF20 9.29 1.44 5.84 NCCD 0.47 0.08 NCCD
BE21 14.73 0.32 446 1.73 1.60 0.17 NCCD
BF22 12.48 0.15 4.98 0.16 0.34 0.06 0.16
BE23 9.92 0.55 5.64 NCCD NCCD NCCD 0.16
BE24 8.79 0.81 447 0.86 NCCD 0.22 0.06
BE25 1335 0.96 439 0.13 0.61 0.11 NCCD
BE26 8.79 0.56 9.88 0.34 1.79 0.16 NCCD
BF27 7.11 1.26 8.21 0.74 0.48 0.19 NCCD
BF28 15.00 133 9.71 NCCD NCCD NCCD NCCD
BF29 11.85 1.29 11.53 NCCD NCCD NCCD NCCD
BF30 9.13 1.05 5.96 NCCD 0.16 NCCD NCCD
Min 6.64 0.15 1.75 NCCD NCCD NCCD NCCD
Max 19.70 4.99 17.29 5.02 4.92 0.80 0.58
Mean 10.57 1.02 7.13 1.07 0.64 0.15 0.06
SD 333 0.85 3.43 1.58 1.01 021 0.12

Min, Minimum; Max, Maximum; SD, Standard deviation; NCCD, Not calculated because concentration was not detected.

Supplementary material 3, 4 and Table 12 show the THQf for
adults and children (mg/kg) through the consumption of Clarias
batrachus, respectively, from the Bomadi and Gbotebo rivers and their
environs in Bayelsa State, Nigeria. Iron, copper, and zinc had THQf
values in the range 10~°-107> with a mean value of 10> A THQf value
of 107 was reported in fish sample SF29 for iron, SF1, SF11, SF21, and
SE22 for copper, and SF20, SF22, and SF29 for zinc for the adults
(Supplementary material 3). THQf in fish samples ranged from 10~
to 107! for lead and cadmium, 1073 to 107! for nickel, and 10~° to 1073
for cobalt in adults (Table 13). Iron and zinc were in the order of 107
for children. Also, copper ranged from 10~ to 10~>. Furthermore,
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THQf in fish samples, the elements that were detected are in the range
of 1073-107"! for lead, 107*~107? for cadmium, 107°~10~3 for cobalt,
while nickel is in the order 10~ (Table 12).

Supplementary material 5, 6 and Table 12 show the THQf for
adults and children (mg/kg) through consuming Chrysichthys
nigrodigitatus, respectively, from the Bomadi and Gbotebo rivers and
their environs in Bayelsa State, Nigeria. For adults, the range of THQf
values in the sample detected was in the range of 107'-10" for lead,
1072-107" for nickel, and 1073-1072 for cobalt, while cadmium was in
the order 107", Also, iron and zinc were in orders 10~ (Table 12). For
children, the range of THQf values in the sample detected ranged
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TABLE 11 EDIf for children (mg/kg) through the consumption of Chrysichthys nigrodigitatus from Bomadi and Gbotebo rivers and their Environs in

Bayelsa State, Nigeria.

Sampling code Fe Cu Zn Pb Ni Cd Co
BF1 1.83 0.04 1.77 028 0.17 NCCD NCCD
BF2 1.97 0.07 0.80 NCCD 0.04 NCCD 0.02
BF3 2.16 0.09 0.93 NCCD NCCD NCCD 0.01
BF4 1.23 0.20 0.57 0.57 NCCD NCCD 0.01
BF5 2.10 0.17 0.77 036 0.10 NCCD NCCD
BF6 145 0.09 1.58 0.83 031 0.03 NCCD
BE7 116 022 1.29 0.10 0.08 0.03 NCCD
BF8 248 0.20 241 NCCD NCCD 0.02 NCCD
BF9 110 0.12 1.04 NCCD NCCD 0.1 NCCD
BF10 3.26 0.24 2.86 0.10 0.16 0.12 0.10
BF11 113 0.07 0.91 027 0.09 0.01 NCCD
BF12 2.24 0.83 0.80 NCCD 0.81 NCCD 0.05
BFI3 250 0.09 0.93 NCCD NCCD 0.04 0.01
BF14 1.23 022 029 0.76 NCCD NCCD NCCD
BF15 1.34 0.17 0.51 0.44 0.10 0.02 NCCD
BF16 145 0.09 161 0.83 032 0.03 0.01
BF17 1.16 022 130 0.13 0.08 0.03 0.01
BF18 1.62 020 1.55 NCCD NCCD 0.02 0.02
BF19 1.10 0.12 1.04 NCCD NCCD 0.13 0.01
BF20 1.54 0.24 0.97 NCCD 0.08 0.01 NCCD
BF21 244 0.05 0.74 029 027 0.03 NCCD
BF22 2.06 0.02 0.82 0.03 0.06 0.01 0.03
BF23 1.64 0.09 0.93 NCCD NCCD NCCD 0.03
BF24 145 0.13 0.74 0.14 NCCD 0.04 0.01
BF25 221 0.16 0.73 0.02 0.10 0.02 NCCD
BF26 145 0.09 1.63 0.06 030 0.03 NCCD
BF27 118 021 1.36 0.12 0.08 0.03 NCCD
BF28 2.48 0.22 161 NCCD NCCD NCCD NCCD
BF29 1.96 021 191 NCCD NCCD NCCD NCCD
BF30 151 0.17 0.99 NCCD 0.03 NCCD NCCD
Min 110 0.02 029 NCCD NCCD NCCD NCCD
Max 3.26 0.83 2.86 0.83 0.81 0.13 0.10
Mean 175 0.17 1.18 0.18 0.1 0.02 0.01
SD 0.55 0.14 0.57 026 0.17 0.03 0.02

Min, Minimum; Max, Maximum; SD, Standard deviation; NCCD, Not calculated because concentration was not detected.

from 1072 to 107! for lead and cadmium, 1072 to 1072 for nickel, and
10~ to 10~* for cobalt. Also, iron was in the order of 1073, while zinc
was in the range of 107107 (Supplementary material 6).
Supplementary material 7 and Table 12 show the TTHQf of trace
metals through the consumption of Clarias batrachus and Chrysichthys
nigrodigitatus from some Bayelsa State, Nigeria rivers. The TTHQf
ranged from 107 to 10" (mean 107") for adults and 10~ to 10" (mean
107?) for children in both fish species. The adult THQf values for each
of the metals were less than 1 (<1) except for instances (BF 6; BF 14, and
BF 16) where the value was >1. The adult values for TTHQf were 1,
except for a few instances (BF 6; BF 10, BF 14; BF 16), where the values
were also >1.0. The values reported in this study had some similarities
with previous reports. TTHQf >1 has been reported in a few instances
in health risk of trace metals involving Sarotherodon melanotheron and
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Chrysichthys nigrodigitatus from Okulu River, Nigeria (Aigberua et al,
2021). Amankwaa et al. (2021) investigated the presence of trace metals
in the tissues of Clarias batrachus and Chrysichthys nigrodigitatus from
the Densu River, and found that the hazard quotient for lead, cadmium,
and copper in both fish species was less than 1 (<1), indicating a low
risk of non-carcinogenic effects from these individual metals. However,
the hazard index (HI) for the cumulative exposure to all studied metals
was greater than 1 (>1), suggesting potential health concerns.
Furthermore, Oladapo and Taiwo (2024) assessed the HI for heavy
metals in Clarias batrachus and Chrysichthys nigrodigitatus, finding
values of 6.72x 10" and 6.71 x 10~* for adults and children, respectively,
for Clarias batrachus, and 1.04x 107* and 1.01 x 10~ for Chrysichthys
nigrodigitatus. The authors further reported that these values are below
the safety threshold of 1, indicating low non-carcinogenic risk.
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TABLE 12 Non-carcinogenic health hazards for adults and children (mg/kg) through the consumption of Clarias batrachus and Chrysichthys
nigrodigitatus from Bomadi and Gbotebo rivers and their Environs in Bayelsa State, Nigeria.

Fish type Sampling
code

Clarias batrachus | Adult
Min 9.27E—03 4.42E—03 9.65E—03 NCCD NCCD NCCD NCCD 2.33E-02
Max 2.49E—02 3.34E—02 2.23E-02 8.64E—01 4.35E-02 5.31E-01 8.85E—03 1.53E+00
Mean 1.68E—02 2.06E—02 1.54E—02 2.68E—01 1.28E—02 5.29E—02 1.63E—03 3.88E—01
SD 4.09E—03 9.10E—03 3.06E—03 3.28E-01 1.32E—02 1.13E-01 2.91E-03 4.74E—01
Children
Min 1.53E-03 7.32E—04 1.60E—03 NCCD NCCD NCCD NCCD 3.86E—03
Max 4.12E-03 5.53E—03 3.68E-03 1.43E-01 7.19E-03 8.78E—02 1.46E—03 2.53E—01
Mean 2.78E—03 3.41E-03 2.54E—03 4.44E—02 2.12E-03 8.75E-03 2.70E—04 6.42E—02
SD 6.77E—04 1.50E—03 5.05E—04 5.43E-02 2.18E-03 1.87E—02 4.81E—04 7.84E—02

Chrysichthys Adult

nigrodigitatus Min 9.49E—03 3.77E-03 5.85E—03 NCCD NCCD NCCD NCCD 1.91E-02
Max 2.81E—02 1.25E-01 5.76E—02 1.26E+00 2.46E—01 7.96E—01 2.92E-02 2.54E+00
Mean 1.51E—02 2.55E—02 2.38E—02 2.68E-01 3.20E-02 1.51E—01 3.04E-03 5.19E—01
SD 4.75E—03 2.12E—02 1.14E—02 3.94E—01 5.05E—02 2.11E-01 6.01E—03 6.99E—01
Children
Min 1.57E—03 6.24E—04 9.67E—04 NCCD NCCD NCCD NCCD 3.16E-03
Max 4.65E—03 2.06E—02 9.54E—03 2.08E-01 4.07E—02 1.32E-01 4.82E-03 4.20E-01
Mean 2.50E—03 4.22E-03 3.93E-03 4.44E—02 5.29E—-03 2.49E—02 5.02E—04 8.58E—02
SD 7.86E—04 3.51E-03 1.89E—03 6.52E—02 8.35E-03 3.49E—02 9.94E—04 1.16E—01

Min, Minimum; Max, Maximum; SD, Standard deviation; NCCD, Not calculated because concentration was not detected.

TABLE 13 Carcinogenic hazard of trace metals through the consumption of Clarias batrachus and Chrysichthys nigrodigitatus from some rivers in
Bayelsa State, Nigeria.

Fish type Sampling Adult Children
code . .
Cadmium Total Lead Cadmium Total
hazard hazard
Clarias batrachus Min NCCD NCCD NCCD NCCD NCCD NCCD
Max 2.94E—05 2.34E—01 2.34E-01 4.86E—06 5.53E—04 5.58E—04
Mean 9.12E-06 2.33E-02 2.33E—02 1.51E—06 5.52E—05 567E—05
SD 1.12E—-05 4.99E—-02 4.99E—02 1.85E—06 1.18E—04 1.20E—04
Chrysichthys Min NCCD NCCD NCCD NCCD NCCD NCCD
nigrodigitatus Max 427E-05 3.51E-01 3.51E-01 7.06E—06 8.30E—04 8.37E—04
Mean 9.13E-06 6.65E—02 6.65E—02 1.51E—06 1.57E—04 1.59E—04
SD 1.34E-05 9.30E—02 9.30E—02 2.22E-06 2.20E—04 2.22E-04

Min, Minimum; Max, Maximum; SD, Standard deviation; NCCD, Not calculated because concentration was not detected.

3.4 Carcinogenic hazards

Inorganic lead and cadmium have been reported as carcinogenic
metals and have deleterious effects on humans. Furthermore, these
metals have no known direct biological function in humans. Hence,
the health hazards of these carcinogenic metals are essential to
estimate the lifetime cancer hazards from consuming fish
contaminated by them (Jisr et al., 2020).

Given that cadmium and lead concentrations were higher than
the European Union maximum limits, there is a potentially large
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hazard owing to toxicity associated with the consumption of these
fishes (Chrysichthys nigrodigitatus and Clarias batrachus). Therefore,
in an attempt to evaluate health risks from chronic exposure to
cadmium and lead in both fish species, cancer hazard values were
calculated (Supplementary material 8, 9, and Table 13). For Clarias
batrachus, lead, cadmium and total carcinogenic hazard values were
in the range of 1077-10~° (mean 107°), 107>-10"" (mean 107?), and
107°-107" (mean 107?), respectively for adult, and 1077-107° (mean
107%), 107°-10"* (mean 10~°), and 1077-10"* (mean 10~°), respectively
for children.
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For Chrysichthys nigrodigitatus, lead, cadmium, and total
carcinogenic hazard values were in the range of 10710~ (mean 107°),
1072-107" (mean 107?) and 107°-10"" (mean 107?), respectively for
adult, and 1077-107° (mean 10~°), 10°~10~* (mean 10~*) and 10~°-10~*
(mean 107*), respectively for children.

Based on the mean values for Clarias batrachus and Chrysichthys
nigrodigitatus, lead under both categories (adult and children) showed
extremely low hazard, which is acceptable. Cadmium and total
carcinogenic hazard mean values for both fish showed exceedingly
high carcinogenic hazards for adults and moderate hazards for
children, as previously classified in the literature (Uzockwe et al., 2021;
[zah et al, 2022; Ogamba et al, 2021). Generally, the mean
carcinogenic hazards for individual and combined elements have an
acceptable value of 107°-10~* as recommended by the United States
Environmental Protection Agency (Arisekar et al., 2020), except for
the cadmium and total carcinogenic hazards in both fish species. The
fact that many of the samples meant for assessing the carcinogenic
hazard of cadmium are in orders 107 and 10 reveals carcinogenic
tendencies; hence, adverse health conditions may be possible with the
lifetime consumption of fish species from the studied rivers. The
health hazards of cadmium and lead have been comprehensively
reported by [zah et al. (2016).

The values reported are from previous studies. For instance,
Aigberua et al. (2021) reported carcinogenic hazards of cadmium and
lead in the range of 1072-10"' and 107*-107% respectively, in
Sarotherodon melanotheron and Chrysichthys nigrodigitatus from Okulu
river, River State, Nigeria. However, the values are different from those
of other studies, for instance. Furthermore, Oladapo and Taiwo (2024)
reported carcinogenic risk associated with the consumption of trace
metals in Clarias batrachus and Chrysichthys nigrodigitatus as 4.10x 10~
for adults and 3.78 x 1077 for children (for Clarias batrachus), and
6.10x 1077 for adults and 6.16x 107" for children for Chrysichthys
nigrodigitatus. The authors further reported a combined carcinogenic
risk index indicated that consuming these fish species over a lifetime is
considered safe for both adults and children. The variation in the
carcinogenic tendencies could be due to the source and characteristics
of the pollutants in different surface water.

4 Conclusion

Due to human activity, toxic substances such as elements find
their way into aquatic environments. Aquatic organisms like fish can
bio-accumulate hazardous elements in their tissues. This poses a risk
to the health of humans who consume these fish since these toxic
elements are then transferred into their bodies. This study
investigated the levels of a variety of trace metals such as iron, copper,
zinc, lead, nickel, cadmium, and cobalt in the muscles of Clarias
batrachus and Chrysichthys nigrodigitatus in the Bomadi and Gbotebo
rivers and their environs in Bayelsa State, Nigeria. In addition, it
explored the possible dangers these elements posed to human health
and the sources from which they originated. The study found no
statistical differences between the mean values of both fish
concerning iron, copper, lead, and cobalt. However, statistical
dissimilarities exist between the fish species for zinc, nickel and
cadmium. This suggests a similar trend in the bioaccumulation
pattern of trace metals in tissues of both fish species. The
concentration of some elements, such as cadmium, lead, zinc, and
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copper, exceeded some of the permissible limits given by the
European Union, the median international standard, and FAO/
WHO. The findings of the Pearson correlation, PCA, and Cluster
analysis all point to the fact that trace metals originate from diverse
anthropogenic activities. PCA indicates a complexity in the data
because less than 50% of the total variance was explained by the first
two components in both fish species. It was found that the THQf and
the Total TTHQ for children were less than 1 both species of fish.
However, for adults, the TTHQf exceeded 1 at its maximum (only)
for Clarias batrachus and Chrysichthys nigrodigitatus. This evidence
indicates the possibility of non-carcinogenic risks associated with the
eating of fish food throughout a person’s lifetime. On the other hand,
the mean carcinogenic hazards for cadmium and total carcinogenic
hazards were much lower than the threshold values of 107 to 10~ in
adults for both fish. In addition, the utilization of strict values
demonstrated that the only acceptable lead is derived from both types
of fish included in both categories (adults and children). Therefore,
consuming either variety of fish may put people (children and adults)
at risk of being exposed to either non-carcinogenic or carcinogenic
dangers. As a result, it is necessary to raise awareness among
customers who buy fish food that originates from the area that is the
primary focus of the inquiry. In addition, to protect consumers’
health, it is necessary to conduct routine assessments of potentially
harmful elements that may be present in surface water, sediments,
and fish food.
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