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ABSTRACT

This study presents a comprehensive evaluation of the health risks associated with heavy metal
contamination in Farfantepenaeus notialis, sourced from Bodija Market in Ibadan, Nigeria. The
concentrations of Copper (Cu), Cadmium (Cd), Lead (Pb), Mercury (Hg), and Arsenic (As) were
analyzed, and the Estimated Daily Intake (EDI) for each metal was calculated. The EDIs were then
compared with the Acceptable Daily Intake (ADI) limits set by regulatory bodies such as the World
Health Organization (WHO) and the Food and Agriculture Organization (FAO) to assess potential
health risks. Additionally, a correlation analysis was conducted to investigate relationships
between the concentrations of these heavy metals. The results revealed that the EDI values for Cu
(0.8457 mg/kg/day), Cd (0.0029 mg/kg/day), Pb (0.1143 mg/kg/day), and Hg (0.0057
mg/kg/day) exceeded the ADI limits (Cu: 0.5 mg/kg/day, Cd: 0.001 mg/kg/day, Pb: 0.0036
mg/kg/day, Hg: 0.0001 mg/kg/day), indicating significant potential health risks. In contrast, the
EDI for As (0.0000 mg/kg/day) was below the ADI limit (0.0003 mg/kg/day), suggesting no
immediate health risk from Arsenic contamination. Correlation analysis showed significant
relationships between the concentrations of certain heavy metals, with notable correlations
observed between Pb and Hg (0.70), Cd and Hg (0.60), and Pb and Cd (0.55). These findings
suggest possible common sources or pathways of contamination in the seafood from Bodija
Market. This study highlights the need for stringent monitoring and regulatory measures to
ensure the safety of seafood consumed by the population. The significant health risks associated
with the consumption of Farfantepenaeus notialis contaminated with Cu, Cd, Pb, and Hg
underscore the importance of addressing heavy metal contamination in seafood. The correlation
analysis provides further insights into the potential sources and interactions of these
contaminants, emphasizing the complexity of seafood safety management.
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INTRODUCTION

Seafood is a crucial component of the human
diet, providing essential nutrients and
contributing significantly to food security and
economic livelihoods, particularly in coastal
regions (Cojocaru et al., 2022). However, the
safety of seafood is often compromised by the
presence of contaminants, including heavy
metals. These contaminants can accumulate in
marine organisms and pose serious health risks
to consumers (Unuofin and Igwaran, 2023).
Ensuring the safety of seafood is paramount to
public health, necessitating regular monitoring
and comprehensive risk assessments (Al-
Busaidi et al., 2017). Heavy metals such as
Copper (Cu), Cadmium (Cd), Lead (Pb),
Mercury (Hg), and Arsenic (As) are among the
most concerning contaminants in seafood
(Wang et al., 2022). These metals can enter
marine ecosystems  through various
anthropogenic activities, including industrial
discharges, agricultural runoff, and improper
waste disposal (Pandey and Kumari, 2023).
Once in the marine environment, heavy metals
can be taken up by aquatic organisms and
biomagnified through the food chain, leading
to elevated concentrations in seafood that
humans consume (Saidon et al., 2024).

The consumption of seafood contaminated
with heavy metals can lead to various adverse
health effects. For instance, excessive intake of
Copper can cause gastrointestinal distress and
liver damage (Taylor et al., 2020), while
Cadmium exposure is linked to kidney damage
and bone demineralization (Reyes-Hinojosa et
al., 2019). Lead is a well-known neurotoxin,
particularly harmful to children (Virgolini and
Aschner, 2021), and Mercury exposure can
impair neurological development (Abbott and
Nigussie, 2021). Arsenic, depending on its
form, can cause skin lesions, cardiovascular
diseases, and cancer (Palma-Lara et al., 2020).
Therefore, assessing the levels of these heavy
metals in seafood and comparing them with
established safety limits is critical for public
health protection. Farfantepenaeus notialis,
commonly known as the southern pink shrimp,

is a popular seafood species in Nigeria,
particularly in the Bodija Market in Ibadan. This
market is a major hub for seafood trade,
supplying a significant portion of the local
population. Given its popularity and high
consumption rates, it is imperative to assess
the safety of Farfantepenaeus notialis from
this market. This study aims to evaluate the
concentrations of Cu, Cd, Pb, Hg, and As in
Farfantepenaeus notialis from Bodija Market
and assess the potential health risks associated
with their consumption. The primary objective
of this study is to conduct a comprehensive
health risk assessment of heavy metal
contamination in Farfantepenaeus notialis
from Bodija Market. This includes calculating
the Estimated Daily Intake (EDI) for each metal
and comparing these values with the
Acceptable Daily Intake (ADI) limits set by the
World Health Organization (WHO) and the
Food and Agriculture Organization (FAO).
Additionally, the study aims to explore the
relationships between the concentrations of
different heavy metals through correlation
analysis. By doing so, we aim to provide
insights into the potential sources and
interactions of these contaminants,
contributing to the broader understanding of
seafood safety management.

MATERIALS AND METHODS
1. Sample Collection

Farfantepenaeus notialis, also known as
southern pink shrimp, were collected from five
different vendors at Bodija Market in Ibadan,
Nigeria. This market was selected due to its
significant role in the local seafood trade. To
ensure a representative sample, shrimp were
procured from various vendors over a period
of two weeks. The samples were carefully
handled and stored in clean, labeled
containers to prevent contamination before
laboratory analysis.

2. Sample Preparation

Upon arrival at the laboratory, the shrimp
samples were cleaned, peeled, and
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homogenized to ensure consistency. A portion
of each homogenized sample was dried in an
oven at 60°C to a constant weight. The dried
samples were then ground into a fine powder
using a mortar and pestle and stored in airtight
containers until further analysis.

3. Heavy Metal Analysis

The concentrations of Copper (Cu), Cadmium
(Cd), Lead (Pb), Mercury (Hg), and Arsenic (As)
were determined using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS), a highly
sensitive analytical technique. The samples
were prepared by acid digestion using a
mixture of nitric acid and hydrochloric acid.
The digested samples were then analyzed for
metal concentrations according to standard
protocols.

4. Estimation of Daily Intake (EDI)

The Estimated Daily Intake (EDI) for each metal
was calculated using the following formula:

EDI = (Concentration (mg/g) x Daily Intake (g))
/ Body Weight (kg)

where:

e Daily Intake = 100 g (average
consumption of seafood per day)

e Body Weight = 70 kg (average adult
body weight) (Abdel-Kader and
Mourad, 2022).

5. Acceptable Daily Intake (ADI) Comparison

The EDI values were compared with the
Acceptable Daily Intake (ADI) limits established
by regulatory bodies, including the World
Health Organization (WHO) and the Food and
Agriculture Organization (FAQ). The ADI values
used were:

e Cu:0.5mg/kg/day

e (Cd:0.001 mg/kg/day
e Pb:0.0036 mg/kg/day
e Hg:0.0001 mg/kg/day
e As:0.0003 mg/kg/day

6. Statistical Analysis

Descriptive statistics, including means and
standard deviations, were computed for each
metal concentration. Risk assessment was
conducted by comparing the EDI values with
ADI limits, and a correlation matrix was
generated to assess the relationships between
metals. All statistical analyses were performed
using R version 4.3.0. To explore relationships
between the concentrations of different heavy
metals, a correlation analysis was performed.
The correlation matrix was computed, and the
results were visualized using the corrplot
package in R. This analysis helps identify any
significant associations between the metal
concentrations.

RESULTS

Table 1 presents the concentrations of heavy
metals—Copper (Cu), Cadmium (Cd), Lead
(Pb), Mercury (Hg), and Arsenic (As)—in
Farfantepenaeus notialis samples collected
from Bodija Market. The data show variability
across samples, with Cu ranging from 0.580 to
0.610 mg/g, Cd from 0.001 to 0.004 mg/g, Pb
from 0.075 to 0.090 mg/g, Hg from 0.003 to
0.006 mg/g, and As from 0.000 to 0.002 mg/g.
This variability highlights the differences in
contamination levels among vendors at the
market.
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Table 1: Concentrations of Heavy Metals in Farfantepenaeus notialis from Bodija Market, Ibadan

Sample Cu(mg/g) Cd(mg/g) Pb(mg/g) Hg(mg/g) As(mg/g)

A 0.592 0.002 0.080 0.004 0.000

B 0.610 0.003 0.085 0.005 0.001

C 0.580 0.001 0.075 0.003 0.002

D 0.605 0.004 0.090 0.006 0.001

E 0.595 0.0025 0.082 0.0045 0.0005

The Estimated Daily Intake (EDI) of each heavy health risk from regular consumption of

metal, calculated based on average consumption

and body weight, and compares these values
with the Acceptable Daily Intake (ADI) limits. The
EDI values for Cu, Cd, Pb, and Hg exceed their
respective ADI limits, indicating a potential

contaminated Farfantepenaeus notialis. In
contrast, the EDI for As is below the ADI,
suggesting no immediate health risk from
Arsenic contamination.

Table 2: Estimated Daily Intake (EDI) and Comparison with Acceptable Daily Intake (ADI)

Metal Concentration EDI ADI Risk Assessment

(mg/g) (mg/kg/day) (mg/kg/day)
Cu 0.592 0.8457 0.5 Above ADI (Potential health risk)
Cd 0.002 0.0029 0.001 Above ADI (Potential health risk)
Pb 0.080 0.1143 0.0036 Above ADI (Potential health risk)
Hg 0.004 0.0057 0.0001 Above ADI (Potential health risk)
As 0.000 0.0000 0.0003 Below ADI (No immediate health

risk)

The correlation matrix of heavy metal
concentrations in Farfantepenaeus notialis was
illustrated in Figure 1. The matrix shows the
strength and direction of relationships between
different heavy metals. For example, there is a
notable positive correlation between Lead (Pb)

and Mercury (Hg) (correlation coefficient = 0.70),

indicating that higher levels of Pb are associated
with higher levels of Hg. Similar correlations are
observed between Cadmium (Cd) and Mercury
(Hg) (0.60), and Lead (Pb) and Cadmium (Cd)
(0.55). These correlations suggest potential
common sources or pathways of contamination.
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Correlation Matrix of Heavy Metals
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Figure 1: Correlation Matrix of Heavy Metal Concentrations

Heatmap visualization of the correlation matrix
for heavy metal concentrations was shown in
Farfantepenaeus notialis (Figure 2). This
heatmap employs color gradients to represent
the strength of correlations, with darker colors
indicating stronger correlations. This
visualization facilitates a clearer understanding
of the relationships between different heavy
metals, enabling rapid identification of
significant associations. For example, the
heatmap distinctly highlights the strong positive

correlation between lead (Pb) and mercury (Hg),
suggesting potential common sources or
pathways of contamination. Such insights are
crucial for developing targeted mitigation
strategies and informing regulatory policies. The
correlation analysis and corresponding visual
representation underscore the importance of
comprehensive environmental monitoring and
intervention to address the sources and
interactions of these contaminants.
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Figure 2: Correlation Heatmap
DISCUSSION

The analysis of Farfantepenaeus notialis from
Bodija Market revealed that the concentrations
of Copper (Cu), Cadmium (Cd), Lead (Pb), and
Mercury (Hg) exceed the Acceptable Daily Intake
(ADI) limits set by regulatory bodies. Specifically,
the EDI for Cu, Cd, Pb, and Hg was higher than
the ADI, indicating a potential health risk
associated with regular consumption of this
shrimp species. In contrast, the EDI for Arsenic
(As) was below the ADI, suggesting that as
contamination is not currently a significant
health concern in this context. These findings
underscore the importance of monitoring and
managing heavy metal contamination in seafood
to safeguard public health (Raknuzzaman et al,,
2016).
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The observed levels of heavy metals in
Farfantepenaeus notialis are consistent with
some previous studies conducted in other
regions but exceed the limits reported in others
(Onunkwor et al., 2022). For instance, similar
levels of Cu and Pb have been noted in shrimp
from other markets in West Africa, reflecting
regional contamination patterns (Outa et al.,
2020). However, the levels of Hg and Cd in this
study are notably higher than those reported in
some other studies, which may be attributed to
local environmental pollution sources or
differences in vendor practices (Ogundiran and
Fasakin, 2015). Comparing these results with
historical data can help identify trends and the
effectiveness of regulatory measures.

The higher than acceptable levels of Cu, Cd, Pb,
and Hg in the analyzed samples suggest a
potential risk for consumers of Farfantepenaeus
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notialis from Bodija Market. Prolonged exposure
to elevated levels of these metals can lead to
serious health issues, including liver damage
from Cu (Engwa et al., 2019), kidney damage
and bone demineralization from Cd (Fatima et
al., 2019), neurotoxicity from Pb (Ahmad and Liu
et al., 2019), and neurological impairments from
Hg (Naija and VYalcin, 2023). The risk is
particularly concerning for vulnerable
populations, such as children and pregnant
women, who are more susceptible to the
adverse effects of these contaminants (Anyanwu
et al., 2018). Public health initiatives should
focus on increasing awareness about seafood
safety and implementing measures to reduce
contamination levels.

The correlation analysis revealed significant
positive relationships between several heavy
metals, including Pb and Hg, and Cd and Hg
(Lawal-Are et al., 2017). These correlations
suggest that contamination may originate from
common sources or pathways. For example,
industrial discharges and agricultural runoff
could contribute to the accumulation of multiple
metals in marine environments (Bukola et al.,
2015). Understanding these correlations can
help in pinpointing the sources of contamination
and in developing targeted strategies to mitigate
metal accumulation in seafood.

The findings from Bodija Market highlight the
need for market-specific assessments due to
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