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Abstract

Oil exploitation in Nigeria most often than none leave on it trail of environmental degradation of varying quantum resulting
sometimes to unrest in oil producing communities of the Niger Delta. This study was an ex-post facto research that investigated the
content of heavy metals in Bateren and environs oil bearing communities for their suitability for the adoption of cage aquaculture
for food security. The study answered 6 research questions and tested a hypothesis. In achieving these, the water samples were
collected from research area bAteren, Tebu, Tisun, Ugbege and Nana wetlands were mapped into 5 sampling sites and water
samples were collected at the depth of 10cm with 125mL. plastic bottles from 5 spots and these were bulked and composites drawn
and fixed with HNO3 and stored in cooled flask for analysis. The analytical standard adopted was USEPA 72000 and the
instrument for determination does for the metal was Agilent ICP-MS model 7900. The results obtained were; Pb 0.06+0.01 mg/I,
Mn, 0.57+0.00 mg/l, Cr, 0.04+0.00 mg/I , V, 0.06+0.10 mg/l and Cd, 0.07+0.01 mg/I . the means of the heavy metals measure were
subjected to test of significance using SPSS model 29 and the p value was 0.042 thus rejecting HO. The study concluded that the
wetlands were polluted with heavy metals measured above WHO 2018 MPC for the metals investigated. This the wetlands will not
be suitable for cage aquaculture adoption as the produce will neither be suitable for human consumption nor be used as
concentrate (fish meal) for animal feeds. The produce will also not be exportable. The study recommends that oil companies
operating in Bateren and environs should adlpt world best practices in their operation. NESREA and NOSDRA should step up their
surveillance roles and the impacted ecosystem should be remediated to allow for cage aquaculture adoption for food security in
Nigeria.
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Introduction

A cardinal index of assessment of good governance is having
citizens that are food secured. Food security is having access to
affordable, nutritious and sufficient quantity of food (Allen, 2018,
Betrand, 2020, Thompson, 2021). It is the availability of food to all
classes, gender and state or religion (Beron, 2017, Adams, 2021,
Bedford, 2021). Food security when people at all time have
unhindered, economic and physical access to good quality and
quantity to food (Davidson, 2018, Tedwell, 2019), Jones, 2020).
Food security is when all people, at all times have physical and
economic access to sufficient safe and nutritious food that meets
their dietary needs and food preferences for an active and healthy
life (World Food Summit, 1996, Food and Agricultural
Organisation, 2020, Stephen, 2023). It is having access to very
good quality food desired at any time and at any quantity required
for a physical activities and well being (Paulson, 2018, Derrick,
2019). A country is food secured when every citizen has reliable
access to affordable, nutritious food at the desired quantity for
physical and social activities and for a healthy living (Joel, 2019,
Shedrack, 2019, Thomas, 2020). Achieving food security is
predicated on investment in sustainable agriculture through
researches, advisory service and funding (Paschal, 2019,
Samulson, 2020). Nigeria was an agrarian country with agriculture
accounting for 80 percent of gross domestic product (GDP) and 90
percent of foreign exchange earning (Nwankwo, 2016, Chukwuma,
2018, Adeboye, 2021, Olatunde, 2021). Agriculture was pushed to
the back burner with the emergence of petroleum in the 1970s
(Olawale, 2015, Hassan, 2017, Ojikutu, 2019). Oil account for 95
percent of Nigeria foreign exchange, 70 percent of Nigeria budget
revenue and 85 percent of the gross domestic product (National
Bureau of Statistics, 2023, Riwani, 2023, Oteriba, 2024). Oil
international market is susceptible to gluts shocks and recessions,
the last instances being 2016 and 2020 leading to high inflation and
food scarcity (NBS, 2021, Oteriba, 2022, Lawal, 2022). Nigeria
divestment to petroleum and neglect to agriculture is a major threat
to achieving food security and attain zero hunger status as
enshrined in United Nations Sustainable Development Goals in
2030 (Haruna, 2020, Tsav, 2022, Ochu, 2023). Food security can
only be achieved if Nigeria go back to its bases and reinvest in
agriculture (Okoroji, 2016, Etuk, 2018, Ogagaoghene, 2019).
Nigeria is enjoined to venture into aquaculture in crop production
into agriculture in crop production, livestock, poultry and
aquaculture (Ogwu et al., 2022, Ogwu et al., 2023, Sodje, 2021).
Agquaculture is fish farming (Ogwu et al., 2022). Aquaculture is a
very veritable means in youths and adult empowerment, wealth
creation and food security (Ojoko, 2020, Fashina, 2021, Ogwu et
al., 2023). Nigeria fish annual demand is 3.00 million metric
tonnes and the local production is 850,000 metric tonnes the gap is
bridged through importation (NBS, 2023, Ruwani, 2023, Abubaka
2023). Nigerians are enjoined to venture into adopting cage
aquaculture due to low initial investment capital outlay (Ogwu et
al., 2022, Ogwu et al 2023, Ogwu et al., 2024). Cage aquaculture is
the practice of building a cage and anchoring it in a natural water
(Jewel, 2018, Sampson, 2019, Ogwu et al., 2022) and adoption is
the process of accepting and implementing a new technology or
technique (Bello, 2015). A decision to make use of an innovation
(Simpson, 2016). Adpting cage aquaculture requires water analysis
for presence of toxicants to avoid bioaccumulation and
biomagnification (Atshana and Atshana, 2017, Osunkwo, 2018).
Possible toxicants in water include pesticides, microplastic,
polychlorinated  biphenyls  (PCBs)  polycyclic  aromatic

hydrocarbons (PAHSs), heavy metals (United State Environmental
Protection Agency, 2015, World health Organisation, 2018, Ogwu
et al., 2023). Heavy metals are group of metals and metalloids that
have high density and atomic weight and can be toxic at high
concentration (USEPa, 2015, WHO, 2018). Heavy metals cause
paired cognition, reproductive issues (nkolnonwu et al., 2020, Gont
et al., 2020, Rai et al.,, 2019), brain damage, renal failure
(upadhyay et al., 2022, Goswami & Baroliyu, 2023, Abedi et al.,
2023), liver damage, anemia (Alom et al., 2023, Yao et al., 2023,
Nighat et al., 2023, Ya et al., 2023, Nighat et a., 2016, Wang et al.,
2019), cancer disruption to the nevous system (li et al., 2022,
Rahman et al., 2021). Sources of heavy metals include industrial
process lines, power plants, natural process, crude oil; petroleum
(Benhorff, 2012, Marigo et al., 2022, Hossini et al., 2022). Sources
of petroleum in the wetland environment include spillages, pipeline
rupture, wellhead blowout, sabotage and vandalism equipment
failure (Ogwu et al., 2021, Yan et al., 2023, Desmarais & Costa,
2019, Chem & Lee, 2023, Zhang et al., 2020). A wetland is an area
of land that can havour water for three to six months in a year or al
the year round (Ogwu et al., 2022, Genchi, 2020, Zhang et al.,
2020).

Bateren, Tebu, Tisun, Ugbege and Nana are oil bearing wetland
settlements in Warri north local government Delta Nigeria. The
focus of this research is the assessment of the heavy metal content
in the wetlands in Bateren, Tebu, Tisun, Ugbege and Nana for it
suitability for cage aquaculture adoption for food security in
Nigeria. The heavy metals investigated were lead (Pb), manganese
(Mn), chromium (Cr), vanadium (V) and cadmium (Cd).

The study was guided by research questions as

i What are the contents of Pb, Mn, Cr, V and Cd in
the wetlands in Bateren and environs?
Are the contents of the heavy metals with the WHO
2018 permissible concentration (MPC)?
Can cage aquaculture be implemented in the
wetlands
Will the produce be fit for human consumption
Can the produce be used for ivestock feeds?
Can the produce be exported considering Codex
Allimentarius Commision 1963.

Hypothesis
The study was guided by a hypothesis as:

Ho: There is no significant difference bweteen the
concentration of the heavy emtals in the wetland water in
Bateren and and environs and WHO MPC for heavy
metals in wetland water.

Study Area
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Bateren, Tebu, Tisu, Ugbege and Nana are wetland settlements in
Warri North local government area, Delta state, Nigeria. They lie
within the coordinates of 5 31” north and 5 45° E in geographical
positioning. The inhabitants of bateren and environs are mainly
farmers and fishermen. Some are artisans while some other petty
traders, some are teachers and some work in dispensary with a very
insignificant few working in oil companies operating in the area as
janitors, messengers and security guards. The wetlands in Bateren
and environs are the recipients of wastes generated by oil
exploitation companies in the course of their operations.

Materials and Methods

Ethical statement

Water samples were collected from the wetlands. They are not life
so there were no consideration for being endangered or threatened,
S0 permit was not sought. However, permission were sought from
the heads of federating settlement before water samples were
collected.

Sample collection

The research was conducted between September 2024 and January
2025. Five (5) research assistance were enganged to help in
samples collection in each of the settlements. Each wetland was
mapped into 5 and water samples were collected with clean plastic
125mL samples bottles from 5 spots at 10cm depth adopting grab
sampling technique (Manaisi and Zacharidis, 2020). Samples from
each sample partition were bulked and composites drawn and fixed
with nitric acid and stored in ice cooled flasks for laboratory
analysis.

Analysis

The analysis of the wetlands water samples were carried out at
National Institute for Oceanography and Marine Research, Victoria
Island, Lagos. Water pollution laboratory by the Chief Laboratory
Technologist Dr. Uyimadu J. P. The samples were first filtered
using Lxm fibre filter membrane to expel the suspended solids.
Nitric acid (HNO3) were added again to increase the pH to 2 and
keep the temperature at 4 degree Celsius (4°C). the heavy metals
Pb, Mn, Cr, V and Cd were determined deploying Agilent
Inductively Coupled Plasma Spectroscopy System (ICP-MS)
model 7900. The validation of the accuracy of the determination
was carried out using Agilent reference standard material AFS
9620 and Al OMR 6200. The recovery rate was 98 percent.

Results

The results of the heavy metals content in the wetlands in Bateren
and environs were as in Figures 2-6 and the comparative mean of
the heavy metals in Figure 7.

The results of the heavy metals content in the wetlands of Bateren
were as in Figure 2.
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Figure 2: results of the heavy metals in the wetlands in Bateren and
WHO MPC for heavy metals in water in mg/I.
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The results of the heavy metals in the wetlands in Tebu were as in
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Figure 3: results of the heavy metals in the wetlands in Tebu and The results of the heavy metals in wetlands in Tisun were as in
WHO MPC for heavy metals in mg/I Figure 4.

Figure 4:
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Figure 4: results of the heavy metals in wetlands in Tisun and WHO 2018 MPC for wetlands water in mg/I

The results of the heavy metals in the wetland Ugbese were as in Table Figure 5.
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Figure 5: results of the heavy metals in the wetlands in Ugbege and WHO 2018 MPC for heavy metals in wetland water in mg/I
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The results of the heavy metals on the wetlands in Nana were as in Figure 6.
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Figure 6: results of the heavy metals in the wetlands in Nana and WHO 2018 MPC for heavy metals in wetland water in mg/I.

The comparative results of the heavy metals in the wetlands in Bateren and environs were as in Figure 7.
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Figure 7: results of the comparative means of the heavy metals in
Bateren and environs in mg/l.

The results of the mean of the heavy metals in Bateren, Tebu,
Tisun, Mgbege and Nana were subjected to test of significance
using analysis of variance (ANOVA) deploying special package
for social science SPSS model 29 and the p value was 0.042 thus
rejecting Hy.

Discussion of Findings

Environmental degradation resulting from activities of extractive
industries is replete in. The research of the analysis of the heavy
metals content of the wetland in Bateren and environs is an
affirmation of already existing facts. The analysis of the wetland

Mean ®mWHO MPC mg/kg

water in Bateren and environs showed varying concentrations of
the variables measured. The analysis of the wetlands water in
Bateren for the content of Pb revealed that the concentrations of
lead range from 0.05 mg/l in Nana to 0.06 mg/l in Bateren, Tebu,
Tisun and Ugbege with a mean of 0.06 mg/l. the WHO 2018 MPC
for Pb in water is 0.03 mg/l. this high content is anthropogenic.
This result is in agreement with the results in (Wilscheski &
Baxter, 2019, Li et al, 2019, Elgamail et al., 2019).
Epidemiological studies have revealed that Pb contamination
results in brain damage, behaviours problems (Rem et al., 2012,
Song et al., 2022), Cardiovascular problem, kidney damage
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The wetland water analysis of Bateren and environs for the
content of manganese showed the value of Mn to range from 0.56
mg/l in Bateren, Tisun and Ugbege to 0.59 mg/l in Tebu with a
group mean of 0.57 mg/l. this increased concentration of Mn is
human effect in the environment. This result is similar to the
reports in Bansort et al., 2017, Scaeteanu et al., 2021) but at
variance with the reports in (Pacanac et al., 2023). Human
prolonged exposure to Mn leads to brain damage including
manganim (Amer et al., 2019, Khan et al., 2015), muscular spasm
speech defects (Ercilla-Mantserrat et al., 2018, de-Oliveira et al.,
2017).

The analysis of wetlands in Bateren and environs for the
concentrations of Cr presented a concentration of 0.03 mg/l in
Tisun, Ugbege to 0.05 mg/l in Tebu with a mean of 0.04 mg/I. this
elevated concentration of Cr is a result input to the environment
resulting from oil activities. High content of Cr in oil producing
wetlands were in oil producing wetlands were in (Rosca et al.,
2021, Streen et al., 2016), human health complication arising from
prolonged exposure to Cr include asthma, eye irritation
(Niedvedeva et al., 2021, Ozbay et al., 2023, Dageilar & Gezar,
2021), damages eardrum, kidney damage, irritation of the
respiratory tract (Heghedus et al., 2023, Elkady & Abdel-Wahhab,
2018), cancer and skin lessions (Meshref et al., 2014, Benitez-
Rojas et al., 2023).

Analyzing the wetland waters in Bateren and environs for the
concentration of V revealed the contents of V to be between 0.66
mg/l in Bateren, Tebu, Tisun and Nana to 0.07 mg/l in Ugbege
with a group mean of 0.06 mg/l. the WHO 2018 MPC for V in
wetland dis 0.05 mg/l. this increased concentration is attributable
to oil exploitation activities in the wetlands similar results of high
content of V in wetlands. Subjected to oil activities was reported in
(Jaafazadeh et al., 2023, Ali et al., 2023, Ogwu et al., 2022).
Human health complication associated with prolonged exposure to
V include lung irritation, cough, phlegun (Dibello et al., 2020,
Barone et al., 2020), asthma attach, shortness of breath, chest
tightness (Hoha et al., 2014, Han et al., 2022), liver problem and
renal failure (Ogwu et al., 2021).

The analysis of wetlands in Bateren and environs for the
concentration of Cadmium showed that Cd content was 0.06 mg/I
in Bateren to 0.07 mg/l in Tebu, Tisun, Ugbege and Nana with a
group mean of 0.07 mg/l. the maximum permissible concentration
stipulated by WHO 2018 is 0.05 mg/l, this increased content of Cd
in the environments were as a result of oil activities in the
wetlands. A corroboration of this result was in (Salim et al., 2023,
Xia et al., 2021, Trindade et al., 2015, Bateota et al., 2015).
Literature revealed that exposure to Cd is responsible for lung
cancer, tetratogenic disorder (Luka & Akum, 2019, Oner et a.,
2021, Taghizadeh et al., 2020), DNA mutation, nervous disorder
(Yang et al., 2016, Wroniak & Rekas, 2017, Talebi-Ghane et al.,
2022, Ampem et al., 2022). Reduction of bone density especially in
children (Hag et al., 2022, Zhuravlev et al., 2015, Drosalki and
Anthemidis, 2022, Szyczewski et al., 2016).

Conclusion and Recommendation

The results showed that the concentrations of all the heavy metals
measured were above WHO 2018 MPC for heavy metals in
wetland water thus the wetlands are contaminated making the
adoption of cage aquaculture for food security unfeasible as the
produce will not be fit for human consumption, they will also not
be fit as concentrate for animal feeds neither will they be

exportable because of failure to meet Codex Alimentarius 1963
condition for produce export. Consequent upon the foregoing, the
study recommends that oil companies operating in Bateren and
environs be made to deploy world best practices in oil exploitation,
the environmental monitoring agencies, National Environmental
Standards Regulations and Enforcement Agency (NESREA) and
National Oil Spills Detection and Response Agency (NODRA)
should be made to live up to their mandate of policing spilages for
pristine wetland environment and the impacted ecosystem should
be remediated to allow for the adoption and implementation of
cage aquaculture for food security in Nigeria.
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