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ABSTRACT: Heavy metal pollution is a significant environmental concern in Nigeria, posing risks to ecological 

integrity and public health. This study aims to evaluate the existing policies and regulations addressing heavy metal 
pollution, assess their effectiveness, and propose recommendations for improvement. The analysis reveals that while 

Nigeria has established a robust legislative framework, challenges in implementation, enforcement, and funding 

persist. The impact of reducing heavy metal pollution is influenced by resource constraints, limited capacity, and the 
need for stronger collaboration between regulatory bodies and industries. Community involvement and education 

play a crucial role in managing heavy metal pollution, emphasizing the importance of awareness, sustainable 
practices, and local engagement. Remediation strategies, such as bioremediation and phytoremediation, offer 

potential solutions. However, gaps in knowledge and research exist, calling for long-term monitoring, ecological 

impact assessments, and comprehensive health risk assessments. To enhance the effectiveness of current policies, 
periodic reviews, increased funding, and community-based monitoring programs are recommended. By addressing 

these gaps and implementing the proposed recommendations, Nigeria can make significant strides towards 

mitigating heavy metal pollution and achieving environmental sustainability. 
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Heavy metals, a class of elements inherently dense and 

toxic, have become ubiquitous contaminants of grave 

concern within the global environmental landscape 

(Omonona et al., 2020). These elements, despite being 

naturally occurring, are often mobilized and 

concentrated by human activities such as industrial 

manufacturing, mining operations, and agricultural 

practices (Yap and Al-Mutairi, 2021). Consequently, 

heavy metal pollution poses a significant threat to 

ecological integrity and public health, with metals 

such as arsenic, cadmium, chromium, lead, and 

mercury being particularly notorious for their toxicity 

and propensity for bioaccumulation (Javanshir, 2012; 

Sarah and Raj, 2023). The global burden of heavy 

metal contamination is a reflection of the complex 

interplay between economic development and 

environmental stewardship. As nations strive for 

industrial growth, the inadvertent release of heavy 

metals into the environment has escalated, affecting 

water bodies, soils, and air quality (Proshad et al., 
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2018; Hu et al., 2019; Weissmannová et al., 2019). 

This escalating pollution has been associated with 

severe health outcomes, including neurological 

damage, renal dysfunction, and various forms of 

cancer (Kurucz et al., 2018; Ali et al., 2022). The 

environmental repercussions are equally dire, with 

heavy metals causing disruptions in aquatic 

ecosystems, soil degradation, and loss of biodiversity 

(Hu et al., 2019; Mantur et al., 2022; Sarah and Raj, 

2023).  In this context, Nigeria, Africa's most populous 

nation and one of its largest economies, presents a 

poignant case study in the struggle against heavy metal 

pollution (Wogu and Okaka, 2011; Lala et al., 2022; 

Obasi et al., 2023; Ushie et al., 2023; Usman, 2023). 

The country's substantial oil reserves and mineral 

wealth have fueled economic growth but have also led 

to significant environmental challenges (Anyanwu et 

al., 2018). The oil industry, in particular, has been a 

source of environmental concern, with oil spills and 

gas flaring contributing to the heavy metal load in the 

Niger Delta region (Ordinioha and Brisibe, 2013; 

Idowu, 2022). Additionally, artisanal gold mining in 

the northern part of the country has resulted in 

devastating lead poisoning incidents, underscoring the 

urgent need for effective management and remediation 

strategies (Olujimi et al., 2015; Johnbull et al., 2018). 

Given the gravity of the situation, this review aims to 

dissect the multifaceted issue of heavy metal 

contamination in Nigeria, providing an in-depth 

analysis of its sources, distribution, and environmental 

and health impacts. The objectives of this review are 

to evaluate the existing legislative framework 

governing environmental protection in Nigeria, assess 

the effectiveness of current remediation efforts, and 

propose recommendations for enhancing Nigeria's 

capacity to manage heavy metal pollution. By 

situating Nigeria's experience within the global 

context, this manuscript seeks to contribute to a more 

profound understanding of the scope of the problem 

and the collaborative efforts required to combat it. In 

the subsequent sections, we will delve into the 

specifics of Nigeria's heavy metal contamination, 

examining the regional variations in sources and 

impacts, the current state of knowledge on the health 

implications for affected populations, and the 

effectiveness of national and local policies in 

mitigating this environmental challenge. The review 

will culminate in a set of recommendations aimed at 

safeguarding the health of Nigeria's citizens and the 

integrity of its environment for future generations. 

 

MATERIALS AND METHODS 
This study utilizes a comprehensive literature review 

approach to evaluate the existing policies and 

regulations addressing heavy metal pollution in 

Nigeria. Relevant academic articles, government 

reports, and policy documents are reviewed to gather 

information on the legislative framework, its 

implementation, enforcement, and effectiveness. The 

analysis focuses on identifying gaps, challenges, and 

areas for improvement. Additionally, case studies and 

research on remediation strategies, community 

involvement, and education are examined to provide 

insights and recommendations. The findings from the 

literature review are synthesized to develop a 

comprehensive understanding of the current state of 

heavy metal pollution in Nigeria and propose 

actionable recommendations for addressing the issue.  

 

Sources of Heavy Metal Contamination 

Overview of natural and anthropogenic sources: 

Naturally occurring heavy metals in the environment 

arise from a complex interplay of geological processes 

and parent rock weathering. Lithogenesis, the 

formation of sedimentary rocks from pre-existing 

materials, plays a key role in releasing these elements 

through weathering processes (Lyu et al., 2019; 

Okonkwo and Okunlola, 2022; Zhou et al., 2022). 

This contributes to the background concentration of 

heavy metals in groundwater and soil, with elements 

like radium, arsenic, and others originating directly 

from geological parent materials (Kouamé et al., 2013; 

Prathima et al., 2021; Saha et al., 2022). Beyond 

lithogenesis, natural sources like volcanic eruptions, 

metal corrosion, atmospheric deposition, geochemical 

reactions, soil erosion, and sediment resuspension can 

further contribute to heavy metal distribution and 

abundance (Lu and Yuan, 2016; Guan et al., 2018; 

Yao et al., 2022). The presence of heavy metals in the 

environment is significantly influenced by 

anthropogenic activities, leading to contamination 

across various environmental components. Major 

sources of heavy metal contamination include 

industrial processes, mining, vehicle emissions, 

agricultural practices, wastewater discharge, and 

urban runoff (Stepanova et al., 2021; Shimod et al., 

2022). These activities result in the release of heavy 

metals into the environment, leading to contamination 

of soil, sediments, water, and biota (Younis et al., 

2018; Imlani et al., 2022). In addition, the deposition 

of metal mine tailings, improper disposal of high metal 

waste in landfills, use of leaded gasoline and lead-

based paints, application of fertilizers, animal manure, 

and biosolids to land, the presence of coal combustion 

residues, petrochemicals, and atmospheric deposition 

contribute to the presence of heavy metals in 

contaminated soils (Sardar et al., 2013; Younis et al., 

2018; Liu et al., 2019; Chernykh et al., 2021; Perumal 

et al., 2021; Shaginimol et al., 2022). Furthermore, 

industrial effluents, fuel production, mining and 

smelting operations, military activities, the use of 

agricultural chemicals, small-scale industries, brick 
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kilns, and coal combustion are identified as sources of 

anthropogenic heavy metal contamination (Ameh et 

al., 2020; Ameh and Ogbodo, 2020; Bryninger, 2020).  

 

Industrial contributions: oil spills, gas flaring, and 

manufacturing: Industrial activities play a major role 

in heavy metal contamination in Nigeria, particularly 

through the oil and gas sector. Oil spills, a frequent 

occurrence, release metals like lead, mercury, and 

cadmium into the environment (Nagajyoti et al., 2010; 

Egbon and Mgbame, 2020; Nuhu et al., 2021). Gas 

flaring, a longstanding issue with economic and 

environmental consequences, adds further to the 

problem by polluting air and soil with heavy metals 

(Hassan, 2020; Nkemdilim et al., 2021; Jonah and 

Francis, 2023). Beyond oil and gas, industrial 

processes like mining, smelting, and emissions 

contribute significantly to heavy metal pollution, as 

studies across various environmental matrices in 

Nigeria demonstrate (Ogundele et al., 2017; Zo et al., 

2018; Nachana’a Timothy, 2019).  Widespread 

contamination is evident in assessments of sediments, 

agricultural soils, and water bodies across the country. 

The presence of Cd, Cu, Pb, and Zn in heavily 

commuted areas points to combined automobile and 

industrial pollution (Akinnifesi et al., 2021). This 

concern extends to the Niger Delta, where oil 

exploration activities have significantly polluted water 

bodies and wetlands (Sojinu et al., 2010; Ebuete et al., 

2019). Sources of heavy metal pollution extend 

beyond industry and include pharmaceutical 

wastewater, traffic, agricultural chemicals, and 

automobile mechanic activities (Radaideh et al., 2017; 

Ahmad et al., 2021; Ajala et al., 2022; Kaur et al., 

2023). These activities, along with oil spills, pose 

ecological risks and health threats, particularly 

impacting agricultural soil and food safety 

(Abuduwaili et al., 2015; Wang et al., 2016; Wu et al., 

2018). Bioaccumulation of heavy metals in aquatic 

organisms like catfish further underscores the 

widespread environmental impact. The extent of 

contamination necessitates remediation and 

monitoring efforts (Leung et al., 2017; Vareda et al., 

2019). Assessments of sediments and soils in various 

regions highlight the urgency of this issue (Ratko et 

al., 2011; Wuana and Okieimen, 2011; Liu et al., 

2013; Ololade, 2014; Ihedioha et al., 2016; Proshad et 

al., 2018; Bu et al., 2020; Saha et al., 2022; 

Olumayowa et al., 2023). Implementing 

comprehensive solutions to address diverse sources of 

pollution remains crucial for safeguarding 

environmental health and human well-being in 

Nigeria. 

 

Mining activities: artisanal gold mining and its 

associated risks: The allure of gold draws millions to 

artisanal mining, but its environmental and human 

health consequences are undeniable. Studies have 

highlighted the impact of illegal artisanal gold mining 

on heavy metal exposure to water bodies, leading to 

pollution and potential health risks  (Olujimi et al., 

2015; Edogbo et al., 2020; Yahaya et al., 2023). River 

basins and mining landscapes bear the brunt of this 

contamination, with heavy metals leaching into 

waterways, disrupting ecosystems, and jeopardizing 

aquatic life (Ouma et al., 2022; Orosun et al., 2023). 

The pollution extends beyond water, with artisanal 

mining activities leaving behind a trail of 

contaminated soil and sediments, posing long-term 

environmental risks (Orisakwe et al., 2017; Adedeji et 

al., 2019; Fagbenro et al., 2021). Moreover, the 

structural instability of mine shafts due to artisanal 

mining poses a threat to both the environment and 

local communities (Mhlongo et al., 2019). Mine 

tailings, the waste products of artisanal mining, 

contribute significantly to greenhouse gas emissions 

and environmental degradation, further amplifying the 

industry's negative footprint  (Wilson et al., 2014; 

Munganyinka et al., 2022). Research into heavy metal 

concentrations around artisanal mining sites sheds 

light on the anthropogenic sources of this 

contamination, highlighting the specific metals 

involved and their potential risks (Sofia et al., 2017; 

Wireko-Gyebi et al., 2020; Munganyinka et al., 2022; 

Ouattara et al., 2022; Cartolin and Felix, 2023). 

Assessments of surface water quality in artisanal gold 

mining areas reveal the alarming impact of intensive 

mining activities on water quality and the subsequent 

ecological threats (Rakotondrabe et al., 2017; Sofia et 

al., 2017; N’goran et al., 2021; Timsina et al., 2022)  

 

Agricultural practices: use of pesticides and 

fertilizers: While macronutrient elements are required 

for plant development and performance, the 

importance of micronutrient elements such as cobalt, 

copper, iron, manganese, and zinc cannot be 

overstated (Hosamani et al., 2020; N’goran et al., 

2021; Yao et al., 2022). These nutrients are frequently 

deficient in various soils. As a result, such soils are 

supplemented with compounds containing these heavy 

metal nutrients (N’goran et al., 2021; Isworo and 

Oetari, 2022; Soinne et al., 2022). Heavy metals such 

as cadmium and lead are frequently employed in the 

manufacturing of macronutrient fertilizers to supply 

nutrients to the soil system (Chibueze et al., 2012; 

Parameswari et al., 2014). Heavy metals are present in 

many of the chemicals used in agriculture and 

associated activities. Examples include the Bordeaux 

Mixture for fungal management, lead arsenate for fruit 

parasite control, and copper, chromium, and arsenic 

compounds used in wood preservation (Maroulis et 

al., 2007; Chopra et al., 2009; Wuana and Okieimen, 
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2011). Modern agriculture, while boosting yields 

through pesticides and fertilizers, has emerged as a 

significant culprit in heavy metal contamination. 

Studies reveal these agrochemicals as key players, 

introducing heavy metals through impurities, spraying 

residues, and degradation products (Duke et al., 2018; 

Witkowska et al., 2021). Artificial fertilizers further 

exacerbate the issue through inherent impurities, 

processing contamination, and repeated application 

(Magyar et al., 2019; Bassouny and Abbas, 2020; 

Mng’ong’o et al., 2021). This accumulation unleashes 

a cascade of detrimental effects (Hubbs-Tait et al., 

2005; Jaishankar et al., 2014; Yan et al., 2020; Bawa-

Allah, 2023). Recognizing the severity, researchers 

and policymakers are actively seeking solutions. 

Sustainable agricultural practices offer a promising 

path, while remediation strategies like 

phytoremediation and soil amendments are explored 

to address existing contamination (Igiri et al., 2018; 

Ameh and Onuh, 2020; Yan et al., 2020; Inobeme et 

al., 2023). Stricter regulations on agrochemicals, 

coupled with effective monitoring programs, can 

further contribute to minimizing the problem at its 

source. By acknowledging this challenge and 

implementing comprehensive solutions, we can move 

towards a more sustainable and resilient agricultural 

system that safeguards both environmental health and 

crop quality. 

 

Biosolids and manures: The use of biosolids and 

manures in agricultural activities is a significant 

source of heavy metal contamination in Nigeria. The 

application of biosolids and manures, such as sewage 

sludge, cattle manure, and compost, can introduce 

heavy metals, including cadmium, copper, lead, and 

zinc, into agricultural soils, posing potential risks to 

soil quality, crop productivity, and human health 

(Richards et al., 2004; Baghaie et al., 2011; Sharma et 

al., 2017; Ali et al., 2021). Studies have shown that the 

use of biosolids and manures in agricultural practices 

can lead to the contamination of food crops with heavy 

metals, contributing to adverse health effects, such as 

cancer, among the Nigerian population (Wei et al., 

2010; Wuana and Okieimen, 2011; Onakpa et al., 

2018). Additionally, the mobility and availability of 

heavy metals in contaminated wetland soil remediated 

with biochar-compost and the leaching of heavy 

metals in sandy soil after the application of composts 

produced from various organic materials have been 

investigated, highlighting the potential risks 

associated with heavy metal contamination from 

biosolids and manures in agricultural soils (Adesodun 

and Mbagwu, 2008; Odoemelam and Ajunwa, 2008; 

Christian et al., 2021; Jacob et al., 2022). Furthermore, 

the evaluation of pig manure for environmental or 

agricultural applications through gasification and soil 

leaching experiments has demonstrated the potential 

for reducing heavy metal concentrations in leachates, 

indicating the importance of proper manure 

management to mitigate heavy metal pollution in soils 

(Vamvuka and Raftogianni, 2021). Additionally, the 

residual effects of long-term biosolids application on 

concentrations of heavy metals in soils have been 

studied, emphasizing the need to consider biosolids 

source and soil properties to manage heavy metal 

accumulation in agricultural soils (Codling et al., 

2021). Moreover, the application of biosolids for sod 

production has been shown to impact the 

import/export of heavy metals and soil mineral matter, 

highlighting the potential environmental implications 

of biosolids use in agricultural activities (Griffith et 

al., 2020).  

 

Wastewater: Wastewater in Nigeria serves as a 

significant source of heavy metals and contaminants, 

posing environmental and public health risks (Khan et 

al., 2008; Akpor et al., 2014). Studies have highlighted 

the presence of heavy metals, antibiotic-resistant 

bacteria, and pharmaceutical effluents in wastewater, 

emphasizing the need for effective treatment and 

management strategies to mitigate the impact of 

wastewater pollution (Bonvin et al., 2011; Nafarnda et 

al., 2012; Obayiuwana et al., 2018; Badejo et al., 

2021; Fork et al., 2021; Okoduwa et al., 2022; 

Masoner et al., 2023). The discharge of untreated 

wastewater into the aquatic ecosystem in Nigeria has 

been identified as a serious risk to public health, 

contributing to the widespread practice of discharging 

hospital wastewater, industrial effluents, and 

agricultural runoff into the environment without 

adequate treatment (Olatunji et al., 2014; Jenyo-Oni 

and Oladele, 2016; Ogbonna and Ajubo, 2017; Rabiu 

and Falodun, 2017; Osunmakinde et al., 2021; 

Chinakwe et al., 2022). This practice has led to the 

contamination of surface water and soil with heavy 

metals, pharmaceutical residues, and antibiotic-

resistant bacteria, posing risks to human health and the 

environment (Afolabi et al., 2023; Badamasi et al., 

2023; Okafor et al., 2023). Furthermore, the presence 

of heavy metals in wastewater has been associated 

with the contamination of agricultural soils and the 

potential accumulation of heavy metals in commonly 

consumed vegetables, raising concerns about food 

safety and human exposure to heavy metal 

contaminants (Habu and Usman, 2021; Samuel et al., 

2022). Additionally, the impact of wastewater on fruit 

quality attributes and heavy metal contents of mango 

cultivars has been studied, highlighting the potential 

effects of irrigation water from different sources on 

agricultural produce (Anjum et al., 2021). Moreover, 

the use of wastewater for irrigation and its impact on 

soil and water quality have been assessed, indicating 
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the potential risks associated with the use of 

contaminated wastewater in agricultural practices 

(Aliyu et al., 2017; Inyinbor et al., 2019; Habu and 

Usman, 2021; Samuel et al., 2022). The presence of 

heavy metals and contaminants in wastewater has also 

been linked to environmental pollution and the need 

for effective treatment strategies to remove heavy 

metals and contaminants from wastewater (Bonvin et 

al., 2011; Akpor et al., 2014; Igiri et al., 2018; Ziarati 

et al., 2020; Ahmad et al., 2021).  

 

Air borne sources: Air pollution in Nigeria stems from 

a wide range of sources, encompassing both natural 

and human-related factors (Marais et al., 2014). These 

include inefficient vehicles, inadequate road 

infrastructure, substantial emissions of non-methane 

volatile organic compounds (NMVOCs), gas flaring in 

the Niger Delta area, illicit oil refining, gas leaks, 

pipeline explosions, diesel-powered backup 

generators and plants, and the burning of kerosene and 

fuelwood (Marais et al., 2014; Marais and 

Wiedinmyer, 2016; Yakubu et al., 2017; Fuwape et 

al., 2020). Additionally, anthropogenic activities such 

as the application of fertilizer in agriculture, the use of 

pesticides and herbicides, and irrigation contribute to 

the release of harmful metals into the air (Onakpa et 

al., 2018). Furthermore, the Niger Delta region of 

Nigeria is known for air pollution due to the release of 

unpleasant odours, particles, and harmful gases into 

the environment (Richard et al., 2023). Additionally, 

the improper management of used lead-acid batteries 

and metallurgical activities contribute to the release of 

heavy metals into the air, impacting environmental 

quality (Ogundele et al., 2017; Ugya and Imam, 2018). 

Moreover, the contamination of air with heavy metals 

in agrarian soil samples in Nigeria has been linked to 

pesticide use and poor waste disposal systems (Afonne 

et al., 2022). The presence of trace metals in air-borne 

particulate matter in Nigerian megacities further 

underscores the diverse sources of air-borne metals in 

the country (Gc et al., 2017). The impact of heavy 

metal air pollution from local metallurgical activities 

on living organisms, such as albino rats, highlights the 

potential health effects of air-borne metals in Nigeria 

(Ugya and Imam, 2018). 

 

Environmental Impact of Heavy Metal 

Contamination 

Soil contamination and its effect on agricultural 

productivity: The environmental impact of heavy 

metal contamination in Nigeria is a critical concern, 

particularly concerning soil contamination and its 

effect on agricultural productivity (Ogbaran and 

Uguru, 2021; Audu et al., 2022; Obasi et al., 2023; 

Umeoguaju et al., 2023). The contamination of 

agricultural soils with heavy metals, often originating 

from anthropogenic activities, has been shown to have 

detrimental effects on soil quality (Wong et al., 2002; 

Okunola et al., 2007; Wuana and Okieimen, 2011; Wu 

et al., 2018; Adedeji et al., 2019; Yu et al., 2021). This 

leads to reduced agricultural productivity and potential 

health risks associated with consuming crops grown in 

contaminated soils. Furthermore, the bioaccumulation 

of heavy metals in food crops grown in contaminated 

soils further exacerbates the environmental and health 

implications of soil contamination (Opaluwa et al., 

2012; Bassey et al., 2014; Obiora et al., 2016; 

Emurotu and Onianwa, 2017; Ogbaran and Uguru, 

2021). This means that the heavy metals can 

accumulate in the crops, making them potentially 

harmful to human health when consumed. The impact 

of anthropogenic activities on soil contamination and 

associated environmental risks can be highlighted by 

assessing the pollution load indices of heavy metals in 

contaminated soil from small-scale cassava processing 

activities in rural communities (Izah et al., 2017). This 

emphasizes the role of human activities in contributing 

to soil contamination and the need for effective 

remediation strategies and regulatory measures. 

 

Water pollution and its consequences for aquatic life 

and ecosystems 

The environmental impact of heavy metal 

contamination in Nigeria's water sources is a 

significant concern due to the potential health 

implications for the population (Onakpa et al., 2018). 

Studies have shown that heavy metal accumulation in 

the environment and food crops are a prevalent issue, 

leading to environmental pollution and posing health 

risks to the people (Orisakwe et al., 2012; Onakpa et 

al., 2018; Hu et al., 2019; Nkwunonwo et al., 2020; 

Milam et al., 2022; Obasi et al., 2023). Furthermore, 

the consumption of beverages and fish from Nigeria's 

surface water has been associated with possible heavy 

metal-related diseases, highlighting the widespread 

nature of the issue (Izah and Angaye, 2016). This 

indicates that heavy metals present in surface water 

can enter the human body through food and beverages, 

potentially causing harm. The contamination of 

streams, rivers, and groundwater ecosystems with 

heavy metals remains a global environmental problem, 

with damaging effects on natural biological 

communities and wider ecosystem populations (Okolo 

et al., 2018; Astatkie et al., 2021; Bawa-Allah, 2023). 

This emphasizes the negative impact of heavy metal 

contamination on aquatic life and ecosystems. 

Moreover, the assessment of heavy metal 

concentrations in water sources around quarries and 

mine sites in Nigeria has revealed the degree of 

contamination due to mining and quarrying activities 

in the area, emphasizing the anthropogenic 

contribution to heavy metal pollution (Okolo et al., 
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2018; Alabi et al., 2019; Ochelebe et al., 2020). This 

highlights the role of human activities, particularly 

mining and quarrying, in introducing heavy metals 

into water sources. Additionally, the evaluation of 

physicochemical parameters and heavy metal levels in 

surface water has been conducted to determine the 

potability and pollution status of water sources in 

Nigeria, indicating the extent of heavy metal pollution 

in these areas (Aliyu et al., 2015; Ogbaran and Joseph-

Akwara, 2021; Okafor et al., 2023; Ubuoh et al., 2023) 

This assessment provides insights into the pollution 

levels and potential risks associated with heavy metal 

contamination in Nigeria's water sources. The impact 

of heavy metals on water resources in Nigeria is 

exacerbated by anthropogenic activities, leading to 

geogenic heavy metal contamination and posing 

health risks to the population (Anyanwu et al., 2018; 

Anyanwu and Nwachukwu, 2020). This highlights the 

need for effective measures to address heavy metal 

contamination and protect water resources and human 

health. Finally, the contamination of underground 

water sources in Nigeria has been assessed, revealing 

hazardous discharges of metals to other water sources 

in the area, further emphasizing the widespread nature 

of the issue (Nnabo, 2015). This indicates that heavy 

metal contamination can spread from underground 

water sources to other water sources, amplifying the 

environmental and health risks associated with it. 

Furthermore, the assessment of ecological and human 

health exposure risks to heavy metals in Oji River 

sediments in Enugu State, Nigeria, has revealed the 

influence of abattoir and power station activities on 

heavy metal input into the sediments (Ugochukwu et 

al., 2019). This highlights the specific sources of 

heavy metal contamination and their contribution to 

the overall environmental impact. These findings 

underscore the interconnectedness of heavy metal 

contamination across different environmental 

compartments.  

 

Air quality degradation and atmospheric deposition 

The environmental impact of heavy metal 

contamination in Nigeria extends beyond water 

sources to include air and soil. This is evident in the 

studies that have shown the serious public health 

problem of heavy metal contamination of 

environmental media around informal used lead-acid 

battery recycling centres in Nigeria (Oloruntoba et al., 

2022). Furthermore, the occurrence and impact of 

heavy metals on water, land, flora, and fauna resources 

across southwestern Nigeria have been documented, 

highlighting the significant contribution of rapid 

urbanization and industrialization to environmental 

pollution (Akinnifesi et al., 2021). These findings 

emphasize the wide-ranging effects of heavy metal 

contamination on various environmental components. 

Moreover, the pollution status of Akata Lake 

sediments in Katsina-Ala, Benue State, Nigeria, has 

been studied to assess the extent of heavy metal 

pollution in the area (G.G et al., 2021). This research 

underscores the environmental impact of heavy metal 

contamination, specifically in the sediments of Akata 

Lake. 

 

Distribution of Heavy Metals in the Nigerian 

Environment  
Heavy metals in groundwater: Several studies have 

investigated heavy metal contamination in 

groundwater in Nigeria. Oyeku and Eludoyin (2010) 

found elevated levels of Pd, Cu, Fe, and Co in 

groundwater samples from Ojota, Lagos state, posing 

risks to human and environmental health.  Grema et al. 

(2022) and  (Hamidu et al., 2021) investigated heavy 

metal pollution in groundwater in the Kaffe 

community alongside its environs and within 

industrial areas in Sokoto River Basin and Kano City, 

North-Western Nigeria respectively. Both studies 

found detectable levels of metals above drinking water 

limits. Adebayo et al. (2021) conducted a 

comprehensive assessment of groundwater 

contamination and health risks in the Ikire community, 

Osun State, Nigeria, highlighting the spatial 

distribution of heavy metals and associated health 

risks. Balogun-Adeleye et al. (2022) evaluated heavy 

metal concentrations in groundwater near a metal 

recycling industry in Ogun State, Nigeria, shedding 

light on the impacts of metal recycling on groundwater 

quality. Ajiboye et al. (2018) focused on mapping 

radon distribution in groundwater in southwest 

Nigeria and assessing the associated health risks from 

heavy metals in drinking water. Oyeku and Eludoyin 

(2010) measured heavy metal levels in groundwater 

from 20 sampling stations in Ojota, Lagos state, 

finding elevated levels of Pd, Cu, Fe, and Co, posing 

risks to human and environmental health. Denkok et 

al. (2021) studied heavy metals in water samples from 

Jos, Plateau state, identifying concentrations of Cd, 

Pd, Cr, Cu, and Zn in drinking water above WHO 

limits. Abubakar and Sirajo (2023) assessed heavy 

metal concentrations in hand-dug well and borehole 

water samples from Mubi South L.G.A, Adamawa 

State, finding concentrations exceeding WHO and 

SON limits, posing potential health risks. Mshelia and 

Bulama (2023) conducted a study on the concentration 

and comparison of heavy metals in groundwater in 

Kano Metropolis, Nigeria. The study found that 

concentrations of heavy metals such as cadmium, 

chromium, mercury, arsenic, lead, iron, zinc, copper, 

and manganese exceeded WHO and NSDWQ limits. 

Oyebode et al. (2023) investigated the impact of the 

Olusosun landfill on groundwater quality in Lagos 

State, Nigeria, finding certain metals, such as iron, 
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lead, manganese, and magnesium, present at 

concentrations higher than WHO, NESREA, and 

NSDWQ limits. Ahmed et al. (2023) assessed heavy 

metal contamination in groundwater sources in 

Hadejia Metropolis, Jigawa State, Nigeria, finding 

concentrations of chromium and iron exceeding the 

Nigerian Standard for Drinking Water Quality and 

WHO limits. Okafor et al. (2023) evaluated the levels 

of heavy metals in surface and groundwater in Ifite 

Ogwari, Southeastern Nigeria, finding some samples 

exceeding the maximum permitted levels for Ni, Cd, 

and Fe. Owamah et al. (2023) assessed the 

concentration and distribution of heavy metals in 

groundwater around automobile workshops in Ozoro, 

Nigeria, finding heavy metal levels higher than the 

reference point due to leachates from the workshops. 

Adejuwon and Odusote (2023) studied the 

physicochemical characteristics and heavy metals in 

groundwater at the Lafarge cement factory 

environment in Sagamu, Nigeria, finding elevated 

levels of phosphate, alkalinity, and salinity in some 

locations, exceeding standard limits.  Akakuru et al. 

(2023) analyzed groundwater quality and 

contamination in Osisioma, Nigeria, finding low to 

moderate pollution levels  of Cd, Fe, Pb, and As 

exceeding recommended standards which would 

negatively  impact on groundwater quality. 

 

Alao et al. (2023) evaluated groundwater vulnerability 

to open dumpsites and its potential environmental risk, 

finding high concentrations of heavy metals such as 

chromium, cadmium, lead, and iron in the 

groundwater near the dumpsite. Balogun et al. (2023) 

assessed the health risk associated with exposure to 

heavy metals in hand-dug wells in Gombe State, 

Nigeria, finding concentrations generally low and 

within regulatory standards, Ogwu et al. (2023); Ogwu 

et al. (2023). investigated heavy metal concentrations 

in the groundwater of Oshodi/Isolo/Ilasamaja 

industrial estate in Lagos Nigeria, finding elevated 

levels of heavy metals such as lead, chromium, 

cadmium, mercury, and arsenic concentrations 

exceeding WHO and USEPA limits. Sanga et al. 

(2023) investigated heavy metal pollution in leachates 

and its impact on groundwater quality around the 

Iringa municipal solid waste dumpsite, finding 

concentrations of heavy metals exceeding permissible 

limits. Ayejoto and Egbueri (2023) assessed the 

concentrations of heavy metals (Pb, Cd, Cu and Fe) in 

urban groundwater in Nnewi and Awka regions of 

Southeast Nigeria, finding levels exceeding 

permissible limits in all samples. 

 

Heavy Metals in Water: The studies conducted by 

Wogu and Okaka (2011), Odebunmi et al. (2014), 

Abubakar (2015), and Sankhla et al. (2016) 

collectively highlight the presence of heavy metal 

contamination in surface water in Nigeria. Wogu and 

Okaka (2011) observed high concentrations of iron 

(Fe) and low concentrations of lead (Pb) in the Warri 

River, attributed to effluent discharge from the Aladja 

Iron and Steel Industry. Similarly, Odebunmi et al. 

(2014) found elevated levels of lead (Pb), mercury 

(Hg), arsenic (As), and cadmium (Cd) in drinking 

water sources in Osun State, exceeding WHO-

permitted levels. In contrast, copper (Cu), iron (Fe), 

chromium (Cr), and zinc (Zn) were within the 

guidelines. Abubakar (2015). assessed heavy metal 

contamination in the Kakuri-Makera drainage and 

Long River Kaduna, where copper (Cu), zinc (Zn), and 

arsenic (As) were within WHO limits, while lead (Pb) 

exceeded tolerable levels. Moreover, Sankhla et al. 

(2016) emphasized the hazardous effects of heavy 

metals on human health, highlighting the presence of 

lead, cadmium, mercury, arsenic, selenium, iron, 

copper, manganese, and zinc in water sources. 

Adesiyan et al. (2018)  examined the concentrations 

and human health risks of heavy metals in selected 

rivers in Southwest Nigeria. The analysis revealed the 

presence of manganese, arsenic, chromium, cadmium, 

and lead in the rivers, exceeding recommended limits 

and indicating potential risks to human health. 

Moreover, Anifowose and Oyebode (2019) focused on 

the heavy metal contents of the Osun River, 

highlighting the need for proper waste management 

systems to prevent the discharge of untreated 

industrial waste and protect the health of the local 

population. Similarly, Atama et al. (2020) analyzed 

the heavy metal content of urban rivers in Enugu, 

revealing the presence of zinc, arsenic, mercury, and 

other heavy metals, emphasizing potential 

environmental and health implications. Additionally, 

Taiwo et al. (2020) examined the concentration of 

heavy metals in water, sediments, and fishery 

organisms from Yewa Lagoon, underscoring the 

importance of monitoring heavy metal contamination 

to protect aquatic organisms and human populations. 

Furthermore, Ahiamadu et al. (2021) characterized 

heavy metals in crude oil spill sites, highlighting the 

need for effective measures to mitigate contamination 

and protect water resources. Hammani et al. (2020) 

evaluated heavy metal contamination in surface and 

groundwater in Maiganga, Gombe State, Nigeria, 

shedding light on the levels of heavy metal 

contamination in farmland water. Similarly, 

Oladunjoye et al. (2021)) examined the accumulations 

of heavy metals in water and crab species from Ojo 

River in Lagos State, providing insights into the 

distribution of heavy metals in the river and their 

potential impact on aquatic organisms. Additionally, 

Akinnifesi et al. (2021) highlighted the occurrence and 

impact of heavy metals in surface water samples 



Addressing Heavy Metal Pollution in Nigeria…..                                                                                             1014 

OGBEIDE, O; HENRY, B. 

across Southwestern states in Nigeria, emphasizing the 

need for comprehensive monitoring, assessment, and 

remediation strategies. Moreover, Ubuoh et al. (2023) 

assessed the effect of anthropogenic activities on water 

chemistry and potential ecological risk in Nworie 

Inland River, revealing heavy metal contamination 

and emphasizing the need for further research and 

measures to mitigate the contamination and protect 

water quality. Anya and Odo (2023) examined the 

concentrations of heavy metals in the surface water of 

Cross River in Akpo Catchment Area, Ebonyi State, 

Nigeria. The study found temporal patterns of 

variation in heavy metal levels, with iron (Fe) being 

the most abundant metal. Other metals present 

included arsenic (As), lead (Pb), zinc (Zn), manganese 

(Mn), copper (Cu), and chromium (Cr). Some metal 

concentrations exceeded permissible limits for potable 

water, indicating pollution. Similarly, Ogwu et al. 

(2023) investigated the concentration of heavy metals 

in the groundwater of the Oshodi/Isolo/Ilasamaja 

industrial estate in Lagos, Nigeria. The study found 

elevated levels of heavy metals, including lead (Pb), 

chromium (Cr), cadmium (Cd), mercury (Hg), and 

arsenic (As), exceeding maximum permissible limits 

set by WHO and USEPA. Furthermore, Nde et al. 

(2023) assessed the heavy metal characteristics of 

Muokolu River in Eleme, Rivers State, Nigeria, 

revealing that concentrations of all metals analyzed 

exceeded WHO limits for drinking water, posing a risk 

to human health. Additionally, Olalekan et al. (2023) 

evaluated seasonal variations in surface water quality 

in the gold mining areas of Osun State, Nigeria, 

identifying heavy metal contamination, including lead, 

cadmium, chromium, mercury, and arsenic. These 

findings emphasize the need for regular monitoring, 

proper waste management, and continuous assessment 

to mitigate the health hazards associated with heavy 

metal contamination. Okey-Wokeh et al. (2023) in 

their study, assessed the anthropogenic impacts on the 

physicochemical and heavy metal concentrations of 

Ogbor Hill River in southern Nigeria. Water samples 

were collected monthly for eight months and analyzed 

for physicochemical parameters and heavy metals. 

The results showed that the concentrations of heavy 

metals such as cadmium (Cd), copper (Cu), chromium 

(Cr), iron (Fe), manganese (Mn), nickel (Ni), lead 

(Pb), and zinc (Zn) were elevated in the river water, 

indicating the negative impacts of anthropogenic 

activities on water quality. The study highlighted the 

need for water management strategies and the 

reduction of anthropogenic activities to protect the 

surface water from contamination by heavy metals. 

Adie et al. (2023) assessed the levels of heavy metals 

bioaccumulation in the surface water of Wasai 

Reservoir in Kano State, Nigeria. Significant 

differences in heavy metal concentrations were 

observed among different locations and months, with 

the highest concentrations of chromium, lead, and 

cadmium indicating contamination. This study 

emphasizes the need for effective measures to mitigate 

heavy metal contamination in surface water. Similarly, 

Agwu et al. (2023) evaluated heavy metal pollution in 

the catchment area of Ebonyi River in Nigeria. The 

concentrations of trace metals such as lead, cadmium, 

arsenic, copper, iron, nickel, mercury, and manganese 

exceeded acceptable limits for drinking water quality, 

highlighting the need for proper management practices 

to safeguard water bodies. Additionally, Nduka et al. 

(2023) assessed the contamination of surface water 

with heavy metals near a granite quarry site, revealing 

concentrations of lead, chromium, cadmium, and 

arsenic that exceeded WHO standards for potable 

water. This study emphasizes the potential health risks 

associated with consuming contaminated surface 

water. Furthermore, Smith (2009) emphasizes the 

importance of understanding metal levels and sources 

in surface water, highlighting the need for regular 

monitoring and assessment to ensure water quality and 

mitigate risks. Lastly, Chris et al. (2023) assessed 

heavy metal concentrations in surface water in the 

Opuroama creeks of the Niger Delta region, with lead 

exhibiting the highest concentration. The presence of 

heavy metals in surface water suggests potential 

ecological and human health risks associated with 

metal contamination. Aromolaran et al. (2023) 

investigated the environmental impacts of an unlined 

municipal solid waste landfill on groundwater and 

surface water quality, finding heavy metal 

contamination in surface water, including lead (Pb), 

cadmium (Cd), and copper (Cu). Ezekiel et al. (2023) 

assessed the pollution of surface water by agro-allied 

chemicals, identifying the presence of metals such as 

copper, calcium, zinc, chromium, and iron exceeding 

permissible limits, highlighting the need for measures 

to prevent and treat water pollution. Abulude et al. 

(2023) analyzed the physicochemical characteristics 

and contamination patterns of surface water samples, 

finding that the levels of heavy metals, including 

copper and iron, were below recommended limits. 

Adebanjo Jacob  Anifowose et al. (2023) measured 

heavy metals in the Osun River, identifying high 

concentrations of metals such as iron, copper, and 

chromium, exceeding drinking water standards. The 

study also highlighted the carcinogenic risks posed by 

chromium, arsenic, and nickel. These studies 

collectively underscore the importance of monitoring, 

managing, and mitigating heavy metal contamination 

in surface water to protect human health and the 

environment.  

 

Heavy Metals in Sediment in Nigeria: Several studies 

have been conducted on heavy metal contamination in 
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Nigerian water bodies and sediments, highlighting 

potential ecological risks and human health concerns. 

Enuneku et al. (2018) investigated heavy metal 

concentrations in the Benin River, Southern Nigeria, 

and found that most of these metals originated from 

anthropogenic sources. Adesiyan et al. (2018) focused 

on the distribution of heavy metals in surface 

sediments from streams and fishponds in Osun State, 

Nigeria, revealing elevated concentrations of heavy 

metals and potential ecological risks. Ekwuribe et al. 

(2016) examined heavy metal levels in sediments from 

Ahmadu Bello University Dam, observing 

concentrations below acceptable limits set by WHO. 

(Ibanga et al., 2019)) analyzed heavy metal 

concentrations in sediment from Woji creek and 

Bonny estuary in the Niger Delta, emphasizing 

potential ecological risks associated with elevated 

concentrations of heavy metals. Also, Okorondu et al. 

(2021) investigated heavy metal contamination in sea 

bed sediments of the Bight of Bonny, Nigeria's 

southern Atlantic coast, and indicated a moderately to 

extremely contaminated environment, particularly 

with cadmium. Audu et al. (2022) collected sediment 

samples from different locations in Niger state, 

Nigeria, finding decreasing concentrations of heavy 

metals and concentrations below sediment quality 

requirements. Nwazue et al. (2022) studied heavy 

metal dispersion in stream sediments in River 

Iyiudene, Abakaliki, Southeastern Nigeria, 

highlighting elevated concentrations of heavy metals 

and potential ecological risks. Kolawole et al. (2023) 

assessed heavy metal contamination and ecological 

risks in soils and sediments of an industrial area in 

Southwestern Nigeria, revealing elevated 

concentrations of heavy metals and potential risks 

associated with anthropogenic activities.Akpomrere 

and Uguru (2020) conducted two studies on heavy 

metal contamination in swamp sediments in illegal 

refinery sites in Isoko South, Delta State, Nigeria, 

emphasizing the potential environmental and health 

risks associated with heavy metal contamination. 

Jolaosho et al. (2023) conducted a comprehensive 

geochemical assessment study, revealing elevated 

levels of heavy metals in sediment samples from 

dredged and non-dredged sites in Nigeria, highlighting 

potential ecological risks. Olagbemide and Owolabi 

(2023) investigated metal accumulation in the 

sediment of three major dams in Ekiti State, Nigeria, 

indicating a lower degree of pollution. Jafiya and 

Maina (2023) assessed heavy metal pollution in soils 

and sediments from farmlands in Askira Uba, Nigeria, 

revealing contamination with cadmium and potential 

environmental risks. Ighariemu et al. (2023) studied 

heavy metal concentrations in marine sediment 

impacted by oil spills in the Nembe area of the Niger 

Delta, Nigeria, highlighting potential environmental 

risks. Chris et al. (2023) evaluated heavy metal 

concentrations in water, sediment, and shellfish in the 

Opuroama creeks of the Niger Delta region, 

emphasizing potential risks to the ecosystem and 

public health. Bulus et al. (2023) analyzed the 

chemical composition of bauxite and rutile ores, as 

well as the contaminated vicinity soil, sediment, and 

plants in Plateau State, Nigeria, highlighting potential 

environmental contamination caused by unregulated 

mining activities. Popoola et al. (2023) assessed 

pollution indices and ecological risk associated with 

major elements and trace metals in the marine 

sediment of the western Nigeria continental shelf, Gulf 

of Guinea, suggesting minimal to moderate ecological 

risk. Ibekwe (2023) studied heavy metal assessment in 

water and sediments of the Obodo Oilfield, Delta 

State, Nigeria, suggesting considerable pollution and 

degradation. Edward and Adamu (2023) investigated 

seasonal variability of heavy metals in water, fish, and 

sediments in Kiri Reservoir, Nigeria, observing the 

presence of heavy metals in sediment samples during 

both the dry and wet seasons. Olutona (2023) assessed 

pollution levels of heavy metals in the bed sediment of 

Asunle stream, Nigeria, revealing contamination with 

various heavy metals. Chukwumati (2023) studied 

heavy metal accumulation in sediment from a crude 

oil-polluted mangrove ecosystem in Okrika, Nigeria, 

highlighting the potential environmental and health 

risks associated with heavy metal contamination. 

Bawa-Allah (2023) conducted a meta-analysis on 

heavy metal pollution in Nigerian surface freshwaters 

and sediment, emphasizing significant pollution and 

associated risks. Kolawole et al. (2023) assessed the 

levels, distribution, and ecological risks of heavy 

metals in sediment around a used-automobile spare 

part market in Nigeria, revealing elevated 

concentrations of heavy metals and potential 

ecological risks. Sule et al. (2023) assessed the 

ecological and human health risks of heavy metals in 

sediment and demersal fish species in Western 

Offshore Nigeria, Gulf of Guinea, highlighting 

potential risks to the ecosystem and human health  

 

Heavy metals in Nigerian Soils: A comprehensive 

examination of heavy metal distribution in Nigerian 

soils has been conducted through various research 

studies, shedding light on the sources, concentrations, 

and potential ecological and human health risks 

associated with these contaminants. Okunola et al. 

(2007) conducted a comprehensive examination of 

soils along roads in Kaduna, Nigeria, determining 

mean concentrations of Zn, Mn, Pd, Cu, and Cd. They 

identified motor vehicles, petroleum waste, and 

industrial pollutants as likely sources. Ogunbanjo et al. 

(2016) contributed to the analysis of environmental 

and occupational hazards by conducting a study on the 
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chemical speciation of some heavy metals and human 

health risk assessment in the soil around two 

municipal dumpsites in Sagamu, Ogun State, Nigeria. 

Armaya'u et al. (2020) expanded the scope by 

assessing heavy metals in soil samples from Lambun 

Sarki irrigation sites in Katsina Metropolis, revealing 

elevated concentrations of Cr, Cd, Pb, Zn, and Cu. 

Their study compared these concentrations to World 

Health Organization/Nigerian Federal Environmental 

Protection Agency limits, uncovering potential 

ecological and human health risks. Olatunde et al. 

(2020) investigated the distribution and degree of 

contamination of heavy metals in soils around a major 

cement factory in Ibese, Ogun State, Nigeria. 

Analyzing 20 soil samples for heavy metals such as 

lead (Pb), cadmium (Cd), chromium (Cr), zinc (Zn), 

and copper (Cu), they found high levels, with Pb being 

the most abundant. The study also assessed the 

ecological risk of heavy metals in the soil, concluding 

that the contamination poses a significant risk to the 

environment and human health. Ojo et al. (2018) 

contributed to the understanding of heavy metal 

pollution by assessing soils from farms in the vicinity 

of the Durumi Quarry Site in Mpape, Abuja, Nigeria. 

The study focused on the seasonal concentrations of 

total and bioavailable heavy metals, along with the 

physicochemical properties of the soil in vegetable 

farms around the rock quarry. Yahaya et al. (2023) 

conducted a study to assess the risk posed by heavy 

metals in the soil around a cement company in Sokoto, 

Nigeria. Soil samples were collected at different 

distances from the company, and the levels of lead 

(Pb), cadmium (Cd), copper (Cu), and zinc (Zn) were 

analyzed. The results showed that all the soil samples 

contained permissible levels of heavy metals 

according to WHO standards. However, the average 

daily inhalation (ADI), average daily dermal exposure 

(ADDE), hazard quotient (HQ), health risk index 

(HRI), and carcinogenic risk (CR) of the heavy metals 

were above the permissible limits, indicating potential 

health risks. Chokor (2023) conducted a study to 

assess the potential ecological and human health risks 

associated with toxic phenols and heavy metals in 

farmland soils of Obio-Akpor LGA, Rivers State, 

Nigeria. Soil samples were collected from five 

different communities and analyzed for phenols and 

heavy metals. The results showed wide variations in 

the concentrations of phenols and metals in the soils. 

Overall, the study suggests that the farmland soils in 

the communities are slightly polluted with heavy 

metals. Alagoa et al. (2023) conducted a study in 

Toru-Ebeni, Bayelsa State, Nigeria, to investigate the 

presence of heavy metals in soils with cassava 

processing activities. Soil samples were collected from 

three sites, two with cassava processing activities and 

one control site without such activities. The samples 

were analyzed for heavy metals, and the results 

showed significant differences in copper, lead, nickel, 

and chromium concentrations between the control site 

and the processing sites. Ogbuene et al. (2023) 

conducted a study to investigate the occurrence of 

heavy metals in soil and selected edible plants in the 

vicinity of major lead-zinc mining sites in Ebonyi 

State, Nigeria. The concentrations of heavy metals in 

the soil exceeded the limit values in most instances, 

indicating contamination. Omeka and Igwe (2023) 

conducted a study to assess the concentration of heavy 

metals in soils and crop plants within the vicinity of 

abandoned mine sites in Nigeria. The researchers used 

an integrated approach, combining indexical and 

chemometric methods, to evaluate the toxicological 

processes controlling heavy metal uptake in plants, the 

suitability of crops for consumption, and the possible 

sources of heavy metals. The results showed that the 

concentration of heavy metals in both soil and cassava 

plants exceeded the required standards, with cadmium 

(Cd) posing the highest contamination level. 

Olumayowa et al. (2023) conducted a study to assess 

the levels of heavy metals in soils around the Oke-Ere 

mining area in Kogi State, Nigeria, and evaluate the 

associated health risks. The study found that the soils 

were highly polluted by Sc, moderately polluted by 

Sn, and non-polluted to slightly polluted by other 

metals. Enrichment factor analysis showed significant 

enrichment by Sc, while Cr, Pb, Co, Mo, and Sn were 

moderately enriched. The contamination factor 

indicated low contamination for most metals except 

Cu and Co. The pollution load index indicated that 

mining activities had deteriorated soil quality. metals 

in the area. Okosa et al. (2023) conducted a study to 

assess the ecological and health risks of heavy metals 

from waste sites in residential areas in Umuahia, 

Nigeria. They analyzed soil samples from two 

residential estates and found that the concentrations of 

heavy metals were higher in rural soils than in urban 

soils. The contamination factor indices indicated a low 

contamination scenario for most heavy metals, except 

for cadmium which showed a very high contamination 

status. Cadmium was also found to be the highest 

contributor to ecological risk. Adewale et al. (2023), 

conducted a study to assess the level of heavy metal 

residues in the soil and leaves of commonly consumed 

vegetables in Lagos State, Nigeria. The study found 

that the concentrations of heavy metals, including Fe, 

Pb, Cd, and Cu, varied across the different study 

locations. While most heavy metal concentrations 

were within safe levels set by WHO/FAO, elevated 

levels of Pb and Cd were found in vegetables from 

urban farms. Nduka et al. (2023) assessed the spatial 

distribution and health risks associated with heavy 

metals in roadside soil in Enugu, Nigeria. Soil samples 

were collected from three economic zones, namely the 
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industrial area, residential area, and commercial area. 

The results showed varying concentrations of heavy 

metals, including chromium, arsenic, nickel, copper, 

mercury, iron, lead, and manganese. The study 

identified traffic, industrial emissions, and natural 

sources as the main contributors to heavy metal 

contamination. In the study conducted by Orosun et al. 

(2023), the authors evaluated the causes, 

concentration, and associated health risks of heavy 

metals in soil samples collected from beryllium and 

gold mining fields in Nigeria. The samples were 

analyzed using Atomic Absorption 

Spectrophotometry, and the concentrations of various 

heavy metals including chromium, arsenic, iron, 

cadmium, nickel, manganese, magnesium, zinc, 

copper, and lead were determined. The study found 

that the mining activities contributed significantly to 

heavy metal pollution, posing potential risks to human 

health. In conclusion, these studies reveal a pressing 

need for proactive measures to address heavy metal 

contamination, safeguarding the environment, and 

mitigating potential health risks. The insights gleaned 

from these investigations underscore the importance 

of informed environmental management practices in 

the face of increasing industrialization and urban 

development in Nigeria. 

 

Heavy Metals in Food in Nigeria: Heavy metals in 

food pose a significant concern in Nigeria due to their 

potential health risks. These toxic elements, such as 

lead, cadmium, mercury, and arsenic, can contaminate 

food through various sources, including agricultural 

practices, industrial activities, and environmental 

pollution. Edogbo et al. (2020) conducted a risk 

assessment in the Challawa district of Kano State, 

Nigeria, to evaluate heavy metal pollution in soil, 

vegetables, and fish. The study found that heavy 

metals (Cd, Cr, Pb, Zn) were present in water, fish, 

soil, and various edible crops grown in waste water 

irrigated fields. The levels of Cd and Cr exceeded the 

permissible limits set by regulatory authorities in the 

Challawa area. In a study by Jacob and Kakulu 

(2012)in Kaduna Metropolis, heavy metal 

contamination in food crops was examined. The 

identified heavy metals were Pb, Cd, Cr, and Ni. The 

concentrations of Pb, Cd, and Cr in vegetables 

exceeded the maximum acceptable limits set by 

WHO/FAO in all zones. However, there was no 

significant contamination of Ni in the analyzed food 

crops. The study highlighted that certain areas of the 

city were more contaminated by specific metals than 

others due to human activities, posing a risk of Pb, Cd, 

and Cr contamination in food crops throughout the 

city. In the same vain, Orisakwe et al. (2012) 

conducted a study in South Eastern Nigeria to measure 

lead, cadmium, and nickel levels in food crops, fruits, 

and soil samples collected from Ohaji, Umuagwo, and 

Owerri. The study found that the amounts of Pb, Cd, 

and Ni in Ohaji exceeded the maximum permitted 

values for agricultural soil set by the EU. The 

concentrations of lead, cadmium, and nickel in food 

crops varied, with the highest levels observed in Oryza 

sativa, Glycine max, and Pentabacta microfila, 

respectively. Additionally, Canarium schweinfurthii, 

Citrus reticulata, and Ananas comosus had the highest 

amounts of Pb, Cd, and Ni in their fruits, respectively. 

The study implicated agricultural operations, 

including the use of pesticides and fertilizers, as 

contributing factors to increased hazardous metal 

pollution. Similarly, Ewere (2016) examined heavy 

metals in the African giant snail Archachatina 

marginata and its parasites from three settlements in 

Edo State: Ubgogui, Okogbo, and Ugo. Iron was the 

most abundant in both the snail and parasite acquired 

from these ecosystems. The mean concentrations of 

Ni, Fe, and Mn were all within acceptable ranges. 

However, the mean concentrations of Cu, Pb, Cd, and 

Co (0.02mg/kg) were above the WHO's maximum 

allowed levels. Snails infected with parasites 

accumulated higher concentrations of heavy metals 

than uninfected snails. The ingestion of these 

contaminated snails may pose a health risk to 

consumers. Furthermore, Joseph et al. (2019) 

conducted an assessment of heavy metal 

concentrations in the surrounding soils and crops of 

the West African Ceramic Industry in Nigeria. The 

research focused on investigating heavy metal 

contamination in soil and food crops, including maize, 

sweet potato, and spinach, around the vicinity of the 

industry in Kogi State, Nigeria. This study contributes 

to the understanding of heavy metal contamination in 

food crops and its potential impact on food safety and 

human health in the region. In their review of heavy 

metal contamination in food crops, Onakpa et al. 

(2018) addressed the global concern of heavy metal 

contamination in food crops, highlighting the potential 

risks of toxicity and diseases in humans and animals 

through the consumption of contaminated soils and 

food crops. The review provided valuable insights into 

the agricultural and environmental aspects of heavy 

metal contamination in food crops, contributing to the 

understanding of this critical issue in Nigeria. The 

study by Felagha and Ogbolosingha (2018) provides 

an assessment of heavy metals concentration in 

selected foods sold in markets within Port-Harcourt 

city, Nigeria. This research contributes to the 

understanding of heavy metal contamination in food 

items available in local markets, addressing potential 

health risks associated with the consumption of 

contaminated foods. Ojezele et al. (2021) also reported 

heavy metal content in commonly consumed canned 

foods in South-west Nigeria. The research quantifies 
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the levels of Ni, Cr, Cu, Pb, and Al in various canned 

food products, highlighting the potential risks of heavy 

metal exposure and toxicity associated with the 

consumption of these products. The study's findings, 

particularly the presence of lead (Pb) above the 

recommended limit, underscore the importance of 

caution during production and the need for awareness 

regarding the potential accumulation of heavy metals 

from canned food consumption, emphasizing the 

implications for public health and food safety in 

Nigeria. Similarly, Adowei et al. (2020) also 

conducted a study on the concentrations and human 

health risk assessment of Cd, Co, Cr, Ni, and Pb in 

white granulated garri, a widely consumed foodstuff 

in Nigeria. The study established the concentrations of 

heavy metals in commercial white granulated garri 

sold in major markets in Port Harcourt, Nigeria, using 

Inductively Coupled Plasma-Mass Spectrometry 

(ICP-MS) after microwave-assisted acid digestion. 

Also, Elemo et al. (2021) in their study on heavy 

metals in food crops, determined heavy metal leaching 

in foods cooked with stainless-steel pots and locally-

made alloy pots, comparing the leached heavy metals 

in food samples cooked with the two commonly used 

pots in Nigeria. This research provides valuable 

insights into the potential bioaccumulation of heavy 

metals, particularly zinc and chromium, in foods 

cooked using different types of pots, addressing the 

safeness of these cooking utensils and their potential 

impact on food safety in Nigeria. The study by 

Onyedikachi et al. (2019) directly addresses the issue 

of heavy metal contamination in Ishiagu, Nigeria, by 

evaluating the human health risk associated with 

heavy metals in commonly consumed food crops 

grown in the area. The research sheds light on the 

bioaccumulation and hazard quotient of heavy metals 

in agricultural produce, emphasizing the potential 

threat to the food chain and the need for quality control 

measures to safeguard consumers from contamination. 

In their study,  Bawa (2023) reported significant 

concentrations of heavy metals,), in pesticides, food 

crops, and soils in Paki, Nigeria. The study found that 

all tested food crops contained high levels of heavy 

metals, particularly cadmium and lead, exceeding 

acceptable limits. The soil in pesticide-fumigated 

crops also showed elevated levels of heavy metals. 

Children were found to be at potential non-cancer 

health risks from consuming certain  The study by 

Obasi et al. (2023), assessed the health risks associated 

with consuming food crops grown in the Ishiagu 

mining area, where mining activities have increased 

the concentration of heavy metals in the soil. Samples 

of leaves and tubers from various crops were collected 

and analyzed for heavy metals. The results showed 

that Hg, Cd, and Pb were the most potent 

contaminants, with higher concentrations in tubers and 

higher frequencies in leaves. Children were found to 

be more vulnerable to the associated health risks. The 

study highlights the diverse degrees of health risks 

posed by consuming these crops due to the presence of 

Hg, Cd, and Pb. 

 

Heavy metal in the Atmosphere: Ojiodu et al (2018) 

analyzed heavy metal levels in the atmosphere using 

moss plants at Yaba College of Technology in Lagos. 

Zn was the most abundant metal, while Ni was the 

least abundant. Cd was found near staff quarters and 

attributed to burning fossil fuels, metal smelting, and 

old paint chips. High levels of Zn, Pb, and Cu were 

attributed to vehicular operations, generator 

emissions, paint chipping, cosmetic usage, and metal 

disposal. Cr and Ni had low levels, possibly due to 

limited plant capacity for selective accumulation. 

Heavy metals have been detected in the atmosphere, 

according to studies. Ayua et al. (2020), measured the 

concentrations of eight heavy metals (Ni, Co, Cu, Pb, 

Cd, Cr, Mn, and Zn) in air samples taken from three 

industrial locations in Northern Nigeria: Kano, 

Kaduna, and Jos. The data was gathered between 

September 2018 and August 2019. Except for Ni, Pb, 

and Cd concentrations that exceeded the WHO/EU 

established limit with toxicity potential >1 in the 

Terytex industry, Kano, and Grand Cereals, Jos., the 

concentrations of the heavy metals investigated were 

determined to be within WHO/EU set guidelines. 

Similarly, Uzoekwe et al. (2021), in their study, 

assessed the environmental and human health hazards 

linked to heavy metals in atmospheric particulate 

matter (PM10) near a gas flaring facility in Bayelsa 

State, Nigeria. It was observed that the levels of heavy 

metals in the air were predominantly low, and the 

associated human health risk, including both 

carcinogenic and non-carcinogenic effects, fell within 

acceptable thresholds for various demographic groups.  

 

The research carried out by Ogundele et al. (2017) in 

Ile-Ife, Nigeria, aimed to evaluate the occurrence of 

heavy metals in industrially emitted particulate matter 

and its potential implications for public health and the 

environment. The study area, known for its distinct dry 

and wet seasons, hosts an iron and steel scrap smelter. 

The study's findings demonstrated the presence of 

diverse heavy metals in the collected particulate 

matter, signifying potential environmental and health 

risks. This research underscored the importance of 

assessing heavy metal pollution in industrially emitted 

particulate matter, particularly in areas with industrial 

operations. The research conducted by Milam et al. 

(2022) in Barkin Ladi, Plateau State, Nigeria, 

identified elevated levels of heavy metals, such as 

arsenic, cadmium, chromium, copper, iron, 

manganese, nickel, lead, and zinc, in the edible parts 
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of vegetables grown near abandoned mines. The risk 

assessment indicated that children face a heightened 

risk of developing cancer and non-carcinogenic health 

issues due to the consumption of contaminated 

vegetables. These findings underscore the critical 

necessity for implementing remediation and risk 

management measures to address the health hazards 

linked to heavy metal contamination in food crops. 

Uzoekwe et al. (2021) investigated heavy metals in 

particulate matter (PM10) suspended in the air around 

a gas flaring facility in Bayelsa state. Cobalt, arsenic, 

chromium, cadmium, copper, and iron were detected, 

with some concentrations exceeding safety limits. The 

study concluded that gas production and flaring did 

not significantly contribute to atmospheric metal 

loads. Anake et al. (2017): Determined PM2.5-bound 

trace metals in an industrial estate in Ogun state. The 

study reported inhalation exposure to cancer risks 

above acceptable levels, indicating a significant 

contribution of industrial activities to suspended metal 

levels in the air. Copper and chromium were found to 

be in an exchangeable form, posing risks if inhaled. 

Similarly, reports by Ogundele et al. (2017), 

investigated heavy metals (Pb, Mn, Cd, Zn, Cr, As, Ni, 

Cu, and Fe) in air particulate matter around iron and 

smelting companies in Ile-Ife, Osun state. 

Concentrations of cadmium, lead, manganese, and 

nickel exceeded safety limits, indicating pollution and 

potential health risks. In Port Harcourt, a city with oil 

refineries, Kalagbor et al. (2019) determined heavy 

metals in soot samples collected from residential 

areas. Concentrations of all metals exceeded limits set 

by the WHO, with high levels of cadmium and lead 

posing potential cancer risks, especially for children. 

Mafuyai et al. (2014) also Investigated heavy metals 

(Pb, Mn, Cd, Zn, Cr, Ni, Cu, and Fe) in respirable dust 

from seven locations in Jos metropolis, Plateau state. 

Concentrations of cadmium, nickel, and manganese 

greatly exceeded WHO-recommended limits, 

indicating vehicular traffic and waste incineration as 

sources. Further studies by Ayua et al. (2020) reported 

heavy metals in resp irable dust and particulate matter 

around industrial sites in Kano, Kaduna, and Jos. They 

reported concentrations of cadmium, nickel, and lead 

that exceeded WHO standards in some areas, 

implicating industrial activities as a significant 

contributor to air pollution. Richard et al. (2023) 

investigate air pollution in the Niger Delta region of 

Nigeria, focusing on sources, health effects, and 

mitigation strategies. The study identifies waste 

dumps, gas flaring, and food processing units as major 

sources of pollutants, including ammonia, hydrogen 

sulfide, carbon monoxide, sulfur dioxide, nitrogen 

dioxide, volatile organic compounds, and particulates. 

These pollutants often exceed recommended limits, 

leading to respiratory irritation, coughing, and organ 

dysfunctions. More studies by Okudo et al. (2023) 

focused on the concentrations of heavy metals in dry 

deposition samples collected from various locations in 

Enugu Urban, Nigeria. The findings revealed that the 

atmosphere in Enugu Urban is consistently being 

contaminated with toxic metals, posing a significant 

ecological risk. Among the metals analyzed, zinc, 

manganese, and copper exhibited the highest mean 

concentrations. The potential ecological risk indexes 

indicated elevated levels of contamination. Similarly, 

Aweda et al. (2023) conducted a study on the heavy 

metal concentration in Harmattan dust across selected 

stations in Nigeria. Using particle-induced x-ray 

emission (PIXE) technology, the researchers analyzed 

the elemental composition of the dust samples 

collected. The study revealed the presence of eighteen 

elements, including both heavy metals (Ti, Cr, Mn, Fe, 

Cu, Zn, and Zr) and non-heavy metals (Na, Mg, Al, Si, 

Cl, K, Ca, Rb, and Sr). The concentrations of these 

elements varied across the different locations, with Jos 

exhibiting the highest levels. The findings highlight 

the need for further research to address the 

environmental concerns associated with heavy metal 

contamination in Harmattan dust.  

 

Abdulraheem et al. (2022) conducted a study to assess 

the contamination levels of heavy metals (HMs) in 

indoor dusts of different residential areas in Ilorin, 

Nigeria and evaluate the associated health risks. The 

study found that the mean concentrations of Fe, Pb, 

Zn, As, Co, Cr, Cu, Cd, Mn, and Ni in the indoor dust 

samples were within the range of 0.08-38.99 mg/kg. 

The positive Matrix Factorization (PMF) model 

identified six potential sources of HMs, with oil-based 

cooking and transportation contributing the highest 

percentage. The study also revealed that children are 

more susceptible to the health risks associated with 

HMs in indoor dust compared to adults. The 

contamination level of Cd was of particular concern, 

indicating a strong contribution from anthropogenic 

sources. Ushie et al. (2023), also assessed the levels of 

metals in ceiling fan dust in a tertiary institution in 

Calabar, Nigeria. Dust samples were collected from 

five lecture halls and analyzed for heavy metals. 

Results showed that most heavy metals were below 

contamination thresholds, indicating non-pollution. 

However, cadmium (Cd) exhibited high pollution 

levels. Regular cleaning of ceiling fans and awareness 

campaigns on the health risks associated with ceiling 

fan dust are recommended. 

 

Public Health Implications 
Exposure pathways for the Nigerian population: 

Elevated concentrations of heavy metals have been 

found in various environmental sources in Nigeria, 

including water, sediments, soil, vegetables, seafood, 
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and others (Orisakwe et al., 2012)).  Understanding the 

exposure pathways is crucial to mitigate risks and 

ensure the safety of water sources, food, and the 

environment. Exposure to heavy metals in the 

Nigerian population occurs through various pathways, 

including ingestion, inhalation, and dermal contact 

(Anyanwu et al., 2018; Ohiagu et al., 2022). Water and 

sediments are major sources of heavy metal exposure. 

Laniyan and Adewumi (2023) assessed the ecological 

and human health risks associated with potentially 

toxic metals in water, identifying oral ingestion and 

dermal contact as the major exposure pathways. 

Similarly, Jolaosho et al. (2023) highlighted that 

heavy metals in water and sediments can be ingested, 

come into contact with the skin, or be inhaled. Hand-

dug wells are another significant exposure pathway for 

heavy metals according to Balogun et al. (2023) who 

reported the exposure pathways and potential health 

risks associated with heavy metal contamination in 

hand-dug wells. Their findings emphasized that 

ingestion and dermal contact are significant pathways 

for heavy metal exposure from these wells. Chris et al. 

(2023) evaluated heavy metal contamination in water, 

sediment, and shellfish, highlighting ingestion and 

dermal contact as the main exposure pathways. 

Similar studies on groundwater are reported by Okafor 

et al. (2023) who evaluated heavy metal levels, 

emphasizing exposure pathways through ingestion and 

dermal contact for humans. Additionally, Ogarekpe et 

al. (2023) assessed the groundwater quality and 

potential health risks associated with heavy metal 

exposure, highlighting exposure pathways through 

ingestion and dermal contact.  In the same vain, Ubong 

et al. (2023) reported the accumulation of heavy 

metals in seafood, particularly crabs, and emphasized 

the exposure pathway through the consumption of 

contaminated seafood. Felagha et al. (2020) also 

evaluated the health risk assessment of heavy metals 

in molluscs, indicating ingestion as the primary 

exposure route for individuals consuming products 

from polluted environments. Usman and Modibbo 

(2020) conducted a health risk assessment on edible 

crops and fish, highlighting ingestion as the main 

exposure route and indicating health risks above 

acceptable levels. The consumption of contaminated 

vegetables can contribute to heavy metal exposure. 

Yaradua et al. (2023) highlighted the exposure 

pathway through the consumption of contaminated 

vegetables. Soil contamination is an important 

exposure pathway for heavy metals. Olumayowa et al. 

(2023) assessed heavy metal levels in soils, 

emphasizing inhalation, ingestion, and dermal contact 

with contaminated soil. Similarly, Omang et al. (2023) 

identified dermal contact as a significant exposure 

pathway for local artisanal miners working with 

potentially toxic elements in soil. Indoor dust can 

contain heavy metals, leading to exposure through 

ingestion, dermal contact, and inhalation. Ajayi et al. 

(2023) investigated heavy metal presence in indoor 

dust samples, focusing on these exposure pathways. In 

summary, understanding the exposure pathways for 

heavy metal contamination in Nigeria is crucial for 

assessing the potential risks to the population. The 

pathways include ingestion, dermal contact, and 

inhalation through various sources such as water, 

sediments, hand dug wells, shellfish, soil, vegetables, 

indoor dust, and groundwater. Further research is 

needed to explore these exposure pathways in more 

detail and develop effective mitigation strategies to 

protect public health. 

 

Toxicity of Heavy Metals: The toxicity of heavy metals 

refers to their ability to cause harmful effects on living 

organisms when they accumulate in the body beyond 

certain safe levels (Babula et al., 2009; Ali et al., 

2019). Heavy metals such as lead, mercury, cadmium, 

arsenic, and chromium are known to be toxic to 

humans and can have detrimental effects on various 

organs and systems (Ungureanu and Mustățea, 2022). 

When heavy metals are not metabolized by the body 

and accumulate in soft tissues, they can become 

poisonous (Sobha et al., 2007).  The toxicity of heavy 

metals is a multifaceted issue influenced by various 

factors such as exposure routes, chemical species, 

bioavailability, the specific metal, the duration and 

level of exposure, and individual susceptibility  (Ali et 

al., 2019; Jibrin et al., 2022). Athar et al. (2018) 

highlighted that the toxicity of heavy metals is 

dependent on factors such as exposure routes, age, 

gender, chemical species, nutritional status, and 

genetics of the affected individuals. Furthermore, 

Singh and Pant (2023) indicated that the toxicity of 

heavy metal ions is dose-dependent, and the 

bioavailability of heavy metals provides important 

evidence of metal toxicity. Symptoms of toxicity vary 

in different heavy metals, but there are general 

manifestations associated with certain metals. Once 

inside the body, heavy metals can interfere with 

essential biological processes. They can disrupt 

enzyme activity, damage DNA, generate reactive 

oxygen species (ROS), and cause oxidative stress 

(Sharma and Dietz, 2006; Athar et al., 2018; Sudo et 

al., 2019). These mechanisms can lead to a wide range 

of adverse health effects, including neurological 

disorders, kidney damage, respiratory issues, 

cardiovascular problems, reproductive and 

developmental abnormalities, and even cancer 

(Ouziad et al., 2005; Orr et al., 2018) . Certain heavy 

metals, such as lead and mercury, are particularly 

harmful to the developing brains of infants and young 

children, leading to cognitive and behavioral 

impairments (Athar et al., 2018). Prolonged exposure 
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to high levels of heavy metals can have chronic effects, 

while acute exposure to extremely high concentrations 

can cause severe poisoning and potentially be fatal. 

Due to their persistence in the environment and their 

ability to bioaccumulate in the food chain, heavy 

metals pose a significant risk to human health.   

 

Although individual metals have different toxicity 

symptoms, the general symptoms of cadmium, lead, 

arsenic, mercury, zinc, copper, and aluminium 

poisoning include gastrointestinal disorders, 

diarrhoea, stomatitis, tremor, hemoglobinuria, ataxia, 

paralysis, and vomiting, as well as convulsion, 

depression, and pneumonia when vapours and fumes 

are inhaled (Jaishankar et al., 2014). Lead ingestion or 

inhalation can harm children's brains, kidneys, bone 

marrow, and other systems. Blood lead levels as low 

as 5g/dL in babies and children have been linked to 

developmental difficulties such as decreased cognitive 

function, behavioural abnormalities, impaired hearing, 

and stunted growth (Ihedioha et al., 2016), while 

levels exceeding 75g/dL cause unconsciousness, 

convulsions, and even death. Cadmium is a possible 

neurotoxicant, according to studies on pre- and 

postnatal cadmium exposure on cognitive quotient 

impairments (Davey, 2007). Developmental exposure 

in experimental animals suggests that operant 

performance and conditioned avoidance are also 

harmed. Hubbs-Tait and colleagues, 2005 Cadmium 

appear to pass the placental barrier and accumulate in 

the developing foetus, causing neurological diseases 

(CDC, 2008). Nickel is a trace element that is required 

in animals and is frequently linked to chronic 

bronchitis, emphysema, reduced pulmonary function, 

and fibrosis (Figueroa et al., 2006). Copper and 

chromium are necessary metals, however excessive 

use is hazardous (Nkwunonwo et al., 2020). While 

copper is a component of iron processing enzymes 

whose lack causes anaemia, chromium aids in blood 

glucose regulation and is commonly utilised in 

diabetic treatments (Onakpa et al., 2018). Excessive 

copper and chromium toxicity occurs in both acute and 

chronic forms. Acute copper intoxication causes 

nausea, vomiting, jaundice, liver necrosis, renal 

proximal tubule destruction, and anaemia((Naz et al., 

2020). Wilson's illness is a kind of chronic copper 

poisoning in humans that manifests as mental changes, 

motor abnormalities, dysphagia, ataxia, hemolytic 

anaemia, renal dysfunction, kidney stones, and hepatic 

failure (Bradberry and Vale, 2014). Chromium 

poisoning is often caused by physical contact with 

contaminated dust or soil, which results in allergic 

dermatitis characterized by eczema (Teklay, 2016). 

Health risks associated with specific heavy metals: 

Exposure to heavy metals poses significant health 

risks to individuals, with potential adverse effects on 

various organ systems and overall well-being 

(Rahman and Singh, 2019; Zulaikhah et al., 2020). 

Heavy metals, such as lead, cadmium, mercury, 

arsenic, and chromium, are naturally occurring 

elements that can be found in the environment, but 

human activities have contributed to their widespread 

presence (Álvarez-Solorza et al., 2022; Zahra et al., 

2022). These toxic substances can enter the body 

through various routes, including inhalation, 

ingestion, and dermal contact. Once absorbed, heavy 

metals can accumulate in tissues and organs, leading 

to chronic toxicity and a range of health issues, 

including neurological disorders, cardiovascular 

diseases, kidney damage, respiratory problems, and 

even cancer (Kannaujia and Singh, 2012). Several 

studies have assessed the levels of heavy metals in 

various environmental samples and evaluated the 

associated health risks through risk assessment 

methodologies. Olumayowa et al. (2023) conducted a 

risk assessment in the Oke-Ere mining area in Nigeria, 

revealing considerable contamination due to mining 

activities. Likewise, Chris et al. (2023) determined the 

risk of heavy metals in the Opuroama creeks, 

highlighting high mean carcinogenic and non-

carcinogenic hazard index values in shellfish regularly 

consumed by humans residing in that area. In the same 

manner, Balogun et al. (2023) assessed the 

concentrations of heavy metals in hand-dug wells, 

finding that the concentrations were generally low and 

fell within regulatory standards, indicating a low non-

carcinogenic health risk. Laniyan and Adewumi 

(2023) investigated the ecological and human health 

risks associated with potentially toxic metals in water 

from the Ijero mining area in Nigeria. The study 

revealed that the waters from this area were 

moderately to extremely polluted by heavy metals, 

posing significant health risks to the local population. 

In tandem, Jolaosho et al. (2023) aimed to assess the 

health risks associated with specific heavy metals in 

water and sediments. The study found a low non-

carcinogenic risk but identified a carcinogenic risk 

associated with certain heavy metals, emphasizing the 

need for mitigating unsustainable mining activities. 

Bampoe et al. (2023) assessed the levels of heavy 

metals in dust from transport stations, indicating low 

potential for non-carcinogenic effects but a high 

cancer risk from cadmium exposure through ingestion. 

Gbadamosi et al. (2023) evaluated the health risks 

associated with specific heavy metals in waste 

dumpsites, finding that the mean concentrations of 

metals exceeded global average values in most 

samples, indicating potential health hazards. Ezenwa 

et al. (2022) assessed the health risks associated with 

heavy metals in spring water, revealing that the hazard 

quotient values for certain metals were below 1, 

indicating a low non-carcinogenic risk, but the hazard 
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index values indicated a high chronic risk. 

Omokpariola and Omokpariola (2023) assessed the 

health and exposure risks associated with heavy metals 

in rainwater, identifying chromium-VI as the highest 

contributor to cancer risk. These studies collectively 

provide valuable insights into the contamination 

levels, potential exposure pathways, and the non-

carcinogenic and carcinogenic health risks posed by 

specific heavy metals, emphasizing the need for 

effective preventive measures to safeguard human 

health. 

 

Case studies of heavy metal poisoning incidents in 

Nigeria: The repercussions of heavy metal poisoning 

incidents in Nigeria are profound and have been 

extensively studied, shedding light on their severe 

health implications. Thurtle (2010) presents a heart-

wrenching case study centred on the aftermath of a 

gold rush in northern Nigeria, which tragically 

resulted in a lead poisoning outbreak. Over 200 

children lost their lives, and around 18,000 individuals 

were affected due to the inadvertent release of lead 

particles during manual ore grinding for gold. The 

ensuing health consequences were devastating, 

including death, deafness, blindness, brain damage, 

and muscular problems, marking an unprecedented 

scale of lead poisoning. Despite a mining ban, new 

cases continue to emerge, emphasizing the ongoing 

challenges in mitigating the aftermath (Mejia, 2015). 

Studies conducted in the Niger Delta region, a hotspot 

for heavy metal poisoning incidents, have also 

revealed negative health effects associated with heavy 

metal exposure, as detailed by Chinedu and 

Chukwuemeka (2018). Similarly, Ogamba et al. 

(2021) reported concentrations exceeding WHO limits 

in the surface water of Taylor creek, Bayelsa State, 

Nigeria, highlighting potential risks to local 

communities. Ubiogoro and Adeyemo (2017) 

identified elevated heavy metal levels in both water 

and fish samples, underscoring the need for 

comprehensive assessments and mitigation strategies. 

These studies collectively underscore the urgency of 

addressing heavy metal exposure in the Niger Delta 

and implementing effective mitigation measures. 

Adeyi and Babalola (2017)  investigated the health 

implications of heavy metal poisoning, particularly 

lead and cadmium, in residential soils of Lagos and 

Ibadan. The study found higher concentrations of lead 

and cadmium around residential buildings than in 

control samples, posing significant health risks, 

especially for children. Lead exposure has been 

associated with adverse neurological, cardiovascular, 

and developmental effects, while chronic cadmium 

exposure is linked to increased mortality and higher 

risks of cancer and cardiovascular disease. These 

findings underscore the importance of addressing soil 

contamination and implementing measures to reduce 

heavy metal exposure for public health protection. 

Atikpo et al. (2021) conducted a study in the Agbabu 

community, revealing high levels of heavy metals, 

including cadmium, lead, zinc, and chromium, in both 

soils and vegetables. The health implications include 

hepatic and renal dysfunction from cadmium 

exposure, lead's harmful effects on cognitive abilities 

and reproductive systems, zinc-induced vomiting and 

weakened immune systems, and chromium-associated 

lung cancer and other disorders. Monitoring heavy 

metal contamination in food, particularly vegetables, 

is crucial to mitigate health risks. Nkwunonwo et al. 

(2020) discuss the health implications of heavy metals 

in Nigeria's food chain, emphasizing the abundance of 

metals like lead, cadmium, vanadium, cobalt, 

chromium, copper, iron, arsenic, nickel, manganese, 

tin, zinc, and mercury. These metals can contaminate 

aquatic foods, fruits, vegetables, and staple foods, 

posing a source of toxicity to humans. The health 

impacts include inhibited enzyme activity, 

developmental disorders, impaired cognitive function, 

behavioural changes, neurological disorders, and 

various adverse effects. The authors call for intensified 

monitoring and analysis of food components to ensure 

food safety and advocate for cautious food 

consumption by consumers. Orisakwe (2014) 

conducted a review on the effects of heavy metals on 

public health in Nigeria, highlighting increased 

incidences of metabolic disorders such as 

hypertension, diabetes, renal disease, cancer, and male 

infertility linked to heavy metal exposure. Lead and 

cadmium are particularly concerning, with high levels 

found in blood. The review stresses the need for heavy 

metal assays in diagnosing and managing these 

chronic diseases for early detection and intervention. 

It is evident that heavy metal exposure in Nigeria 

poses significant risks to public health and requires 

comprehensive preventive measures and awareness 

campaigns. Similar findings by Onakpa et al. (2018), 

Brown and Woolf (2022), and Biya et al. (2010) 

highlight the severe effects of heavy metal poisoning 

incidents on human health in Nigeria. The lead 

poisoning outbreak in Zamfara villages in 2010 

resulted in the death of 163 people, including 111 

children, due to the unauthorized and illegal mining of 

gold ores. Artisanal mining operations in 

Southwestern Nigeria also put around two million 

people at risk of lead and mercury poisoning (Adesipo 

et al., 2020; Bartrem et al., 2022). In another study by 

Eluke et al. (2021), heavy metal contamination in oil-

producing communities in Nigeria's Niger Delta 

region is associated with significant health risks. 

Elevated concentrations of lead, iron, zinc, arsenic, 

nickel, and cadmium were found in both soil and water 

samples from affected areas. The study revealed an 
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increased risk of cancer among the adult population, 

emphasizing the detrimental effects of heavy metal 

exposure on the health of local residents in Nigeria's 

oil-producing regions. The health effects include 

reproductive impairments, brain and kidney damage, 

gastrointestinal diseases, damage to the central 

nervous system, and disruption of vitamin D 

metabolism. These incidents underscore the urgent 

need for monitoring and addressing heavy metal 

contamination in Nigeria to protect public health. 

 

Policy and Legislative Framework 
The policy and legislative framework addressing 

heavy metal pollution in Nigeria are complex, with 

existing laws and regulations facing criticism for their 

inadequacy, as noted by Anya and Odo (2023). While 

the Nigerian Constitution recognizes the right to a 

healthy environment, statutory laws like the Federal 

Environmental Protection Agency (FEPA) Act of 

1988 and the Environmental Impact Assessment (EIA) 

Act of 1992 provide a foundational framework. 

However, their implementation and enforcement have 

been ineffective, necessitating the need for stronger 

legislation to mitigate heavy metal pollution and fulfil 

the constitutional obligation. Various studies 

underscore the significance of policies and legislative 

frameworks in mitigating heavy metal pollution in 

different environmental contexts. Izah et al. (2016) 

discuss the impact of heavy metal contamination in 

potable water sources and the aquatic ecosystem in 

Nigeria, emphasizing the need for robust policies. 

Regulatory bodies like the National Agency for Food 

and Drug Administration and Control (NAFDAC) 

play crucial roles in setting standards and enforcing 

rules to ensure the quality of drinking water, protecting 

public health from the harmful effects of heavy metal 

contamination. Moreover, regulatory agencies like the 

Lagos State Environmental Protection Agency 

(LASEPA) and the National Environmental Standards 

and Regulation Enforcement Agency (NESREA) have 

been established to enforce safe limits for heavy metal 

discharge. Despite these efforts, the study highlights 

the need for stricter enforcement, especially for 

cadmium pollution, necessitating the revision and 

implementation of safe limits for heavy metal 

discharge in waste streams. Oloruntoba et al. (2021) 

emphasize the widespread environmental hazards 

caused by heavy metals in Nigeria, pointing to policies 

and legislative frameworks like the National 

Environmental Standards and Regulations 

Enforcement Agency (NESREA) Act of 2007. This 

legislation establishes standards for environmental 

protection, focusing on regulating industrial activities 

and setting safety limits for toxic pollutant discharge. 

The Federal Ministry of Environment also plays a 

pivotal role in enforcing environmental regulations 

and ensuring compliance with international standards. 

Furthermore, Izah et al. (2016)  discuss the public 

health implications of heavy metal pollution in Sub-

Saharan Africa (SSA), specifically in Nigeria. They 

highlight the prevalence of mineral resources leading 

to environmental safety threats and stress the urgent 

need for stricter regulations and enforcement. The 

authors underscore the importance of developing 

robust policies and legislation to address heavy metal 

pollution not only in Nigeria but the entire sub-

Saharan African region. Anyanwu et al. (2018) 

conducted a study on the environmental metal load of 

Aba, Nigeria, revealing significant pollution. The 

study underscores the need for policies and legislative 

frameworks to address heavy metal pollution, with 

existing standards set by the Federal Environmental 

Protection Agency (FEPA) and the World Health 

Organization (WHO). However, the study reveals that 

mean concentrations in Aba exceed these standards, 

necessitating the implementation and enforcement of 

stricter laws to mitigate heavy metal pollution. In 

summary, while Nigeria has established several 

policies and legislations to combat heavy metal 

pollution, challenges persist in their implementation 

and enforcement. The need for stronger legislation, 

revision of safe limits, and enhanced monitoring are 

recurrent themes across these studies, highlighting the 

complex and evolving nature of addressing heavy 

metal pollution in the country. 

 

Analysis of existing environmental policies and 

regulations in Nigeria: When we delve into the 

existing environmental policies and regulations in 

Nigeria, we uncover a complex web of approaches 

aimed at tackling heavy metal pollution. This analysis 

aims to dissect these frameworks, exploring their 

significance, and the hurdles they encounter, all while 

stressing the importance of ongoing enhancements.  

To ensure the potency of our current policies and 

regulations, it's imperative to subject them to periodic 

scrutiny and refinement, aligning them with evolving 

scientific understandings and technological 

breakthroughs. This entails revisiting and recalibrating 

safe thresholds for heavy metal concentrations across 

various environmental domains, while also integrating 

cutting-edge strategies for pollution prevention and 

control. 

 

Constitutional Recognition and FEPA Act: The 

Nigerian Constitution, specifically Section 20 of 

Chapter 2, recognizes the right to a healthy 

environment and mandates state protection (Ite et al., 

2016). Complementing this constitutional provision, 

the Federal Environmental Protection Agency (FEPA) 

Act of 1988 establishes a comprehensive framework 

for environmental protection and management, 



Addressing Heavy Metal Pollution in Nigeria…..                                                                                             1024 

OGBEIDE, O; HENRY, B. 

designating FEPA as the regulatory body (Ite et al., 

2016). The FEPA Act plays a crucial role in addressing 

metal pollution and its impact on the environment. 

FEPA is tasked with formulating policies, guidelines, 

and regulations to control and mitigate the release of 

pollutants, including heavy metals, into the 

environment. It sets standards for industries and 

conducts environmental impact assessments to ensure 

compliance with these regulations (Abubakar et al., 

2022; Umukoro and Omozue, 2022). FEPA also plays 

a vital role in monitoring and enforcing regulations 

related to the handling, storage, and disposal of 

hazardous substances, including metals, to prevent 

pollution and safeguard human health. The agency is 

instrumental in addressing heavy metal pollution, air 

quality, waste management, and environmental 

challenges associated with oil exploration in the Niger 

Delta region (Ite et al., 2016; Awhefeada et al., 2023). 

Through its initiatives, FEPA aims to reduce metal 

pollution and promote sustainable environmental 

practices in Nigeria. However, the challenges facing 

the effective implementation of the FEPA Act in 

Nigeria are multi-faceted, as highlighted by scholars 

in the field. Umukoro and Omozue (2022) point out 

that inadequate enforcement and implementation of 

environmental regulations pose a significant challenge 

to mitigating heavy metal pollution. Additionally, the 

limited resources and capacity within FEPA hinder its 

ability to conduct inspections, investigations, and 

enforcement actions (Abubakar et al., 2022; Umukoro 

and Omozue, 2022). Furthermore, the lack of public 

awareness and participation results in limited 

engagement in environmental protection efforts and a 

lack of accountability (Nwaichi and Osuoha, 2021; 

Awhefeada et al., 2023). Lastly, regulatory gaps or 

inconsistencies within the FEPA Act, as noted by 

Umukoro and Omozue (2022), can impede the 

effective regulation of emerging environmental issues 

and new industries. Addressing these challenges is 

essential to strengthen the regulatory framework and 

enhance the capacity of FEPA to address heavy metal 

pollution and other environmental concerns 

effectively. 

 

National Environmental Standards and Regulations 

Enforcement Agency (NESREA) 2007: The National 

Environmental Standards and Regulations 

Enforcement Agency (NESREA) Act, 2007, assumes 

a pivotal role in mitigating heavy metal pollution 

(Ladan, 2012; Abubakar et al., 2022). NESREA, 

empowered by the act, sets and enforces regulations 

related to heavy metals in various environmental 

compartments (Kafilat et al., 2018; Bawa-Allah, 

2023). It can develop specific regulations and 

standards to address heavy metal pollution, such as 

setting limits on heavy metal emissions from 

industries and establishing guidelines for the safe 

handling and disposal of heavy metal-containing 

waste (Abubakar et al., 2022). NESREA's significance 

lies in its capacity to monitor, enforce regulations, and 

conduct risk assessments to protect public health and 

the environment from heavy metal effects (Akinnifesi 

et al., 2021). Challenges, including enforcement 

limitations due to resource constraints, highlight areas 

for improvement (Ladan, 2012). The challenges 

associated with the implementation of the NESREA 

Act in Nigeria include limited resources, capacity-

building needs, enforcement and compliance issues, 

stakeholder engagement, and monitoring and data 

management requirements (Umukoro and Omozue, 

2022). These challenges, such as inadequate funding, 

staffing, and equipment, weak enforcement 

mechanisms, and limited awareness among industries, 

hinder NESREA's ability to effectively address 

environmental issues, including heavy metal pollution 

(Umukoro and Omozue, 2022). 

 

National Policy on Environment, 1991: The National 

Policy on Environment, 1991, serves as a 

comprehensive framework for environmental 

protection and sustainable management in Nigeria 

(Abubakar et al., 2022). The policy came into 

existence in 1991 and has been revised in 1999 and 

2016 to address emerging environmental issues and 

concerns (Abubakar et al., 2022). The policy was 

established to address the numerous environmental 

challenges in Nigeria, including air pollution, water 

pollution, lead poisoning, poor waste management, 

deforestation, desertification, wind erosion, and 

flooding (Awhefeada et al., 2023). Addressing heavy 

metal pollution, the policy advocates strict regulations, 

environmentally friendly technologies, and regular 

monitoring (Umukoro and Omozue, 2022). However, 

challenges in implementation, corruption, agencies 

overlap lack of enforcement, and funding pose 

obstacles that need addressing for the policy's 

effectiveness. The implementation of the NPE and 

relevant guidelines faces challenges due to the non-

justiciability constitutional clause, which limits the 

legal enforceability of policies and guidelines 

(Umukoro and Omozue, 2022). Additionally, the 

article identifies a lack of political will and the failure 

of administrative bodies and the government to 

involve the public in policy-making and 

implementation strategies as major challenges 

(Umukoro and Omozue, 2022). This lack of public 

participation hinders the effective implementation and 

enforcement of environmental protection measures. 

 

The Environmental Impact Assessment (EIA) Decree 

of 1992: The Environmental Impact Assessment (EIA) 

Decree of 1992 is a crucial piece of legislation 
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contributing to sustainable development and 

environmental protection in Nigeria. This act 

mandates developers to evaluate and mitigate the 

potential environmental impacts of their projects, 

including those associated with heavy metals 

(Umukoro and Omozue, 2022; Osuizugbo and Nnodu, 

2023). Through the EIA process, projects posing risks 

of metal pollution can be identified, and necessary 

measures can be taken to prevent or minimize the 

release of heavy metals into the environment. In 

essence, the EIA involves conducting comprehensive 

studies to identify potential sources of metal pollution, 

assessing the risks and impacts on ecosystems and 

human health, and devising strategies to prevent or 

minimize pollution (Umukoro and Omozue, 2022). 

However, the implementation of the EIA Act in 

Nigeria faces specific challenges concerning heavy 

metals pollution. One significant challenge is the 

inadequate consideration of the specific risks and 

impacts associated with heavy metals within the EIA 

process (Osuizugbo and Nnodu, 2023). Often, the 

assessment may not thoroughly evaluate the potential 

sources of heavy metals pollution, the pathways 

through which they can enter the environment, and the 

potential risks they pose to ecosystems and human 

health. This can result in insufficient mitigation 

measures and inadequate protection against heavy 

metal pollution (Osuizugbo and Nnodu, 2023). 

Furthermore, the absence of robust monitoring and 

enforcement mechanisms can hinder the detection and 

control of heavy metal emissions, leading to ongoing 

pollution. Insufficient public participation and 

stakeholder engagement also limit the identification of 

concerns related to heavy metal pollution and the 

development of effective mitigation strategies 

(Osuizugbo and Nnodu, 2023).  To address these 

challenges effectively, there's a need to enhance the 

technical expertise and capacity of regulatory agencies 

responsible for assessing heavy metals pollution. 

Additionally, efforts should focus on improving 

monitoring and enforcement measures while 

promoting meaningful engagement of stakeholders in 

the EIA process. This comprehensive approach is vital 

for ensuring effective management of heavy metals 

pollution in Nigeria (Umukoro and Omozue, 2022; 

Osuizugbo and Nnodu, 2023).  

 

National Oil Spill Detection and Response Agency 

(NOSDRA) Act: The NOSDRA Act aims to protect 

human life and the environment from oil spills. While 

the primary focus is on oil spills, it can also be relevant 

to heavy metal pollution incidents resulting from oil 

exploration and production activities. The National Oil 

Spill Detection and Response Agency (NOSDRA) Act 

was established in 2006 in Nigeria, to address oil 

spillage and its environmental impact (Okere and 

Osemeke, 2020). However, the agency has 

acknowledged its limited capacity and technological 

resources to effectively carry out its role (Okere and 

Osemeke, 2020). This is significant as it indicates a 

potential gap in NOSDRA's ability to monitor and 

respond to incidents involving heavy metal 

contamination resulting from oil-related activities. 

Environmental rules and regulations have been 

implemented to prevent oil spills, but the risk of 

incidents persists (Jha et al., 2008). Therefore, 

NOSDRA could play a crucial role in monitoring and 

responding to heavy metal pollution incidents caused 

by oil exploration and production activities, provided 

it receives the necessary support and resources to 

enhance its capacity and technological capabilities 

(Jha et al., 2008; Okere and Osemeke, 2020). 

 

National Water Policy Act and Heavy Metal Pollution: 

The National Water Policy in Nigeria stands as a 

cornerstone in promoting the sustainable management 

of water resources (Enyidi, 2017). This policy holds 

immense potential in combatting metal pollution in 

water bodies through its establishment of standards for 

acceptable levels of heavy metals in water sources, 

continual monitoring of water quality, and 

implementation of measures aimed at curtailing or 

mitigating metal contamination (Gbadegesin and 

Olorunfemi, 2009; Enyidi, 2017). By setting these 

standards and enforcing them through robust 

monitoring and preventive actions, the policy can 

significantly contribute to the preservation of water 

resources. Moreover, the policy's role in addressing 

heavy metal contamination aligns seamlessly with the 

broader objective of sustainable water resource 

management. The escalating industrialization and 

urban development in Nigeria have led to heightened 

levels of heavy metals in water sources. This reality 

underscores the urgency for effective policies and 

regulations, as highlighted by various studies (Adeniyi 

and Achukwu, 2018; Okere and Osemeke, 2020; 

Ahiamadu et al., 2021; Osisanya et al., 2022). 

Furthermore, the looming health risks associated with 

heavy metal contamination in food crops and aquatic 

ecosystems emphasize the critical need for stringent 

measures to safeguard water resources and ensure 

public health (Onakpa et al., 2018). In essence, the 

National Water Policy in Nigeria plays an instrumental 

role in combating metal pollution in water bodies by 

not only establishing standards but also rigorously 

monitoring water quality and enforcing measures to 

prevent or reduce metal contamination. Its emphasis 

on sustainable water resource management perfectly 

aligns with the imperative to shield water sources from 

heavy metal pollution, thereby ensuring their safety 

for various uses and safeguarding public health and the 

environment. 



Addressing Heavy Metal Pollution in Nigeria…..                                                                                             1026 

OGBEIDE, O; HENRY, B. 

International Standards and Their Application in 

Nigeria: International standards play a vital role in 

addressing heavy metal pollution in Nigeria (Adeyeye 

et al., 2018; Afonne et al., 2022; Essien et al., 2022). 

International standards for heavy metal pollution and 

their application in Nigeria have been a topic of 

concern in several studies. The studies have focused 

on different aspects of heavy metal pollution, 

including its effects on water sources, staple food 

cultivars, drinking water, and soil (Nicholas et al., 

2022; Agbaje et al., 2023). The results of these studies 

have shown that heavy metal concentrations in various 

environmental samples often exceed the 

recommended limits set by international standards 

such as those of the World Health Organization 

(WHO) and the Standard Organization of Nigeria. 

This indicates a potential health risk to human 

populations and ecosystems. Overall, research from 

Nigeria highlights the importance of adhering to 

international standards to protect human health and the 

environment from the adverse effects of heavy metal 

pollution (Adeyeye et al., 2018; Afonne et al., 2022; 

Essien et al., 2022; Nicholas et al., 2022; Agbaje et al., 

2023). International standards for heavy metal 

pollution also involve conventions, protocols, and 

agreements aimed at reducing and controlling the 

release of heavy metals into the environment. Notably, 

two key instruments address heavy metal pollution 

(UNECE, 1998; UNEP, 2015):  

 

Convention on Long-Range Transboundary Air 

Pollution (CLRTAP) and its Protocol on Heavy 

Metals: This convention, established in 1979, 

addresses air pollution, including heavy metals, and 

promotes cooperation among parties to tackle 

transboundary air pollution issues. Its Protocol on 

Heavy Metals, signed in 1998, specifically targets 

mercury, lead, and cadmium, setting emission ceilings 

and encouraging the use of Best Available Techniques 

(BAT). It is worth noting that Nigeria is not a party to 

the LRTAP Convention (Kehinde, 2021). However, 

Nigeria has taken some steps to address air pollution 

at the national level. 

. 

Minamata Convention on Mercury: The Minamata 

Convention on Mercury, adopted in 2013, has 

garnered global attention for its aim to minimize 

mercury releases into the environment (UNEP, 2015). 

This convention acts as a complement to the CLRTAP 

Protocol on Heavy Metals, specifically targeting 

mercury emissions with more stringent regulations. In 

the context of Nigeria, the convention holds particular 

significance due to the country's link between primary 

gold deposits and heavy metals like lead, arsenic, and 

copper (Odogwu, 2021). Nigeria's association with 

primary gold deposits underscores the importance of 

the Minamata Convention, as it places obligations on 

the country to develop and implement a National 

Action Plan (NAP) to reduce mercury use in artisanal 

and small-scale gold mining (ASGM). This is crucial 

in addressing the exposure of ASGM miners and their 

communities to mercury, given the environmental and 

health risks associated with such activities (UNEP, 

2015; Brugger et al., 2020). Having signed the 

convention in 2013 and ratified it in 2018, Nigeria has 

showcased its commitment to curbing mercury use and 

mitigating the impacts of ASGM on the environment 

and public health (Odogwu, 2021). The convention's 

emphasis on reducing mercury aligns well with 

Nigeria's ongoing efforts to tackle heavy metal 

pollution stemming from gold mining activities, 

safeguarding both the well-being of its population and 

the ecological balance (Brugger et al. 2020, Odogwu 

2021. Moreover, Nigeria's substantial ASGM sector, a 

key source of anthropogenic mercury emissions, has 

underscored the urgency of implementing measures 

outlined in the Minamata Convention (Odogwu, 

2021). Notably, incidents like the lead poisoning 

outbreak in northern Nigeria, attributed to ASGM 

practices, highlight the pressing need to address 

mercury use and its associated risks comprehensively. 

In essence, the Minamata Convention's targeted 

approach to reducing mercury aligns with Nigeria's 

objectives to combat heavy metal pollution linked to 

gold mining, underscoring the country's commitment 

to environmental sustainability and public health 

protection (Brugger et al., 2020; Odogwu, 2021). 

 

The Rotterdam Convention: The Rotterdam 

Convention on the Prior Informed Consent (PIC) 

Procedure for Certain Hazardous Chemicals and 

Pesticides in International Trade aims to promote 

shared responsibilities concerning the importation of 

hazardous chemicals and contribute to their safe use 

(UNEP, 2010; UNEP, 2015). The Convention, which 

entered into force on 24 February 2004, creates legally 

binding obligations for the implementation of the PIC 

procedure. It covers pesticides and industrial 

chemicals that have been banned or severely restricted 

for health or environmental reasons by Parties and 

which have been notified by Parties for inclusion in 

the PIC procedure. Nigeria is a Party to the Rotterdam 

Convention, having ratified it in 2001 (Babayemi et 

al., 2022). As a Party, Nigeria has designated National 

Authorities (DNAs) responsible for implementing the 

Convention's obligations, including import decisions, 

notification of regulatory actions, and information 

exchange (Rotterdam Convention, n.d.). While 

Nigeria has made progress in implementing its 

obligations, challenges remain, such as the need for 

comprehensive legislation, role conflicts among 

ministries and agencies, and limited information 
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exchange (FME, 2021). Efforts are underway to 

strengthen Nigeria's national chemicals management 

infrastructure and enhance inter-ministerial 

coordination to ensure full compliance with the 

Convention (FME, 2021). The Rotterdam Convention 

is an international treaty that aims to promote shared 

responsibilities and cooperative efforts among 

countries in the international trade of hazardous 

chemicals (FME, 2021; Babayemi et al., 2022). It 

requires countries to obtain prior informed consent 

(PIC) from importing countries before exporting 

certain hazardous chemicals. 

 

The Aarhus Protocol: The Aarhus Protocol on Heavy 

Metals, adopted in 1998, focuses on addressing 

emissions of cadmium, lead, and mercury by setting 

targets for parties to reduce emissions below 1990 

levels and implement Best Available Techniques 

(BAT). This protocol was later updated in 2012 to 

include more stringent controls (UNECE, 1998). In 

2012, the protocol underwent updates to introduce 

more stringent controls, reflecting the ongoing efforts 

to enhance environmental protection and reduce the 

impact of heavy metal pollution. The inclusion of 

additional measures in the updated protocol 

demonstrates a commitment to continuously 

improving regulations and practices to safeguard 

human health and the environment from the harmful 

effects of heavy metals (UNECE, 2023). These 

international standards help guide national policies 

and actions to manage heavy metal pollution, ensuring 

that nations cooperate to achieve sustainable 

development goals while protecting human health and 

the environment. However, challenges in monitoring, 

enforcement, weak governance, and the presence of 

informal sectors hinder their effective application 

(Agwu et al., 2023; Bawa-Allah, 2023). Raising 

awareness among communities and international 

collaborations can address these challenges 

(Akinnifesi et al., 2021); (Aremu and Inajoh, 2007). 

Strengthening these partnerships and addressing 

governance issues are essential for Nigeria to 

effectively mitigate heavy metal pollution and uphold 

public health (Emurotu and Onianwa, 2017; Ohiagu et 

al., 2022). Identifying gaps in the legislative 

framework and areas for improvement is crucial for 

sustained progress. 

 

Gaps in the Current Legislative Framework and Areas 

for Improvement: Despite the presence of 

comprehensive legislation, there are notable gaps and 

areas for enhancement that persist in Nigeria's current 

legislative framework regarding heavy metal 

(Anyanwu et al., 2018). These gaps include: 

a) Inadequate enforcement: Resource 

constraints and limited capacity hinder effective 

enforcement of existing regulations. 

b) Lack of clear funding strategies: The absence 

of well-defined funding mechanisms poses challenges 

for the efficient implementation of policies aimed at 

addressing heavy metal pollution. 

c) Weaknesses in periodic review mechanisms: 

The legislative frameworks lack robust mechanisms 

for regular reviews and updates to adapt to evolving 

environmental challenges. 

d) Challenges in neglected regions: Certain 

regions, such as the Niger Delta, face neglect in terms 

of environmental protection measures, exacerbating 

pollution issues. 

e) Limited monitoring and control capacity: 

Insufficient capacity for monitoring and controlling 

environmental activities undermines effective 

regulation of heavy metal pollution sources. 

To bridge these gaps and drive improvements, a 

holistic approach is essential. This approach should 

involve: 

a) Enhanced enforcement mechanisms: 

Strengthening enforcement capabilities through 

increased resources, training, and collaboration with 

enforcement agencies. 

b) Sustainable funding strategies: Developing 

clear and sustainable funding mechanisms to support 

the implementation of policies and programs 

addressing heavy metal pollution. 

c) Regular legislative reviews: Instituting 

periodic reviews of legislative frameworks to ensure 

alignment with current environmental challenges and 

best practices. 

d) Increased community involvement: 

Engaging local communities and stakeholders in 

decision-making processes and pollution control 

efforts to enhance accountability and effectiveness. 

By addressing these gaps and implementing the 

necessary improvements, Nigeria can bolster the long-

term effectiveness of its legislative frameworks in 

combating heavy metal pollution, safeguarding the 

environment, and protecting public health.  

 

Remediation and Management Strategies: 

Bioremediation of heavy metals in Nigeria has been 

explored through various studies. (Ekperusi and 

Aigbodion, 2015) investigated the use of the 

earthworm Eudrilus eugeniae for bioremediation of 

heavy metals and petroleum hydrocarbons. Nwagwu 

et al. (2017) isolated heavy metal-resistant bacteria 

from the Panteka stream in Nigeria, demonstrating 

their capacity for bioremediation. Ugboma et al. 

(2020) focused on the bioremediation of heavy metals 

from crude oil refinery-impacted soil using Bacillus 

flexus and Pseudomonas aeruginosa. Prakash (2023) 
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critically reviewed the potential of nano-

phytoremediation for heavy metal removal. Jethro et 

al. (2024) investigated the effect of particle sizes on 

the bioremediation of crude oil-polluted sandy soil. 

Nnaji et al. (2023) provided a comprehensive review 

on the bioremediation of heavy metals through 

bioaccumulation, highlighting various techniques 

such as phytoaccumulation, phytostimulation, and 

phytovolatilization. Ntesat et al. (2023) explored the 

bioremediation potential of Jatropha tanjorensis leaf 

extract in crude oil-contaminated soil, demonstrating 

its effectiveness in reducing heavy metal 

concentrations. Wani et al. (2023) investigated the 

potential of Brevibacillus parabrevis OZF5 for the 

bioremediation of hexavalent chromium and zinc 

through biosorption. (Olowomofe et al., 2022) studied 

the bioremediation of metal-containing effluent using 

metal-tolerant bacteria isolated from fish-pond 

wastewater. Adebajo et al. (2023) examined the 

potential of bacterial strains isolated from industrial 

metal dumpsites and farmland soils for heavy metal 

bioremediation Anoliefo et al. (2023) focused on the 

ex-situ mycoremediation of petroleum-polluted soils, 

identifying the role of the mushroom Pleurotus 

tuberregium and observing a reduction in heavy metal 

concentrations. Adeyemo et al. (2023) investigated the 

use of indigenous hydrocarbon-utilizing bacteria in 

bioreactor-based bioremediation of hydrocarbon-

polluted soil. (Olatomiwa and Ashaolu, 2023) 

compared the bioremediation potential of heavy 

metal-resistant fungi isolated from mechanic sites 

contaminated with zinc and copper. (Aransiola, 2023) 

explored the microbial and vermicompost-assisted 

phytoremediation of heavy metal-contaminated soil. 

Jaja,  Olufunmilayo et al. (2023) investigated the 

potential of phytoremediation and bioaugmentation 

using Pseudomonas and Bacillus spp. for heavy metal 

removal in crude oil-contaminated soil. 

 

Sustainable and Efficient Technologies for Heavy 

Metal Removal: Phytoremediation, a sustainable 

method for decontaminating heavy metals, involves 

plants and rhizospheric bacteria (Jayakumar et al., 

2021). Various techniques, such as 

phytovolatilization, phytoextraction, 

phytodegradation, phytostabilization, and 

phytofiltration, are commonly utilized (Grandlic et al., 

2008). Different plant species, particularly 

hyperaccumulator plants, exhibit varying abilities to 

absorb and detoxify heavy metals. The addition of 

plant growth-promoting rhizobacteria (PGPR) 

enhances phytoremediation capabilities by improving 

metal absorption from the root (Laniyan and 

Morakinyo, 2021). This emerging technology has 

gained attention for its non-invasiveness, cost-

effectiveness, and aesthetic appeal in removing heavy 

metals from contaminated soil (Singh and Pant, 2023). 

In addition to biotechnological approaches and 

phytoremediation, sustainable recycling technologies 

play a crucial role in mitigating heavy metal effects. 

These technologies involve recovering and upcycling 

precious metals from e-waste, reducing the need for 

mining and associated environmental impacts 

(Laniyan and Morakinyo, 2021). Apart from 

environmental benefits, these recycling methods can 

create economic opportunities. The exploration of 

innovative and sustainable technologies for heavy 

metal removal is a vital research area, particularly 

concerning environmental sustainability and pollution 

prevention in Nigeria. Biosorption, bioremediation, 

electrocoagulation, nanomaterials, adsorption using 

natural adsorbents, ion exchange, electrokinetic 

remediation, chemical remediation, and hybrid zero-

valent iron processes have been proposed as means to 

mitigate heavy metal impacts (Laniyan and 

Morakinyo, 2021).  Biosorption, specifically the use of 

biomass to remove heavy metals from water, is 

identified as an efficient technique. Biochar 

development from floral waste for heavy metal 

removal from synthetic wastewater is also promising 

(Kucserka et al., 2023). Furthermore, 

phytoremediation, an eco-friendly approach using 

plants to remove heavy metals, is recognized as a 

viable method for environmental remediation (Abidli 

et al., 2022). Other innovative approaches, including 

electrocoagulation, nanomaterial-based remediation, 

and the use of natural adsorbents, show potential for 

removing and recovering toxic and valuable metals 

from wastewater (Akinnifesi et al., 2021). However, 

to implement these technologies effectively, 

continuous scientific research, development, and 

integration into environmental policies and regulations 

are necessary. Capacitive deionization (CDI) and 

electrosorption emerge as methods for heavy metal 

removal, utilizing porous carbon materials as 

electrodes (Chen et al., 2020; Kalfa et al., 2020). CDI, 

a low-cost technique, involves adsorbing metal ions 

from water using an electric field and can enhance 

heavy metal removal efficiency when combined with 

other technologies (Chen et al., 2020; Kalfa et al., 

2020) Activated carbon, due to its low cost and large 

specific surface area, is commonly used as the 

electrode material. However, further research is 

needed to develop materials capable of selectively 

removing specific ions. Biotechnological approaches 

and genetic engineering offer potential solutions to 

heavy metal pollution (Mosa et al., 2016). These 

approaches use microorganisms and genetically 

modified plants to remove heavy metals through 

mechanisms like biosorption, biodegradation, and 

bioaccumulation (Abidli et al., 2022; Saravanan et al., 

2022). In conclusion, the multifaceted issue of heavy 
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metal removal in Nigeria requires a scientific, 

evidence-based, and policy-informed approach. By 

leveraging these technologies and addressing gaps in 

policy and regulation, Nigeria can make significant 

strides toward mitigating heavy metal pollution and 

achieving enhanced environmental sustainability. 

 

Role of community involvement and education in 

managing heavy metal pollution: Community 

involvement and education are pivotal elements in 

managing pollution, particularly evident in various 

Nigerian studies. In the realm of waste management 

sustainability, research indicates the critical role of 

education and awareness in fostering sustainable 

practices (Marzo et al., 2023). In the Nigerian context, 

community participation is acknowledged as a 

fundamental strategy in environmental adult education 

and management, engaging residents in resource 

management and heightening awareness about the 

perils of unsustainable environmental practices 

(Ebere, 2022). Moreover, environmental education is 

recognized as a vital tool, equipping the public with 

knowledge, values, and skills that bolster 

environmental protection, especially regarding water-

related issues like pollution and scarcity 

(KolaOlusanya et al., 2023). Specifically, in the Niger 

Delta, community involvement is indispensable for 

environmental decision-making and addressing the 

significant threats posed by pollution to biodiversity 

and human well-being (Adomokai and Sheate, 2004; 

Zabbey et al., 2021). Engaging local communities in 

cleanup efforts and decision-making processes is 

crucial to address their needs, and concerns, and 

promote sustainable development in the face of 

environmental challenges. Transitioning to the 

specific issue of heavy metal pollution, Wang et al. 

(2023) stress the significance of community awareness 

regarding the risks associated with heavy metal 

contamination in meat products. Community 

engagement becomes a powerful tool to educate 

individuals about potential health effects and the 

importance of safe food consumption practices. 

Furthermore, community involvement can foster 

sustainable agricultural practices that minimize heavy 

metal pollution, emphasizing proper waste 

management and environmentally friendly farming 

techniques. This active participation also facilitates 

community monitoring, enabling early detection and 

response to instances of contamination. The 

significance of community engagement in managing 

heavy metal pollution is not confined to China alone. 

Studies in the lower stretch of the River Ganges in 

India (Sharma et al., 2017) underscore the importance 

of government, NGOs, and local communities 

working collaboratively. The involvement of citizens 

in policy initiation, program design decisions, and 

active participation in river management is vital for the 

success of rehabilitation efforts. Community 

engagement also plays a crucial role in managing 

heavy metal pollution in various local contexts. In the 

battery technicians' workshops in the Ilorin 

metropolis, Nigeria, Sawyerr et al. (2019) stress the 

need for comprehensive monitoring and community 

involvement to address the level of heavy metals in the 

soil effectively. Additionally, Oloruntoba et al. (2022) 

emphasize community engagement in Badagry, 

Nigeria, to raise awareness about water pollution, 

implement wastewater management systems, and 

ensure safe drinking water in secondary schools. 

Traditional rulers in Nigeria are recognized as 

effective change agents in educating rural 

communities about environmental pollution, 

particularly heavy metal pollution (Ihemeje et al., 

2016). Their proximity to the community allows for 

better communication and understanding of local 

needs, enabling the implementation of environmental 

education programs and the promotion of sustainable 

practices. The crucial role of community engagement 

in managing heavy metal pollution extends to the food 

chain. Nkwunonwo et al. (2020) stress the importance 

of community involvement in monitoring and 

analyzing food components, ensuring the safety of the 

food consumed. Collaborative efforts between 

organizations like the Standard Organisation of 

Nigeria (SON) and local communities are essential to 

gather valuable information and mitigate the risks 

associated with heavy metal contamination. Lastly, a 

study conducted in the Lagos Lagoon, Nigeria, 

emphasizes the necessity of community engagement 

in monitoring and containing sources of pollution 

contributing to high concentrations of heavy metals in 

sediments (Bawa-Allah et al., 2018). This underscores 

the critical role of local communities in maintaining 

the ecological balance and safeguarding human health. 

 

Recommendations for Action 

Proposals for enhancing remediation efforts: To 

enhance remediation efforts for heavy metal pollution 

in Nigeria, several proposals have been put forth. 

These proposals aim to address the complex issue of 

heavy metal contamination through a combination of 

diverse and integrated approaches. Various methods 

have been proposed to address the challenge of heavy 

metal pollution in Nigeria (Ugboma et al., 2020). One 

approach is bioremediation, involving the use of 

microorganisms to degrade heavy metals and restore 

ecological balance (Singh and Prasad, 2015). This 

method shows promise in ecological restoration, as 

certain microorganisms effectively mitigate heavy 

metal contamination. Bioremediation Technologies, 

although requiring further research, have shown 

success in remediating heavy metal-contaminated soil 
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(Radočaj et al., 2020). In addition to bioremediation, 

integrated remediation processes have been 

recommended, combining multiple methods to 

address heavy metal contamination comprehensively. 

Electrokinetic Remediation, involving low direct 

current or potential gradient applied to electrodes, can 

be integrated with various technologies (Reddy, 

2013). Phytoremediation, microbial bioremediation, 

and biosurfactants are nature-based techniques that 

offer promising solutions for addressing heavy metal 

pollution with minimal secondary pollution (Ren et 

al., 2018; Oyedeji et al., 2022; Shi et al., 2022). 

Subsurface bioremediation has been recognized as an 

effective method for remediating shallow aquifers and 

ensuring safe groundwater. This technique involves 

the use of natural processes such as phytoremediation 

and microbial bioremediation to mitigate heavy metal 

pollution in groundwater without causing secondary 

pollution (Rahman et al., 2022).  

 

Rhamnolipids, a type of biosurfactant, have 

demonstrated significant potential in soil remediation 

due to their ability to enhance the removal of heavy 

metals and organic contaminants from contaminated 

soils. Studies have shown that rhamnolipids can 

effectively stabilize and transport metal nanoparticles 

in porous media, indicating their potential for use in 

remediation strategies (Rahman et al., 2022; Shi et al., 

2022; Lu et al., 2023). Rhizoremediation, a plant-

microbe symbiosis-based approach, has shown 

promise in the remediation of mixed-waste 

contaminated soil. Rhizoremediation leverages the 

synergistic interactions between plants and 

rhizospheric microorganisms to enhance the removal 

of various contaminants from soil, including heavy 

metals,  (Grijalbo et al., 2015; Adongbede and Olomu, 

2022; Lee et al., 2022). Biochar and modified biochar 

offer significant potential in physicochemical 

remediation. Biochar possesses unique 

physicochemical properties, such as abundant oxygen-

containing functional groups, high porosity, and large 

specific surface areas, which make it an effective 

material for remediation processes (Zhang et al., 2021; 

Liang et al., 2023). Low-carbon remediation strategies 

aim to reduce greenhouse gas emissions while 

promoting sustainable development in the context of 

heavy metal pollution remediation ((O’Brien et al., 

2021). Prioritizing the development and 

implementation of these techniques offers an 

opportunity to reduce environmental impact and 

promote sustainable practices.  Policy proposals also 

play a crucial role in enhancing remediation efforts 

(Tang et al., 2021).  Differentiated national pollution 

reduction policies should be implemented for 

cadmium, mercury, lead, and other heavy metals to 

improve water pollution control measures (Zlati et al., 

2022). Monitoring and assessment are essential for 

identifying the extent of heavy metal pollution and 

developing effective remediation strategies. The risks 

associated with soil and water contamination with 

heavy metals can be analyzed using sediment quality 

indices (Sodhi et al., 2022). This information provides 

valuable insights for designing targeted and efficient 

remediation plans. Integrated treatment options have 

been proposed to remove and recover heavy metals 

from polluted soils, water, and sediments (Selvi et al., 

2019; Tang et al., 2021). These methods include 

thermal treatment, adsorption, chlorination, chemical 

extraction, ion-exchange, membrane separation, 

electrokinetics, bioleaching, and others. By combining 

these techniques, a comprehensive and effective 

approach can be developed to remediate heavy metal 

pollution in Nigeria. 

 

Recommendations for public health interventions and 

monitoring: To effectively address the challenge of 

heavy metal pollution in Nigeria and safeguard public 

health, a comprehensive set of recommendations for 

public health interventions and monitoring has been 

proposed. The initial focus lies in conducting Health 

Risk Assessments, a crucial step to estimate the health 

effects resulting from exposure to heavy metals. This 

assessment provides valuable insights into the 

potential impact on human health and serves as a 

foundation for developing targeted public health 

interventions (Ngwenya et al., 2023). Additionally, it 

emphasizes the significance of monitoring air, water, 

and food for heavy metal contamination, allowing the 

identification of exposure pathways and enabling the 

implementation of precise interventions to reduce 

human exposure (Rajkumar et al., 2023). Preventive 

frameworks and management strategies play a vital 

role in controlling and preventing heavy metal 

contamination. By developing frameworks that align 

with regulatory enforcement and environmental 

protection, these efforts aim to reduce the associated 

health risks linked with heavy metal exposure 

(Ngwenya et al., 2023). Education and awareness 

programs constitute another crucial aspect of the 

proposed interventions. Raising awareness about the 

health risks associated with heavy metal pollution is 

essential, encompassing education for the public, 

industries, and healthcare professionals. This outreach 

emphasizes not only the potential health effects of 

heavy metal exposure but also underscores the 

importance of preventive measures (Rajkumar et al., 

2023). Integrated remediation strategies form a central 

recommendation, emphasizing the development and 

assessment of comprehensive approaches to mitigate 

heavy metal pollution across various environmental 

matrices. From soil to water and food, these strategies 

aim to reduce human exposure and the associated 
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health risks linked with heavy metal contamination 

(Gaur et al., 2021) Furthermore, recognizing the 

underrepresented toxicity of heavy metals in public 

health and medical education is crucial. Addressing 

this knowledge gap is vital for improving the 

identification and management of health effects 

associated with heavy metal exposure (Ngwenya et al., 

2023). Lastly, integrating environmental sustainability 

into public health interventions is emphasized, 

promoting practices and technologies that minimize 

the release of heavy metals into the environment 

(Laniyan and Morakinyo, 2021).  

 

Suggestions for future research to address knowledge 

gaps: Suggestions for future research to address 

knowledge gaps in heavy metal pollution research can 

be made based on the provided references. These 

suggestions aim to advance the understanding and 

management of this environmental challenge. One 

important area for future research is long-term 

monitoring. Conducting long-term monitoring studies 

can provide insights into the temporal variations in 

heavy metal pollution levels in different 

environmental compartments such as soil, water, 

sediments, and air. This will help us understand the 

dynamics of heavy metal pollution and its impact over 

time (Zhou et al., 2020). Another crucial area for 

research is investigating the ecological impact of 

heavy metal pollution on different ecosystems, 

including urban mangroves, agricultural lands, and 

natural scenic spots. Exploring and evaluating 

innovative remediation techniques for heavy metal-

contaminated soils and aquatic environments is also 

important. This could involve assessing the 

effectiveness of bioremediation, phytoremediation, 

and chemical amendments in different environmental 

settings (Wang, 2015; Chen et al., 2020; Wang et al., 

2022)). Comprehensive health risk assessments are 

needed to understand the potential human health 

implications of heavy metal pollution, especially in 

areas where heavy metal contamination is prevalent. 

This type of research can guide public health 

interventions and policies (Hu et al., 2017; Su et al., 

2023).  

 

Understanding the sources and pathways of heavy 

metal pollution in different environmental matrices, 

such as soil, sediments, and water, is crucial for 

effective pollution control and management (Pobi et 

al., 2019; Chen et al., 2020). Studying the underlying 

mechanisms of heavy metal remediation by natural 

and engineered systems, including the role of 

microorganisms, plants, and chemical amendments in 

immobilizing and detoxifying heavy metals in 

contaminated environments, is another important 

research area (Dixit et al., 2015; Wang et al., 2022; Su 

et al., 2023). Developing and refining pollution 

indices for assessing heavy metal contamination in 

various environmental compartments, including soil, 

water, and sediments, can aid in standardizing 

pollution assessment methodologies and comparisons 

across different study areas (Albayati et al., 2019; 

Soujanya Kamble et al., 2020). Utilizing GIS-based 

approaches to spatially assess and map heavy metal 

pollution levels, especially in areas affected by 

industrial activities, mining, and urbanization, can 

provide valuable insights for targeted pollution control 

measures (Sekar et al., 2015; Chen et al., 2012). 

Investigating the impact of climate change on the 

mobility and bioavailability of heavy metals in 

different environmental compartments is important for 

understanding the climate-related factors influencing 

heavy metal pollution and predicting future pollution 

trends (Shi et al., 2022). Researching and developing 

innovative technologies for the remediation of heavy 

metal pollution, including the use of nanomaterials, 

advanced oxidation processes, and green remediation 

strategies, can contribute to the development of 

sustainable and efficient remediation techniques (Shi 

et al., 2021; Wang et al., 2022). 

 

Conclusion: Heavy metal pollution poses a significant 

threat to ecological integrity and public health in 

Nigeria. The country's substantial oil reserves and 

mineral wealth have fueled economic growth but have 

also led to significant environmental challenges. 

Although Nigeria has established several policies and 

legislations to combat heavy metal pollution, 

challenges persist in their implementation and 

enforcement. There is a need for stronger legislation, 

revision of safe limits, and enhanced monitoring to 

effectively mitigate heavy metal pollution. 

Additionally, community involvement, education, and 

international collaborations play crucial roles in 

managing heavy metal pollution. By implementing 

comprehensive remediation strategies, conducting 

health risk assessments, and raising awareness, 

Nigeria can make significant strides toward mitigating 

heavy metal pollution and achieving enhanced 

environmental sustainability. It is crucial to address 

knowledge gaps through future research and continue 

improving legislative frameworks to protect public 

health and promote sustainable practices in the face of 

heavy metal pollution challenges. 
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