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I. INTRODUCTION 
 

1. Background on Heavy Metal Pollution in 

Nigeria 

Heavy metal pollution has become a significant 

environmental concern in Nigeria, primarily due to 

rapid industrialization, urbanization, and 

unsustainable agricultural and mining practices, 

(Laoye et al., 2025). Heavy metals, such as lead (Pb), 

cadmium (Cd), arsenic (As), mercury (Hg), and 

chromium (Cr), are non-biodegradable and persist in 

the environment, leading to bioaccumulation, bio- 

 

magnification, long-term ecological and human 

health risks (Ali et al., 2019). In Nigeria, the presence 

of these metals in soils, water bodies, and air has 

been widely reported, particularly in industrial, 

mining, and oil-producing regions. 

 

Table 1 presents a summary of selected studies 

conducted across various regions of Nigeria, 

highlighting the presence and impact of heavy metal 

contamination due to mining and industrial 

activities. The table outlines the study locations, 

specific heavy metals identified, and key findings 
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related to environmental and health risks associated 

with the contamination. 

 

Table 1: Studies on Heavy Metal Contamination 

from Mining and Industrial Activities in Nigeria 

Author(s) and 

year 

Study location Heavy metals 

identified 

Findings 

Okonkwo et 

al. (2021) 
 

Olode, SW 

Nigeria 
 

Ni, Cr 
 

 

High contamination due to Ni and Cr from 

pegmatite mining. 
 

Yahaya et al. 

(2021) 
 

Zamfara State 
 

Pb, Cd 
 

Artisanal mining accounts for 98.64% of the 

total ecological risk. 
 

Adekiya et al. 

(2024) 
 

Ilesha, Nigeria 
 

Various 
 

Heavy metal pollution is significant but 

below intervention thresholds. 
 

Adewumi and 

Laniyan 

(2023) 
 

Arufu, NE 

Nigeria 
 

Pb, Zn, F 
 

Mining activities contaminate water, posing 

ecological and health risks. 
 

Oluwasola et 

al. (2021) 
 

Oke-Ere, Kogi 

State 
 

Sc, Sn 
 

High Sc pollution, moderate Sn levels, and 

high cancer risk via ingestion and dermal 

exposure. 
 

Kolawole et 

al. (2018) 
 

SW Nigeria 

(Industrial area) 
 

Cd, Pb, Cu 
 

Very high contamination with ecological 

risks. 
 

Ugochukwu 

et al. (2022) 
 

Ebonyi State 
 

Various 
 

Galena mining has polluted soil, sediment, 

and water, with economic costs from $20.7M 

to $543.33M. 
 

Olatunde et 

al. (2020) 
 

Ibese, Ogun 

State 
 

Cd, Cr, Ni, Pb 
 

Cement factory activities contribute to 

pollution and ecological risk. 
 

Badamasi et 

al. (2022) 
 

Riruwai, NW 

Nigeria 
 

Various 
 

High contamination, particularly in active and 

abandoned sites. 
 

Akinnifesi et 

al. (2021) 
 

SW Nigeria 
 

Various 
 

Heavy metals affect soil, water, and air, 

impacting ecosystem functions. 
 

Sources of Heavy Metal Pollution 

The major sources of heavy metal contamination in 

Nigeria include: 

 

Mining Activities: Nigeria is rich in mineral resources, 

with extensive mining operations in states like 

Zamfara, Osun, Niger, Kano, Ebonyi, Enugu, Plateau, 

etc.  

 

Gold mining, particularly illegal and artisanal 

activities, has significantly impacted the environment 

and public health in Osun State, Nigeria. The 

contamination of water bodies, soil pollution, and 

human exposure to toxic metals are critical concerns. 

Illegal gold mining in Ilesa-West Local Government 

Area has resulted in severe contamination of stream 

water and sediments with toxic metals, posing 

serious health risks to local communities (Makinde et 

al., 2013). Similarly, gold mining activities in the Osun 

River have significantly degraded its water quality, 

endangering freshwater biodiversity and human 

health (Akindele et al., 2023). Additionally, in 

Ijeshaland, trace metal concentrations in surface 

water and fish are elevated, increasing health risks 

for individuals consuming aquatic organisms from 

the region (Taiwo and Awomeso, 2017). 
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Beyond water contamination, heavy metal pollution 

is prevalent in soils and mine tailings at key gold 

mining sites such as Igun, Ijana-Gada, and Igbadae. 

These areas are contaminated with vanadium (V), 

titanium (Ti), and chromium (Cr) from anthropogenic 

sources, posing severe environmental and health 

hazards (Awoyelu and Mebo, 2023). 

 

Toxic metal exposure from gold mining has 

considerable health implications. Arsenic 

contamination from illegal mining in Igun presents 

heightened health risks for both adults and children, 

particularly through dermal exposure (Olujimi et al., 

2015). Additionally, children in gold mining 

communities have been found to have significantly 

higher blood lead levels compared to those in non-

mining areas, highlighting the urgent need for safer 

mining practices and routine lead toxicity screening 

(Akinwumi et al., 2023). 

 

In Kano state, artisanal gold mining is widespread in 

Shanono and Bagwai local government areas, posing 

a serious risk to drinking water quality. Elevated 

levels of radon, as well as excessive gross alpha and 

beta radioactivity, surpass recommended safety 

thresholds, raising public health concerns (Bello et 

al., 2020).  

 

In Ebonyi State, mining communities experience 

severe environmental challenges, further worsened 

by insufficient media attention and a lack of 

environmental awareness initiatives. These factors 

have contributed to declining agricultural 

productivity and increasing health issues in the 

region (Obasi and Msughter, 2023). 

 

Benue State has also been significantly affected by 

unregulated mining activities, particularly due to 

high concentrations of lead detected in both water 

sources and human blood samples. This underscores 

the urgent need for improved regulatory measures 

to mitigate environmental and health risks 

associated with mining contaminants (Paul et al., 

2023).  

 

Barite mining in Nasarawa State is primarily carried 

out by artisanal and small-scale miners. However, the 

sector struggles with inefficiencies, inadequate 

government intervention, and weak enforcement of 

mining regulations, all of which hinder sustainable 

mining practices (Otoijamun et al., 2021). 

 

Similarly, large-scale extraction of tin in Plateau State 

and coal mining in Enugu State have left lasting 

environmental damage, including extensive 

landscape degradation and pollution. Implementing 

stringent environmental policies and effective land 

reclamation strategies is essential to restoring 

affected areas (Omotehinse and Ako, 2019).  

 

Zamfara State has become a hub for illegal gold 

mining, which has fueled insecurity and conflict in 

the region. The involvement of local traditional 

authorities in supporting illicit mining operations has 

further complicated socio-political stability (Itodo, 

2023). 

 

In Niger State, abundant mineral resources such as 

gold, coal, and barite are predominantly mined 

through informal and small-scale operations. The 

absence of proper management has led to 

widespread environmental degradation and 

inefficient resource utilization (Mustafa et al., 2020). 

Meanwhile, excessive sand mining in Sokoto State 

has caused severe vegetation loss and landscape 

deterioration. Limited restoration efforts emphasize 

the need for more effective ecological rehabilitation 

strategies to enhance environmental resilience 

(Agbaje et al., 2020). 

 

Fig. 1 illustrates the geographical distribution of 

mining activities across various locations in Nigeria. 

Many of these sites have become hotspots for illegal 

and unregulated mining, especially in rural and 

resource-rich regions. Unfortunately, the operations 

of illegal miners often leave devastating impacts on 

the environment. Without adherence to 

environmental regulations or rehabilitation 

measures, these activities strip the land of its natural 

vegetation, leading to forest degradation and loss of 

biodiversity. 

 

After extracting valuable minerals, illegal miners 

frequently abandon the sites, leaving behind scarred 

landscapes and polluted ecosystems. The soil and 

water bodies in these areas become heavily 
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contaminated with toxic heavy metals such as lead, 

cadmium, chromium, and nickel, which persist in the 

environment and pose serious health and ecological 

risks. This ongoing environmental abuse not only 

compromises the integrity of Nigeria’s ecosystems 

but also threatens the livelihoods and well-being of 

surrounding communities. 

 

 
Fig. 1. Mining activities in Nigeria (Source: 

HumAngle, September 1, 2021. Retrieved from 

[https://humanglemedia.com/How Illegal Mining Is 

Contributing To Local Conflicts In Nigeria/] 

 

2). Industrial discharges have been consistently 

identified as a critical source of heavy metal pollution 

in Nigeria, contributing significantly to the 

degradation of soils, surface and groundwater 

resources, and the contamination of food chains 

(Kolawole et al., 2018, Oloruntoba et al., 2024). The 

accelerated pace of industrialization across various 

regions of the country, coupled with weak 

environmental regulations and the widespread 

neglect of sustainable waste management practices, 

has exacerbated this environmental challenge. 

Numerous studies have documented the presence of 

elevated concentrations of toxic metals in areas 

surrounding industrial facilities, raising serious 

concerns about ecological integrity and public 

health safety (Egbueri et al., 2022). 

 

Key industrial activities such as cement production, 

textile processing, battery recycling, and paint 

manufacturing are especially culpable, as they often 

discharge untreated or poorly treated effluents 

directly into nearby water bodies and onto land 

surfaces. These discharges contain hazardous heavy 

metals including lead (Pb), cadmium (Cd), chromium 

(Cr), copper (Cu), zinc (Zn), nickel (Ni), iron (Fe), and 

manganese (Mn), which accumulate in the 

environment and persist over long periods due to 

their non-biodegradable nature (Olatunde et al., 

2020). 

Industrial zones such as Challawa in Kano State, Ota 

in Ogun State, Shagamu, and Ibese are notably 

affected. In these regions, environmental monitoring 

has shown that the levels of heavy metals in 

effluents, soils, and nearby water bodies frequently 

exceed both national and international safety 

thresholds. The persistence of these contaminants 

poses long-term risks to human health, especially for 

communities that rely on local water sources for 

drinking, irrigation, and fishing, as well as for 

agricultural activities where crops may absorb these 

metals from contaminated soils (Zacheus et al., 2020; 

Adeyemi et al., 2021; Darma et al., 2024). 

 

Scientific investigations and environmental 

assessments have underscored the urgency of 

addressing this issue through stricter enforcement of 

environmental regulations, investment in effluent 

treatment technologies, and the adoption of cleaner 

production methods. Studies by Kolawole et al. 

(2018), Zacheus et al. (2020), Olatunde et al. (2020), 

Adeyemi et al. (2021), Egbueri et al. (2022), and more 

recently, Darma et al. (2024), have all provided 

empirical evidence of the elevated concentrations of 

heavy metals in and around industrial facilities, 

highlighting the pressing need for remedial and 

preventive strategies to mitigate their impacts on 

ecosystems and human populations. 

 

To further contextualize the geographical 

distribution and severity of heavy metal 

contamination resulting from industrial discharges in 

Nigeria, Table 2 presents selected industrial zones 

where key heavy metals have been consistently 

detected. These locations; Challawa in Kano State, 

Ota and Shagamu in Ogun State, and Ibese in Ogun 

State, have been the focus of multiple environmental 

assessments due to their dense industrial activities. 

The table highlights the specific heavy metals 

identified in each location, such as lead (Pb), 

cadmium (Cd), chromium (Cr), copper (Cu), zinc (Zn), 

nickel (Ni), and iron (Fe), as well as notable findings 

from recent studies. For instance, effluent and soil 

samples from Challawa were found to contain metal 

concentrations significantly above permissible safety 

thresholds. Similarly, groundwater sources in Ota 

and Shagamu have been reported as unsafe for 

human consumption due to elevated levels of heavy 
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metals. In Ibese, emissions from cement 

manufacturing processes have contributed 

substantially to soil contamination. These findings 

underscore the environmental and public health 

implications of unchecked industrial waste disposal 

practices in Nigeria. 

 

Table 2: Key Heavy Metals Detected and Notable 

Findings in Selected Industrial Areas of Nigeria 

s/n Location Key 

Metals 

Detected 

Notable Findings 

1. Challawa, 

Kano 

Pb, Cd, 

Cr, Cu, 

Zn 

Effluent and soil 

levels far above 

safe limits (Darma 

et al. 2024) 

2. Ota and 

Shagamu 

Pb, Cd, 

Ni, Cr, Fe 

Groundwater 

unsafe 

for consumption 

(Olatunde et al. 

2020; Adeyemi et 

al. 2021) 

3. Ibese 

(Cement) 

Cd, Cr, 

Ni, Pb 

Soil pollution from 

cement 

factory emissions 

(Egbueri et al. 

2022) 

 

3). Agricultural Practices: Heavy metal contamination 

arising from agricultural practices in Nigeria 

represents a significant and growing environmental 

and public health challenge. Agricultural activities 

contribute substantially to the accumulation of toxic 

metals in soils and food crops, thereby increasing the 

risk of dietary exposure among consumers. Key 

sources of contamination include the widespread 

use of chemical fertilizers and pesticides, irrigation 

with polluted water, and the cultivation of crops on 

already contaminated lands, such as former 

industrial sites, mining zones, or reclaimed refuse 

dumps. 

 

Chemical fertilizers and pesticides, often used 

indiscriminately in intensive farming systems, are 

known to contain trace amounts of heavy metals 

such as cadmium (Cd), lead (Pb), chromium (Cr), 

copper (Cu), and zinc (Zn). These metals accumulate 

in agricultural soils over time and are absorbed by 

crops, especially under conditions of repeated 

application. Studies have shown that concentrations 

of these metals in soils and edible plant parts can 

frequently exceed internationally recognized safety 

thresholds, particularly in areas where pesticide-

treated water is used for irrigation or where land is 

subjected to over-cultivation (Onakpa et al., 2018; 

Bawa, 2023; Folarin et al., 2023). Additionally, the use 

of contaminated irrigation water, whether from 

sources affected by agricultural runoff, livestock 

waste, industrial effluents, or municipal sewage, 

further facilitates the introduction of heavy metals 

into the agricultural ecosystem. This contamination 

pathway is particularly concerning in peri-urban and 

rural communities where untreated wastewater is 

often reused for farming due to water scarcity 

(Onakpa et al., 2018; Bawa, 2023). Over time, these 

practices not only degrade soil health but also 

compromise crop safety and food quality. 

 

Furthermore, farming activities conducted near 

industrial zones or on reclaimed waste dumpsites are 

especially prone to heavy metal uptake by crops. 

Even when metal concentrations in edible portions 

of crops remain below regulatory limits, chronic 

exposure to low doses over time can pose serious 

health risks to consumers, including neurological, 

renal, and developmental disorders (Sagbara et al., 

2020; Sani et al., 2023). These findings highlight the 

need for stricter monitoring, safer agricultural 

practices, and comprehensive risk assessments to 

safeguard food security and public health in Nigeria. 

Table 3 presents the primary agricultural sources of 

heavy metal contamination in Nigeria, the key metals 

associated with each source, and their 

corresponding health and environmental impacts. It 

highlights how the use of chemical fertilizers and 

pesticides, irrigation with contaminated water, and 

the cultivation of crops on waste sites contribute to 

the accumulation of toxic metals such as cadmium 

(Cd), lead (Pb), chromium (Cr), copper (Cu), iron (Fe), 

manganese (Mn), and zinc (Zn) in agricultural soils 

and produce. The table also references relevant 

studies that document the risks posed by these 

practices, including soil and water pollution, crop 

contamination, and long-term health implications 

for exposed populations. 
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Table 3: Agricultural Sources of Heavy Metal Contamination, Key Metals, and Associated Impacts in 

Nigeria 

s/n Agricultural Source Main Heavy 

Metals 

Introduced 

Health/Environmental 

Impact 

Citations 

1. Fertilizers/Pesticides Cd, Pb, Cr, Cu, 

Zn 

Crop contamination, 

human health risks 

(Onakpa et al., 

2018; Bawa, 

2023; Folarin et 

al., 2023) 

2. Contaminated Irrigation Cd, Fe, Mn, Pb Soil/water pollution, crop 

uptake 

(Onakpa et al., 

2018; Bawa, 

2023). 

3. Cultivation on Waste Sites Zn, Cu, Pb Chronic exposure, 

potential health effects 

(Sagbara et al., 

2020; 

Oloruntoba et 

al., 2020; Sani et 

al., 2023). 

4). Petroleum Exploration and Oil Spills: The Niger 

Delta region of Nigeria is heavily burdened by 

environmental contamination from heavy metals, 

primarily due to extensive oil exploration, frequent 

oil spills, gas flaring, and various industrial 

operations. These anthropogenic activities have 

introduced elevated concentrations of toxic metals 

including lead (Pb), nickel (Ni), cadmium (Cd), and 

chromium (Cr) into the environment. These 

contaminants have been consistently detected in the 

region’s soil, surface water, groundwater, aquatic 

sediments, and seafood, posing significant 

ecological and public health concerns (Onyena et al., 

2024; Chinedu and Chukwuemeka, 2018; Izah et al., 

2017). 

 

The primary sources of this heavy metal pollution 

include crude oil spills, flaring of associated gas, and 

discharges from industrial facilities. Additionally, 

local agricultural practices and cassava processing 

activities contribute to the accumulation of these 

toxic elements in the environment (Onyena et al., 

2024; Chinedu and Chukwuemeka, 2018; Izah et al., 

2017). Among the affected areas, Rivers State 

frequently reports the highest levels of 

contamination, indicating a persistent pattern of 

environmental degradation in key oil-producing 

zones (Nduka and Orisakwe, 2011; Umeoguaju et al., 

2022). 

Although remediation efforts have been carried out 

in certain locations, significantly reducing 

contamination levels in those sites, ongoing 

environmental monitoring remains essential due to 

the continued presence of pollution sources and the 

long-term persistence of heavy metals in 

ecosystems. 

 

Alarmingly, many analyzed samples from soil, water, 

and seafood exceed the maximum allowable 

concentrations set by the World Health Organization 

(WHO) and the United States Environmental 

Protection Agency (US EPA), underscoring the need 

for stronger regulatory enforcement and sustainable 

remediation strategies (Umeoguaju et al., 2023; 

Nduka and Orisakwe, 2011; Olawoyin et al., 2012; 

Eyankware et al., 2023). 

 

Table 4 presents a some of key heavy metals 

detected in various environmental media including 

soil, groundwater, surface water, and seafood, within 

the context of environmental pollution studies in 

Nigeria. The table highlights the specific metals 

identified, their measured concentrations (in mg/kg 

or mg/L), and whether these values exceed 

internationally recognized safety limits such as those 

set by the WHO or other regulatory bodies. 
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Table 4: Detected Levels of Heavy Metals in Soil, Water, and Seafood Compared to Safety Standards in 

Nigeria 

s/n Medium Key Metals Detected (mg/kg or 

mg/L) 

Above Safe 

Limits? 

Citations 

1. Soil Pb (895), Ni (43), Cd (1.3), Cr (13), 

Zn (58), Fe (1303) 

Yes (Nduka and Orisakwe, 

2011; Olawoyin et al., 

2012) 

2. Groundwater Pb, As, Cd (all above WHO limits) Yes Eyankware  et al., 2023; 

Ejike et al., 2017) 

3. Surface Water Fe, Mn, Cu, Cd, Cr, Pb, Ni, Zn Yes Umeoguaju et al.,2022 

4. Seafood Fe (143), Zn (29), Ni (5), Pb (4), Cd 

(1) 

Yes Umeoguaju et al.,2023 

Improper Waste Disposal: Improper waste 

management, particularly the mishandling of 

municipal, construction, and electronic waste, 

remains a critical source of heavy metal 

contamination in urban environments. Practices such 

as open dumping, unmanaged landfilling, 

incineration, and informal e-waste recycling 

contribute significantly to the release of hazardous 

heavy metals into soil, water, and air. Notably, these 

activities introduce toxic elements including lead 

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

and arsenic (As) into the environment through 

several pathways: 

 

Landfills and Dumpsites: Both sanitary and 

unsanitary landfills produce leachate rich in heavy 

metals, which can migrate into surrounding soils and 

aquatic ecosystems. Non-sanitary landfills, in 

particular, are associated with elevated 

concentrations of arsenic, cadmium, and other 

metals. Pollution indices in these areas often indicate 

moderate to strong contamination, underscoring the 

need for better waste containment and treatment 

infrastructure (de Souza et al., 2023; Nyiramigisha, 

2021). 

 

Incineration of Municipal Solid Waste: Incineration 

generates fly ash containing concentrated levels of 

heavy metals such as Pb, Cd, Cr, Zn, and Hg. When 

this ash is disposed of improperly, especially in 

regions lacking strict regulatory oversight, it can lead 

to widespread environmental contamination and 

long-term ecological risks (Wang et al., 2019). 

Construction Waste Disposal: Prolonged 

accumulation and disposal of construction debris 

have been shown to increase heavy metal 

concentrations, especially cadmium, zinc, lead, and 

copper in nearby soils. The highest levels of pollution 

are typically observed within the boundaries of 

landfill sites where construction waste is deposited 

(Wu et al., 2022). 

 

Informal E-waste Recycling: Unregulated recycling of 

electronic waste is one of the most toxic contributors 

to urban heavy metal pollution. Informal processing 

methods release substantial amounts of Pb, Cd, Cr, 

Cu, and Hg into the surrounding environment, 

contaminating soil, water, air, and even nearby 

agricultural products. Studies have shown that these 

concentrations frequently exceed international 

safety thresholds, posing significant health hazards 

to nearby populations (Houessionon et al., 2021; 

Song and Li, 2014; He et al., 2017). Table 5 describes 

major waste sources and the heavy metals they 

release, along with associated environmental 

impacts as documented in recent studies. 
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Table 5: Major Waste Sources, Associated Heavy Metals, and Their Environmental Impacts 

s/n Source of Waste Main Heavy Metals 

Released 

Environmental Impact Citations 

1. Landfills/Dumpsites As, Cd, Pb, Zn, Cu, 

Cr, Mn 

Soil/water 

contamination, crop 

uptake 

(Hussein et al. 2021; de 

Souza  et al. 2023; 

Nyiramigisha, 2021) 

2. Incineration Fly Ash Pb, Cd, Cr, Zn, Hg, 

Cu, Ni, As 

Air/soil pollution, 

ecological risk 

Wang et al. 2019 

3. E-waste Recycling Pb, Cd, Cr, Cu, Hg, 

As 

Soil, water, air, food 

contamination 

(Houessionon et al. 

2021; He et al. 2017) 

4. Construction Waste Cd, Zn, Pb, Cu, Cr Soil pollution, 

ecological risk 

Wu et al. 2022 

Environmental and health risks 

Heavy metal pollution in Nigeria poses significant 

environmental and health risks, largely stemming 

from mining, industrial discharges, agriculture, and 

petroleum exploration. Each of these sources 

introduces toxic metals such as lead (Pb), cadmium 

(Cd), arsenic (As), chromium (Cr), and nickel (Ni) into 

ecosystems, where they persist due to their non-

biodegradable nature. From a public health 

perspective, chronic exposure to these metals, even 

in small quantities, can result in neurological 

disorders, kidney damage, developmental 

abnormalities in children, cancers, and 

cardiovascular diseases. Environmentally, they 

compromise soil fertility, reduce agricultural 

productivity, degrade water quality, and threaten 

biodiversity in aquatic and terrestrial habitats 

(Adeyemi and Ojekunle, 2021; Bawa-Allah, 2023; 

Chris et al., 2023; Oyebamiji et al., 2024). Heavy metal 

contamination has profound environmental and 

human health effects in Nigeria: 

 

Soil Degradation: The. Heavy metal contamination 

from mining, industrial, and roadside activities in 

Nigeria leads to soil pollution exceeding safe limits, 

which degrades soil quality, threatens agricultural 

productivity, and poses risks to human and 

environmental health. (Ezeh and Chukwu, 2011). This 

poses a threat to food security and agricultural 

sustainability. The accumulation of toxic metals in 

soil alters its physicochemical properties, reducing 

fertility and microbial diversity 

 

Water Contamination: Rivers and groundwater 

sources contaminated by heavy metals pose risks to 

human health and aquatic life. Heavy metal 

contamination of water sources in Nigeria is a 

significant environmental and public health concern, 

with studies consistently reporting levels of metals 

such as lead, cadmium, chromium, arsenic, and 

mercury exceeding World Health Organization 

(WHO) and national safety standards in both surface 

and groundwater across various regions. Industrial 

activities, especially mining and tannery operations, 

are major contributors, as seen in areas like Kano and 

Abakaliki, where water near industrial sites contains 

dangerously high concentrations of chromium, lead, 

and other toxic metals. These contaminants pose 

serious health risks, including neurological disorders, 

cancer, kidney damage, and developmental issues, 

particularly affecting children and vulnerable 

populations. Ecological impacts are also severe, 

threatening aquatic life and reducing the suitability 

of water for domestic and agricultural use (Izah et al., 

2016; Obasi and Akudinobi, 2020.Bawa-Allah, 2023) 

Human Health Risks: Heavy metal contamination 

poses significant risks to both the environment and 

human health, primarily due to the persistence and 

bioaccumulation of metals such as lead (Pb), 

cadmium (Cd), mercury (Hg), arsenic (As), chromium 

(Cr), and nickel (Ni) in soil, water, and food chains. 

Chronic exposure to these metals can result in a 

range of health problems, including neurological 

disorders, kidney damage, cardiovascular diseases, 

reproductive toxicity, and various cancers, with 

children being particularly vulnerable to cognitive 

impairment and developmental delays from lead 

exposure (Laoye et al., 2025; Adimalla et al., 2020; 

Rahman et al., 2019; Zheng  et al., 2020). Studies 

across urban, industrial, and agricultural regions 
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worldwide have consistently found heavy metal 

concentrations exceeding safe background levels, 

with ingestion of contaminated food (especially rice, 

vegetables, and grains), direct soil contact, and water 

consumption identified as major exposure pathways 

(Aziz et al., 2023; Zheng  et al., 2020). Health risk 

assessments reveal that non-carcinogenic risks (such 

as those from Pb and Cr) and carcinogenic risks 

(notably from Cd, Cr, and Ni) often surpass 

acceptable safety thresholds, especially for children, 

who face higher hazard indices and cancer risks than 

adults (Zerizghi et al., 2022; Upadhyay  et al., 2024). 

Industrial activities, mining, traffic emissions, and the 

use of fertilizers and pesticides are key contributors 

to environmental heavy metal burdens (Laoye  et al., 

2025; Aziz et al., 2023). In many affected regions, 

dietary intake of contaminated crops is the 

predominant route of human exposure, 

underscoring the importance of food safety 

monitoring (Zheng  et al., 2020). Effective mitigation 

strategies include policy interventions, community 

engagement, technological innovations, and 

sustainable remediation methods such as 

phytoremediation and chelation therapy . The global 

and persistent nature of heavy metal pollution 

highlights the urgent need for integrated 

management approaches to protect both 

ecosystems and public health (Laoye et al., 2025; 

Adimalla et al., 2020).  

 

Biodiversity Loss: Heavy metal contamination poses 

a significant threat to both environmental 

biodiversity and human health due to its persistence, 

toxicity, and ability to bioaccumulate in ecosystems. 

In contaminated environments, heavy metals such as 

mercury, cadmium, lead, and arsenic disrupt plant 

growth, reduce soil microbial diversity, and cause 

declines in wildlife populations, leading to 

biodiversity loss and ecosystem dysfunction. Aquatic 

systems are particularly vulnerable, as heavy metals 

accumulate in fish and other organisms, entering the 

food web and posing direct risks to human 

consumers, as seen with mercury bioaccumulation in 

fish species in regions like the Niger Delta. Human 

exposure to these metals, primarily through 

contaminated food and water, is linked to a range of 

health issues including neurological disorders, 

kidney damage, and increased cancer risk, with 

children being especially susceptible. The risk is 

exacerbated in developing regions where industrial 

activities, mining, and inadequate regulation 

contribute to higher contamination levels and 

greater socio-economic impacts4. Effective 

management requires integrated risk assessment, 

targeted monitoring, and sustainable mitigation 

strategies such as phytoremediation and stricter 

pollution controls (Zerizghi et al., 2022; Bishnu 

Agnon  et al., 2024; Laoye et al., 2025). 

 

2. Why Phytoremediation? 

Comparison with other remediation techniques 

(e.g., physical, chemical methods) 

Phytoremediation, which uses plants to remove, 

stabilize, or degrade environmental contaminants, is 

increasingly favoured over traditional physical and 

chemical remediation methods due to its cost-

effectiveness, sustainability, and minimal 

environmental disruption. Unlike conventional 

techniques, which are often expensive, invasive, and 

can generate secondary pollution, phytoremediation 

is a green, solar-powered approach that harnesses 

natural plant processes to clean up soils, water, and 

even air, making it especially suitable for large-scale 

or low-to-moderate contamination scenarios (Ashraf  

et al., 2019; Sarwar  et al., 2017; Shah and Daverey , 

2020; Kafle et al., 2022).  

 

While physical and chemical methods can be faster 

and more thorough for highly contaminated sites, 

they often require significant energy input, 

specialized equipment, and can harm soil structure 

and biodiversity (Liu et al., 2020; Sabreena  et al., 

2022). In contrast, phytoremediation is less 

disruptive, can improve soil health, and is adaptable 

to various contaminants, including heavy metals, 

organic pollutants, and radionuclides (Shah and 

Daverey , 2020; Meagher, 2000, Wei, et al., 2021). 

However, phytoremediation is generally slower and 

may be less effective for sites with very high 

contaminant concentrations or where rapid cleanup 

is required (Liu et al., 2020). Recent advances, such 

as combining phytoremediation with microbial or 

chemical amendments and genetic engineering, are 

helping to overcome these limitations and expand its 

applicability (Mocek-Płóciniak  et al., 2023; Kafle et 

al., 2022). Phytoremediation, therefore stands out as 
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an environmentally friendly, economically viable, and 

sustainable alternative, particularly for long-term 

management and restoration of contaminated 

environments (Gerhardt et al., 2017). 

 

Benefits and limitations of using plants for 

remediation  

Fig 2 presents a comprehensive overview of the 

advantages and limitations associated with 

phytoremediation processes for the removal of 

heavy metals from tropical soils. As an eco-friendly 

and cost-effective strategy, phytoremediation 

leverages the natural abilities of certain plants to 

extract, stabilize, or degrade contaminants in the soil. 

The figure highlights key benefits of this technique, 

including minimal disturbance to the soil ecosystem, 

enhancement of soil fertility through organic matter 

addition, and the potential for biomass recovery and 

utilization. However, it also illustrates notable 

challenges such as slow remediation rates, the risk of 

metal re-mobilization, plant species selectivity, and 

limitations under extreme contamination or adverse 

climatic conditions.  

 

 
Fig 2. Advantages and limitations in 

phytoremediation processes to remove heavy 

metals from tropical soils (Adapted from Guerra 

Sierra et al., 2021). 

 

II. MECHANISMS OF 

PHYTOREMEDIATION 
 

Phytoremediation offers a sustainable alternative by 

harnessing the natural capabilities of plants to 

accumulate, stabilize, or transform contaminants 

into less harmful forms. This green technology has 

attracted considerable attention due to its low cost, 

public acceptance, and potential for land 

rehabilitation. The success of phytoremediation 

depends on several mechanisms, each tailored to 

specific contaminants and site conditions. The four 

major mechanisms of phytoremediation include: 

phytoextraction, phytostabilization, rhizofiltration, 

and phytovolatilization (de Souza et al., 2023). Fig. 3 

illustrates the major mechanisms involved in the 

phytoremediation of heavy metal-contaminated 

environments.  

 

 
Fig 3: Mechanisms of Phytoremediation (Adapted 

from Wijekoon etal., 2025) 

 

1. Phytoextraction 

Hyperaccumulator plant species are crucial for 

phytoextraction, a process that uses plants to 

remove toxic metals from contaminated soils. 

Notable hyperaccumulators include Sedum 

plumbizincicola and Sedum alfredii for cadmium and 

zinc, Pteris vittata for arsenic, Alyssum species for 

nickel, Neptunia amplexicaulis for selenium, and 

Leersia hexandra for chromium, among others (Li et 

al., 2018; Zhou et al., 2020; Hou et al., 2017; 

O’Donohue et al., 2022; Zhang et al., 2023; Chaney  

et al., 2007). These plants can accumulate 

exceptionally high concentrations of specific metals 

in their tissues without suffering toxicity, making 

them effective for remediating polluted 

environments. For example, Sedum plumbizincicola 

and S. alfredii have demonstrated strong cadmium 

and zinc uptake, while Pteris vittata is widely used for 

arsenic removal (Zhou et al., 2020; Hou et al., 2017; 
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Li et al., 2018, Zeng et al., 2019). The efficiency of 

phytoextraction depends on both the plant species 

and soil conditions, such as pH and metal availability, 

with some species performing better in acidic or 

alkaline soils (Huang et al., 2020). Advances in 

understanding plant-microbe interactions and 

rhizosphere characteristics have further improved 

metal uptake and tolerance in these 

hyperaccumulators (Hou et al., 2017; Li et al., 2021; 

Zhang et al., 2023). While Brassica juncea (Indian 

mustard) is often mentioned, it is not a true 

hyperaccumulator and is less effective compared to 

specialized species like Thlaspi caerulescens for 

cadmium or Alyssum for nickel (van Der Ent and 

Rylott, 2024; Chaney et al., 2007). Ongoing research 

continues to identify new hyperaccumulators and 

optimize their use for large-scale environmental 

cleanup and even metal recovery (phytomining) (van 

Der Ent and Rylott, 2024; Li et al., 2021; Chaneyet al., 

2007). 

 

2. Phytostabilization 

Phytostabilization is a sustainable remediation 

strategy that uses plants to immobilize heavy metals 

in contaminated soils, reducing their mobility and 

environmental risk without removing the 

contaminants themselves. The primary goal of 

phytostabilization is not to remove contaminants but 

to prevent their spread to surrounding environments 

or groundwater. The effectiveness of 

phytostabilization depends on selecting appropriate 

plant species, often those with extensive root 

systems and high metal tolerance, such as perennial 

ryegrass, Koelreuteria paniculata, and certain native 

grasses such as Vetiveria zizanioides (vetiver grass) 

and Populus spp , which can accumulate metals in 

their roots while limiting translocation to shoots, 

thus minimizing entry into the food chain (Nagy et 

al., 2024; Cheraghi et al., 2011; Wang et al., 2024). Soil 

amendments like composted sewage sludge, spent 

mushroom compost, and attapulgite can further 

enhance phytostabilization by improving soil pH, 

fertility, and structure, as well as reducing the 

bioavailability and leaching of heavy metals such as 

Mn, Pb, Zn, Cd, Cu, and Ni (Nagy et al., 2024; 

Hazratqulov  et al., 2024). These amendments also 

support plant growth and beneficial soil microbial 

communities, which play a crucial role in stabilizing 

metals and restoring soil health (Wang et al., 2024; 

Lin et al., 2021).  

 

The choice and processing of organic amendments 

are critical, as their effectiveness varies depending on 

the type of waste, treatment method, and specific 

contaminants present (Hazratqulov  et al., 2024; 

Nagy et al., 2024) . While phytostabilization does not 

remove heavy metals, it offers long-term 

containment, reduces erosion and dust, and 

supports ecological restoration, making it 

particularly suitable for mine tailings, waste dumps, 

and highly contaminated sites where conventional 

remediation is impractical or too costly (Ashraf et al., 

2019; Mahar et al., 2016; Bakshe and Jugade, 2023). 

Phytostabilization is recognized as a cost-effective, 

non-invasive, and environmentally friendly approach 

for managing heavy metal-contaminated soils 

(Sarwar, 2017). 

 

3. Rhizofiltration 

Rhizofiltration is a phytoremediation technique that 

uses the roots of aquatic or hydroponically grown 

terrestrial plants to remove heavy metals from 

contaminated water, offering a cost-effective and 

environmentally friendly alternative to conventional 

treatment methods. Plants such as Indian mustard, 

sunflower, water hyacinth (Eichhornia crassipes), 

duckweed (Lemna minor), and Pistia stratiotes have 

demonstrated high efficiency in absorbing and 

concentrating metals like lead, cadmium, chromium, 

copper, nickel, and zinc from aqueous solutions, with 

some species able to concentrate metals hundreds 

of times above the initial water concentrations 

(Dushenkov et al., 1995; Singh et al., 2025; Rezania et 

al., 2016; Galal et al., 2018; Karkhanis , 2006). The 

process involves both absorption into root tissues 

and root-mediated precipitation of metals, with live 

roots being significantly more effective than dried 

ones (Dushenkov et al., 1995). Mixed cultures of 

macrophytes in constructed wetlands can achieve 

removal rates of up to 98–99% for several metals 

within days, and free-floating plants generally 

outperform submerged or emergent species due to 

their morphology and rapid growth (Singh et al., 

2025; Rezania et al., 2016). The effectiveness of 

rhizofiltration depends on factors such as plant 

species, water pH, temperature, and metal 
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concentration, and requires regular harvesting and 

safe disposal of contaminated biomass to prevent 

secondary pollution (Bakshe and Jugade , 2023; 

Rezania et al., 2016; Galal et al., 2018). Recent 

research also highlights the potential for enhancing 

rhizofiltration through the use of plant growth-

promoting rhizobacteria and genetic engineering to 

improve metal uptake and tolerance (Lal et al., 2018; 

Rawat et al., 2012; Xing et al., 2022). Rhizofiltration is 

effective in treating wastewater and runoff but 

requires the regular harvesting of root biomass and 

safe disposal of contaminated plant material. It is a 

promising green technology for mitigating heavy 

metal pollution in water bodies, especially in 

industrial and urban settings (Kanwar  et al., 2020). 

 

4. Phytovolatilization 

Phytovolatilization is a phytoremediation strategy 

where plants absorb metals and metalloids, 

transform them into volatile forms, and release them 

into the atmosphere, most notably with elements 

like mercury and selenium. Species such as Brassica 

and Liriodendron have shown the ability to volatilize 

selenium, while Arabidopsis thaliana can volatilize 

mercury, especially when genetically engineered to 

express specific enzymes that facilitate this 

transformation. Advances in genetic engineering 

have enhanced the efficiency of phytovolatilization 

by introducing genes for metal transporters, sulfur 

metabolism enzymes, and bacterial enzymes like 

mercuric reductase, enabling plants to convert toxic 

ions into less harmful volatile forms that are released 

through transpiration (Kotrba, et al., 2009; LeDuc and 

Terry, 2005; Chaney, et al., 1997).  

 

This approach offers a cost-effective and eco-

friendly method to reduce soil and water 

contamination, but concerns remain about the 

environmental safety of releasing transformed 

contaminants into the atmosphere, even in less toxic 

or trace forms (Muthusaravanan et al., 2018; 

Marques et al., 2009; Shen et al., 2022). The long-

term ecological impacts, including potential 

atmospheric redistribution and re-deposition of 

these elements, are not fully understood and require 

further research (Pathak et al., 2020; Rai et al., 2021). 

Despite these uncertainties, phytovolatilization 

remains a promising tool, especially when combined 

with other remediation strategies and careful site-

specific management (Susarla et al., 2002; Kumar et 

al., 2023). 

 

Phytotransformation is a key phytoremediation 

mechanism in which plants enzymatically degrade, 

metabolize, or chemically modify organic pollutants, 

such as pesticides, hydrocarbons, and industrial 

chemicals, into less toxic forms. This process occurs 

within plant tissues or in the rhizosphere, often 

involving enzymes like dehalogenases, peroxidases, 

and laccases, and is sometimes enhanced by plant-

associated microbes that further break down 

contaminants (Singh and Singh, 2017; Susarla et al., 

2002; Kafle et al., 2022). Studies have shown that 

aquatic plants like duckweed and elodea can 

effectively transform persistent organic pollutants 

such as DDT into less harmful metabolites, primarily 

through reductive dechlorination pathways (Gao  et 

al., 2000).  

 

The efficiency of phytotransformation can be 

increased by leveraging plant-microbe partnerships, 

particularly with endophytic bacteria that possess 

pollutant-degrading capabilities and promote plant 

growth under stress (Afzal et al., 2014; Xiang et al., 

2022). Additionally, integrating amendments like 

biochar can support beneficial microbial 

communities and improve soil conditions, further 

enhancing the breakdown of organic contaminants 

(Wiszniewska et al., 2016). Advances in genetic 

engineering and the use of transgenic plants are also 

being explored to boost the enzymatic capacity for 

phytotransformation (Singh and Singh, 2017; Kafle et 

al., 2022). phytotransformation offers a sustainable, 

in situ solution for detoxifying sites contaminated 

with complex mixtures of organic pollutants, with the 

added benefits of being cost-effective and 

environmentally friendly compared to conventional 

remediation methods (Latif et al., 2023). 

 

Phytodegradation is a process in which plants 

enzymatically break down organic pollutants, such as 

pesticides, hydrocarbons, solvents, and explosives, 

into less toxic or non-toxic compounds within their 

tissues or in the rhizosphere, the soil region 

influenced by roots. This breakdown is facilitated by 

plant enzymes like peroxidases, laccases, and 
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dehalogenases, which transform complex 

contaminants into simpler, often less harmful 

molecules. Some of these by-products may be 

incorporated into plant biomass, while others are 

released back into the environment in safer forms. 

The efficiency of phytodegradation can be enhanced 

by the presence of endophytic bacteria within plant 

tissues, which possess their own metabolic pathways 

for degrading persistent organic pollutants and can 

promote plant growth, further boosting remediation 

effectiveness (Newman and Reynolds, 2004; Chlebek 

and Hupert-Kocurek, 2019).  

 

Phytodegradation is distinct from other 

phytoremediation mechanisms because it involves 

actual chemical transformation of pollutants, rather 

than just uptake or immobilization. This method is 

particularly advantageous for remediating soils and 

waters contaminated with biodegradable organic 

compounds, offering a cost-effective and 

environmentally friendly alternative to traditional 

remediation techniques. However, the success of 

phytodegradation depends on factors such as the 

type of contaminant, plant species, soil conditions, 

and the presence of supportive microbial 

communities, and it may require years for complete 

cleanup in some cases (Schwitzguébel , 2017; Trapp 

and Karlson , 2001; Khan et al., 2023; Meagher , 

2000). 

 

III. PLANT SPECIES UTILIZED IN 

PHYTOREMEDIATION AND THEIR 

TARGET HEAVY METALS 
 

Table 3 presents a curated list of plant species 

commonly used in phytoremediation, with particular 

emphasis on those identified in both tropical regions 

such as Nigeria and temperate zones globally. The 

table outlines the botanical identity and growth 

habit of each plant—whether herbaceous, shrubby, 

or tree-like, alongside the specific heavy metals they 

are known to remediate, the mechanism of 

phytoremediation they employ (e.g., 

phytoextraction, phytostabilization, or 

rhizofiltration), and supporting scientific references. 

Table 3: Documented Plant Species Used for 

Phytoremediation in Tropical and Temperate 

Regions, Their Heavy Metal Targets, Remediation 

Roles, and References 

 

s

/

n 

Plant 

(Region 

/ Habit) 

Metals 

Remo

ved 

Role 

(Phytoextractio

n / 

Stabilization / 

Rhizofiltration) 

Refere

nces 

1

. 

Calotrop

is 

procera 

(shrub, 

Nigeria) 

Cromi

um 

(Cr), 

Arseni

c (Ar) 

Phytoextractio

n 

(hyperaccumul

ator) 

Usman 

et al. 

2020; 

Singh 

and 

Fulzele

, 2021; 

Kanwar 

et al. 

2023 

2

. 

Azadirac

hta 

indica, , 

(trees, 

Nigeria) 

lead 

(Pb), 

zinc 

(Zn), 

cadmi

um 

(Cd), 

Phytoextractio

n 

Tiwari 

et al. 

2017; 

Colona 

et al. 

2018 

coppe

r (Cu), 

nickel 

(Ni), 

and 

iron 

(Fe), 

Nickel 

(Ni) 

3

. 

Brassica 

juncea 

(Indian 

mustard

) 

cadmi

um 

(Cd), 

lead 

(Pb), 

zinc 

(Zn), 

coppe

r (Cu), 

and 

mercu

ry (Hg) 

Phytoextractio

n 

Qadir 

et al. 

2004; 

Goswa

mi and 

Das,20

15; 

Gurajal

a et al. 

2019 
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4

. 

Helianth

us 

annuus 

(Sunflow

er)- 

Herbs/Ti

thonia 

diversifo

lia- 

shrub 

(Mexica

n 

Sunflow

er) 

lead 

(Pb), 

cadmi

um 

(Cd), 

and 

zinc 

(Zn) 

Phytoextractio

n 

Adewo

le et al. 

2009; 

Adeso

dun et 

al. 

2010; 

Adewo

le et 

al., 

2010; 

Paulo 

et al. 

2023 

5

. 

 

Eucalypt

us 

camaldu

lensis 

(trees, 

Nigeria) 

Lead 

(Pb), 

cadmi

um 

(Cd), 

arseni

c (As), 

and 

zinc 

(Zn). 

Phytostabilizati

on/ 

Phytoextractio

n 

Madej

on et 

al., 

2017; 

Al-

Salman

y and 

Ibrahi

m, 

2021 

6

. 

 

Vitellaria 

paradox

a - shea 

butter 

tree 

(trees, 

Nigeria) 

pollut

ants 

from 

pharm

aceuti

cal 

efflue

nts 

Phytoextractio

n 

Ramire

z 

Sando

val , 

2013; 

Ojo et 

al. 

2021 

7

. 

Ocimum 

basilicu

m (herb, 

Nigeria) 

cadmi

um 

(Cd) 

lead 

(Pb), 

organi

c 

pollut

ants 

such 

as the 

pestici

de 

endos

ulfan 

Phytoextractio

n (root 

hyperaccumula

tion) 

Yousse

f, 2021; 

Ismaiel

, 2021; 

Shehu 

et al. 

2023. 

8

. 

Chromol

aena 

odorata 

(weed, 

Nigeria) 

cadmi

um 

(Cd) , 

lead 

(Pb), 

total 

petrol

eum 

hydro

carbo

ns 

(TPH) 

and 

PCBs 

in oil-

conta

minat

ed 

soils 

Phytoextractio

n 

Jampa

sri et 

al. 

2021; 

Anyasi 

and 

Atagan

a, 2021 

9

. 

Cynodo

n 

dactylon 

- 

Bermud

a grass 

(grass, 

Nigeria) 

Cadmi

um 

(Cd), 

chrom

ium 

(Cr), 

coppe

r (Cu), 

lead 

(Pb), 

nickel 

(Ni), 

zinc 

(Zn), 

iron 

(Fe), 

PAHs 

and 

crude 

oil in 

conta

minat

ed 

soils 

Phytostabilizati

on (roots) and 

Phytoextractio

n (Fe) 

Raimi 

and 

Isichei, 

2015; 

Shuaib

u et al. 

2021; 

Song 

et al. 

2022; 

Moha

mmed 

et al. 

2024 

1

0

. 

Solanu

m 

melong

ena – 

(eggpla

cadmi

um 

(Cd), 

lead 

(Pb), 

Phytoextractio

n 

Yashim 

et al. 

2014 
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nt) 

(edible 

plants, 

Nigeria) 

and 

mang

anese 

(Mn) 

1

1

. 

Rumex 

acetosa 

(edible 

plants, 

Nigeria) 

Coppe 

(Cu)r, 

lead 

(Pb), 

zinc 

(Zn), 

cadmi

um 

(Cd), 

and 

even 

radioc

esium 

Phytoextractio

n 

Barruti

a et al. 

2009; 

Yashim 

et al., 

2014; 

He et 

al. 

2024  

1

2

. 

Lycoper

sicon 

esculent

um 

(Tomato

)-(edible 

plants, 

Nigeria) 

 

Coppe

r (Cu), 

zinc 

(Zn), 

iron 

(Fe), 

mang

anese 

(Mn), 

cadmi

um 

(Cd), 

lead 

(Pb), 

chrom

ium 

(Cr), 

and 

nickel 

(Ni) 

Phytoextractio

n 

Harikis

han 

and 

Kumar, 

2010; 

Andal 

et al. 

2014; 

Devi, 

et al. 

2024 

1

3

. 

Sorghu

m 

bicolor 

(crop, 

Nigeria) 

Cadmi

um 

(Cd), 

lead 

(Pb), 

nickel 

(Ni), 

zinc 

(Zn), 

coppe

r (Cu), 

Phytoextractio

n / 

Rhizofiltration 

Al 

Chami 

et al. 

2015; 

Phieler 

et al. 

2015; 

Jia et 

al. 

2016 

Silamb

and 

stronti

um 

(St), 

arasan 

et al. 

2023 

1

4

. 

Glycine 

max 

(soybea

n, 

Nigeria) 

Cadmi

um 

(Cd), 

lead 

(Pb), 

coppe

r (Cu), 

chrom

ium 

(Cr), 

nickel 

(Ni), 

and 

zinc 

(Zn) 

Phytoextractio

n/Phytostabiliz

ation 

Rojjan

ateera

naj et 

al. 

2017; 

Bilal et 

al. 

2017; 

Hussai

n et al. 

2019; 

Adeye

mi,et 

al., 

2021 

1

5

. 

Senna 

alata 

(shrub, 

Nigeria) 

Lead 

(Pb), 

nickel 

(Ni), 

chrom

ium 

(Cr), 

cadmi

um 

(Cd), 

coppe

r (Cu), 

zinc 

(Zn), 

iron 

(Fe), 

and 

alumin

um 

(Al) 

Phytoextractio

n 

(bioaccumulati

on) 

Emma

nuel et 

al., 

2019; 

Njoku 

and 

Jolaos

o, 

2020;  

1

6

. 

Hyptis 

suaveol

ens, 

(weeds, 

Nigeria) 

Chrom

iun 

(Cr) 

Phytoextractio

n / 

Rhizofilteration 

Sivaku

mar et 

al. 

2016; 

1

7

. 

Urena 

lobata 

(weeds, 

Nigeria) 

Arseni

c (Ar), 

cadmi

um 

Phytoextractio

n 

Chidi 

et al. 

2021 
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(Cd), 

lead 

(Pb), 

and 

chrom

ium 

(Cr) , 

1

8

. 

Vernoni

a 

ambigu

a 

(weeds, 

Nigeria) 

zinc 

(Zn), 

lead 

(Pb), 

and 

coppe

r (Cu) 

Phytoextractio

n 

Akomo

lafe 

and 

Lawal, 

2019 

1

9

. 

Panicum 

maximu

m- 

Guinea 

grass 

(tropical 

herbs) 

can 

remov

e 74–

99% 

of 

alkane

s and 

up to 

90% 

of 

polycy

clic 

aroma

tic 

hydro

carbo

ns 

(PAHs) 

from 

oil-

conta

minat

ed 

soils 

within 

112 

days 

Phytoextractio

n / 

Rhizofiltration 

Rodrig

uez-

Campo

s et al. 

2019; 

Ochek

wu et 

al. 

2020;  

Okono

fua 

and 

Kayod

e-Ojo, 

2021 

2

0

. 

Zea 

mays 

(tropical 

herbs) 

 

Lead 

(Pb), 

cadmi

um 

(Cd), 

chrom

ium 

Phytoextractio

n / 

Phytostabilizati

on 

Singh 

et al. 

2019; 

Menha

s et al. 

2021; 

Vishnu

(Cr), 

nickel 

(Ni) 

pradee

p et al., 

2022; 

Adeju

mo et 

al. 

2023  

2

1

. 

Vetiveria 

zizanioi

des- 

vetiver 

grass - 

(tropical 

herbs) 

Lead 

(Pb), 

cadmi

um 

(Cd), 

chrom

ium 

(Cr), 

and 

arseni

c (Ar) 

Phytoextractio

n / 

Phytostabilizati

on 

Danh 

et al. 

2009; 

Phusan

tisamp

an et 

al. 

2016; 

Nayak 

et al. 

2018 

2

2

. 

Pteris 

vittata- 

Chinese 

brake 

fern 

(fern), 

tempera

te/tropic

al) 

Arseni

c (As) 

(up to 

22,630

 ppm 

in 

fronds

), and 

others 

like 

cadmi

um 

(Cd) 

and 

zinc 

(Zn) 

Phytoextractio

n 

(hyperaccumul

ator) 

An et 

al. 

2006; 

Xiyuan 

et al. 

2008; 

Danh 

et al. 

2014; 

Canta

messa 

et al. 

2020  

2

3

. 

Thlaspi 

caerules

cens. 

(pennycr

ess, 

tempera

te) 

zinc 

(Zn), 

cadmi

um 

(Cd), 

and 

someti

mes 

lead 

(Pb) 

and 

nickel 

(Ni) 

Phytoextractio

n 

(hyperaccumul

ators) 

Robins

on et 

al. 

1998; 

Escarré 

et al. 

2000; 

Milner 

and 

Kochia

n, 2008  
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2

4

. 

Azolla 

pinnata, 

(aquatic, 

tropical) 

chrom

ium 

(Cr), 

cadmi

um 

(Cd), 

lead 

(Pb), 

and, 

to a 

lesser 

extent, 

nickel 

(Ni) 

Rhizofiltration 

/ 

Phytoextractio

n 

Rai et 

al. 

2009; 

Lokuge

, 2016; 

Kumar 

et al. 

2020  

2

5

. 

Eichhor

nia 

crassipe

s- water 

hyacinth 

(aquatic, 

tropical) 

remov

e 

pheno

l and 

cyanid

e from 

waste

water, 

can 

also 

remov

e 

chrom

ium 

(Cr), 

coppe

r (Cu), 

cadmi

um 

(Cd), 

and 

lead 

(Pb) 

Rhizofiltration 

/ 

Phytoextractio

n 

Ting et 

al. 

2018; 

Tabind

a et al. 

2020; 

Singh 

and 

Balom

ajumd

er, 

2021; 

Rasool 

et al., 

2023  

 

IV. CASE STUDIES OF HEAVY METAL 

POLLUTION IN NIGERIA 
 

Zamfara Lead Poisoning Crisis (2010–Present): 

Artisanal gold mining in Zamfara resulted in 

widespread lead contamination, leading to the death 

of over 400 children and long-term health effects in 

thousands of residents, highlighting the dangers of 

artisanal and small-scale mining when safety and 

environmental regulations are lacking (Schwartz et 

al., 2021). In addition to chemical hazards, mining 

communities face physical dangers from accidents, 

overexertion, and poor working conditions, as well as 

social challenges like poverty, lack of healthcare, and 

inadequate compensation for injuries or illness 

(Sahoo and Rout, 2023; Stewart, 2020). Radioactive 

elements and particulate matter released during 

mining further elevate long-term cancer risks and 

other health issues (Owusu  et al., 2024; Otorkpa et 

al., 2024).  

 

Niger Delta Oil Spill Pollution: Studies have shown 

that heavy metals from crude oil spills in Bayelsa, 

Delta and Rivers States have contaminated farmland 

and water bodies, affecting local livelihoods and 

increasing cancer risks. The oil-rich Niger Delta is 

perhaps the most polluted region in Nigeria, 

suffering from years of unchecked petroleum 

exploration, frequent oil spills, and gas flaring. Soils 

and water bodies in these states have been shown to 

contain excessive levels of lead, cadmium, and nickel 

(Nduka and Orisakwe, 2011; Onyena et al., 2024). 

Seafood sourced from these waters also accumulates 

these toxic metals, posing risks to consumers, 

particularly in communities where fish is a dietary 

staple. Some soil samples in the region contain up to 

895 mg/kg of lead, nearly 45 times the WHO limit 

(Olawoyin et al., 2012). Despite localized remediation 

efforts, persistent pollution and inadequate 

regulatory oversight have made these regions 

environmental sacrifice zones. Long-term health 

effects include liver and kidney dysfunction, birth 

defects, and increased cancer incidence. The 

socioeconomic implications are equally severe: 

contaminated farmlands and waters have diminished 

local livelihoods, deepened poverty, and fueled 

conflict over environmental justice. 

 

Kano Industrial Pollution: Industrial pollution in 

Kano, Nigeria, is a significant environmental and 

public health concern, primarily due to the discharge 

of untreated industrial effluents into rivers and the 

atmosphere. Studies have found that rivers such as 

Challawa and Salanta, which receive waste from 

major industrial estates, contain high levels of heavy 

metals (including cadmium, chromium, lead, and 

iron) and other pollutants, often exceeding both 

Nigerian and World Health Organization safety limits 
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for drinking and irrigation water, posing risks to 

water supplies and agriculture. Groundwater in 

industrial areas also shows contamination, with 

cadmium particularly prevalent, and pollution 

indices categorizing some zones as seriously 

polluted. Air quality assessments reveal elevated 

concentrations of gaseous pollutants like carbon 

monoxide and nitrogen dioxide near industrial 

stacks, with some CO levels surpassing 

recommended limits, especially under certain 

atmospheric conditions (Dan’azumi and Bichi, 2010; 

Hamidu et al., 2021; Oji and Adamu, 2021). Lead and 

chromium are also frequently found at hazardous 

levels, contributing to ecological and human health 

risks (Sivarajah et al., 2024). In addition, vanadium 

and titanium, though less studied, have been 

detected in mining areas and are recognized as 

emerging contaminants with potential health 

impacts1(Tiemoko et al., 2024). The migration of 

these metals from tailings into surrounding soils and 

water bodies occurs through processes like runoff, 

leaching, and atmospheric transport, leading to 

persistent environmental contamination (Chen et al., 

2023). Biomonitoring studies confirm that people 

living or working near gold mines often have higher 

internal levels of these metals, underscoring the 

need for ongoing health surveillance and 

environmental remediation (Diarra  et al., 2024). 

 

Gold mining in Osun and Zamfara: Gold mining in 

regions such as Osun, Zamfara, and Niger has been 

linked to significant contamination of water, soil, and 

sediments with toxic metals like arsenic, lead, 

chromium, vanadium, and titanium. Studies from 

various gold mining areas globally have consistently 

found elevated concentrations of these metals in 

mining wastes, tailings, and surrounding 

environments, often exceeding recommended safety 

thresholds and posing direct health risks to local 

communities through exposure pathways such as 

water, soil, and food chains (Odumo et al., 2011; de 

Souza Neto  et al., 2020; Baneh et al., 2024). For 

example, arsenic levels in mining tailings and soils 

can reach thousands of milligrams per kilogram, far 

above environmental safety limits, and are 

associated with increased cancer risks and other 

health problems in both adults and children (Eisler, 

2003; Wongsasuluk et al., 2021).  

V. RECOMMENDATIONS FOR 

SUSTAINABLE ENVIRONMENTAL 
 

Remediation and Public Health Protection in Nigeria 

Given the escalating challenges posed by heavy 

metal contamination from mining, industrial 

emissions, and unsafe agricultural practices, the 

following actionable recommendations are 

proposed for government authorities, environmental 

regulators, health institutions, and stakeholders in 

Nigeria: 

 

Adopt phytoremediation as a national strategy for 

environmental clean-up:The government and 

stakeholders are strongly encouraged to integrate 

phytoremediation into national and regional 

environmental remediation programs. 

Phytoremediation is a low-cost, eco-friendly, and 

sustainable technology that uses plants to extract, 

stabilize, or degrade toxic heavy metals from soil and 

water. Indigenous and naturalized plant species such 

as Tithonia diversifolia, Chromolaena odorata, 

Helianthus annuus, and Vetiveria zizanioides have 

already demonstrated effectiveness in Nigerian 

contexts. 

 

Strengthen Environmental Regulations on 

Mining and Industrial Activities 

Unregulated mining continues to endanger public 

health, especially among children and vulnerable 

populations exposed to lead, arsenic, cadmium, and 

mercury. Government agencies must strictly enforce 

environmental protection laws, mandate 

Environmental Impact Assessments (EIAs), and 

penalize non-compliance. Regular environmental 

audits and soil/water testing should be compulsory 

near mining and industrial sites. 

 

Promote community based phytoremediation 

programmes: Community-led clean-up initiatives, 

supported by environmental NGOs and local 

governments, should be launched in areas impacted 

by artisanal mining and industrial discharges. These 

programs should train residents in planting and 

maintaining phytoremediation species, thereby 

creating jobs and enhancing public participation in 

environmental health. 
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Regulate and Monitor Agricultural Inputs to Reduce 

Heavy Metal Accumulation in Food Crops 

 

Fertilizers, pesticides, and irrigation water should be 

strictly monitored for heavy metal content. Farmers 

should be educated on the dangers of cultivating 

crops near industrial zones and encouraged to use 

phytoremediation plants in buffer zones to reduce 

soil toxicity. Regulatory frameworks should align 

with international food safety standards (FAO/WHO). 

Establish phytoremediation research and 

demonstration centres: Investment should be 

directed toward research institutes and universities 

to develop region-specific phytoremediation 

protocols. Demonstration sites across geopolitical 

zones can serve as practical learning grounds for 

students, professionals, and policymakers. 

 

Integrate environmental health surveillance into 

public health systems: Routine screening for heavy 

metal exposure should be integrated into health 

services in high-risk areas. Early detection programs, 

particularly targeting children and pregnant women, 

are critical to prevent long-term health 

consequences. 

 

Encourage cross-sector collaboration and 

international partnerships: Collaboration between 

ministries of environment, health, agriculture, and 

education, as well as international organizations, will 

ensure coordinated efforts. Funding from 

international development agencies can also 

support phytoremediation initiatives and 

environmental restoration projects. 

 

VI. CONCLUSION 
 

A paradigm shift toward sustainable, nature-based 

solutions such as phytoremediation is essential in 

mitigating the toxic legacy of mining, 

industrialization, and unsafe agricultural practices. 

With strong political will, institutional support, and 

community involvement, Nigeria can protect its 

ecosystems, safeguard public health, and ensure 

food and water safety for future generations. 
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