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Abstract

Heavy metal pollution in Southeastern Nigeria’s Enugu area presents a severe environmental and public health hazard,
with specific locations such as Emene Industrial Area, Ngwo Mechanic Village, and Abakpa experiencing particularly
high contamination levels. The primary contaminants—Ilead, cadmium, arsenic, mercury, and chromium—originate
from industrial operations, mining activities, and unregulated waste disposal. In Emene Industrial Area, soil and water
samples reveal arsenic and manganese levels significantly above safety thresholds, impacting local residents, especially
children and pregnant women. Ngwo Mechanic Village exhibits dangerously high concentrations of lead and chromium
due to persistent automobile emissions and industrial effluents, leading to respiratory and neurological health risks for
workers and nearby communities. Additionally, agricultural zones like Abakpa are impacted by cadmium from
fertilizers, resulting in contamination of crops and local water sources, which poses long-term health risks to
consumers. This review examines the sources, pathways, and adverse health effects of heavy metal pollution across
these high-risk locations in Enugu, while also recommending mitigation strategies, including stricter environmental
regulations, sustainable agricultural practices, and community education to reduce exposure and protect public health.

Keywords: heavy metal pollution; Emene Industrial Area; Ngwo Mechanic Village; Abakpa; Enugu; health effects;
environmental remediation

1. Introduction

Heavy metal pollution is a major global environmental issue due to its persistence in ecosystems and the serious health
risks associated with prolonged exposure. These metals, including lead (Pb), mercury (Hg), cadmium (Cd), arsenic (As),
and chromium (Cr), are toxic at low concentrations and can accumulate in living organisms over time [1,2].
Industrialization, urbanization, and modern agricultural practices have contributed significantly to the release of these
contaminants into soil, water, and air. In Nigeria, heavy metal pollution has become increasingly pronounced, especially
in regions experiencing rapid economic growth and industrial expansion [3]. The Enugu area, located in Southeastern
Nigeria, is a prime example of a region grappling with the environmental and health challenges posed by heavy metal
contamination [4].
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The region’s vulnerability stems from a combination of factors, including extensive mining activities, agricultural
chemical use, industrial operations, and inadequate waste management practices. The health effects of heavy metals are
well-documented, ranging from neurological and developmental disorders to chronic diseases such as cancer, kidney
failure, and cardiovascular complications [3,4]. This review aims to explore the sources and pathways of heavy metal
pollution in the Enugu area, identify the health risks posed by such contamination, highlight the vulnerable populations,
and suggest mitigation strategies that can reduce exposure and improve public health outcomes.

2. Sources of Heavy Metal Pollution in the Enugu Area

Several anthropogenic activities contribute to the release of heavy metals into the environment in the Enugu area.
Understanding these sources is crucial for devising effective control measures.

Industrial Activities: Enugu has a history of coal mining and other industrial activities that release heavy
metals into the environment. These include coal mining operations, small-scale manufacturing, and metalwork
industries, which discharge untreated industrial effluents containing heavy metals like lead and cadmium into
nearby rivers, soil, and the air [5,6]. Over time, these contaminants accumulate, resulting in long-term
environmental degradation and increasing exposure risks for the local population. Soil samples from Ada rice
fields in Enugu showed lead (Pb) concentrations averaging 4.64 mg/kg, with some samples reaching as high as
7.81 mg/kg. Cadmium (Cd) levels averaged 0.83 mg/kg but were as high as 3.84 mg/kg in certain locations,
significantly above permissible levels [7]. Despite existing regulations, the enforcement of environmental
standards remains weak, leading to unchecked industrial pollution [7,8].

Agricultural Practices: Agrochemicals, including fertilizers, pesticides, and herbicides, are another notable
source of heavy metal contamination in Enugu’s agricultural sector. Fertilizers often contain trace amounts of
heavy metals such as cadmium, arsenic, and lead, while some pesticides contribute mercury and chromium to
the soil [9,10]. Heavy metal concentrations found in rice fields around Enugu reflect this: cadmium levels in rice
grains reached 1.98 mg/kg, significantly exceeding the WHO permissible limit of 0.1 mg/kg, while zinc (Zn) was
detected atlevels as high as 229.14 mg/kg. These contaminants leach into groundwater and runoff into streams,
heightening risks of metal transfer into crops and the food chain [7].

Waste Disposal: Improper waste management in Enugu exacerbates the heavy metal pollution problem.
Municipal waste, electronic waste (e-waste), and hazardous industrial waste are often disposed of in open
dumpsites [11]. These wastes, particularly e-waste, contain significant amounts of heavy metals, including lead,
cadmium, mercury, and chromium, which leach into the soil and water when exposed to the elements. During
the rainy season, these metals are carried by runoff into water bodies, further increasing the risk of
contamination in areas reliant on surface water for drinking and irrigation [11,12].

Urbanization and Infrastructure Development: The rapid urbanization of Enugu, without adequate
infrastructure to manage environmental impacts, has contributed to heavy metal pollution. Construction
materials, paints, and vehicular emissions release heavy metals such as lead and cadmium into the environment
[13]. Soil samples near urban areas have shown lead concentrations of up to 6.88 mg/kg, with an average of
4.50 mg/kg, indicating that urban activities contribute significantly to soil contamination. These metals
gradually accumulate in soils and water systems, increasing human exposure, particularly in densely populated
urban settings [7].

Groundwater Contamination Sources: Groundwater is a vital resource for drinking water in Enugu. However,
the region’s shallow water table makes it highly susceptible to contamination from nearby pollution sources
[14]. Industrial effluents, agricultural runoff, and leachates from dumpsites often seep into groundwater
aquifers, carrying heavy metals that make the water unsafe for consumption. In some cases, natural geological
formations containing metals like arsenic further contribute to groundwater contamination, compounding the
health risks [15-17].

3. Common Heavy Metals Found in the Enugu Area

Lead (Pb): Lead contamination is primarily associated with industrial activities, including coal mining and
various small-scale manufacturing processes. Lead is also prevalent in paints, e-waste, and construction
materials [18]. Detected at concentrations as high as 7.5 mg/kg in rice grains and averaging 4.64 mg/kg in soil,
lead levels frequently surpass the WHO’s permissible limit of 0.2 mg/kg in food, posing considerable health
risks, especially to children, due to potential impacts on cognitive and behavioral development [7].

Mercury (Hg): Mercury pollution results from industrial waste and the improper use of mercury-containing
pesticides. Itis highly toxic, particularly in its methylmercury form, which bioaccumulates in aquatic organisms
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[19,20]. Human exposure occurs mainly through fish consumption, leading to neurological and developmental
issues, particularly in infants and young children [19].

Cadmium (Cd): Cadmium contamination, largely stemming from industrial discharges and the use of
phosphate-based fertilizers, is significant in Enugu’s soils and crops [21]. Soil samples revealed cadmium
concentrations as high as 3.84 mg/kg, with an average of 0.83 mg/kg—surpassing safe levels in 30% of samples.
In rice grains, cadmium reached up to 1.98 mg/kg, exceeding WHO'’s food safety limit, thus posing long-term
health risks, particularly to the kidneys, bones, and liver [7].

Arsenic (As): Arsenic is naturally present in the earth’s crust, but its concentration in the environment is
heightened by mining activities and industrial discharges [22]. Chronic exposure to arsenic is linked to skin
lesions, cancer, cardiovascular diseases, and diabetes. It is also highly toxic when ingested through
contaminated water or food [23].

Chromium (Cr): Chromium contamination, notably from metal-related industries and waste, is a concern due
to the toxic effects of its hexavalent form (Cr VI). Soil samples in Enugu showed chromium concentrations up
to 53.89 mg/kg, with rice grains containing as much as 26.11 mg/kg. Chromium exposure risks include
respiratory problems, skin ulcers, and cancer when inhaled or ingested at elevated levels [7].

Zinc (Zn): Zinc, although essential for health in trace amounts, can lead to toxicity when accumulated in large
quantities [24]. In Enugu, zinc pollution results from fertilizers and industrial emissions, with rice samples
showing average concentrations of 65.37 mg/kg, peaking at 229.14 mg/kg. Excessive zinc exposure has been
linked to gastrointestinal and immune system issues, presenting health risks to individuals consuming
contaminated food over time [7,25].

Table 1 Heavy Metal Concentrations in Enugu and WHO Permissible Limits (modified from Ref [25] with permission)

Heavy Metal | Concentration WHO Permissible | Major Sources Compliance Status
Range (mg/kg) Limit (mg/kg)

Iron (Fe) 107.8-578.7 300 Dumpsites, industrial soils, | Exceeds in dumpsite and
discarded metal materials industrial soils

Manganese |18.05-101.9 20 Dumpsites, industrial soils, | Exceeds in most samples

(Mn) mechanic workshops except control

Arsenic (As) |20.9 - 48.35 40 Agricultural chemicals, | Exceeds in animal dungs,
industrial waste dumpsites, and industrial

soils

Lead (Pb) 43.8-106.6 85 Vehicle exhaust, batteries,|Exceeds in dumpsites,

industrial waste industrial, and animal dung
soils

Zinc (Zn) 228.9-432.2 300 E-waste, agrochemicals, | Exceeds in dumpsite, river
industrial discharge bed, and industrial soils

Cadmium 0.422-2.118 0.8 Phosphate fertilizers, | Exceeds in all samples

(Cd) industrial processes except control

Chromium 71.58-119.13 100 Paints, Dbatteries, leather |Exceeds in several samples

(Cr) tanning waste

Nickel (Ni) |14.66 - 48.41 35 Mechanic workshops, | Exceeds in  mechanic
lubricants, vehicle emissions | workshop soils

Copper (Cu) |30.17-75.34 73 Industrial waste, e-waste,|Exceeds only in dumpsite
paints soils
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Figure 2 Heavy Metal Concentrations in Ngwo, Nsude, Abor Areas of Enugu State [26]

4. Pathways of Human Exposure to Heavy Metals

Heavy metals enter the human body through various environmental media, presenting varying levels of risk depending
on the frequency and intensity of exposure. According to Saif et al. [27], one of the most common routes is ingestion,
primarily through contaminated food and water. Crops grown in metal-polluted soils absorb these toxic elements, which
then accumulate in their edible parts. Similarly, water sources, whether surface water or groundwater, often carry heavy
metals, making them a significant ingestion risk. This issue is particularly pressing in the Enugu area, where widespread
water contamination exacerbates the problem, and locally grown agricultural products are commonly consumed,
heightening the exposure risk [27,28].

Inhalation also serves as a critical pathway for heavy metal entry into the body, especially in urban areas like Enugu.

From the notable studies conducted by Chukwu [29] and Ogbeide et al. [30], it is clear that airborne particles from
industrial emissions, vehicle exhaust, and dust from construction sites introduce these metals into the respiratory
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system. Once inhaled, these particles can lodge in the lungs and enter the bloodstream, causing respiratory and systemic
health issues. The concentration of vehicular emissions and industrial activities in urban centers makes this exposure
route a significant public health concern [29,30].

Although less frequent, dermal contact with contaminated soil or water represents another avenue for heavy metal
absorption. This exposure is particularly relevant to individuals working in agriculture or construction, where direct
contact with polluted environments is a daily occurrence. Through prolonged interaction with contaminated soils and
water, these workers face risks of heavy metal absorption through the skin [30,31].

Beyond direct exposure, heavy metals also pose significant risks through bioaccumulation and biomagnification in food
chains. Aquatic ecosystems, for instance, are often affected when fish accumulate mercury from contaminated water
bodies [32]. Humans consuming such fish experience heightened exposure levels due to the magnification of metal
concentrations up the food chain. Even low environmental concentrations of heavy metals can lead to severe long-term
health risks for top predators, including humans, emphasizing the insidious nature of this form of exposure [32-34].

5. Health Risks Associated with Heavy Metal Exposure

The health effects of heavy metal exposure are both diverse and severe, particularly when exposure is chronic. The risks
associated with heavy metals depend on several factors, including the specific metal involved, the level and duration of
exposure, and individual factors such as age, health status, and occupation [35,36]. These variables contribute to a wide
range of health complications, making heavy metal exposure a significant public health concern [36].

Neurological disorders are among the most concerning outcomes of heavy metal exposure, with lead and mercury being
particularly neurotoxic. From the findings of Rehman et al [37], these metals can cause profound damage to the nervous
system, with effects that vary across different age groups. In children, exposure can result in developmental delays,
reduced IQ, learning disabilities, and behavioral problems, undermining cognitive and emotional development [38].
Adults exposed to these metals over time may experience memory loss, depression, and cognitive decline, highlighting
the pervasive and lasting impact of these substances on neurological health [38,39].

Kidney and liver damage also feature prominently among the adverse effects of heavy metals, particularly with cadmium
and mercury, which have a propensity to accumulate in these organs [40]. Over time, this accumulation can lead to
impaired kidney function, nephropathy, and, in severe cases, kidney failure. Similarly, the liver, as the body's primary
detoxifying organ, bears significant harm from prolonged exposure to metals like arsenic. This damage can manifest as
liver fibrosis or even cirrhosis, emphasizing the critical role of these organs in mediating the toxic effects of heavy metals
[35,39,40].

Reproductive and developmental health is another area profoundly affected by heavy metal exposure [41]. Lead and
mercury pose significant risks, particularly to women of childbearing age and pregnant women. Lead exposure during
pregnancy is linked to miscarriage, preterm birth, and low birth weight, while mercury exposure can impair fetal brain
development, leading to cognitive and motor skill deficits. These effects not only jeopardize maternal health but also
have long-term implications for offspring [41-43].

The carcinogenic potential of heavy metals further emphasizes their hazardous nature. Metals such as arsenic, cadmium,
and hexavalent chromium are classified as carcinogens, with chronic exposure associated with cancers of the lung,
bladder, skin, and kidney. Arsenic, notably, has a strong link to skin cancer and internal cancers when ingested through
contaminated drinking water, representing a significant risk for populations exposed to such contamination [36,44,45].

Cardiovascular diseases are another major concern linked to heavy metal exposure, particularly from lead and
cadmium. These metals are associated with increased risks of hypertension, atherosclerosis, and other cardiovascular
conditions. Their impact on cardiovascular health is mediated through oxidative stress, inflammation, and damage to
the endothelial cells lining blood vessels, which disrupt normal cardiovascular function and elevate disease risk [46,47].

Finally, heavy metals can act as endocrine disruptors, interfering with the body’s hormonal balance. According to Balali-
Mood et al. [44], cadmium and mercury, for instance, mimic or disrupt hormone function, leading to reproductive health
issues, metabolic disorders, and an increased risk of diseases such as diabetes. The disruption of hormonal systems
further amplifies the systemic impact of heavy metal exposure, affecting multiple aspects of human health [44,48].
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In essence, the effects of heavy metal exposure are extensive, affecting nearly every major organ system. From
neurological and reproductive damage to carcinogenic and cardiovascular risks, the consequences highlight the critical
need for preventive measures and interventions to reduce exposure and mitigate the associated health burdens.

Table 2 Potential Adverse Health Effects of Heavy Metals Found in Enugu (Adapted from Ref [25])

Heavy Metal Concentration | Potential Health Effects

Range (mg/kg)
Iron (Fe) 107.8-578.7 Gastrointestinal distress, liver damage with chronic exposure
Manganese (Mn) | 18.05-101.9 Neurological effects, behavioral changes, respiratory issues
Arsenic (As) 20.9 - 48.35 Skin lesions, cancer, cardiovascular diseases
Lead (Pb) 43.8-106.6 Cognitive impairment, developmental delays in children, kidney damage
Zinc (Zn) 228.9-432.2 Gastrointestinal issues, immune dysfunction
Cadmium (Cd) 0.422-2.118 Kidney damage, bone degradation, cancer risk
Chromium (Cr) 71.58-119.13 Respiratory issues, skin ulcers, potential carcinogen (Cr VI)
Nickel (Ni) 14.66 - 48.41 Respiratory problems, skin allergies, potential carcinogen
Copper (Cu) 30.17 - 75.34 Liver and kidney damage, gastrointestinal irritation

Table 3 Average Heavy Metal Concentrations and Sources in some parts of Enugu (Adapted from Ref [26])

Heavy Average Potential Health Effects Major Sources Vulnerable Locations
Metal Concentration in Enugu
(mg/kg)
Cadmium | 2.18 Kidney damage, osteoporosis, | Automobile emissions, | High levels observed
(Cd) cancer risk roadside dust, | at Obioma, Nsude
mechanic workshops
Lead (Pb) | 2.59 Cognitive impairment, | Automobile workshops, | Notably high at Ngwo,
developmental delays, kidney | road dust, industrial | Abor, and areas near
damage discharge workshops
Nickel 6.11 Respiratory problems, skin | Vehicle emissions, | Concentrated in
(Ni) ) allergies, carcinogenic roadside dust, | roadside dustin Ngwo,
industrial discharge Nsude
Chromium | 1.99 Resbi ) Kin ul Roadside dust, | Observed in Ngwo and
(Cn) esplrgtlory 1§sues, S én 3lcers, industrial activities, | Nsude
potential carcinogen (Cr VI) road surfaces
Zinc (Zn) 4.41 Gastrointestinal issues, immune | Vehicular emissions, e- | Abor, areas near
dysfunction waste, roadside dust roadsides
Copper 1.44 Liver and kidney damage, | Automobile emissions, | Within limits, minimal
(Cu) gastrointestinal irritation industrial waste risk across sites

6. Vulnerable Populations

Certain groups within the Enugu population are more vulnerable to the health risks associated with heavy metal
pollution due to factors such as age, occupation, and socioeconomic status. Soil analyses from sites around Enugu,
including areas like Ogui, Emene, and Ngwo, have revealed heavy metal levels surpassing WHO guidelines, underscoring
the heightened health risks, particularly for certain exposed groups [25,26].
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e Children: Children are particularly vulnerable to the toxic effects of heavy metals, especially lead and
manganese. Soil samples collected from dumpsites around Ogui showed lead (Pb) concentrations reaching
106.6 mg/kg in the rainy season, well above the WHO limit of 85 mg/kg. These levels are especially dangerous
for children, whose developing bodies and nervous systems are more susceptible to lead poisoning, which can
result in irreversible cognitive and developmental issues. Additionally, because children often play outdoors in
these areas, they are more likely to ingest or have skin contact with contaminated soil and dust, increasing their
risk of exposure through dermal and oral routes [25].

e Pregnant Women: Pregnant women in Enugu, particularly those living near sites with high levels of arsenic
and lead, are at elevated risk for complications associated with heavy metal exposure. The Emene industrial
zone, where arsenic (As) levels in soils near waste dumps reached 48.35 mg/kg, presents a significant risk [25].
This concentration exceeds the WHO limit of 40 mg/kg, and arsenic exposure during pregnancy can lead to
miscarriage, stillbirth, and developmental abnormalities in infants. Furthermore, lead levels near the Ngwo
mechanic village often surpass safe limits, compounding the risks for pregnant women residing in this area.
This underscores the urgent need for intervention to reduce exposure for these vulnerable individuals [25,43].

e Agricultural Workers: Farmers and agricultural workers, particularly in the Abakpa and Emene agricultural
zones, face high exposure risks due to their regular contact with contaminated soil and water. The study reports
cadmium (Cd) levels in Emene’s agricultural soils as high as 2.118 mg/kg, surpassing the WHO’s permissible
limit of 0.8 mg/kg [25]. This heightened cadmium exposure is especially concerning, as cadmium in phosphate-
based fertilizers poses significant health risks for these workers, who may experience kidney damage, skeletal
issues, and other chronic health effects through inhalation, ingestion, and skin contact. The high levels in these
zones highlight the need for safer agricultural practices and protective measures for workers [25,26].

e Residents near Industrial Sites: Communities living near Enugu’s major industrial hubs, such as the Emene
and Ogui industrial areas, are at elevated risk from both airborne and waterborne heavy metal contamination.
For example, from the findings of Chibuike et al. [25], manganese (Mn) concentrations in soil in Emene averaged
83.5 mg/kg during the rainy season, which is over four times the WHO limit of 20 mg/kg. Chronic manganese
exposure is linked to neurotoxic effects, including memory loss and behavioral changes, particularly in adults.
Furthermore, residents in the industrially dense Ngwo region are also at risk due to high levels of chromium
and lead in the soil and nearby water bodies, where lack of adequate environmental regulations and waste
management exacerbates the contamination. This situation calls for stronger environmental policies and
community protection efforts to mitigate exposure for residents in these areas [25].

7. Environmental and Public Health Monitoring

Effective monitoring of heavy metal pollution and its impact on public health is crucial to addressing the growing
environmental challenges in Enugu. However, the current efforts face numerous obstacles that limit their effectiveness
and impede progress in mitigating the risks associated with heavy metal contamination [13,30].

Environmental monitoring in the Enugu area is sporadic and often lacks the depth and consistency needed to fully
understand the scale of heavy metal pollution. While some governmental and non-governmental organizations conduct
periodic assessments of water, soil, and air quality, these efforts are frequently limited in scope and frequency. This
piecemeal approach fails to provide the comprehensive data necessary to assess pollution trends accurately or to
identify contamination hotspots. More systematic and frequent monitoring initiatives are required to address these
deficiencies and support targeted interventions [49,50].

In addition to the inadequacies in monitoring, gaps in environmental regulations and their enforcement exacerbate the
problem. Although Nigeria has established laws aimed at controlling industrial emissions and waste disposal,
enforcement remains weak. Many industries continue to operate without implementing proper pollution control
measures, and illegal dumping of hazardous waste is a widespread practice. Strengthening the enforcement of existing
laws, coupled with the introduction of stricter penalties for non-compliance, is essential to curbing these practices and
reducing the prevalence of heavy metal pollution [51,52].

Moreover, there is a pressing need to enhance surveillance efforts. Comprehensive environmental monitoring programs
must be implemented to identify the sources of heavy metal contamination and evaluate the success of mitigation
strategies. Equally important is the establishment of robust public health surveillance systems to track the incidence of
health conditions linked to heavy metal exposure, such as cancer, kidney disease, and developmental disorders. These
measures will not only provide a clearer picture of the pollution problem but also guide evidence-based policy decisions
to protect the health and well-being of affected populations [35,53].
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8. Mitigation and Remediation Strategies

Mitigating the health risks associated with heavy metal pollution necessitates a coordinated approach that encompasses
environmental remediation, public health interventions, and community education [54]. A critical component of this
strategy is strengthening waste management and industrial regulations; stricter enforcement of regulations on
industrial emissions and waste disposal is essential. Industries must be mandated to treat their effluents prior to
discharge and to adopt cleaner production technologies to minimize the release of heavy metals into the environment.
Additionally, enhanced waste management systems are needed to prevent the leaching of heavy metals from open
dumpsites into soil and water bodies [54,55].

Promoting sustainable agricultural practices is another vital strategy. Reducing the use of chemical fertilizers and
pesticides in agriculture can substantially decrease heavy metal contamination in soils and water. Encouraging organic
farming methods and less toxic alternatives, along with implementing soil testing and monitoring programs, can help
farmers identify and mitigate contamination in their fields [56,57]. Public awareness and education campaigns are
crucial for instilling behavioral changes at the community level; these initiatives should focus on educating residents
about the dangers of heavy metal pollution, sources of exposure, and protective measures they can take for their families
[58]. Furthermore, several technologies are available for the remediation of heavy metal-contaminated environments,
including phytoremediation, which utilizes plants to absorb and detoxify heavy metals, and bioremediation techniques
that employ microorganisms to treat polluted water and soil. These cost-effective and environmentally friendly
methods are well-suited for large-scale application in affected areas such as Enugu [59,60]

9, Conclusion

Heavy metal pollution in the Enugu area underscores the urgent need for a comprehensive, multi-faceted approach to
environmental health management. Persistent contamination from industrial, agricultural, and urban sources
exacerbates health risks for vulnerable populations, particularly in poorly regulated settings. Effective mitigation will
require coordinated efforts between government agencies, industry stakeholders, and local communities, emphasizing
stricter enforcement of environmental standards, improved waste management, and adoption of clean technologies.
Additionally, educating communities on the health risks associated with heavy metal exposure and promoting
sustainable agricultural practices will be crucial in reducing long-term risks. As environmental degradation and health
risks continue to rise, addressing heavy metal pollution in Enugu will not only safeguard public health but also support
sustainable economic development in the region.
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