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ABSTRACT

This review paper examines the health risks to humans posed by emissions from locally fabricated kilns
(LFKOs) in Nigeria, emphasizing the significant occupational adverse effects of kiln and oven emissions
on public health and the environment. LFKOs, typically utilized by smallholders using materials like;
mud brick, scrap metal, wood fuel (fire wood) or charcoal, release harmful pollutants including
particulate matter, sulphur dioxide, and carbon monoxide. These pollutants exacerbate respiratory
ailments, cardiovascular disorders, and chronic health issues, disproportionately impacting kiln operators
and populations next to kiln locations. Despite the prevalent presence of these kilns, research on their
overall health effects is limited, highlighting the need for further exploration of the correlation between
kiln emissions and specific diseases. The review examines the current state of air quality in kiln areas and
assesses the shortcomings in existing literature, particularly regarding long-term health impacts.
Advancements in kiln design, enhanced regulatory frameworks, and public health initiatives are suggested
as essential solutions to alleviate these health hazards. The study advocates for additional longitudinal
studies to monitor the health impacts of kiln pollution over time and promotes interdisciplinary research
to provide sustainable solutions. The article underscores the imperative for legislative interventions,
corporate collaboration, and community involvement to safeguard public health and advance safer,
cleaner technology. By mitigating the health hazards associated with kiln pollution, Nigeria can progress
towards a more sustainable and healthier future for its urban and rural people.
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1 INTRODUCTION

Air pollution in Nigeria constitutes a significant environmental and public health concern, exacerbated by
various industrial operations, notably the operation of domestically produced kilns. Kilns employed in
brick and lime manufacturing emit substantial amounts of particulate matter (PM), sulphur dioxide (SO2),
nitrogen oxides (NOy), and carbon monoxide (CO), leading to deteriorated air quality in surrounding
areas. Studies suggest that emissions from these kilns may exceed permissible limits, posing considerable
health risks to both employees and nearby inhabitants (Tasnima et al., 2021) The health consequences of
exposure to pollutants from these kilns are substantial. Research indicates that exposure to these
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emissions is associated with a higher prevalence of respiratory conditions, including persistent cough,
chest tightness, and wheezing (Ebong et al., 2023). Furthermore, extended exposure may result in
diminished lung function, oxidative stress, and various chronic respiratory conditions (Bezerra et al.,
2023). The incidence of these health issues is significantly elevated among individuals working and
residing near kiln sites.

Locally fabricated kilns and Ovens (LFKOs) play a crucial role in Nigeria's economy, especially in
industries such as brick manufacturing, scrap metals, fish smoking, and timber processing. Brick
production and acquisition of scrap metals for these kilns offers a cost-effective and accessible solution
for small-scale manufacturers to satisfy the national demand for construction materials. In the fish
processing industry, LFKOs improve the preservation and quality of fish products, thus supporting the
livelihoods of numerous Nigerians (Ikenweiwe & Bolaji, 2010).

The ecological repercussions of these kilns pose a significant issue. Studies demonstrate that emissions
from brick kilns may above allowable thresholds, posing considerable health hazards to workers and
adjacent inhabitants (Kinder et al., 2013). The operation of LFKOs constructed fish smoking kilns can
emit particulate matter and other pollutants, adversely affecting air quality and human health (Saha et al.,
2021). Conventional wood drying techniques in the timber sector, employing locally constructed kilns,
can result in deforestation and ecological deterioration (Ogunwusi et al., 2012) Therefore, while LFKOs
are integral to Nigeria's economy, their environmental and health impacts necessitate the adoption of
cleaner technologies and practices.

This article provides a comprehensive analysis of the health hazards to humans resulting from air
pollution caused by LFKOs in Nigeria. Kilns, frequently employed in brick production, fish smoking, and
timber processing, substantially exacerbate air pollution in the nation. This study seeks to consolidate
existing scientific material to elucidate the health hazards linked to emissions from kilns, specifically with
respiratory and cardiovascular disorders in workers and adjacent communities.

This paper analyses pollutants released by LFKOs, including particulate matter (PM), sulphur dioxide
(S02), nitrogen oxides (NOy), and carbon monoxide (CO). This analysis examines research assessing the
concentration levels of these contaminants and their compliance with international air quality standards.
The analysis additionally analyses epidemiological research evaluating the incidence of health disorders
linked to kiln emissions exposure. The study synthesises information from multiple studies to offer a
thorough understanding of the health concerns associated with air pollution from LFKOs in Nigeria,
aiming to guide policy decisions and public health initiatives.

2. Understanding Air Pollution from Kilns

Air pollution originating from LFKOs, especially those manufactured locally in Nigeria, presents
considerable health hazards to both workers and nearby communities (Saleem et al., 2021). Kilns utilised
in brick manufacturing, fish smoking, and timber processing release multiple pollutants that adversely
affect air quality and human health. Comprehending the various pollutant types, their emission processes,
and the relative health effects of LFKOs versus industrial kilns is essential for formulating effective
mitigation strategies.

2.1. Conceptualization and Categories of Air Contaminants Emitted from Kilns

Kilns release a variety of air pollutants, such as particulate matter (PM), sulphur dioxide (SO:), nitrogen
oxides (NOx), carbon monoxide (CO), and volatile organic compounds (VOCs). In Nigeria, there exist
two prevalent varieties of LFKOs:

2.1.1 Earthen (Mud) Kilns

Earthen kilns, constructed from clay, serve as traditional kilns frequently employed by smallholders for
the processing of garri, the smoking of fish, the preparation of bush meat, and various other food smoking
practices involving protein or alternative food sources (Ogundana et al., 2023). The kilns, particularly in
rural areas, employ biomass fuels such as wood and agricultural residues, leading to incomplete
combustion and the release of detrimental pollutants, including particulate matter (PM), sulphur dioxide
(S02), and carbon monoxide (CO). Heightened concentrations of particulate matter (PM), often reaching
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perilous levels, are linked to respiratory disorders such as chronic obstructive pulmonary disease (COPD)
and asthma, whereas exposure to carbon monoxide (CO) may lead to acute poisoning, adversely affecting
the cardiovascular system (Lagorio et al., 2006; Park et al., 2020).
Extended exposure to SO: has been linked to respiratory tract irritation and the worsening of pre-existing
pulmonary diseases. These pollutants can significantly affect the health of persons employed in or
residing in Kiln regions, resulting in elevated rates of disease and chronic health issues (May et al., 2024).
Despite their widespread use, there is a notable lack of adequate regulation and technological application
in these areas, exacerbating the public health risks associated with mud kilns (Odediran & Ojebiyi, 2017).
Addressing these issues requires advancements in kiln designs, improved fuel efficiency, and the
implementation of stricter regulatory measures to protect both workers and nearby communities from the
harmful effects of kiln emissions.
2.1.2 Metal Kilns (Drum Kilns)
Metallic kilns, usually fabricated from salvaged materials such as drums, car tire rims and wire gauze, are
frequently employed in industries such as brick manufacture and food processing (e.g., roasting suya,
BBQ and garri processing). Despite being cheap and easy to build, these kilns are ineffective and result in
incomplete burning of biomass fuels, which releases dangerous pollutants such carbon monoxide (CO),
sulphur dioxide (SO.), and particulate matter (PM) (Olalekan et al., 2021). While exposure to carbon
monoxide can result in acute poisoning that affects the cardiovascular system, high levels of particulate
matter in the atmosphere can cause serious respiratory problems such asthma and chronic bronchitis
(Adegboye et al., 2019). Furthermore, it is known that exposure to SO irritates the respiratory system,
making pre-existing conditions such lung infections and pneumonia worse (Akinmoladun et al., 2020).
Metallic kilns, characterized by their rudimentary design and inadequate combustion efficiency, present
considerable public health hazards, especially for those employed in proximity to the kilns and residents
of adjacent communities. Advancements in kiln technology and the adoption of cleaner fuel alternatives
are essential for diminishing these dangers and alleviating the detrimental health effects linked to metal
kiln emissions. Table 1 below explain the types of kilns and their applications

Table 1: types of kilns and their application

Aspect Mud Kilns Metal Kilns
Materials Used Made primarily from clay, Constructed from hollowed scrap metals, such as
with a porous metal gauze- drums and discarded tire rims, with gauze or mesh
like surface materials made from scrap metals
Usage Primarily used for garri Commonly used for fish smoking, plantain roasting,
processing, particularly in pork BBQ, and preparing suya
rural areas
Production Cost Low cost, as it uses readily  Relatively expensive due to the scarcity of materials
available mud like scrap metal
Source of Fuel Typically uses firewood as Can use either firewood or charcoal, depending on
fuel availability
Geographical Found in urban and semi- Mostly found in rural areas
Distribution rural communities

Source: Provides by author

2.2 Mechanisms of emission from LFKOs

The emission mechanisms from LFKOs in Nigeria are a significant issue for air pollution and its related
health concerns to humans. The main industries that use kilns are the production of bricks, cement, and
other local industrial processes. These locally built kilns release a variety of pollutants into the
environment, often in violation of international standards. The type of fuel used, incomplete combustion,
and the lack of effective emission control equipment are the main causes of emissions. LFKOs emit
pollutants through a number of ways, including:

2.2.1  Incomplete Combustion and Emissions
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Fuel incomplete combustion 1s the primary source of emissions from these kilns. Poor material
combustion is a common consequence of LFKOs, the absence of suitable combustion chambers or
temperature regulation systems, which are features of modern kilns. Incomplete combustion yields
particulate matter (PM), carbon monoxide (CO), volatile organic compounds (VOCs), and other toxic
gases, including sulphur dioxide (SO:) and nitrogen oxides (NOy). Eze and Onwuka (2020) assert that the
presence of these pollutants, particularly fine particulate matter, is associated with respiratory ailments,
cardiovascular disorders, and other health difficulties in areas adjacent to kiln operations. Because of
incomplete combustion, CO, SOz, and PM are released when wood, coal, or agricultural leftovers are
burned in kilns (Bottenhorn et al., 2024)

2.2.2  Type of fuel and characteristics of emissions

The emission mechanism is greatly influenced by the fuel used in LFKOs. Numerous kilns depend on
biomass fuels, including wood, agricultural waste, and coal, which frequently possess worse quality
relative to more refined fuels. The combustion of these fuels generally results in elevated quantities of
carbon emissions and particulate matter. Shen et al. (2021) state that the use of substandard fuel in these
kilns leads to the release of various harmful compounds, thereby increasing health risks for nearby
communities. The increased carbon content in the fuel promotes the generation of carbon dioxide (COz), a
greenhouse gas that intensifies global warming.

2.2.3 Lack of Emission Control Technologies

The absence of efficient emission control systems in these LFKOs is an additional factor contributing to
the emission mechanism. Modern kilns are equipped with technologies such as scrubbers, filters, and
efficient gas-cleaning systems to minimize emissions. Most LFKOs in Nigeria operate without advanced
technologies, leading to unregulated pollutant emissions into the atmosphere. This deficiency exacerbates
air pollution and increases health risks associated with prolonged exposure to these contaminants
(Manisalidis et al., 2020). The absence of regulation and control of kiln emissions intensifies
environmental and public health issues in adjacent areas.

The emission mechanisms from LFKOs in Nigeria are influenced by incomplete combustion, the fuel
type utilized, and the lack of emission control devices. The conditions result in the release of harmful
chemicals into the atmosphere, increasing health risks for communities adjacent to kiln operations. The
evaporation of volatile organic compounds (VOCs) from materials in fish smoking and timber processing
contributes to air pollution (Obeng et al., 2023). Deficiencies in kiln design and maintenance can result in
the leakage of smoke and gases, increasing exposure to pollutants.

2.2.4 Comparison of LFKOs vs. Industrial Kilns

In Nigeria, LFKOs possess numerous disadvantages in comparison to industrial kilns. Although local
kilns are often more economical and accessible, they frequently exhibit low efficiency, erratic temperature
regulation, and restricted capacity, which impede production quality and scalability. These kilns are
generally less durable and necessitate frequent maintenance, resulting in elevated long-term operational
expenses. In contrast, industrial kilns, which are outfitted with advanced technology, automated
processes, improved energy efficiency, precise temperature control, higher production capacity, and
integrated safety features that mitigate fire risks and environmental contamination, effectively resolve the
issues commonly associated with poorly designed rural kilns (Castro et al., 2020). The health risks and
potential adverse consequences associated with traditional low-tech kilns (LFKOQOs) differ from those
related to industrial kilns, encompassing varying levels of exposure and types of pollutants. Table 2
presents a comparison between LFKOs and industrial kilns.
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Table 2: Comparison of LFKOs and Industrial Kilns

Aspect Locally Fabricated Kilns Industrial Kilns

Pollutant Increased levels of PM, SO, CO, and VOCs are Decreased emissions due to controlled

Emissions attributable to inadequate combustion and combustion techniques and emissions
insufficient maintenance. control strategies.

Health Hazards Increased vulnerability to respiratory diseases, Reduced health risks due to improved
cardiovascular issues, and eye discomfort. regulation of emissions and preventive

measures.

Occupational Increased degree of exposure among workers can  Decreased exposure levels due to safety

Exposure lead to persistent health problems. protocols and protective equipment.

Environmental Significant effects on regional air quality and Minimal environmental impact due to

impact environmental degradation. adherence to environmental regulations.

Conclusively, LFKOs are essential to Nigeria's economy; however, they present significant health risks
stemming from elevated pollutant emissions and insufficient safety protocols. In contrast, industrial kilns,
due to their regulated processes and emissions controls, pose reduced health risks and environmental
effects.

3. Some sources of airborne contaminants in Nigerian LFKOs

The main sources of pollutants in the atmosphere in Nigerian local kilns stem from the burning of various
fuels, inefficient combustion techniques, and the inherent emissions linked to kiln activities. LFKOs
frequently utilize inferior fuels such as wood, coal, and agricultural byproducts, resulting in the emission
of a combination of particulate matter (PM), carbon monoxide (CO), and volatile organic compounds
(VOCs) during combustion (Weyant et al., 2016). The inefficient combustion of these fuels exacerbates
the release of harmful pollutants, leading to a heightened concentration of toxic airborne substances in the
environment (Olawale et al., 2020). The emissions negatively affect the health of personnel involved in
kiln operations and contribute to the broader issue of ambient air pollution, significantly impacting
surrounding communities.

3.1 Fuel Sources and Their Contribution to Pollution

In Nigerian local kilns, prevalent fuels comprise biomass materials like firewood, sawdust, and
agricultural waste, alongside coal and other non-renewable energy sources. The burning of these fuels is
inefficient because of the primitive design and absence of contemporary combustion technology in local
kilns (Luwaya, 2015). Biomass fuels emit significant quantities of particulate matter and carbon
compounds into the atmosphere, exacerbating interior and outdoor air pollution (Chen et al., 2017). Coal
combustion in these kilns releases sulphur dioxide (SO;) and nitrogen oxides (NOX), both of which are
major contributors to smog and acid rain generation (Breeze, 2017). These pollutants present significant
health hazards, especially respiratory ailments and cardiovascular disorders, to workers and adjacent
people.

3.2 Emission Factors in Kiln Operations

Emission factors for LFKOs are affected by several operating characteristics, such as temperature, fuel
type, and combustion efficiency. Research indicates that the release of particulate matter and gases,
including CO and NOX, is significantly influenced by the fuel-to-air ratio and the combustion temperature
(Chen et al., 2017). In some instances, the insufficient temperature and inadequate oxygen availability in
these kilns cause incomplete combustion, resulting in the emission of hazardous chemicals into the
environment (Rodrigues & Junior, 2019). These kilns contribute substantially to increased air pollution
levels, especially in urban areas with concentrated kiln operations. The impact of these emissions on
public health is significant, evidenced by a high prevalence of respiratory problems, lung cancer, and
related conditions in communities nearby.

3.3 Geographic Distribution of LFKOs in Nigeria

The geographical spread of LFKOs in Nigeria is influenced by the availability of raw materials, labour,
and regional economic activities. Kilns are typically situated in areas with significant pottery, scrap metal,
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brick-making, and cement production, especially in the southern and southeastern regions. These regions
usually are defined by rural communities where industrial kilns are inaccessible due to their high costs.
The widespread use of these LFKOs leads to the emergence of pollution hotspots, defined by increased
concentrations of particulate matter and gaseous pollutants (Saleem et al., 2021). The insufficient
distribution of air quality monitoring devices, coupled with direct health impacts, exacerbates the
environmental and health risks associated with these pollutants, hindering the development of effective
mitigation strategies.

4 Human Health Risks Associated with Air Pollution

Air pollution from LFKOs in Nigeria presents a significant public health risk, leading to both acute and
chronic health effects. Acute exposure can lead to respiratory distress, ocular irritation, and fatigue;
conversely, chronic exposure may result in ongoing respiratory conditions, cardiovascular problems, and
potentially lung cancer (Chen et al., 2024). Inhalation of particulate matter (PM) and harmful gases, such
as carbon monoxide and nitrogen oxides, exacerbates respiratory and cardiovascular conditions,
increasing the prevalence of asthma, bronchitis, and cardiovascular disease (Kurt et al., 2016; Whaley et
al., 2021). Moreover, substantial neurological and developmental consequences exist, particularly for
children, whose developing brains are vulnerable to heavy metals like lead and mercury found in kiln
emissions. These contaminants can impede brain development and result in learning disabilities.
Vulnerable populations, such as children, elderly people, and kiln workers, face disproportionate impacts,
with workers encountering the highest risk due to ongoing exposure in these industrial environments.
Studies show that these populations demonstrate increased morbidity and mortality rates associated with
air pollution-related diseases, highlighting the need for improved environmental regulations and health
protection strategies (Lu et al., 2024; WHO 2024).

4.2 Respiratory and Cardiovascular Impacts

Air pollution plays a substantial role in the development of respiratory and cardiovascular disorders.
Inhalation of fine particulate matter (PM2.5) and other pollutants can lead to lung irritation, contributing
to conditions such as bronchitis, asthma, and chronic obstructive pulmonary disease (COPD) (World
Allergy Organization, 2012). Extended exposure to these pollutants correlates with a higher risk of
cardiovascular disease, stroke, cerebrovascular events, and hypertension (Lee et al., 2014). Air pollution
induces inflammation in the respiratory system, thereby exacerbating pre-existing cardiovascular and
pulmonary disorders. Studies suggest that air pollution may promote the advancement of atherosclerosis,
thereby increasing the likelihood of cardiovascular events.

4.3 Neurological and Developmental Consequences

Air pollution has a substantial effect on the brain's functioning, with evidence suggesting associations
with cognitive decline, neurologically developmental complications, and mental health disorders.
Pollutants, especially PM2.5, are associated with developmental problems in children, such as diminished
cognitive function and attention deficiencies (Amnuaylojaroen & Parasin, 2024). In adults, prolonged
exposure correlates with an increased risk of neurodegenerative disorders, including Alzheimer's and
Parkinson's (Dimakakou et al., 2018; Amnuaylojaroen et al., 2024). Air pollution correlates with
psychiatric disorders, such as depression and anxiety, as evidenced by numerous studies indicating a
higher prevalence of these conditions in areas with increased pollution dimensions.

4.4 Susceptible Groups: Minors, Seniors, and Labourers

Vulnerable populations, such as children, the elderly, and labourers, face significant health risks from
exposure to pollutants generated by poorly constructed local Kilns. These kilns, commonly employed in
small-scale enterprises, emit considerable amounts of particulate matter (PM), carbon monoxide (CO),
and other hazardous pollutants (Saleem et al., 2021). Children, owing to their developing breathing
mechanisms, are particularly susceptible to air pollution, potentially leading to long-term developmental
issues and respiratory diseases (European Haematology Association, 2022). Older adults, frequently with
pre-existing health issues, are more susceptible to aggravated cardiovascular and respiratory disorders
resulting from poor air quality (Ye et al., 2024). Workes exposed to kiln emissions experience chronic
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exposure, heightening their susceptibility to respiratory and cardiovascular disorders, along with
occupational injuries stemming from hazardous working circumstances (Saha et al., 2020). The
suboptimal design of these kilns, frequently devoid of adequate ventilation or filtration, intensifies these
hazards by accumulating detrimental pollutants. Mitigating kiln inefficiency and enhancing working
conditions is essential for diminishing health disparities among these at-risk populations.

5 Key Pollutants Emitted by Kilns and Their Toxicity

The LFKOs, typically employing materials like wood and plastics materials as fuel, animal dung, mud,
and scrap metal, are frequently built without adequate safety precautions. This neglect results in the
release of several detrimental chemicals, substantially exacerbating environmental and public health
hazards. The pollutants comprise particulate matter (PM2.5 and PM10), carbon monoxide (CO), nitrogen
oxides (NOx), sulphur dioxide (SO.), polycyclic aromatic hydrocarbons (PAHSs), and heavy metals such
as lead, arsenic, and cadmium. Particulate pollution, particularly fine particles (PM2.5), can penetrate the
lungs, worsening respiratory and cardiovascular conditions (Wang et al., 2020). Carbon monoxide
interferes with oxygen transport in the body (Yuan et al., 2022), while nitrogen oxides and sulphur
dioxide contribute to acid rain and impair respiratory health (Guo et al., 2024). Polycyclic aromatic
hydrocarbons (PAHSs), produced from incomplete combustion, are known carcinogens (Sampaio et al.,
2021). Additionally, heavy metals such as lead and cadmium are linked to neurotoxic effects and damage
to vital organs (Abdelmonem et al., 2025). Understanding the toxicity of these pollutants is crucial for
developing strategies to mitigate their harmful impacts on public health and the environment.

5.1 Particulate Matter (PM2.5 and PM10)

Kilns significantly contribute to particulate matter (PM), including fine particles such as PM2.5 and
PM10. Particles with diameters less than 2.5 micrometres and 10 micrometres can penetrate the
respiratory system, resulting in various health issues such as pulmonary disease, cardiovascular disorders,
and possible premature mortality (Wang et al., 2020; Obeng et al., 2023; Amnuaylojaroen et al., 2024).
High temperatures and fuel combustion in kilns result in the emission of particles, which generally
include soot, ash, and a range of hazardous chemicals (Zjup et al., 2019). The toxicity of particulate
matter is intensified by its ability to carry additional hazardous substances, increasing the likelihood of
respiratory infections and cancer (U.S. Environmental Protection Agency, 2024).

5.2 Carbon Monoxide (CO)

Carbon monoxide (CO) is a toxic gas produced by kilns, typically due to incomplete combustion of fuel.
It is devoid of colour and odour, yet exhibits significant toxicity by impairing the oxygen transport
function of the blood, resulting in symptoms such as headaches, dizziness, and potentially fatal outcomes
at elevated concentrations (Hanley & Patel 2023). Prolonged exposure can lead to cardiovascular diseases
and neurological impairments (Penney et al., 2010). The efficiency of kiln operations significantly
influences the magnitude of CO emissions, with poorly maintained systems leading to elevated emissions
levels.

5.3 Nitrogen Oxides (NOx) and Sulfur Dioxide (SO,)

Nitrogen oxides (NOx) and sulphur dioxide (S0O2) are common pollutants emitted from kilns that burn
fossil fuels. Nitrogen oxides (NOX) contribute to the formation of ground-level ozone and fine particulate
matter, worsening respiratory conditions such as asthma and bronchitis (U.S. Environmental Protection
Agency, 1999). Sulphur dioxide (SO2) reacts with the atmosphere moisture to form sulphuric acid, which
is a contributor to acid rain and respiratory problems (Gad, 2014). The concurrent emission of NOx and
SO2 can substantially degrade air quality, causing harm to the health of people and ecosystems.

5.4 Polycyclic Aromatic Hydrocarbons (PAHS)

Polycyclic aromatic hydrocarbons (PAHSs) represent a class of hazardous compounds produced through
the incomplete combustion of organic materials, as observed in kilns. Polycyclic aromatic hydrocarbons
(PAHSs) exhibit carcinogenic and mutagenic properties, with extended exposure linked to increased risks
of lung, skin, and bladder cancers (Abdel-Shafy & Mansour 2016). In addition to their carcinogenic
properties, PAHs can cause respiratory irritation and adversely affect cardiovascular health (Agency for
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Toxic Substances and Disease Registry, 1995). These contaminants present a considerable environmental
hazard owing to their longevity in the atmosphere and capacity for bioaccumulation within the food chain.
5.5 Heavy Metals: Lead, Arsenic, and Cadmium

Certain kilns are constructed from metallic drums, while others employ contaminated fuels or raw
materials, resulting in the emission of heavy metals such as lead, arsenic, and cadmium. These metals
demonstrate considerable toxicity at low doses and can bioaccumulate in the human body, leading to
chronic health issues including renal impairment, neurotoxicity, and carcinogenesis (Jomova et al., 2025).
Lead exposure significantly harms children, negatively affecting cognitive development and causing
behavioural problems (Canfield et al., 2005). Cadmium and arsenic are recognized carcinogens, with
extended exposure increasing the likelihood of lung and bladder cancer (Mitra et al., 2022).

6. Epidemiological Evidence of Health Impacts in Nigeria

Epidemiological studies in Nigeria have highlighted significant health risks associated with various
environmental conditions, especially those related to kiln emissions. The rapid industrialisation of the
nation, particularly in construction and manufacturing, has raised concerns about air pollution and its
adverse effects on human health. Kilns commonly use mud, scrap metals, plastics, and nylon as fuel
additives and construction materials, significantly contributing to air pollutants such as fine particulates
(PM), nitrogen oxides and carbon monoxide and volatile organic compounds. Uncontrolled emissions can
result in significant health repercussions for nearby communities, especially in proximity to industrial
sites (Skinder et al., 2022). This section analyses local research on health concerns associated with kilns,
juxtaposes these findings with worldwide data, and evaluates case studies of Nigerian communities
adversely affected by kiln emissions.

6.1 Review of Local Studies on Kiln-Related Health Risks

Research on the health impacts of kiln emissions in Nigerian populations is limited. Saju et al. (2020)
found a significant correlation between exposure to kiln air pollutants and respiratory illnesses in nearby
communities, particularly affecting children and the elderly. Extended exposure to particulate matter and
gases resulting from industrial activities correlates with increased rates of asthma, bronchitis, and
cardiovascular diseases. A study by Nicolaou et al. (2024) demonstrated that prolonged exposure to kiln
emissions heightened the risk of lung cancer in individuals living in areas with a high concentration of
cement manufacturing plants. This investigation underscores the urgent need for improved regulatory
measures to mitigate health risks linked to kiln emissions.

6.2 Comparison with Global Data on Air Pollution and Health

The negative effects of air pollution caused by industrial emissions have been thoroughly documented
globally. Nicolaou et al. (2024) indicated that particulate matter originating from industrial sources, such
as kilns, significantly contributes to global mortality rates linked to respiratory and cardiovascular
disorders. Nigeria's air quality standards are generally less rigorous than global benchmarks, and local
research suggests that health outcomes in regions impacted by kilns in Nigeria resemble those found in
other industrialized countries, especially in nations with significant cement production (Giwa et al.,
2019). The inconsistencies in regulatory frameworks and air quality management in Nigeria exacerbate
kiln-related health problems, indicating a necessity for enhanced environmental policy.

6.3 Case-studies of Communities impacted by Kiln Emissions

Case studies from Nigerian populations, such as the cement-manufacturing cities of Ajao and Ewekoro,
demonstrate the adverse health effects associated with kiln emissions. Research by Giwa et al. (2019) in
Ajao revealed an elevated incidence of respiratory ailments, particularly chronic obstructive pulmonary
disease (COPD), among those residing in proximity to cement mills. In Ewekoro, a hub for cement
manufacturing, research conducted by Agbede et al. (2024) indicated a notable rise in lung disease cases
and early fatalities associated with air pollution from kiln operations. The towns illustrate the negative
impact of kiln emissions on public health, as indicated by alarming trends in morbidity and mortality
rates.
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7. The Environmental Impacts of Air Pollution from Kilns

Kilns, employed in various industrial processes including cement production, pottery, and brick
manufacturing, significantly contribute to air pollution. These facilities emit substantial quantities of
particulate matter (PM), volatile organic compounds (VOCs), carbon monoxide (CO), sulphur dioxide
(S02), and nitrogen oxides (NOx) into the environment. These contaminants have considerable effects on
human health and the ecosystem. The proximity of kilns to industrial centres results in degraded air
guality in nearby, frequently populated areas (Kinder et al., 2013; Sakila et al., 2024). The release of
harmful chemicals is linked to various health issues, including respiratory diseases and cardiovascular
conditions. The environmental consequences of kiln emissions affect human health, local ecosystems, and
biodiversity, while also contributing to climate change. This section analyses the decline in air quality in
areas with a high concentration of kilns, the effects on local ecosystems, and the broader consequences for
climate change resulting from kiln emissions.

7.1 Air Quality Degradation in Kiln-Dense Areas

In areas with high kiln density, air quality often deteriorates significantly due to the continuous emission
of pollutants. Studies demonstrate that particulate matter (PM10 and PM2.5) emitted from kilns
substantially degrades air quality, leading to heightened levels of smog and haze (Pervaiz et al., 2022).
The accumulation of these pollutants negatively impacts the respiratory health of nearby individuals,
increasing the prevalence of asthma, bronchitis, and other chronic conditions (Sanjel et al., 2017). The
presence of sulphur dioxide (SO:) and nitrogen oxides (NOx) facilitates the formation of acid rain,
adversely affecting air quality and posing risks to human and environmental health (Breeze, 2017).

7.2 Effects on Local Flora and Fauna

Kiln emissions negatively influence human health and have a substantial effect on adjacent ecosystems.
Elevated levels of sulphur dioxide (SO-) and particulate matter can adversely affect plant photosynthesis,
hinder growth, and lead to the decline of vulnerable species (Kripp et al., 1999). Particulate matter
deposition has also been implicated in another study (Li et al., 2019). Emissions from kilns have been
associated with the degradation of soil quality, impacting agricultural production, organic matter, climate
change pattern and biodiversity (Jeet et al., 2023). Wildlife is adversely affected, particularly species that
rely on plants and soil for habitat and sustenance. The pollutants damage plant structures, reduce crop
yields, and indirectly harm wildlife, making the habitat less conducive to wildlife habitation.

7.3 Climate Change Implications of Kiln Emissions

Emissions from kilns greatly contribute to global climate change. The production of carbon dioxide (COz)
and other greenhouse gases (GHGs) from Kilns is a substantial contributor to global warming (Pennise et
al., 2021). Kilns are substantial generators of CO:, an essential atmospheric greenhouse gas influencing
climate change. Furthermore, black carbon emissions (soot), a consequence of incomplete combustion in
kilns, absorb solar radiation (Ramanathan & Carmichael, 2008), magnifying the impact of greenhouse
gases and hastening global warming (Mir et al., 2024; Pennise et al., 2021). Global environmental
instability is exacerbated by the continuous buildup of these emissions in the atmosphere, which causes
high temperatures, changes in weather patterns, and extreme weather events.

8 Risk-Reduction Mitigation Techniques

In Nigeria, air pollution from LFKOs poses serious health risks, particularly for respiratory conditions
and other long-term illnesses. These kilns, frequently built with substandard materials and poorly
controlled processes, emit detrimental pollutants including particulate matter, carbon monoxide, and
sulphur dioxide into the environment. These pollutants are associated with numerous health disorders,
such as lung cancer, chronic respiratory diseases, and cardiovascular diseases (Sanjel et al., 2017; Lee et
al., 2024). Mitigating these health hazards necessitates a comprehensive strategy, encompassing technical
advancements, regulatory measures, and public health initiatives. By adopting advanced technologies,
enforcing stringent laws, and including communities in awareness initiatives, it is feasible to alleviate the
detrimental impacts of kiln emissions on human health. In order to lessen the negative consequences of
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kiln-associated air pollution in Nigeria, this section looks at crucial mitigation measures, including as
improvements in kiln design, regulatory actions, and community-led health programs.

8.1 Kiln Design Technological Advancements

8.1 Kiln Design Technological Advancements

One of the best ways to reduce the health risks associated with kiln emissions is through technological
improvements in kiln design. The concentration of harmful pollutants released into the atmosphere can be
significantly decreased by upgrading kilns for greater energy efficiency and pollution management.
Particulate matter and hazardous gas emissions can be greatly reduced by implementing cleaner
technology, such as improved heat recovery systems and improved combustion techniques (Getahun et
al., 2024). Studies indicate that employing improved kiln materials and designs, including refractory
linings and high-efficiency combustion chambers, can decrease the temperature at which pollutants are
produced, thus mitigating their detrimental effects (ElI Haggar, 2005; Etuokwu 2013; Stjernberg et al.,
2015; Zjup et al., 2019).

8.2 Regulatory Actions and Policy Actions

Reducing the environmental impact of LFKOs requires effective legislative and regulatory actions.
Governments must enforce stricter emissions laws and encourage the adoption of greener technologies
through grants and subsidies. Kiln operators' compliance would be improved by an efficient regulatory
framework that includes air quality and kiln emissions monitoring systems (Patel et al., 2024).
Furthermore, imposing penalties for noncompliance can encourage kiln owners to adopt safer practices.
Furthermore, zoning limits and the removal of kilns from residential areas are two regulatory measures
that may help reduce exposure to dangerous emissions, especially in metropolitan areas.

8.3 Community Involvement and Public Health Initiatives

In order to promote health-conscious behaviours and raise awareness of the risks connected to kiln
emissions, public health campaigns and community engagement are essential. People can take
preventative action through community-based programs, such as educating the public about the link
between respiratory illnesses and kiln pollution (Meegoda et al., 2021). Moreover, including local leaders
and stakeholders in the formulation and execution of these initiatives can enhance the efficacy of outreach
activities. Cooperative initiatives across health organisations, governmental bodies, and local
communities can promote sustainable solutions that cultivate a culture of environmental consciousness
and health safeguarding (Melo, 2018).

9. Challenges in Addressing Air Pollution from Kilns in Nigeria

In Nigeria, addressing air pollution from LFKOs requires overcoming many difficulties, especially
significant ones related to institutional and financial support. An important obstacle is the high cost of
acquiring new technology or making LFK greener (Kh et al., 2016), which often deters regional
producers from upgrading their machinery. The inefficiency of these kilns is evident, as they release
substantial amounts of particulate matter and other pollutants, thereby playing a major role in
deteriorating air quality in nearby regions. Nonetheless, the government has failed to offer adequate
financial incentives or subsidies to promote the adoption of cleaner technologies (World Bank, 2011). The
lack of policies or funding mechanisms to assist kiln operators in moving towards more sustainable
alternatives intensifies the problem. Furthermore, the insufficient enforcement of environmental standards
and regulations in the country allows numerous operators to persist in utilizing outdated kilns that lack
adequate emissions controls. The result is an ongoing cycle of pollution that negatively impacts public
health and the environment. The socio-economic conditions in Nigeria, characterized by local
manufacturers' difficulties in accessing affordable credit and technical training (Inyang, 2020),
substantially hinder the widespread adoption of modern kilns. Thus, financial constraints, insufficient
governmental support, and weak regulatory enforcement constitute major challenges in addressing air
pollution from kilns in Nigeria.
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9.1 Economic and Cultural Factors Impeding Mitigation

The high cost of implementing cleaner technologies in Kkiln operations presents a major economic
challenge in Nigeria. Many local kiln owners prioritise cost-effective manufacturing methods, often
overlooking the long-term health and environmental impacts. Moreover, traditional techniques are deeply
embedded in the cultural framework of communities, making the shift to more sustainable methods
challenging. As a result, kiln operators exhibit hesitance in adopting newer, cleaner technologies
perceived as expensive and unfamiliar (World Bank, 2011). Transforming this mindset requires significant
investment in public education and financial incentives to improve the availability of cleaner choices for
local producers.

9.2 Lack of Proper Regulation and Enforcement

The primary challenge in managing air pollution from kilns in Nigeria is the inadequate regulatory
framework and enforcement mechanisms. Despite the presence of regulations, their implementation often
proves inadequate, accompanied by insufficient monitoring and enforcement mechanisms. Kiln operators
often operate within informal sectors that lack sufficient government oversight, leading to non-
compliance with established environmental regulations (Baksi & Bose, 2016). Without rigorous
enforcement, these laws fail to mitigate kiln emissions, thereby complicating air quality management.

9.3 Limited Access to Cleaner Technologies

Access to cleaner kiln technologies in Nigeria is constrained by several issues, including substantial initial
costs and insufficient local competence for installation and maintenance of these systems. Many kiln
operators depend on obsolete, inefficient units that produce significant air pollution. Moreover, there is
inadequate support from both governmental and non-governmental sectors to facilitate the transition to
cleaner technology. The absence of financial incentives or subsidies exacerbates this issue, causing many
operators to continue using their traditional, emitting pollutants kilns (Inyang, 2022). Rectifying the
inequity in access to cleaner technology is crucial for alleviating the health effects of kiln air pollution.
Addressing these imbalances can alleviate the health impacts of pollution and foster equitable access to
cleaner, healthier technology, eventually benefiting both impacted populations and the environment.

10. Recommendations for Future Research

The health implications associated with air pollution from LFKOs in Nigeria constitute an underexplored
area that requires further investigation to comprehend the extent of the issue and to identify potential
solutions. The existing literature exhibits a notable gap regarding comprehensive studies on the long-term
health consequences of kiln emissions, particularly concerning persistent respiratory and cardiovascular
issues that may arise from prolonged exposure to kiln pollutants. Future research should focus on
addressing these gaps through comprehensive epidemiological studies that examine the direct relationship
between LFKOs emissions and the health of nearby communities. Longitudinal health studies are
essential for monitoring health outcomes over extended periods, facilitating a comprehensive
understanding of the cumulative effects of exposure to burning pollutants. Longitudinal research will
provide critical insights into the enduring nature of these health issues and support the creation of more
effective health interventions. The exploration of cross-disciplinary research methodologies is necessary,
integrating fields such as environmental science, public health, and engineering to develop comprehensive
solutions for reducing emissions from LFKOs. Involving specialists from various disciplines can produce
innovative solutions, including the development of cleaner kiln technology, improved regulatory
measures, and targeted public health initiatives. Interdisciplinary partnerships are crucial for addressing
health issues associated with kiln emissions and improving air quality in Nigeria.

CONCLUSION

The review highlights significant health risks linked to air pollution from LFKOs in Nigeria,
encompassing respiratory diseases, cardiovascular issues, and persistent environmental deterioration. This
study illustrates that kiln emissions release hazardous compounds, including particulate matter and
sulphur dioxide, which contribute to a growing and often neglected public health issue, particularly in
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urban areas. The analysis underscores the critical need for intervention, as prolonged exposure to these
harmful substances leads to chronic health problems, creating a substantial public health burden that
requires attention. The data indicates the need for immediate actions to address these issues, underscoring
the importance of technological progress, regulatory structures, and public health programs. We urge
government authorities, industry leaders, and public health experts to collaborate in developing
comprehensive solutions. Policymakers should enforce stricter emissions regulations, the kiln industry
ought to adopt cleaner technologies, and public health initiatives must improve awareness of associated
risks while promoting health-oriented behaviours. The collaboration of all stakeholders is essential to
reduce the health impacts of kiln emissions and safeguard the well-being of affected populations.
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