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Abstract

Tyre burning for metal scrap recovery is a common informal practice in many scrap collection areas of
Kano Metropolis, Nigeria, with significant environmental and public health implications. This study
assessed the effects of tyre burning activities on air quality and human health in selected scrap collection
sites. A cross-sectional field survey design was adopted, combining environmental air quality
monitoring and structured questionnaire administration. Air pollutants measured included particulate
matter (PM:.s and PM.o), carbon monoxide (CO), sulphur dioxide (SO:), and nitrogen dioxide (NO-),
while 150 respondents comprising scrap workers and nearby residents were selected using purposive
and simple random sampling techniques. Data were analyzed using descriptive statistics and Chi-
square test at 0.05 level of significance. Findings revealed that concentrations of all measured pollutants
exceeded the World Health Organization (WHO) permissible limits, indicating severe air quality
degradation in tyre-burning areas. Health analysis showed high prevalence of respiratory and related
symptoms including persistent cough (80.0%), eye irritation (72.7%), breathing difficulties (66.0%),
headache (58.7%), and chest pain (44.7%). Chi-square analysis indicated a significant relationship
between exposure to tyre-burning smoke and respiratory health symptoms (p < 0.05). The study
concludes that tyre burning activities significantly deteriorate air quality and pose serious health risks
to exposed populations in Kano Metropolis. It recommends strict enforcement of environmental
regulations, promotion of safe recycling technologies, public awareness campaigns, and provision of
protective measures for scrap workers.
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INTRODUCTION

Environmental pollution resulting from improper waste management practices has become
one of the major environmental and public health challenges confronting developing
countries, particularly in rapidly urbanizing nations such as Nigeria. Increasing population
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growth, industrialization, urban expansion, and inadequate waste disposal systems have
significantly increased the volume of solid waste generated in urban centers (Mama et al.,
2021; Ichipi & Senekane, 2023). Among the common environmental problems associated with
poor waste management is the indiscriminate burning of waste tyres in scrap collection areas
for the recovery of metal scraps such as steel wires and other recyclable materials. Open tyre
burning has become widespread in many Nigerian cities because it is considered a cheap and
simple method of separating metal components from rubber materials for commercial
purposes (Aderemi & Falade, 2012; Islam et al., 2021). The practice is particularly common in
informal scrap markets where poverty, unemployment, lack of modern recycling
technologies, and weak environmental regulation encourage unsafe waste disposal methods
(Adegoke & Adekunle, 2021).

Waste tyres are composed of complex materials including synthetic and natural rubber,
carbon black, sulphur compounds, petroleum-based chemicals, zinc oxide, steel fibers, and
several chemical additives used during tyre production and vulcanization processes
(Adhikari et al., 2000, Thomas & Gupta, 2016). During open combustion, these materials
undergo incomplete burning and release large quantities of hazardous pollutants into the
atmosphere. Pollutants emitted from tyre burning include particulate matter (PM..s and PMo),
carbon monoxide (CO), sulphur dioxide (SO:), nitrogen oxides (NOx), volatile organic
compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs), dioxins, furans, and heavy
metals such as lead, cadmium, chromium, and zinc (Jimoda et al., 2017). These pollutants
contribute significantly to atmospheric pollution, environmental degradation, and declining
air quality in urban environments.

Air pollution generated from tyre burning activities poses serious risks to human health and
ecosystem sustainability. Exposure to emissions from burning tyres has been associated with
respiratory infections, chronic cough, asthma, bronchitis, cardiovascular complications, eye
irritation, skin disorders, headaches, dizziness, and increased risk of cancer-related illnesses
(Okonkwo et al., 2018). Fine particulate matter released during tyre combustion is particularly
dangerous because of its ability to penetrate deeply into the lungs and bloodstream, thereby
causing inflammation, reduced lung function, and long-term respiratory complications. Toxic
gases such as carbon monoxide may interfere with oxygen transport in the body, while
prolonged exposure to sulphur dioxide and nitrogen oxides may aggravate respiratory and
cardiovascular diseases, especially among children, elderly individuals, and persons with pre-
existing health conditions (WHO, 2021).

Apart from human health implications, tyre burning contributes to broader environmental
problems including climate change, soil contamination, water pollution, and biodiversity loss
(Ferronato & Torretta, 2019; Ikhumhen et al., 2023). Black carbon and greenhouse gases
released during combustion contribute to atmospheric warming and reduced air visibility.
Toxic residues generated from burnt tyres may accumulate in surrounding soils and water
bodies, thereby affecting agricultural productivity, vegetation growth, aquatic ecosystems,
and food safety (Adegoke et al., 2021). The persistence of these pollutants in the environment
further threatens ecological balance and environmental sustainability (Sulaymon et al., 2022).
In many developing countries, uncontrolled tyre burning in urban scrap collection areas has
become an important source of environmental pollution due to poor waste management
infrastructure and limited enforcement of environmental regulations.

Kano Metropolis, one of the largest commercial and industrial centers in northern Nigeria,
hosts several informal scrap collection and recycling centers where tyre burning activities are
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frequently carried out (Saleh & Marzuki, 2024; Abdullahi et al., 2024). Areas such as Kofar
Ruwa, Sharada, Rijiyar Zaki, and Bachirawa have experienced increasing environmental
pollution resulting from the open burning of waste tyres and other recyclable materials
(Abdullahi et al., 2024). The dense population, rapid urban growth, industrial activities, and
increasing demand for scrap metals have intensified informal recycling activities within the
metropolis (Musa, 2023; Abdullahi et al., 2024). Residents living close to these scrap collection
centers are continuously exposed to smoke emissions, offensive odors, and airborne
pollutants generated during tyre combustion Buba & Mohammed, 2023; Amaechi et al., 2024).
Workers directly involved in tyre burning are particularly vulnerable because many of them
operate without protective equipment and are exposed to toxic smoke for prolonged periods
(Ferronato & Torretta, 2019).

Despite the widespread occurrence of tyre burning activities in Kano Metropolis, there is still
limited empirical information regarding their effects on ambient air quality and human
health. Most air quality studies conducted in Nigeria have focused primarily on industrial
emissions, vehicular pollution, and municipal waste management, with relatively little
attention given to pollution arising from informal scrap recycling activities (Amegah & Agyei-
Mensah, 2017; Efe, 2021). In addition, there is inadequate local data on the concentrations of
pollutants released during tyre burning and the associated health effects among exposed
populations in Kano Metropolis. The absence of sufficient scientific information on the
environmental and health implications of tyre burning limits the ability of environmental
agencies and policymakers to formulate effective control measures and public health
interventions. The continued increase in tyre burning activities without adequate
environmental monitoring and regulation therefore poses serious threats to environmental
quality and public health within the metropolis.

It is against this background that this study seeks to assess the effects of tyre burning activities
on air quality and human health in scrap collection areas in Kano Metropolis, Nigeria. The
study aims to determine the concentration of pollutants emitted during tyre burning activities,
examine their effects on ambient air quality, evaluate the health problems associated with
exposure to tyre-burning smoke among scrap workers and nearby residents, and provide
recommendations for reducing environmental pollution and public health risks associated
with informal tyre burning activities.

MATERIALS AND METHODS

Study Area

The study was conducted in Kano Metropolis, Kano State, Nigeria. Kano Metropolis is one of
the largest urban and commercial centers in northern Nigeria and serves as an important hub
for trade, transportation, manufacturing, and informal economic activities. Kano State is
located in the Sudan Savannah ecological zone of Nigeria and lies approximately between
latitude 11°30'N and 12°37'N and longitude 8°20'E and 8°40'E. Kano Metropolis occupies a
strategic position within the state and consists of several densely populated urban local
government areas including Dala, Fagge, Gwale, Kano Municipal, Nassarawa, Tarauni, and
parts of Ungogo Local Government Areas.

Kano Metropolis experiences a tropical wet-and-dry climate characterized by distinct wet and
dry seasons. The rainy season usually occurs between May and October, while the dry season
extends from November to April. The area receives an average annual rainfall ranging from
800 mm to 1000 mm, with mean annual temperatures ranging between 26°C and 33°C (Olofin,
2008). The dry season is often associated with dusty Harmattan winds, which may worsen
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atmospheric pollution and reduce air quality. The vegetation of the area is predominantly
Sudan Savannah characterized by scattered trees, grasses, and shrubs adapted to semi-arid
environmental conditions.

The metropolis has witnessed rapid population growth and urban expansion over the last few
decades due to rural-urban migration, commercial activities, industrial development, and
increasing economic opportunities. According to the National Population Commission, Kano
is among the most densely populated cities in Nigeria, with increasing pressure on urban
infrastructure and environmental resources. The rapid growth of the city has contributed to
the emergence of informal waste disposal and recycling activities, particularly in scrap
collection and metal recovery centers (Ezeh & Nwankwo, 2019).

Several informal scrap collection and recycling sites are located within Kano Metropolis,
especially in areas such as Kofar Ruwa, Sharada, Rijiyar Zaki, and Bachirawa. In these
locations, waste tyres are commonly burnt in open spaces to recover steel wires and other
metallic materials for commercial purposes. The process generates thick smoke and releases
toxic pollutants into the atmosphere, thereby contributing to environmental pollution and
public health concerns. The increasing demand for scrap metals, coupled with poverty,
unemployment, weak environmental regulation, and lack of modern recycling technologies,
has intensified tyre-burning activities in these areas (Adegoke & Adekunle, 2021).

The selection of Kano Metropolis for this study was based on the widespread occurrence of
tyre burning activities and the increasing concern over air pollution and health risks
associated with informal recycling practices in the area. The dense population and proximity
of residential settlements to scrap collection centers make the area suitable for assessing the
effects of tyre-burning emissions on ambient air quality and human health. Furthermore,
limited empirical studies have been conducted on the environmental and health implications
of tyre burning in Kano Metropolis despite the growing prevalence of the practice.
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Research Design

The study adopted a cross-sectional field survey design combined with environmental
monitoring techniques. This design was considered appropriate because it allows for the
simultaneous collection of environmental and health-related data at a single point in time
across different locations. The cross-sectional approach is widely used in environmental
health studies to assess exposure levels and associated health outcomes in populations
exposed to pollution sources such as industrial emissions, waste burning, and informal
recycling activities (Jimoda et al., 2017; Okonkwo et al., 2018).

In addition to the survey component, an environmental monitoring approach was integrated
to obtain real-time measurements of air pollutants emitted during tyre burning activities. This
combination of methods enhanced the reliability of the findings by linking subjective health
responses with objective air quality data, as recommended in environmental epidemiological
studies (WHO, 2021).

Population of the Study

The target population for this study comprised individuals directly or indirectly exposed to
tyre burning activities in scrap collection areas within Kano Metropolis. Specifically, the
population included scrap workers engaged in tyre burning for metal recovery and residents
living within a 500-meter radius of active scrap collection sites.

Scrap workers were included because they are in constant direct contact with tyre combustion
emissions during daily operations, while nearby residents were included due to continuous
exposure to smoke dispersion from burning sites. Studies have shown that populations living
within close proximity to waste burning sites are at higher risk of respiratory and
cardiovascular diseases due to prolonged exposure to airborne pollutants such as particulate
matter and toxic gases (Adegoke & Adekunle, 2021; Sulaymon et al., 2022).

The study population is distributed across major scrap collection hotspots in Kano Metropolis,
including Kofar Ruwa, Sharada, Rijiyar Zaki, Bachirawa, and surrounding informal
settlements where tyre burning activities are frequently observed.

Sample Size and Sampling Technique

A total of 150 respondents were selected for the study. The sample size was considered
adequate for capturing both occupational and residential exposure perspectives and for
generating reliable data on air quality and health-related experiences among workers and
nearby residents. The selected sample size is consistent with similar environmental health and
urban informal sector studies where moderate sample populations were used to obtain
representative responses and allow effective statistical analysis (Ezeh & Nwankwo, 2019;
Cochran, 1977). Furthermore, the sample size was considered sufficient to minimize sampling
error while ensuring proper coverage of the major scrap collection and tyre burning locations
within the study area.

A purposive and simple random sampling technique was adopted. Purposive sampling was
used to identify key scrap collection sites where tyre burning activities are actively practiced.
Within these selected sites, simple random sampling was used to select respondents to ensure
equal opportunity of participation and reduce selection bias.
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The sample distribution included 90 scrap workers actively involved in tyre burning and
scrap metal recovery activities and 60 nearby residents living within 500 meters of the scrap
collection areas

This distribution was designed to capture both direct occupational exposure (workers) and
indirect environmental exposure (residents), which is consistent with exposure assessment
frameworks in environmental pollution studies (WHO, 2021; Okonkwo et al., 2018).

Data Collection

Air Quality Monitoring

Air quality data were collected using portable air quality monitoring devices capable of
measuring key atmospheric pollutants associated with tyre burning activities. The parameters
measured included Particulate Matter (PMo..s), Particulate Matter (PMio), Carbon Monoxide
(CO), Sulphur Dioxide (SO2), and Nitrogen Dioxide (NO:)

These pollutants were selected because they are commonly associated with incomplete
combustion of rubber materials and are known indicators of poor air quality and respiratory
health risks (Jimoda et al., 2017; Sulaymon et al., 2022).

Measurements were taken during active tyre burning periods to capture peak emission levels.
Monitoring was conducted at multiple points within selected scrap collection areas in Kano
Metropolis to ensure spatial representation of pollution levels. Readings were recorded at
consistent intervals to improve accuracy and reduce environmental variability such as wind
speed and temperature fluctuations.

Questionnaire Administration
Structured questionnaires were administered to selected respondents (scrap workers and
nearby residents) to obtain primary data on exposure and health outcomes. The questionnaire
was divided into sections covering:
e Socio-demographic characteristics such as age, gender, education level, and
occupation
e Duration and frequency of exposure to tyre-burning smoke
e Health symptoms experienced include respiratory, ocular, dermatological, and
cardiovascular conditions
e Awareness of environmental and health risks associated with tyre burning activities
e Use of protective measures such as masks or avoidance behavior

The questionnaire was pre-tested to ensure clarity and validity before full administration.
Trained research assistants were used to administer the questionnaires to enhance response
accuracy and reduce misunderstanding, particularly among respondents with low literacy
levels.

This method aligns with standard practices in environmental health research where
questionnaire data are used to complement physical air quality measurements in assessing
human exposure to pollutants (Okonkwo et al., 2018; WHO, 2021).

Method of Data Analysis

Data collected for this study were systematically analyzed using both descriptive and
inferential statistical techniques in order to achieve the study objectives and ensure proper
interpretation of findings. The analysis was carried out using Statistical Package for Social
Sciences (SPSS) version (or equivalent statistical software), which facilitated accurate
computation and presentation of results.
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Descriptive statistics were first employed to summarize and describe the characteristics of the
respondents and key study variables. These included the use of frequencies, percentages,
means, and standard deviation where appropriate. Frequencies and percentages were used to
present categorical data such as socio-demographic characteristics of respondents, types of
health symptoms experienced, and level of awareness regarding the environmental and
health impacts of tyre burning activities. Mean values were used to determine average levels
of exposure to tyre-burning smoke and general perception of air quality in the study area. The
results were presented in tables to enhance clarity, interpretation, and comparison of findings.
In addition, tables were used to organize air quality measurement results obtained from field
monitoring, including concentrations of particulate matter (PM:.s and PM.o), carbon monoxide
(CO), sulphur dioxide (SO:), and nitrogen dioxide (NO.). These values were compared with
the World Health Organization (WHO) air quality guideline limits to determine the level of
pollution in the study area and assess compliance or exceedance of environmental safety
standards (WHO, 2021). This comparative approach is commonly used in environmental
pollution studies to evaluate the severity of air contamination in urban and industrial
environments (Jimoda et al., 2017; Sulaymon et al., 2022).

For inferential analysis, the chi-square (x?) test of independence was used to examine the
relationship between exposure to tyre-burning smoke and the occurrence of respiratory health
symptoms among respondents. The Chi-square test was considered appropriate because the
variables under study were categorical in nature (e.g., exposure level and presence or absence
of health symptoms). The test helped to determine whether there was a statistically significant
association between exposure to tyre-burning emissions and reported health outcomes such
as cough, breathing difficulties, eye irritation, and chest pain.

The hypothesis was tested at a 0.05 level of significance, meaning that any p-value less than
0.05 was considered statistically significant, leading to the rejection of the null hypothesis.
Conversely, a p-value greater than 0.05 indicated no significant relationship between the
variables. This level of significance is widely accepted in environmental and public health
research for determining meaningful associations between exposure and health outcomes
(Okonkwo et al., 2018).

The combination of descriptive and inferential statistical methods ensured a comprehensive
analysis of both environmental and health data, thereby strengthening the validity and
reliability of the study findings.
RESULTS AND DISCUSSION

Socio-demographic Characteristics

Table 1: Socio-demographic Characteristics of Respondents

Variable Frequency Percentage (%)
Male 116 773
Female 34 22.7
Age 18-30 years 61 40.7
Age 31-40 years 48 32.0
Above 40 years 41 27.3
Primary education 38 253
Secondary education 67 447
Tertiary education 23 15.3
No formal education 22 14.7

Source: Field Survey, 2026
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The result shows that majority of respondents were male (77.3%) and within the active
working age group (18-40 years). This reflects the physically demanding nature of scrap
collection and tyre burning activities, which are typically dominated by young male workers.
Similar findings were reported by Ezeh and Nwankwo (2019), who observed that informal
recycling sectors in Nigeria are male-dominated due to economic hardship and limited
employment opportunities.

The relatively low educational attainment among respondents suggests limited awareness of
environmental health risks associated with tyre burning. According to Adegoke and
Adekunle (2021), low education levels among informal workers often contribute to poor
environmental practices and increased exposure to hazardous pollutants.

Air Quality Measurements
Table 2: Air Quality Measurements in Tyre Burning Areas

Pollutant Mean Concentration WHO Standard
PMo..s 92 pg/m?d 15 pg/m?d

PMio 167 pg/m? 45 pg/m?d

CcO 20 ppm 9 ppm

S0. 0.21 ppm 0.04 ppm

NO: 0.10 ppm 0.05 ppm

Source: Field Survey, 2026

The results indicate that all measured air pollutants exceeded WHO permissible limits. PM..s
and PMo levels were particularly high, showing severe particulate pollution in tyre-burning
areas. This suggests incomplete combustion of rubber materials, which is consistent with
findings of Jimoda et al. (2017), who reported that open tyre burning produces high
concentrations of fine particulate matter and toxic gases.

Fine particulate matter is especially dangerous because it can penetrate deep into the lungs
and bloodstream, leading to respiratory and cardiovascular complications (WHO, 2021).
Sulaymon et al. (2022) further explained that tyre combustion releases black carbon and heavy
metals, which contribute to long-term environmental and atmospheric pollution.

Health Problems of Tyre Burning
Table 3: Health Problems Experienced by Respondents

Health Problem Frequency Percentage (%)
Persistent cough 120 80.0
Eye irritation 109 72.7
Breathing difficulty 99 66.0
Headache 88 58.7
Chest pain 67 44.7
Skin irritation 61 40.7

Source: Field Survey, 2026

The findings show a high prevalence of respiratory and irritation-related symptoms among
respondents. Persistent cough (80%) and eye irritation (72.7%) were the most commonly
reported conditions. These symptoms are directly associated with exposure to particulate
matter and toxic gases released during tyre burning.

This finding aligns with Okonkwo et al. (2018), who reported significant respiratory
impairment among individuals exposed to tyre smoke. Similarly, Adegoke and Adekunle
(2021) found that prolonged exposure to tyre combustion emissions increases risks of chronic
respiratory diseases, eye disorders, and skin irritation. The high prevalence of symptoms
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observed in this study confirms the adverse health impact of uncontrolled tyre burning
activities.

Relationship between Tyre Smoke Exposure and Respiratory Symptoms
Table 4: Chi-Square Analysis that Show the Relationship between Tyre Smoke Exposure
and Respiratory Symptoms

Variable X?-value p-value

Exposure vs respiratory symptoms 21.56 0.001

Source: Field Survey, 2026

The Chi-square analysis revealed a statistically significant relationship between exposure to
tyre-burning smoke and respiratory health symptoms (p < 0.05). This indicates that
individuals frequently exposed to tyre-burning emissions are more likely to experience
respiratory health problems than those with lower exposure levels.

This finding supports WHO (2021) assertion that exposure to PM..s and toxic gases is strongly
associated with respiratory and cardiovascular diseases. It also agrees with Sulaymon et al.
(2022), who reported that prolonged exposure to tyre combustion emissions significantly
increases health risks among exposed populations.

The rejection of the null hypothesis confirms that tyre-burning activities are a major
determinant of respiratory health outcomes in the study area.

Discussion

The overall findings of this study demonstrate that tyre burning activities significantly
degrade air quality and pose serious public health risks in scrap collection areas in Kano
Metropolis. The elevated levels of particulate matter (PM:.s and PM.o), carbon monoxide,
sulphur dioxide, and nitrogen dioxide indicate severe atmospheric pollution beyond
acceptable international standards. The dominance of respiratory symptoms among
respondents confirms direct health impacts of exposure to tyre smoke. These results are
consistent with Jimoda et al. (2017), Okonkwo et al. (2018), and Sulaymon et al. (2022), who
all reported similar environmental and health consequences of tyre combustion in urban
informal settings.

The study further reveals that scrap workers are more vulnerable due to direct exposure and
lack of protective equipment, while nearby residents are affected through continuous
inhalation of polluted air. This supports the environmental exposure pathway theory, which
links proximity to pollution sources with increased health risk. Long-term exposure to tyre-
burning emissions may lead to chronic respiratory diseases, reduced lung function,
cardiovascular disorders, and possible carcinogenic effects due to toxic compounds such as
PAHs and heavy metals. This aligns with WHO (2021) global air quality guidelines
emphasizing the health risks of prolonged exposure to fine particulate matter.

CONCLUSION

This study assessed the effects of tyre burning activities on air quality and human health in
scrap collection areas in Kano Metropolis, Nigeria. The findings clearly demonstrate that open
burning of waste tyres contributes significantly to environmental pollution through the
release of hazardous air pollutants including particulate matter (PM:.s and PM.o), carbon
monoxide, sulphur dioxide, and nitrogen dioxide. All measured pollutants exceeded the
World Health Organization (WHO) permissible limits, indicating severe deterioration of
ambient air quality in the study areas. The study also established that individuals exposed to
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tyre-burning emissions, particularly scrap workers and nearby residents, experienced a high
prevalence of respiratory and related health symptoms such as persistent cough, eye irritation,
breathing difficulties, headache, chest pain, and skin irritation. Statistical analysis further
confirmed a significant relationship between exposure to tyre-burning smoke and respiratory
health outcomes (p < 0.05), confirming that tyre burning activities pose serious public health
risks. Overall, the study concludes that uncontrolled tyre burning in scrap collection areas in
Kano Metropolis is a major environmental and occupational health hazard. If not properly
addressed, it may continue to contribute to air quality deterioration, increased disease burden,
and long-term environmental degradation.

Recommendations

Based on the findings of this study, the following recommendations are made:

i.  Strict enforcement of environmental laws: Government environmental agencies such
as the State Environmental Protection Agency should enforce regulations prohibiting
open burning of waste tyres in scrap collection areas.

ii.  Provision of alternative recycling technologies: Authorities should promote
environmentally friendly methods such as mechanical shredding and pyrolysis for
tyre recycling to eliminate the need for open burning.

iii. =~ Public awareness and education: Continuous sensitization programs should be
carried out to educate scrap workers and residents on the environmental and health
risks associated with tyre burning.

iv.  Provision of protective equipment: Scrap workers should be provided with personal
protective equipment (PPE) such as face masks, gloves, and protective clothing to
reduce exposure to harmful emissions.

v.  Regular air quality monitoring: Environmental agencies should establish monitoring
stations in scrap collection areas to regularly assess pollutant levels and ensure
compliance with air quality standards.

vi.  Health surveillance programs: Routine medical screening should be conducted for
workers in scrap markets to detect early signs of respiratory and other pollution-
related diseases.

vii.  Relocation and zoning of scrap activities: Scrap collection and recycling activities
should be properly zoned and located away from residential areas to minimize human
exposure to harmful emissions.

viii.  Strengthening waste management systems: Government should improve solid waste
management infrastructure to reduce informal recycling practices that encourage open
burning of tyres.

Implementation of these recommendations will significantly reduce environmental pollution,

improve air quality, and protect the health of people living and working in scrap collection

areas in Kano Metropolis.
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