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having substantial information about air pollution, with 50.0% expressing awareness
from various media channels such as radio, television jingles, advertising, and
educational programmes All respondents (100.0%) recommended implementing various
measures to combat air pollution from charcoal production, including reducing forest
fires, smoking, open burning, dispersion, and using substitute materials or processes. Other
suggested measures include local ventilation, isolation, compliance with workplace
p rocedures, and maintaining environmental hygiene. Workers involved in charcoal
manufacture are exposed to significant emissions, which might potentially lead to health
hazards. Workers should implement suitable measures to control hazards and utilize
advanced equipment that emits minimal emissions. Implementing pollution mitigation
tactics and conducting public awareness programs would be effective methods to decrease
the release of harmful air pollutants in the vicinity of charcoal kiln sites.

1. Introduction

Charcoal has been widely utilized for industrial and home applications on a global scale. Charcoal
production presents environmental hazards as a result of its ineffective carbonization methods (Njenga et al.,
2013). Although charcoal has negative environmental impacts, its acquisition and use are deeply rooted in
daily life from both an economic and cultural perspective. Charcoal has several advantages as a fuel as
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compared to biomass. These include a better heating value and easier storage, as stated by Antal and Gronli
in 2003. Charcoal kilns are usually created in kilns where wood is subjected to pyrolysis at high temperatures
without the presence of air (Tippayawong et al., 2010). These kilns can have different shapes and sizes,
ranging from earth mounds to brick or massive metal constructions (Pennise et al.,2001). Charcoal
manufacturing in Africa relies heavily on the usage of earth mounds and brick kilns (Sparrevik et al.,
2015). According to Alem et al. (2010), the manufacture of charcoal results in environmental
contamination and the depletion of forest resources in the surrounding region. Charcoal kilns release
substantial quantities of particulate matter, carbon monoxide, nitrogen dioxide, and sulphur dioxide (Pennise
et al.,, 2001), which modify the physical and chemical properties of the atmosphere (Crutzen and Andreae,
1990) and contribute to the phenomenon of global warming (Chidumayo and Gumbo, 2013). The emissions
mentioned in the previous text also have an effect on human health, as demonstrated by studies conducted
by Tzanakis et al. (2001), Orru et al. (2011) and Abidin et al. (2014).

Monitoring charcoal manufacturing kilns in underdeveloped nations is difficult because they are in
operations for long periods, often lasting many days or even weeks (Smith et al., 1999). Several studies have
carried out on-site monitoring of gas emissions from charcoal kilns (Smith et al., 1999; Pennise et al.,
2001; Faé Gomes and Encarnacdo, 2012; Sparrevik et al., 2015). Biomass, which includes charcoal, is being
increasingly recognised as a feasible fuel source (Mwampamba and Dutt, 2013). In Africa, both rural and
urban communities depend on charcoal because of its high energy value and lighter weight compared to other
biomass fuels (Sugumaran and Seshadri, 2009). Charcoal production involves workers being directly exposed
to wood smoke, which is a complicated combination of gaseous, solid, and liquid particles produced from
kilns (Bruns et al., 2015). Wood smoke comprises volatile organic compounds, carbon oxides, sulphur
oxides, nitrogen oxides, and ammonia (Bruns et al., 2015). These substances can irritate the respiratory
tract, worsen chronic bronchitis and asthma, and contribute to respiratory disorders (Naeher et al., 2007).
The presence of fine particles in the smoke presents a hazard to individuals who are not directly involved in
the production process. Air pollution is responsible for about 6% of all deaths worldwide, according to Cohen
et al. (2005). In Africa alone, there are more than 170,000 deaths each year due to air pollution, as reported by
WHO (2014). Air pollution-related diseases in Nigeria result in a minimum of 1 in 10,000 deaths each year.
The majority of research conducted on charcoal production in Nigeria, specifically 90%, largely
examines the economic advantages, the reduction of poverty among rural charcoal producers, and the impact
of different wood species on charcoal characteristics (Ogunsanwo et al., 2007; Tunde et al., 2013; Po et
al., 2011). The fundamental procedure of charcoal manufacture entails the carbonization of wood, which
results in the emission of smoke from kilns. Charcoal workers are consistently exposed to this smoke (Souza
et al., 2005). The smoke is composed of pollutants including particulate matter, polycyclic aromatic
hydrocarbons (PAHSs), carbon monoxide (CO), nitrogen oxides (NOx), sulphur oxides (SOx), and volatile
organic compounds (VOCs). These pollutants have the potential to cause health problems such as cancer, heart
and lung diseases, and impaired oxygen transport due to exposure to carbon monoxide (CO) (Anon 2011). A
study conducted in Greece by Tzanakis et al. (2001) found that charcoal workers had aconsiderably
higher occurrence of coughing, bringing up phlegm, wheezing, and difficulty breathing compared to persons
who were not exposed to smoke. "In addition to its impact on the environment, the manufacture of charcoal
presents substantial health risks to humans (UNDP, 2005). Some of the problems typically reported by
charcoal makers include backache, fever, and cough. The repetitive motion involved in the manufacturing
of charcoal, namely the handling of heavy wood, can result in discomfort and stiffness in the lower back
and muscles (Tzanakis et al., 2001). Regrettably, several individuals involved in charcoal production meet
with fatal outcomes as a result of accidents that occur during tree felling, kiln preparation, and the loading of
charcoal onto lorries. In addition, producers are exposed to gases and smoke, and the heat produced during
charcoal manufacture adds to several health issues, including respiratory disorders, coughing, painful hands,
weariness, and chest pain. Additional symptoms include the creation of phlegm, difficulty breathing, and
coughing up blood. Charcoal combustion presents fewer health hazards compared to wood, making it a
more desirable fuel for household purposes due to its lower smoke emissions (Woolley et al., 2021).
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Charcoal smoke is an intricate combination of liquid, solid, and gaseous elements that can interfere with
cellular operations and result in several health issues, such as delayed reflexes and coagulation disorders
(Kumi et al., 2012; Dost, 1991). Other health consequences encompass prenatal disorders (such as infants
being born with low birth weight or stillbirths), ocular ailments (such as cataracts), and related illnesses
(Kumi et al., 2012). Indoor exposure to charcoal emissions presents significant health hazards,
particularly for susceptible populations including children, pregnant women, lactating mothers, elderly
individuals, individuals with respiratory and cardiovascular conditions such as COPD and asthma, and those
with limited healthcare access (Public Health England, 2018). Charcoal manufacture requires deliberate
cutting down trees for commercial purposes, resulting in the loss of forested areas (Eniola, 2014).
Charcoal companies are compelled the gather wood for charcoal production due to promptly acquisition of
woodlands by illegal means (Emeodilichi, 2018). This approach leads to the exhaustion of significant wood
fuel species such as mahogany and shea trees, which were once plentiful (Pabi and Morgan, 2002).
Ogundele et al. (2011) and Oguntunde et al. (2008) conducted studies that revealed aslight increase in soil
pH in charcoal production sites. This increase in pH leads to a reduction in soil bulk density and an increase in
surface temperature, infiltration rates, and surface albedo when compared to areas where charcoal production
does not take place (Chidumayo and Gumbo, 2012). The little knowledge about the ecological consequences
of charcoal manufacturing presents a significant problem. A significant number of individuals lack
awareness regarding the detrimental consequences of charcoal manufacture on their immediate environment.
Poverty and education levels are key factors that affect knowledge of environmental issues. Moreover, the
inadequate execution and enforcement of forestry policies by consecutive administrations impede
endeavors to safeguard the environment. Despite Nigeria's laudable policy on forestry and related problems,
their successful execution is often hindered by changes in government and a lack of concentration. At times,
the absence of evaluation units hinders the strict implementation of measures. Charcoal production has a
highly harmful effect on the ecology and climate, resulting in serious repercussions for human health and
pollution. Hence, the objective of this study is to evaluate the air quality and its health consequences on
individuals employed in charcoal manufacturing at kiln sites in Uzuakoli, Abia State. The study aims to
achieve the following objectives: (i) measure the concentration of specific gases and particulate matter, (ii)
assess the socioeconomic effects of charcoal production on households in the study area, (iii) quantify the
pollutants released during charcoal production and evaluate their environmental consequences, and (iv)
investigate the awareness of residents and workers regarding sources, levels, impacts, and mitigation strategies
related to air pollution. By addressing these objectives, we may get valuable insights into how to reduce
environmental issues caused by charcoal manufacturing. This will help promote sustainable environmental
management and minimize the health risks connected with it.

2. Materials and Methods
2.1 Study Area

The research was carried out in Uzuakoli, which is located in the Bende Local Government Area of Abia State,
Nigeria. Uzuakoli is situated in the northern part of Abia State. Uzuakoli is situated in the coordinates
of 5°37'15"N latitude and 7°37'23"E longitude. The Local Government Area of Uzuakoli has a population of
52,300, according to the National Bureau of Statistics in 2016. Uzuakoli is bordered to the north by Cross River
State, Afikpo, and Ohazara LGAs of Ebonyi State; to the west by Isukwuato; to the east by Ohafia and
Arochukwu LGAs; to the southwest by Umuahia North and South LGAs; and the south-south by lkwuano
LGA (Offor et al., 2020). The research area is located in the subequatorial region of Nigeria, which is known
for its high temperatures, averaging 24°C during the day. The areaexperiences bimodal high conventional
rainfall, ranging from 2200-2400mm, together with high humidity and substantial cloud cover (Onyekwelu et
al., 2024). The area is located in the tropical forest high-forest vegetation zone and is characterized by the
presence of many tree species like bamboo (Bomusceae family), mango (Mangifera indica), tamarind
(Tamarindus indica), neem (Azadirachta indica), cashew (Anacardium occidentale), and oil palm (Elaeis
guineensis), among others (Onyekwelu et al., 2024). The primary watercourses in the study region consist of
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the Avu, lyiAkwa, Ogboko, Igwu, and Aha rivers and streams (Onyekwelu et al., 2024). These rivers and
streams are vital sources of water for domestic, agricultural, and recreational uses. The Bende-Ameki group
is a geological formation situated in Bende, consisting mainly of shale, sandstone, and siltstone (Onyemaechil
and Nwachukwu, 2018). The area's topography has distinct physiographic changes in landforms, such as
low plains, ridges, residual, and conical hills (Onyekwelu et al., 2024). Uzuakoli has a lengthy historical
background that traces back to the period of the slave trade, during which its market, Agbo Agwu, played a
crucial role as a hub for the exchange of slaves (Onyemaechil and Nwachukwu, 2018). The local government
region primarily relies upon on agriculture as the main occupation of its people. This includes the cultivation of
food crops like rice, maize, cassava, plantain, and banana, as well as the husbandry of small ruminant animals
(Offor et al., 2020). In addition, certain individuals partake in the creation of crafts, carpentry, commerce, and
various other activities. The Local Government Area (LGA) consists of eleven communities: Ozuitem,
Ugwueke, Okporoenyi, Itumbuzo, Umuju-ezechi, Umu-menyi, Igbere, Item, Alaye, Nkpa, and Uzuakoli, as
reported by Offor et al. (2020).

Figure 1: Map of the study area

Methodology
2.2 Experimental sampling techniques and pollutant measurement

Three sampling sites (SPP1-SPP3) were selected within the kilns area to analyse emissions from the
charcoal manufacturing kilns. The air pollutant parameters, including particulate matter (PM10), carbon
monoxide (CO), carbon dioxide (CO2), particulate matter (PM2.5), volatile organic compounds (VOC), and
formaldehyde (HCHO), were evaluated on a weekly basis for three months at each sample station during the
dry season of 2023. The sample locations' geographical coordinates, specifically their latitude and longitude,
were determined using a Garmin GPS device of the GPSMAP 76CSX model. The windward direction
at the sample locations was assessed using a handheld portable gas analyzer (multi-RAE PGM-6208) to
determine CO,, CO, HCHO, and VOC levels. A PDR.1000AN Air Metric Sampler kit was utilised on-site to
measure PM2s and PMyo data. The measurements were obtained using a digital metre, at a distance of 2 metres
from ground level, which is the area where humans are most likely to be exposed. The data were collected as
a time-weighted average. This technique was replicated to ensure precision and dependability, and the
monitoring measurements were obtained three times. As per the manufacturer's advice, the equipment
underwent calibration both before and after processing each batch of samples. The measuring procedures
employed in this work to monitor the reported criterion pollutants adhered to the methodologies suggested
by Odekanle et al. (2017) and Payus et al. (2020). The instruments utilised in the tests feature a
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cutting-edge selection of interchangeable field-replaceable sensors, including electrochemical, combustible,
infrared, photoionization detector (PID), and gamma radiation sensors. These sensors are designed to
cater to a diverse range of applications and are considered top-of-the-line in the industry. The instruments
are electronic devices that measure the average value of a quantity over a specific period. The main source of
uncertainty in the devices is their lack of calibration before usage, which may lead to imprecise data
measurements. In addition, failing to zero, erase, or reset the current data after use can have an impact on the
measurements during the next sample period. The multi-RAE PGM-6208, a portable gas analyzer, was
calibrated using the "Two-point field calibration for zero and standard reference gases' method, specifically
employing span gas. The detection limits for VOC range from 100 to 2,000,000 mg/m3, for CO, range from 0
to 2,000 mg/ms3, for HCHO range from 0 to 10 mg/m3, for CO range from 0 to 500 mg/m3, and for VOC range
from 0 to 1,000 mg/m2. The Air Metric Sampler (PDR.1000AN) was calibrated for measuring PM2s using two
reference filter collectors and two master real-time monitors (Thermo Electron Data RAM 4). The detection
limit for this calibration was set at 0.01-10 pg/m?.

2.3 Air pollutant data and quality assurance

In situ ambient air and meteorological sampling were conducted utilizing a range of calibrated hand-held
devices. Air pollution parameter monitoring was carried out in one-hour triplicate intervals, adhering to the
limits USEPA (2019) and FMEnv (1999) established. A variety of instruments were used to obtain hourly
measurements of air pollutant concentrations, following the manufacturer's guidelines for calibration of
both gases and particulates. The data were generated using the equipment's established standards and
methodologies. Before doing the study, the raw data was screened to verify the accuracy of the air pollutant
data collected. Any data points that had missing values or extreme outliers were excluded. The monthly
means were calculated using the average data from each week, and a total of four weeks of valid data were
used. The link and influence of these pollution factors were calculated using validated data from the sample
year. The absence of data revealed uniform patterns among the chosen sample locations. The concentrations
of air pollutants at the sampling sites were determined based on the levels at the kiln site. This study
incorporated several baseline requirements, such as the 1-hour and 24-hour mean concentrations given by
NAAQS (2012) and WHO (2006). Hence, the data for this study were obtained from two primary endeavors:
the assessment of pollution levels at the Kiln Site and the distribution of questionnaires to participants.

2.4 Questionnaire Administration

A survey was conducted to collect socio-demographic information from the participants, as well as
information on the sources and impacts of air pollution, length of exposure, experiences of respiratory and other
health consequences caused by air pollution, strategies for adaptation and control, and proposed remedies.
In addition, the charcoal workers in the kiln study region were requested to fill out aquestionnaire
concerning potential health risks associated with charcoal manufacture. The survey included inquiries
regarding occupational complaints, classifying symptoms as work-related if they were reported during working
hours. Workers were surveyed regarding instances of physical injuries, illnesses, vertigo, burns, eye irritation,
respiratory issues such as coughing and wheezing, sinusitis, and lung disorders. The duration of daily
exposure to wood smoke in the kilns was also documented. The survey also had inquiries regarding age,
gender, duration of time spent in the workplace, and smoking behavior. Workers were given the option to
participate in the study voluntarily, and their agreement was obtained after providing them with relevant
information.

2.5 Sample size and sampling technique
The sample size was estimated based on the single proportion formula:
N=Z2 PO/O? et ceeee ettt et ser e et eeneeaeesaneeaneeennas 1
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The population percentage is denoted by (p), while (q) is equal to (1 - p). The tolerated error
is represented by (d), while the reliability coefficient at a 95% confidence interval is denoted by (Z). The
necessary sample size is denoted by (N) (Barman et al., 2015). As far as we know, there is either no existing
literature or very limited information available on abattoir waste management practices, attitudes, and
knowledge. The necessary sample size for the inquiry was determined by employing the population proportion
(P = 0.5) (Kumsa, 2019). A preliminary investigation was carried out to calculate the value of (p ), and its
findings were used to establish the size of the sample. Utilizing standard values in this method to determine
sample size may result in a more precise estimation of (p). When an accurate estimation of (p) is unavailable,
this method is commonly used (Wesson, 2006). The pilot study, which was incorporated into the main survey,
was carried out at three kiln locations and included a total of 12 workers (4 from each site).

Correctional formular:

Nf =

ni
1+ni/N

Once the participants for the non-response rate were chosen, a total sample size of 12 respondents was
established. The value of the variable (p) utilized in this analysis was ascertained based on the cumulative
practice score obtained from the pilot study. Every employee at the designated kiln location was given a
pretested questionnaire, leading to a sample size of twelve. Several surveys were removed from the study due
to either respondents’ refusal to participate or missing data. One of the three kiln locations used in the main
study was also used for the pilot project, whereas the other was selected through simple random sampling.

2.6 Statistical Analysis
The data collected throughout the study was inputted into an Excel spreadsheet and subsequently exported to
SPSS (Version 20.0) for analysis. The data were analyzed using both descriptive statistics and Analysis of
Variance (ANOVA).

3. Results and Discussion

3.1 Temporal mean concentrations of air quality and meteorological parameters in the kiln site

The average concentration of formaldehyde (HCHO) varied from 0.004 to 1.999 mg/ms, with a notable
distinction (F = 85.638, p = 0.001), suggesting that the measurements taken at SPP 2 and SPP 3 surpassed the
24-hour permitted limit set by the World Health Organization (WHO) of 0.122 mg/m?3 (Table 1). The VOC
mean values ranged from 0.012 to 9.999 mg/ms3, indicating a considerable difference (F = 191.450, p
=0.001) among the kiln locations. The mean levels of CO, ranged from 787 to 1280 mg/ms3, and there was no
statistically significant difference (F = 0.963, p = 0.492) seen across the research region. These readings
surpassed the World Health Organization's 24-hour allowable limit of 0.141 mg/m3. The average concentration
of carbon monoxide (CO) varied between 2.10 and 6.17 mg/m3, and there was no notable change (F = 0.086,
p = 0.53) found in the study region. The measured values fell within the limits set by the National Ambient
Air Quality Standards (NAAQS) for 8 hours (11.1 mg/m3) and the World Health Organization (WHO) for 24
hours (30.8 mg/m3). The results demonstrate that optimal burning of wood necessitates sufficient oxygen
availability, resulting in the formation of carbon dioxide and water without any observable smoke. Conversely,
incomplete combustion results in the generation of smoke. The findings suggest that charcoal manufacture
entails long periods of wood burning that is not fully complete, leading to the emission of harmful smoke
gases (Tzanakis et al., 2001). The results align with previous research that has documented the health hazards
linked to charcoal manufacture (Hamatul et al., 2016; Woolley et al., 2020). The primary health consequences
linked to carbon monoxide (CO) exposure during charcoal manufacturing arise from its high affinity for
the haemoglobin molecule, resulting in the formation of carboxyhemoglobin (COHb) (WHO, 2019).
Carboxyhemoglobin (COHb) reduces the ability of blood to transport oxygen, which has a negative impact
on organs that require asignificant amount of oxygen, such as the heart and brain. Carbon monoxide can
attach to cytochrome oxidase, which can potentially decrease the utilization of oxygen by cells (WHO, 2019).
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The average PM;s values varied between 16.5 and 75.8 pg/m3, and there were noticeable variations (F =
1.783, p = 0.289) among the kiln sites. The average levels measured at SPP 2 and SPP 3 were higher than the
National Ambient Air Quality Standards (NAAQS) 8-hour limit of 35 pg/m3 and the World Health
Organization (WHO) 24-hour limit of 25 pg/mé. The PM1 mean values exhibited substantial variance (F =
1.784, p = 0.280) among the research sites, ranging from 169 to 848 pg/m3. These results surpassed the 24-hour
limitations set by the World Health Organization (50 pg/m?3). This finding suggests that apart from the
primary byproducts of combustion (carbon dioxide and water), wood smoke contains more than 200 other
organic chemicals (Naeher et al., 2007), many of which have been proven to have immediate or long-term health
impacts on those who are exposed to them. The findings indicate that wood smoke is an intricate combination
of gases, liquids, and solid particles (aerosols) that are created when wood and other wood products like
charcoal, wood pellets, and sawdust are incompletely burned or undergo pyrolysis at high temperatures and
low amounts of oxygen (Tolede, 2008). The average temperature values varied between 30.2 and 33.3°C,
and there was no noticeable difference (F = 0.055, p = 0.981) in temperature among the Kiln locations.
These values fell within the permitted limits set by the World Health Organization. The mean values
of relative humidity ranged from 94.2% to 96.5%, with noticeable variation (F = 3.570, p = 0.125) among
the study sites. The measured readings surpassed the 24-hour (70%) acceptable limits set by the World
Health Organization (WHO). The results suggest that wood smoke contains harmful substances such as
carbon monoxide, nitrogen oxides, formaldehyde, and polycyclic aromatic hydrocarbons (PAHS), including
cancer-causing agents like benzo(a)pyrene (Naeher et al., 2007; Bruce et al., 2000). The findings align with
research that indicates a growing need for and reliance on wood fuels, particularly among impoverished
populations, in numerous developing nations. This trend is driven by the limited availability of fossil fuels
and a rising focus on sustainable energy generation (Nielsen et al., 2008; Sepp, 2014).

Table 1: Mean Concentration of Air Quality and Meteorological parameters in Kiln site.

Location HCHO VOC mg/m*  CO2 COmg/m*  PMy;s PMio Temp (°C) RH (%)
mg/m® mg/m® pg/m?® pg/m®

SPP 1 0004 0012 787 3.70 165 169 302 943

SPP 2 1672 0551 1.040 6.17 271 303 332 942

SPP3 1.999 9.999 1.280 2.10 7538 848 333 965

NAAQS (2024) (8hrs)  0.08 - - 111 35 - - -

WHO (2018) (24hrs)  0.122 - 0141 3038 25 50 35 70

ANOVA; P-value 85.6380.001  191.45,0.001 09630492  0.086,0.053 1.783,0289 17840280  0.055,0981 35700125

3.2 Relationship between air pollutants and meteorological parameters

The results in Table 2 show a significant positive association between PM2s and PMio (r = 1.000**), PM2.5
and CO (r = 0.888**), PM2.5 and VOC (r = 0.708*), and PM2.5 and HCHO (r = 0.767*). Consequently,
a rise in one variable will result in a corresponding increase in the other variables. Similarly, there is a
significant and positive connection between PMy and CO (r = 0.888**), VOC (r =0.708*), and HCHO (r =
0.767*). Furthermore, there exists a strong positive correlation between carbon monoxide (CO) and carbon
dioxide (CO2) with a correlation coefficient (r) of 0.721*. Similarly, there is a highly significant positive
correlation between volatile organic compounds (VOC) and formaldehyde (HCHO) with a correlation
coefficient (r) of 0.994**, This suggests that a rise in levels of CO, CO, VOC, or HCHO will result in a
corresponding increase in the levels of the linked parameters. The study findings indicate that the combustion
of charcoal produces a significant amount of air pollutants, including particulate matter (PM), carbon
monoxide (CO), nitrogen oxides (NOX), sulfur oxides (SOx), formaldehyde, benzene, 1,3-butadiene, polycyclic
aromatic hydrocarbons (PAHS), and carcinogens such as benzo[a]pyrene. These toxic organic compounds have
the potential to harm human health (Mishra and Retherford, 2017). Exposure to these air pollutants has been
associated with pneumonia, decreased birth weight, acute respiratory infections (ARI), and premature death
in children, while adults suffer from chronic obstructive pulmonary disease (COPD) and chronic bronchitis
(Bruce et al., 2010; Po et al., 2011; Mishra and Retherford, 2017; Fullerton et al., 2019).
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Table 2: Correlation between the explanatory parameters and air pollutants

Parameters PM, 5 PMao 6{0) CO2 VOC HCHO Temp RH
(ug/m®) (ug/m?’) (mg/m)  (mg/m®) (mg/m’) (mg/m’)  (°C) (%)

PM2s(pg/m3) 1

PMio(Hg/m?) 1.000%* 1

CO(mg/md) 0.888** 0.888** 1

COz(mg/m?3) 0.629 0.629 0.721* 1

VOC(mg/md) 0.708* 0.708* 0.624 0.218 1

HCHO(mg/m?) 0.767* 0.767* 0.687 0.259 0.994** 1

Temp (°C) 0.223 0.222 0.612 0.504 -0.010 0.052 1

RH (%) 0.490 0.489 0.389 0.619 0.517 0.494 -0.004 1

**_ Correlation is significant at the 0.01 level (2-tailed).
*_ Correlation is significant at the 0.05 level (2-tailed).

3.3 Influence of meteorological parameters on air pollutants

The data presented in Table 3 indicates that there is a moderate correlation between relative humidity and the
levels of CO; (r2 = 64.0%), CO (r2 = 52.8%), VOC (r2 = 26.7%), PMo (r2 = 29.0%), PM_5 (r2 =29.0%), and
HCHO (r2 = 24.7%). Similarly, there was a moderate to weak correlation reported between temperature and
CO2 (r* = 64.0%), CO (r* = 52.8%), VOC (r? = 26.7%), PMyo (r? = 29.0%), PM25 (r* = 29.0%), and HCHO (r2
= 24.7%). The correlation between relative humidity, temperature, and CO2 was determined to be moderate,
with a coefficient of determination (r?) of 64.0%. Statistically significant and non-significant correlations were
found between the meteorological and air pollution indicators. The study's findings suggest that the incomplete
combustion of charcoal results in the release of organic molecules and other chemicals that are harmful to
human health. Contaminants present in biomass fuels can result in the creation of inorganic substances such
sulphur dioxide, nitric oxide, and ammonia (Smith, 2016). Therefore, it has been demonstrated that elevated
levels of air pollutants resulting from human activities, such as the manufacturing and storage of charcoal,
can have detrimental impacts on human health (Allen et al., 2019). The health consequences encompass lung
cancer, asthma, nasopharyngeal and laryngeal cancer, tuberculosis, neonatal illnesses, as well as ocular
ailments like cataracts and blindness (Bruce et al., 2010).

Table 3: Linear regression analysis meteorological parameter and air pollutant

Parameters Regression Model r? (%) St. Error of the Estimate Sig. Level
CO, Ycoz = -249.8+37.054 X 1emp+2.456 XrH 64.0 137.9 0.078
CO Yco =-502.396+16.840X1emp+0.581 XrH 52.8 59.27606 0.153
VOC Yvoc =0.335+-0.014X1emp + 0.047XrH 26.7 4.53766 0.460
PMzo Yemio = -726816.7+24337.9X1emp+2870.6XrH 29.0 286846.01 0.425
PM,s Yemzs = -650490.0+21785.0X1emp+2566. 7XrH 29.0 256263.5 0.424
HCHO YhcHo = -0.522+0.017 X 1emp+0.008 XrH 24.7 0.85404 0.491

3.4 Socioeconomic profile of the charcoal production workers

Table 4 displays the socio-demographic characteristics of the respondents, indicating that 23.1% of them were
between 31-35, 36-40, and 40-45 years. In addition, 15.4% of the individuals fell into the age range of 26-30
years, whilst 7.7% were in the age range of 21-25 years. The results of this study indicate that various age
groups of kiln site workers exhibit distinct levels of well-being, save for a few cases where they did not
associate the physical environment, they resided in with their own health. This outcome indicates that they are
currently in the stage of their lives where they are most productive. This is consistent with the results of
Oladimeji et al. (2018), who found that labour productivity is influenced by age. This finding aligns with the
study conducted by Adeniji et al. (2015), which found that 59% of participants fell within the age range
of 20-39 years. This age group is typically considered the most active in terms of energy-demanding activities,
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unlike the practices observed in other regions, particularly Asia, as reported by Bhattarai et al. (1998). In Asia,
individuals aged 50-60 years are involved in charcoal production. The findings align with the study conducted
by the Stockholm Environment Institute (SEI) in 2002, which revealed that adults between the ages of 35 and
45 are the primary contributors to charcoal production.

Table 4: Demographic profile of the respondents

Frequency (Freq) Percentage
Variables (%)
Age
21-25 17.7
26 30 215.4
31-35 3231
3640 3231
41-45 3231
Gender
Male 1292.3
Female 17.7
Marital Status
Single 430.8
Married 861.5
Religion
Christianity 1292.3
Traditional Worshipper 177
Muslim -
Educational Qualification
No Formal Education 17.7
Primary Education 538.5
Secondary Education 753.8
Tertiary Education -
Working Experience
1-—5yrs -
6 — 10yrs 17.7
11— 15yrs 538.5
16 — 20yrs 538.5
Above 20 2154
Estimate of charcoal quantity per day
1 —3bags
4 —6bags 17.7
7 —9bags 538.5
Above 9 753.8
Estimate of charcoal quantity per week
Less than 10 bags 17.7
10 — 20bags 17.7
21 — 30bags 1184.6
Amount earn per week in charcoal production
Less than 320,000 323.1
¥20,000 — :30,000 430.8
N31,000 — ¥40,000 430.8
N41,000 — ¥50,000 17.7

Above 50,000 -

In the research area, the male respondents constituted 92.3% of the total, while the female respondents
accounted for 7.7%. Therefore, the results indicate that female participants have a higher level of exposure
to noise pollution. The respondents' findings provide valuable insights into male perspectives on air
pollution and the health hazards linked to charcoal manufacturing. It is worth noting that the proportion of
female respondents is quite low compared to their male counterparts. This discovery is consistent with the
findings of SEI (2002), which showed that there is a greater level of male participation in the
manufacturing of charcoal. The CHAPOSA (2002) survey in South Africa revealed that 70.0% of charcoal
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producers were male. The findings align with the study conducted by Adeniji et al. (2015), which revealed that
91% of charcoal producers in their research region were males. This can be attributed to the physically
strenuous nature of commercial charcoal production, as highlighted by Goanue (2009). The study site's
participants had a marital status distribution of 30.8% singles and 61.5% married individuals. The results
suggest that a significant number of married individuals reported experiencing various health hazards related
to charcoal production, while singles were found to be the primary contributors to charcoal production.
This statement is in opposition to the findings of Ogara (2011), who observed a greater proportion of married
individuals engaged in the manufacturing of charcoal. Adeniji et al. (2015) also discovered that 73% of charcoal
producers in Niger State, Nigeria, were married, whereas 24% were unmarried. Christian religious worshippers
were 92.3% of the total, and traditional worshippers constituted 7.7%. The findings indicate that religious
membership has little impact on the type of employment individuals pursue, as long as it fulfils their
requirements and promotes their welfare.

Therefore, there is no statistically significant impact of socio-economic determinants on charcoal
production. Table 4 indicates that 7.7% of individuals had no formal education, 38.5% had elementary
education, and 53.8% had secondary education in the study site. The findings suggest that even though
charcoal workers with limited primary and secondary education possess a fundamental comprehension of air
pollution and its health consequences, they continue to pursue this occupation due to their own sense of
fulfilment. This finding aligns with the research conducted by Ogara (2011), which indicated that the majority
of individuals engaged in charcoal manufacture lack formal education, namely those who had dropped out
of junior classes. According to the respondents ' job experience, 7.7% had worked for 6-10 years, while 38.5%
had worked for 11-15 years and 16-20 years correspondingly at the study location. In addition, 15.4% of the
participants had been employed at the kiln production site for 20 years or more.

According to the interviewees, these findings indicate that charcoal manufacture is their main means of making
a living, as they find it difficult to secure high-paying employment. The extensive experience of the charcoal
producers demonstrates that commercial charcoal manufacture is a lucrative and flourishing industry, acting as
a significant source of income. According to the respondents, the estimate of charcoal production per day is as
follows: 7.7% generate 4-6 bags, 38.5% produce 7-9 bags, and 53.8% produce more than 9 bags per day.
This indicates a strong need for charcoal for multiple uses, emphasizing its important function as a source
of energy. The extraction of fuel wood in emerging nations is in direct competition with other energy sources
for household use. The demand for fuel wood is increasing intandem with population expansion, with an
annual demand growth rate ranging from three to four percent, varying by country (Luwaya, 2015). The
utilization of wood fuel for household cooking by low- income households worsen deforestation in developing
nations, where fulfilling the energy needs of the expanding population is a constant struggle (Luwaya, 2015).
The survey results indicate that 7.7% of respondents create a minimum of 10 bags and up to 20 bags of
charcoal every week, while the majority (84.6%) produce between 21 and 30 bags per week. This discovery
highlights the significant demand for charcoal as a feasible substitute for energy. Nigeria is classified as one
of the world's largest producers and consumers of charcoal, according to Rotowa et al. (2019). Research
suggests that the limited accessibility and affordability of alternative fuels in Nigeria has led numerous
households to resort to using charcoal for cooking purposes (Nwofe, 2013). The survey results show that
23.1% of respondents make at least 320,000 per week from charcoal manufacturing. Additionally, 30.8%
earn between 320,000 and 330,000 per week, and 7.7% earn between 331,000 and 340,000 per week. This
illustrates that charcoal manufacture is a profitable enterprise, despite the harmful effects it has on human health,
as indicated in Table 4. The results indicate that the increasing need for charcoal in urban areas creates
chances for generating revenue from charcoal production, especially in regions where it is extensively traded
and sold in urban marketplaces (Arnold et al., 2006; Kambewa et al., 2007; Luoga et al., 2000; SEI, 2002).
The charcoal market provides urban households with a cost-effective, handy, and dependable energy source,
together with related services, at consistently steady rates (Desanker and Zulu, 2001; Ellegard and
Nordstrom, 2003; MARGE, 2009; Richardson, 2010).
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3.5 Awareness of the sources, levels and impacts of air pollution in the study area

Figure 2 shows that 83.3% of the participants possess substantial knowledge on air pollution, whilst 16.7%
do not. The findings suggest that most charcoal production workers have a fundamental understanding
of the consequences of their labour, such as air pollution and the potential long-term health risks. This is
consistent with previous research conducted by Friends of the Earth (2002), Makhabane (2002), Songsore
(2003), Kammen et al. (2005), UNDP (2005), GTZHERA (2009), Ottu-Danquah (2010), and Msuya et
al. (2011). These studies have documented similar problems in African countries where charcoal production is
widespread, including ecosystem degradation, deforestation, increased erosion, infertile land, low crop yields,
accelerated climate change, and threatened biodiversity. Figure 3 illustrates the methods by which participants
were aware of air pollution caused by charcoal production. The findings indicate that 50.0% of participants
acquired knowledge about air pollution through radio and television jingles, ads, and enlightenment
programmes. In contrast, 33.3% and 16.7% obtained this information through school and other sources,
respectively.

Knowledge of air pollution
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Figure 2: Knowledge of air pollution
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Figure 3: Means of awareness

Therefore, it can be inferred that the participants gained information regarding the effects of charcoal
manufacturing on the environment through government-initiated awareness initiatives that were distributed
through several media platforms. These findings indicate that in order to maintain the sustainability of
community livelihoods, it is crucial to efficiently manage, distribute, and monitor their resources. The objective
of this strategy is to establish a system for monitoring, managing, and actively sharing information on the
availability and quality of resources. This system is intended to govern community activities and resource
consumption (Islam and Walkerden, 2017). The sources of air pollution were determined in Figure 4, with
100.0% of respondents reporting encountering air pollution from smoke. The findings emphasize that the effects
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of air pollution resulting from charcoal manufacturing are becoming more apparent and are inflicting significant
harm on both human health and the overall environment. These findings indicate that crystalline silica, which
is a significant constituent of particulate matter, is categorised as a confirmed human carcinogen and is linked
to systemic autoimmune disorders (IEA, 2012). The extensive dependence on charcoal production and
utilisation has resulted in numerous health risks during the production process (Bailis et al., 2015). As a result
of their participation in charcoal manufacture, many individuals experience a wide range of health issues,
including acute and chronic disorders such as headaches, respiratory infections, coughing, sputum production,
difficulty breathing, and coughing up blood (UNDP, 2015).

Sources of air pollution
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Figure 4: Sources of air pollution

Figure 5 indicates that all of the respondents reported significant levels of air pollution during charcoal
manufacturing near the Kiln site. This discovery demonstrates that the influence of air pollution
originating from the production site has an effect on the neighbouring community. The results align with
previous research that has raised concerns regarding deforestation and forest degradation linked to
charcoal production in numerous countries (Hofstad et al., 2009; Ahrends et al., 2010; Pereira et al., 2001; Ribot,
1993). Furthermore, studies conducted by Kammen and Lew (2005), Adam (2009), Akagi et al. (2010), and
Pennise et al. (2001) have demonstrated that the emissions released throughout the process of charcoal
manufacturing have a substantial impact on global warming when compared to the emissions generated by
burning charcoal. Figure 6 illustrates the frequency of air pollution at the kiln site, indicating that 50.0% of
participants experienced air pollution during both morning and afternoon sessions.
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Figure 5: Level of pollution
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Figure 6: Period of pollution occurrence

According to Tzanakis et al. (2001), this suggests that the process of making charcoal begins in the
morning and lasts until the afternoon. It involves burning wood for long periods of time with incomplete
combustion, resulting in the generation of harmful smoke gases. Research has also shown that those
involved in charcoal production frequently operate in close proximity to rudimentary kilns that generate high
temperatures and release harmful substances, so exposing themselves to the danger of poisoning.

Decision to relocate
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Figure 7: Decision to relocate
3.6 Perceived symptoms and health effect of charcoal production on workers

The data presented in Table 5 indicates that the chi-square test yielded significant levels below 0.05 for all the
components. Additionally, the observed values for eye irritation, dry throat, headache, sneezing, skin irritation,
shortness of breath, and cough were higher than the critical chi-square value of 5.991. Thus, the variables are
not entirely uncorrelated. The results indicate that the obtained values are not independent, suggesting a
correlation between them due to the fact that the P-values are below 0.05. These findings align with previous
research that have shown that these pollutants have a detrimental impact on public health by increasing the risk
of cancer, heart and lung disorders, and impairing the body's ability to transport oxygen in situations of carbon
monoxide exposure (Ghosh et al., 2016). In addition, nitrogen and sulphur oxides induce irritation in the lungs,
which results in inflammation of the airways and can lead to airway obstruction and other serious consequences
(Dost, 2011). Table 6 shows that the p-value for the chi-square test of the variables was higher than the 0.05
significant level. Additionally, the observed values for dizziness, catarrh, and sputum production were greater
than the crucial chi-square value of 5.991. Hence, these factors are not entirely uncorrelated. The results reveal
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that the obtained values are unrelated, implying no correlation between them as the P-values exceed 0.05.
However, the presence of components such as nausea, chest pain, and bodily discomfort is not independent,
indicating a correlation between them due to the fact that their P-values are less than 0.05. The findings of this
study indicate that a significant proportion of those engaged in charcoal production encountered symptoms like
ocular irritation, parched throat, cephalalgia, nasal discharge, dyspnea, and coughing. These symptoms can be
ascribed to emissions resulting from charcoal manufacturing and the unfavourable working circumstances that
these individuals are exposed to throughout and following the production stages. Souza et al. (2005) affirmed
that the work environment has an impact on human health, providing evidence for this claim. Ediagbonya and
Tobin (2013) conducted a study in Sapele, Nigeria to evaluate the relationship between air pollution and
respiratory health. They surveyed 400 participants and found that the prevalence of respiratory symptoms was
as follows: cough (10.5%), phlegm (21.3%), wheezing (13.5%), trouble in breathing (14.8%), chest discomfort
(13.8%), and sore throat (10.3%). The impact of charcoal dust on lung function can be elucidated by
occupational exposure to particles, whereby the ingress of dust particles into the lungs instigates inflammatory
responses, resulting in pulmonary fibrosis and a decrease in FVC and FEV1 values (Longo et al., 2011).

Table 5: Health effects of charcoal workers using chi-square model

Response Eye Dry Headache Sneezing Skin Shortness Cough
irritation throat irritation  of breath
Always 1 1 1 1 1 0 0
Frequently 4 3 2 2 1 1 1
Occas. 7 8 8 9 10 11 10
Rarely 0 0 1 0 0 0 1
NG 4.500 6.500 11.333 9.500 13.500 8.333 13.500
Sig. 0.105 0.039 0.010 0.009 0.001 0.004 0.001

Table 6: Health effects of charcoal workers using chi-square model (Cont’d)

Response Dizziness Nausea Catarrh Sputum. Chest pain Body pain
production

Always 0 0 0 0 0 0
Frequently 1 1 2 1 3 4
Occas. 9 5 9 10 9 8
Rarely 2 6 1 1 0 0

X2 9.500 3.500 9.500 13.500 3.000 1.333
Sig. 0.009 0.174 0.009 0.001 0.083 0.248

Decision Rule: If X? calculated> X? tab accept the alternate and reject Null hypothesis. Otherwise accept
hypothesis. X?-tab(critical) value = 5.991; df = 2

3.7 Measures in combating environmental air pollution from charcoal production

According to Figure 8, all of the respondents (100.0%) recommended various measures to combat
environmental air pollution caused by charcoal production. These measures include reducing forest fires,
smoking, and open burning, promoting dispersion, using safer materials or processes as substitutes,
implementing local ventilation and isolation, ensuring compliance with workplace procedures, and
maintaining environmental hygiene. The findings suggest that the majority of charcoal production
workers are receptive to implementing control measures established by governmental or non-
governmental organizations in order to reduce air pollution resulting from charcoal production.

Consequently, the hazards and adverse effects linked to the rise in charcoal production require carefully
designed strategies. These policies should incorporate the implementation of tree planting and forest
preservation measures, as they serve as primary sources of raw materials for charcoal manufacturing (Mugo
and Ong, 2006; Olalekan et al., 2019; Suleman et al., 2019). Moreover, policies should specifically
focus on the management and oversight of sites and areas that are specifically authorized for the production
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of charcoal (Raimi et al., 2018). It is important to safeguard areas that are already overwhelmed with
the supply of wood for charcoal, and it is necessary to establish rules for any site that is recognized as a source
of wood for producers (Raimi, 2019). Advanced technology has the potential to greatly decrease indoor air
pollutants, leading to improved health conditions, especially for women and children who predominantly rely
on charcoal and sawdust for household usage (Raimi et al., 2018; Raimi, 2019; Raimi et al., 2020). In addition,
all of the respondents (100.0%) stated that they do not utilize air purification systems such as separators
or collectors, absorption or incineration methods, or waste disposal mechanisms in the study region. The
findings suggest that charcoal producers in the research area have implemented the majority of the indicated
steps to regulate air pollution levels, highlighting the significance of policy development in implementing
effective control measures. This highlights the importance of cultivating a population that is
knowledgeable about the environment, both through structured and informal environmental education, in
order to increase awareness about important environmental issues (Raimi et al., 2019). Advanced technologies
offer potential for improving charcoal production processes to eliminate or substitute hazardous methods with
safer alternatives (Climate Teck Wiki, 2012). Additional potential policy alternatives include of the co-
management of charcoal production derived from public or protected forests (Zulu, 2010) and the utilization of
hybrid institutional frameworks that integrate community and household-level charcoal production from
plantations.

4. Conclusion

The study evaluated the air quality and its health consequences on workers involved in charcoal manufacture at
a kiln site in Uzuakoli, Abia State, Nigeria. The results indicated that the mean values for HCHO, PM3s, PMy,
and RH exceeded the acceptable limits set by the World Health Organization (for a 24-hour period) and the
National Ambient Air Quality Standards (for an 8-hour period). Strong relationships were found between PM2s
and PMy at a significance level of 1% (correlation coefficient = 1.00**), PMs and CO (correlation coefficient
= 0.888**), PMyo and CO (correlation coefficient = 0.888**), and VOC and HCHO (correlation coefficient =
0.994**), The key climatic parameters that have been found to influence air pollutants such as CO,, CO, VOC,
PM1o, PM_s, and HCHO are relative humidity and temperature, both of which were measured at 64.0%. The
socio-demographic profiles revealed that persons in the age groups of 31-35 years and 36-40 years displayed
apprehension regarding the consequences of air pollution. Male individuals had a higher susceptibility to the
adverse effects of air pollution compared to their female counterparts. The study also found strong correlations
between air quality and different age groups that are prone to severe illnesses. In addition, a significant
proportion of married individuals (61.5%) had a strong vulnerability to air pollution. Significant variables
contributing to pollution were discovered as primary and secondary education levels, as well as Christian
religious worship. The workers had an average experience of 16-20 years. They were able to produce an
estimated quantity of more than 9 bags of charcoal per day and 21-30 bags per week. The weekly earnings
fluctuated between ¥}20,000 and 330,000 on average. Moreover, 83.3% of the participants stated that they
possessed substantial knowledge of air pollution, with 50.0% specifically mentioning their awareness through
mediums such as radio, television jingles, advertising, and educational programmes. The main cause of air
pollution was determined to be smoke, which was found to be present at high levels near the kiln site throughout
both morning and afternoon periods (50.0%). Furthermore, a significant proportion of 41.7% indicated a desire
to move elsewhere as a result of their concerns regarding air pollution. The chi-square analysis revealed that
individuals reported experiencing dizziness, catarrh, and sputum production as perceived health impacts. 100%
of the respondents recommended implementing various measures to combat air pollution from charcoal
production. These measures include reducing forest fires, smoking, open burning, dispersion, and using
safer materials or processes. Other suggested measures include improving local ventilation, isolating the
production area, ensuring compliance with workplace procedures, and maintaining environmental hygiene.
The results emphasized that the majority of workers at charcoal producing facilities do not utilize personal
protective equipment, thereby heightening their vulnerability to health and safety hazards. There was no
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statistically significant impact of socioeconomic characteristics on the profitability of charcoal
manufacturing. Charcoal manufacturing, despite its economic significance, has had a disproportionately
negative impact on environmental degradation and local air quality. This has resulted in respiratory
health issues for both producers and adjacent communities. Hence, it is imperative to provide charcoal
workers with control measures in order toalleviate health hazards linked to exposure. The study proposes
shifting attention away from exclusive modern energy services towards traditional and widely available energy
sources, taking into account their substantial economic, environmental, and social effects. Implementing
pollution mitigation tactics and conducting public education initiatives are crucial in mitigating the release
of harmful air pollutants inand near charcoal kiln regions. Comprehensive environmental education,
particularly targeting individuals involved in charcoal production, is essential for effectively tackling
health and pollution issues.
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