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Abstract: This study presents a comprehensive assessment of indoor particulate matter (PM) concen-
trations, focusing on PM1, PM2.5, and PM10 in five primary health centers (PHCs): Arakale (Urban),
the Federal College of Agriculture (FECA) (Urban), Iju (semi-urban), Oba-Ile (semi-urban), and
Owode (Rural) within Akure local government areas in Nigeria. The primary novelty of this research
lies in its detailed exploration of the toxicity potential of these PM fractions, providing valuable
insights into the local air quality and associated health risks. This study assesses the health implica-
tions by calculating the toxicity potential (TP), relative risk (RR), excess risk (ER), and attributable
fractions (Afs) for cardiopulmonary and lung cancer mortality. The results reveal varying RR values
for all-cause mortality, with Arakale showing a slight elevation (RR: 1.061), indicating potential
health risks. ER values for cardiopulmonary mortality range from 14.728 ± 7.25 to 19.04 ± 0.38,
emphasizing the substantial excess risk associated with long-term PM2.5 exposure. The study also
uncovers Afs for cardiopulmonary mortality ranging between 11.03 ± 0.31 and 19.22 ± 0.04, under-
scoring the significant contribution of PM to cardiovascular and respiratory health risks. Similarly,
Afs for lung cancer mortality range from 10.03 ± 0.012 to 17.13 ± 0.10, highlighting the substantial
association between PM2.5 exposure and lung cancer risk. These findings underscore the urgent
need for targeted air quality management strategies and public health interventions in the studied
locations to mitigate the heightened health risks associated with particulate matter pollution. The
calculated RR, ER, and AF values offer crucial insights into the complex relationship between PM
exposure and adverse health outcomes, providing a foundation for informed decision-making and
future research endeavors.

Keywords: particulate matter; air quality; toxicity potential; pollution sources; health risks and
regulatory measures

1. Introduction

The air we breathe profoundly impacts our health, and its quality within healthcare
facilities is of paramount importance. This article embarks on a meticulous journey, unrav-
eling the levels of particulate matter in five key health centers in Akure, Nigeria. Through
comprehensive risk assessments, we aim to bring to light potential health hazards, fostering
a healthier environment for patients and healthcare professionals. Air quality is a critical
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determinant of public health, and particulate matter, comprising tiny particles suspended in
the air, can have detrimental effects on respiratory health. Despite the Increasing awareness
of the impact of air pollution on health in the US, China, India, the European Union, Brazil,
and South Korea [1], there is a notable lack of specific studies focusing on particulate matter
levels within healthcare facilities, particularly in Akure, Nigeria.

The Global Burden of Disease Study 2017 [1] reinforced the significance of air pollution
as a leading cause of morbidity and mortality, with particulate matter emerging as a major
contributor. Crouse et al. [2] examined the association between long-term exposure to
air pollution and cardiovascular mortality, underscoring the need for stringent air quality
regulations. The INTERHEART study [3] revealed the correlation between air pollution
and myocardial infarction, emphasizing the global health burden posed by poor air quality.
Ambient air pollution, as indicated by Brauer et al. [4], is linked not only to respiratory
diseases but also to adverse pregnancy outcomes, further emphasizing the comprehensive
impact on human health. Recent research by Paital [5] discusses the intricate mechanisms
through which air pollutants induce oxidative stress, inflammation, and cellular damage,
elucidating the pathways leading to various health disorders. The Lancet Commission
on Pollution and Health [6] identified air pollution as a significant global health crisis,
emphasizing the urgent need for international collaboration to address this pervasive
threat. The Global Burden of Disease Study 2019 [7] reiterated the substantial health
burden attributable to air pollution, with a specific focus on its role in non-communicable
diseases and premature mortality. Chen et al. [8] investigated the link between long-term
exposure to PM2.5 and diabetes, revealing a novel association between air pollution and
metabolic disorders.

This study breaks new ground by homing in on the air quality within health centers, a
setting crucial for the recovery and well-being of patients. The novelty lies in our focus on
particulate matter, an often overlooked aspect in healthcare facility assessments, and the
implications this has for both patients and healthcare professionals.

While general studies on air quality exist, there is a significant research gap concerning
the specific assessment of particulate matter levels within healthcare facilities in Akure.
The absence of such data poses potential risks to vulnerable populations within these
centers, and addressing this gap is crucial for improving overall healthcare quality and
patient outcomes.

The justification for this research lies in its potential to significantly impact public
health. Understanding the levels of particulate matter within health centers enables the
implementation of targeted interventions to mitigate risks and create safer environments
for patients and healthcare workers. This research is not just an academic exercise; it is a
proactive step towards enhancing the quality of healthcare delivery in Akure.

1.1. Research Questions

1. What are the levels of indoor particulate matter in the air within the selected health
centers in Akure?

2. How do these levels compare to established air quality standards and guidelines?
3. What are the health risks associated with elevated particulate matter levels in health-

care settings?
4. Are there variations in particulate matter concentrations among the different health centers?

Aim: The aim of this research is to conduct a comprehensive analysis of particulate
matter levels within five primary health centers in Akure, Nigeria, with a focus on assessing
associated health risks.

1.2. Objectives

1. To measure and quantify particulate matter concentrations in the air within PHCs.
2. To compare the measured particulate matter levels with national and international air

quality standards.
3. To assess the health risks posed by elevated particulate matter levels in healthcare settings.
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4. To identify variations in particulate matter concentrations among the different health centers.
5. To provide recommendations for mitigating risks and improving air quality within

these healthcare facilities

1.3. Literature Review

Particulate matter (PM) is a complex mixture of tiny particles suspended in the air, with
PM10 (particles with a diameter of 10 µm or smaller) and PM2.5 (particles with a diameter of
2.5 µm or smaller) being key components. This review explores the relative risk generated
by PM10 in all-cause mortality and examines the specific cases of cardiopulmonary and
lung cancer morbidity, with a keen emphasis on the significant impact of PM2.5 exposure.
Studies worldwide have consistently highlighted the presence of particulate matter in
indoor environments, originating from both outdoor and indoor sources. Sources include
combustion processes, cleaning products, and building materials. Particles in the PM2.5
(particles with a diameter of 2.5 µm or smaller) and PM10 (particles with a diameter of
10 µm or smaller) ranges have been associated with respiratory and cardiovascular health
issues [9].

While hospitals and health centers are designed to promote healing, the air quality
within these facilities can pose challenges. The vulnerability of patients with compromised
health and weakened immune systems makes them particularly susceptible to the adverse
effects of poor air quality. Studies in various global contexts have indicated the presence of
pollutants within healthcare settings, underlining the need for targeted interventions [10,11].
The health implications of exposure to particulate matter are well documented. Short-term
exposure can exacerbate respiratory conditions, while long-term exposure has been linked
to chronic diseases such as asthma, cardiovascular diseases, and even mortality [12,13].
Vulnerable populations, including children, the elderly, and individuals with pre-existing
health conditions, are at heightened risk.

Risk assessments play a pivotal role in understanding the potential health risks asso-
ciated with elevated particulate matter levels in healthcare settings. The complexities of
healthcare environments, including varying patient loads, diverse activities, and medical
procedures, necessitate a targeted approach to risk assessment [14]. Identifying specific
risks enables the development of effective strategies to safeguard the health of both patients
and healthcare workers. Several studies have unequivocally demonstrated a robust associ-
ation between PM10 exposure and an increased risk of all-cause mortality. For instance, a
meta-analysis by Hoek et al. [15] found a significant positive correlation between elevated
PM10 levels and mortality, particularly in urban environments. The relative risk was found
to vary across different populations, suggesting a nuanced interplay of factors influencing
health outcomes.

The link between PM10 exposure and cardiopulmonary morbidity is well established.
Brook et al. [16] conducted a comprehensive review, revealing a consistent association
between short-term exposure to PM10 and adverse cardiovascular events, including my-
ocardial infarction and exacerbation of heart failure. The relative risk, as indicated by
these studies, emphasizes the vulnerability of individuals with pre-existing cardiovascular
conditions to the detrimental effects of PM10.

While PM10 has been associated with respiratory issues, the focus on lung cancer
morbidity often involves the finer particles, particularly PM2.5. However, studies like that
of Hamra et al. [17] found a positive association between long-term exposure to PM10 and
lung cancer incidence. The relative risk, though lower compared to PM2.5, underscores the
multifaceted impact of particulate matter on respiratory health.

Although PM2.5 is commonly associated with respiratory health, it is imperative
to acknowledge its overarching impact on cardiopulmonary morbidity and lung cancer
incidence. A study by Pope et al. [18] demonstrated a more substantial relative risk
associated with PM2.5 in comparison to PM10, particularly in relation to cardiovascular
mortality. This highlights the need for a nuanced understanding of particulate matter
composition and its specific health implications.
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Understanding the toxicity potential of environmental pollutants is crucial for assess-
ing their impact on human health. Studies have consistently demonstrated the adverse
effects of exposure to toxic substances. For instance, Chen et al. [19] found that prolonged
exposure to heavy metals such as lead and mercury is associated with neurotoxicity, leading
to cognitive impairments. Additionally, research by Yang et al. [20] highlighted the toxicity
of certain pesticides, linking them to respiratory and reproductive health issues. These
findings emphasize the need for a comprehensive understanding of the toxicity potential of
various environmental contaminants, providing valuable insights for regulatory measures
and public health interventions.

Understanding the ratios of different particulate matter (PM) fractions is essential
for comprehending their sources and potential health impacts. Studies such as that by
Lee et al. [21] have investigated PM2.5/PM10 ratios as indicators of pollution sources, aid-
ing in source apportionment. Additionally, research by Zhang et al. [22] emphasizes the
importance of PM2.5/PM1 ratios in characterizing fine particle sources and their implica-
tions for air quality management. The ratio of black carbon to total PM, explored by Bond
et al. [23], provides insights into the contribution of combustion sources to particulate pol-
lution. These ratios play a critical role in enhancing our understanding of the composition
and origins of particulate matter, aiding in targeted pollution control strategies.

2. Materials and Methods

Akure is the capital of Ondo State, Nigeria. The primary health center (PHC) loca-
tions earmarked for monitoring were based in Akure South (Arakale) and Akure North
(FECA, Iju, and Owode) local government areas (AKLGA). Table 1 and Figure 1 depict
the monitoring sites. These PHCs include Arakale (an urban area with high vehicular
movements), the Federal College of Agriculture (FECA) (an urban area with high vehicular
movements and burning of biomass) and Iju, Oba-Ile (semi-urban areas with medium
vehicular movements), and Owode (a rural area with low vehicular movements).

Table 1. Description of the health centers.

Location Local Government
Area Coordinates

Arakale Akure South Lat: 7.251133◦ Long: 5.193367◦

FECA Akure South Lat: 7.263321◦ Long: 5.220044◦

Iju Akure North Lat: 7.391430◦ Long: 5.259698◦

Oba-Ile Akure North Lat: 7.261411◦ Long: 5.193367◦

Owode Akure North Lat: 7.161718◦ Long: 5.173209◦

FECA—Federal College of Agriculture.

2.1. Study Site and Monitoring Methodology

For this study, five (5) primary health centers (PHCs) in the Nigerian Akure Local
Government Areas—Arakele, the Federal College of Agriculture (FECA), Iju, Oba-Ile, and
Owode—were used. No fume extractors were installed, except the opened windows and
doors. The monitoring was carried out for a month. Canāree A1 low-cost sensors used
for the evaluation were placed in the five respective positions (flat areas, 1.5 m above
the ground). The manufacturer’s instructions were carefully followed before using the
equipment. Prior to becoming live, the devices were first configured using SenseiAQ
Software Version 1.2.3 (https://github.com/PieraSystems/SenseiAQ, accessed on 10 April
2022) and activated on SenseiAQ Cloud Account Settings. The sensor was powered
on by plugging into a laptop with a USB connection. SenseiAQ Software Edition 1.2.3
(https://pierasystems.com/support/, accessed on 10 April 2022) was installed on the
laptop (Windows 10). After the installation of the software, the sensor was identified. To
register the device and download data on the SenseiAQ Cloud, an account was created on
the prompted link on the laptop using a WiFi network. The created account was used to
obtain remote access to the data on the device via SenseiAQ (pierasystems.com, accessed

https://github.com/PieraSystems/SenseiAQ
https://pierasystems.com/support/
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on 10 April 2022). The monitoring took place eight hours every day. The PM1.0, PM2.5,
and PM10 values were downloaded onto the device every second. The acquired data were
downloaded on a local CSV log file. For this study, the data were translated in hours rather
than seconds. Minitab 2020 and Excel 2013 were used to perform the statistical analysis of
the data.
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2.2. Toxicity Assessment

Ayodele et al. [24] state that toxicity potential (TP) is a calculated toxic equivalency
that is useful in assessing the potential harm that air pollution particles from different
places may cause to human health. Using the following formula [24,25], we determined the
TP associated with PM2.5 and PM10 in each of the institution’s five indoor sample locations:

TP = CP/SP (1)

where SP is the air pollution standard and CP is the measured pollutant concentration. The
TP value should therefore be less than 1. A region where there is a high concentration of
PM10 and PM2.5 poses a health danger to the local population is indicated by a TP score
greater than one.
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2.3. Health Risk Assessment (HRA)
2.3.1. Health Risk Assessment Methodology for Short-Term Effect of PM10

The relative risk (RR) for all-cause mortality was computed using Ostro’s [26] method
to ascertain the short-term exposure to PM10 (Equation (1)). If the PM10 concentration
was more than the background level (10 µg m−3), the relative risk for all-cause death was
computed. A 95% confidence interval (CI) of 0.0008 for the risk function (0.0006–0.0010)
was employed.

RR = exp[β(X − X0)] (2)

The background PM10 concentration (10 µg m−3) is represented by X0-, X is the annual
mean concentration of PM10 (µg m−3), and the risk function coefficient is represented
by β-.is.

2.3.2. Health Risk Assessment Methodology for Short-Term Effect of PM2.5

Using Equation (2), the relative risk associated with PM2.5 was computed indepen-
dently for lung cancer and cardiopulmonary mortality for residents over 30 years old [26].

RR = [(X + 1)/(X0 + 1)]β (3)

The risk function coefficient is denoted by β-, and the background concentration
of PM2.5 (3 µg m−3) is represented by X0-. For both cardiopulmonary and lung cancer
mortality, the applied β coefficients were 0.15515 (95% CI: 0.0562–0.2541) and 0.23218
(95% CI: 0.08563–0.37873), in that order. In addition, the determinable relative risk (RR)
was utilized to compute the attributable fraction (AF) [26,27].

AF = (RR − 1)/RR (4)

The estimated AF value shows the percentage of deaths from the corresponding
disease that could be prevented if PM2.5 and PM10 concentration levels were reduced by 3
and 10 µg m−3, respectively.

ER = (RR − 1) (5)

A yearly average weighted by population was used to assess the exposure to ambient
PM2.5 and PM10 in Romania. The overall number of premature deaths was determined by
using the calculated exposure to PM as an input in the health impact evaluation.

3. Results

The PM1 results are shown in Table 2. The values from the locations range thus
Arakale > FECA > Oba-Ile > Iju > Owode with standard deviations of 10.66, 9.77, 7.66, 5.63,
and 19.86. The variations in PM1 (particulate matter with a diameter of 1 micrometer or
smaller) values among different locations can be attributed to several factors, including
local sources, meteorological conditions, and geographical characteristics.

The mean 73 µg/m3 obtained for Arakale depicts a high PM2.5 level, which suggests
elevated air pollution. This could be attributed to various sources (within and outside
the premises), such as vehicular traffic emissions, commercial activities, high number
of patients and staff, the use of a diesel generator, and other anthropogenic activities.
The health implications may be significant, with an increased risk of respiratory and
cardiovascular issues for the population. Owode (47.62 µg/m3), FECA (25.41 µg/m3), Iju
(35.58 µg/m3), and Oba-Ile (34.59 µg/m3) levels are lower than Arakale but still indicate a
notable presence of fine particulate matter. The high particulate pollution at Owode could
be attributed to the nearness of airport activities. Identifying specific pollution sources
and implementing air quality control measures may be necessary to prevent health risks.
The high PM2.5 levels (Arakale) pose potential health risks, requiring urgent air quality
management. Lower levels suggest relatively better air quality, but continued monitoring
is necessary to ensure sustained improvements. The implications include the need for
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regulatory measures, pollution source identification, and public awareness campaigns to
mitigate health risks associated with poor air quality [28–33].

Table 2. The basic description of the particulate matter levels from the vicinities of the PHC.

Parameter PM1.0 PM2.5 PM10 PM1.0 PM2.5 PM10 PM1.0 PM2.5 PM10

Arakale Iju Oba-Ile

Mean 28.15 73.00 85.21 17.75 35.58 37.40 19.72 34.59 38.40

StD 10.66 27.94 33.00 5.63 14.68 14.72 7.66 13.67 12.71

CoefVar (%) 37.87 38.28 38.70 31.73 34.52 39.37 31.73 39.53 38.34

Minimum 2.44 7.39 9.20 6.16 11.46 11.67 7.14 10.46 12.63

Q1 24.30 62.64 86.78 13.67 27.06 28.09 14.69 26.06 25.10

Q3 33.15 84.83 99.91 21.72 42.55 45.13 22.71 41.55 43.12

Maximum 106.59 303.67 357.08 56.38 223.90 240.42 54.37 224.90 244.43

Skewness 0.38 0.81 0.87 0.42 4.10 3.93 0.427 4.06 3.94

Kurtosis 4.29 6.32 6.18 2.82 50.44 47.87 2.87 50.14 47.63

Owode FECA

Mean 16.18 47.62 56.52 21.13 25.41 24.46

StD 19.86 58.92 66.88 9.77 11.01 11.03

CoefVar (%) 122.72 123.75 118.34 46.23 43.32 43.33

Minimum 2.54 10.57 14.09 9.02 11.10 11.10

Q1 6.61 22.92 28.59 14.47 18.07 18.14

Q3 19.38 53.04 62.52 26.57 32.13 32.16

Maximum 184.61 613.80 701.68 72.43 83.44 83.56

Skewness 4.82 5.57 5.71 1.81 1.71 1.70

Kurtosis 28.93 47.62 38.98 4.42 4.07 4.04

High PM10 (85.21 µg/m3) levels in Arakale inform of elevated air pollution. In
comparison with other locations, there is evidence of a higher value of pollution generated
within the environment. The differences are due to high human and vehicular movements
and activities within the environment, a good example is the market located around the
monitoring zone where a lot of waste is generated.

The PM2.5 results from our study exceeded the daily guidelines (Table 3); we compare
each location’s value with both the World Health Organization [34] and the National
Environmental Standards and Regulations Enforcement Agency [35] daily guidelines of 15
and 40 µg/m3, respectively. It is noticed that Arakale is 4.87 times over the WHO guideline.
Others followed thus: Owode (3.17 times), FECA (1.69 times), Iju (2.37 times), and Oba-Ile
(2.30 times), while in the case of NESREA, Arakale (1.82 times), Owode (1.19 times), but
these locations (FECA, Iju, ad Oba-Ile) are below the NESREA guideline. In the case of
PM10, Arakale is 4.87 times over the WHO guideline while others are Owode (3.17 times),
FECA (1.69 times), Iju (2.37 times), and Oba-Ile (2.30 times over). In the case of NESREA
Guidelines, Arakale (1.82 times over) and Owode (1.19 times), but FECA, Iju, and Oba-Ile
are 0.64, 0.89, and 0.86 times under, respectively. To sum up, constant and close monitoring
of these places is necessary.
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Table 3. The comparisons of the results obtained in this study with the results from research and
international and national standard limits.

Serial City PM1.0 (µg/m3) PM2.5 (µg/m3) PM10 (µg/m3) References

1 WHO - 15 45 WHO [34]
2 NESREA 40 150 NESREA [35]
3 Akure 16.18–28.15 25.41–73.00 24.46–85.21 Our Study
4 Akure 12.3 17.29 18.89 Abulude et al. [28]
5 Lagos - 4–26 8–36 Shittu et al. [29]
6 Enugu 71.03 89.00 107.40 Otuu et al. [30]
7 Zaria - 60.26–75.57 98.43–101.06 Afolabi et al. [31]
8 Jos - 74 138 Anjorin et al. [32]
9 Enugu - 30.33–72.92 244–541.17 Ibeneme et al. [33]

World Health Organization (WHO), the National Environmental Standards and Regulations Enforcement
Agency (NESREA).

There is an absence of a PM1-specific standard limit for air quality regulations; this
may be due to several reasons, which include establishing standard limits for such fine
particles involving complex considerations and a deeper understanding of their sources,
behavior, and health effects; measuring and monitoring PM1 accurately can be technologi-
cally challenging; therefore, developing reliable monitoring techniques for PM1 requires
advanced instrumentation and methodologies. Also, the health effects of ultrafine particles
may differ from those of larger particles, and establishing a standard limit requires a com-
prehensive understanding of these health risks. Again, the diverse range of sources makes
it challenging to establish a single standard limit that effectively addresses the different
characteristics of PM1 in various environments. Finally, the establishment of air quality
standards involves a consensus-building process among scientists, policymakers, and reg-
ulatory bodies. As of now, there may not be global consensus on the specific standards
for PM1, and regional variations in pollution sources and characteristics contribute to the
complexity of setting such standards.

Our PM2.5 results compare with results of other research works [31–33,36] from other
towns and states of the Federation of Nigeria (Table 3). The results of PM10 recorded by
Otuu et al. [30] for Enugu, Afolabi et al. [31] for Zaria, Anjorin et al. [32] for Jos, and Ibeneme
et al. [33] for (Enugu) are much higher than ours. The reasons could be due to methodology
involved in monitoring, activities around the evaluation site, the meteorological factors,
and others.

PM1/PM2.5 ratio results are shown in Figure 2. From the results, it is depicted that the
results obtained in this study are lower than the results reported elsewhere by Tronville
and Rivers [37]—(Vienna, Austria (0.87); Phoenix Arizona, USA (0.70); Delhi, India (0.87);
Athens, Greece (0.67)). The differences in PM1/PM2.5 ratios suggest variations in pollution
sources. For instance, higher ratios might indicate a greater contribution from combustion
sources, while lower ratios could be associated with natural or secondary aerosols. Higher
ratios in urbanized areas like Delhi and Austria may reflect increased industrial and
vehicular emissions. In contrast, lower ratios in rural areas like Arakale and Owode may
indicate fewer anthropogenic pollution sources. Geographic and meteorological factors
can influence PM ratios. Coastal areas like Athens may experience different pollution
characteristics compared to landlocked regions like Iju. Understanding local factors is
crucial for targeted air quality management. Elevated PM1/PM2.5 ratios could imply a
higher concentration of ultrafine particles, which may pose greater health risks due to their
ability to penetrate deeper into the respiratory system. This emphasizes the importance
of monitoring and mitigating specific particle sizes to protect public health. Comparisons
highlight the necessity for tailored air quality policies. Areas with higher ratios may need
stricter regulations on combustion sources, while regions with lower ratios might focus on
addressing specific local contributors.
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Figure 2. The ratio of the particulate matter.

The PM2.5/PM10 results show significant spatial distribution differences between
regions, with a small variability of 0.82 and 0.94. The highest ratio (0.94) was found
in the most polluted location (Iju), indicating that high PM2.5 contributions come from
vehicular emissions, which has also been found in Romania [27]. The ratio was found to
be 0.84 in Arakale and was highest in Iju (0.94), which suggests an increase in fine-mode
aerosol particles.

Our mean results for PM1/PM10 compared to other locations like 0.64—Varanasi
region, India (Chauhan et al. [38]); 0.48—Chennai city, India [39]; and 0.62—Lagos, Nige-
ria [40]; but lower than 0.92—Barcelona, Spain [41]. The differences in PM1/PM10 ratios
suggest variations in pollution sources. Higher ratios may indicate a larger contribution
from fine particles, possibly linked to combustion sources, industrial activities, or vehic-
ular emissions. Variances between regions (e.g., Barcelona, Chennai, Varanasi) could be
influenced by local industrial practices, traffic density, or natural sources. Understanding
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regional characteristics is crucial for targeted pollution control strategies. Geographic and
meteorological factors can influence PM ratios. Coastal areas like Barcelona may have
different pollution characteristics compared to inland cities like Varanasi. Consideration of
local factors is essential for effective air quality management. Higher PM1/PM10 ratios may
suggest an elevated concentration of fine particles, potentially posing greater health risks,
especially to respiratory health. Tailored health interventions may be needed based on the
specific size distribution of particles. Policymakers should consider these variations when
formulating air quality regulations. Different regions may require distinct approaches, such
as stricter controls on specific sources or the promotion of cleaner technologies.

Figure 3 shows the PM10 and PM2.5 toxicity potentials (TPs). The TPs are classi-
fied thus:

PM10 PM2.5
Arakale (1.70): Moderate toxicity potential. Arakale (4.42): High toxicity potential
FECA (0.57): Relatively low toxicity potential. FECA (1.30): Moderate toxicity potential.
Iju (0.89): Moderate toxicity potential. Iju (2.46): Moderate to high toxicity potential.
Oba-Ile (1.80): Moderate to high toxicity potential. Oba-Ile (4.56): High toxicity potential.
Owode (1.92): High toxicity potential. Owode (4.92): High toxicity potential.
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There is noticeable spatial variability in toxicity potential among the locations. For
both PM10 and PM2.5, Arakale, Oba-Ile, and Owode consistently show a higher toxicity
potential compared to FECA and Iju. The differences in toxicity potential can be attributed
to various factors, including industrial activities, traffic emissions, combustion processes,
and local sources of pollution. Areas with higher industrialization and anthropogenic
activities tend to exhibit higher toxicity potential. High toxicity potential indicates an
increased risk to public health within the environ of the PHCs. Fine particulate matter
(PM2.5) is especially concerning due to its ability to penetrate deep into the respiratory
system. The findings emphasize the importance of air quality management to protect the
health of residents and vulnerable people in these areas. The data underscore the need
for robust air quality regulations and enforcement measures. Identifying and controlling
specific pollution sources, especially those contributing to PM2.5, are crucial for mitigating
health risks associated with particulate matter exposure.

Table 4 and Figure 4 depict the relative risk (RR), excess risk (ER), and an attributable
fraction (AF) calculated for all-cause mortality in case of each region using the daily PM10
data. The average relative risk caused by PM10 for all-cause mortality was 1.061 ± 0.05
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(Arakale), 1.061 ± 0.05 (FECA), 1.024 ± 0.01 (Iju), 1.060 ± 0.05 (Oba-Ile), and 1.063 ± 0.12
(Owode). The results obtained in this study are similar to the results of Bodor et al. [27]
reported for Romania. The reason for this similarity could be due to areas with similar
pollution sources, such as traffic congestion, or specific anthropogenic activities. A positive
relative risk for cardiopulmonary and lung cancer disease was observed, which is mainly
attributed to PM2.5 exposure. A relative risk greater than 1 suggests an increased risk of the
specified outcome (in this case, all-cause mortality) compared to a reference group [42]. If
the RR is smaller than one, it is beneficial. To be considered statistically significant, the CI
should not range across positive and negative values [43,44]. For this study, RRs for all-
cause mortality were associated with long-term exposure to PM2.5. The values here indicate
a slight elevation in the risk of mortality in these locations compared to the reference. The
slightly elevated relative risk in Arakale suggests a potential higher susceptibility to factors
contributing to all-cause mortality. Identifying specific risk factors and implementing
targeted health interventions is crucial. While these relative risk values provide insight
into potential health risks, further research and a comprehensive understanding of local
health determinants are necessary to develop effective public health interventions tailored
to each community.

Table 4. Human health risk calculation based on the particulate matter concentration.

RR (All-Cause
Mortality)

RR (Cardiopul-
monary
Mortality)

RR (Lung
Cancer)

AF (Cardiopul-
monary
Mortality)

AF (Lung
Cancer)

ER (Cardiopul-
monary
Mortality)

ER (Lung
Cancer)

Arakale 1.06 ± 0.05 2.70 ± 1.84 4.04 ± 2.76 12.81 ± 0.72 15.19 ± 0.03 17.00 ± 1.84 30.41 ± 2.78
FECA 1.01 ± 0.01 0.861 ± 0.38 1.289 ± 0.57 11.03 ± 0.31 10.03 ± 0.012 19.04 ± 0.38 20.88 ± 0.57
Iju 1.02 ± 0.01 1.528 ± 7.25 2.201 ± 0.28 19.22 ± 0.04 15.38 ± 0.07 14.728 ± 7.25 12.01 ± 0.28
Oba-Ile 1.06 ± 0.05 2.707 ± 1.62 4.051 ± 2.43 15.71 ± 0.15 17.13 ± 010 17.07 ± 1.62 30.50 ± 2.43
Owode 1.06 ± 0.12 2.68 ± 4.22 4.007 ± 6.32 12.38 ± 0.36 14.91 ± 0.24 18.10 ± 1.62 30.07 ± 6.32

AF—attributable fraction; RR—relative risk; ER—excess risk.

Pollutants 2024, 4, FOR PEER REVIEW 11 
 

 

system. The findings emphasize the importance of air quality management to protect the 
health of residents and vulnerable people in these areas. The data underscore the need for 
robust air quality regulations and enforcement measures. Identifying and controlling spe-
cific pollution sources, especially those contributing to PM2.5, are crucial for mitigating 
health risks associated with particulate matter exposure. 

Table 4 and Figure 4 depict the relative risk (RR), excess risk (ER), and an attributable 
fraction (AF) calculated for all-cause mortality in case of each region using the daily PM10 
data. The average relative risk caused by PM10 for all-cause mortality was 1.061 ± 0.05 
(Arakale), 1.061 ± 0.05 (FECA), 1.024 ± 0.01 (Iju), 1.060 ± 0.05 (Oba-Ile), and 1.063 ± 0.12 
(Owode). The results obtained in this study are similar to the results of Bodor et al. [27] 
reported for Romania. The reason for this similarity could be due to areas with similar 
pollution sources, such as traffic congestion, or specific anthropogenic activities. A posi-
tive relative risk for cardiopulmonary and lung cancer disease was observed, which is 
mainly attributed to PM2.5 exposure. A relative risk greater than 1 suggests an increased 
risk of the specified outcome (in this case, all-cause mortality) compared to a reference 
group [42]. If the RR is smaller than one, it is beneficial. To be considered statistically sig-
nificant, the CI should not range across positive and negative values [43,44]. For this study, 
RRs for all-cause mortality were associated with long-term exposure to PM2.5. The values 
here indicate a slight elevation in the risk of mortality in these locations compared to the 
reference. The slightly elevated relative risk in Arakale suggests a potential higher suscep-
tibility to factors contributing to all-cause mortality. Identifying specific risk factors and 
implementing targeted health interventions is crucial. While these relative risk values pro-
vide insight into potential health risks, further research and a comprehensive understand-
ing of local health determinants are necessary to develop effective public health interven-
tions tailored to each community. 

 
Figure 4. Cont.



Pollutants 2024, 4 83
Pollutants 2024, 4, FOR PEER REVIEW 12 
 

 

 

 
Figure 4. Cont.



Pollutants 2024, 4 84
Pollutants 2024, 4, FOR PEER REVIEW 13 
 

 

 

 
Figure 4. Cont.



Pollutants 2024, 4 85
Pollutants 2024, 4, FOR PEER REVIEW 14 
 

 

 

 
Figure 4. Spatial analysis of human health risk based on particulate matter concentration. 

The calculated excess risk (ER) and the attributable fractions (AFs) for cardiopulmo-
nary and lung cancer mortality were determined for long-term exposure to PM2.5 for each 
location. The results revealed AFs (cardiopulmonary mortality) range between 11.03 ± 0.31 
and 19.22 ± 0.04 (Table 4 and Figure 4), while AF (lung cancer) was 10.03 ± 0.012 to 17.13 ± 
010. The calculated excess risk (ER) and attributable fractions (AFs) for cardiopulmonary 
and lung cancer mortality associated with long-term exposure to PM2.5 in each location 
provide critical insights into the potential health impacts of air pollution. The results, as 
presented in Table 4, reveal notable variations in the AF for both cardiopulmonary and 
lung cancer mortality across the studied locations. The range of AF for cardiopulmonary 

Figure 4. Spatial analysis of human health risk based on particulate matter concentration.

The calculated excess risk (ER) and the attributable fractions (AFs) for cardiopulmonary
and lung cancer mortality were determined for long-term exposure to PM2.5 for each loca-
tion. The results revealed AFs (cardiopulmonary mortality) range between 11.03 ± 0.31 and
19.22 ± 0.04 (Table 4 and Figure 4), while AF (lung cancer) was 10.03 ± 0.012 to 17.13 ± 010.
The calculated excess risk (ER) and attributable fractions (AFs) for cardiopulmonary and
lung cancer mortality associated with long-term exposure to PM2.5 in each location provide
critical insights into the potential health impacts of air pollution. The results, as presented
in Table 4, reveal notable variations in the AF for both cardiopulmonary and lung cancer
mortality across the studied locations. The range of AF for cardiopulmonary mortality
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underscores the substantial contribution of long-term PM2.5 exposure to cardiovascular
and respiratory health risks in the studied areas. These findings align with a growing body
of evidence linking fine particulate matter to adverse cardiovascular outcomes [45]. The AF
range for lung cancer mortality indicates a significant association between long-term PM2.5
exposure and lung cancer risk. This aligns with the established literature demonstrating
the carcinogenic potential of fine particulate matter, particularly in the context of prolonged
exposure [17,46]. The applied β coefficients for the cardiopulmonary and lung cancer
mortality were 0.15515 (95% CI:0.0562–0.2541) and 0.23218 (95% CI: 0.08563–0.37873), re-
spectively. They are the point estimates with their corresponding 95% confidence intervals
that are associated with sensitivity tests or sensitivity analyses. The results showed a
statistically relevant relationship between the pollutants and health risks.

The calculated excess risk (ER) values for cardiopulmonary and lung cancer mortality
associated with PM2.5 exposure provide insights into the potential health impact in the stud-
ied locations. The observed range for ER (cardiopulmonary mortality), from 14.728 ± 7.25
to 19.04 ± 0.38, indicates a substantial excess risk, emphasizing the heightened vulnerability
of the population to cardiovascular and respiratory outcomes due to long-term exposure.
Such variations may be influenced by factors such as local pollution sources, demographic
characteristics, and healthcare infrastructure. Studies by Dockery et al. [47] and Brook
et al. [16] have previously established a connection between PM2.5 exposure and cardiopul-
monary mortality. Similarly, the range for ER (lung cancer), spanning from 12.01 ± 0.28 to
30.50 ± 2.43, underscores the increased risk of lung cancer associated with PM2.5 exposure.
The wide range of ER values for lung cancer mortality underscores the complex relationship
between PM2.5 exposure and lung cancer risk. Previous research [48–51], including studies
by Turner et al. [46] and Hamra et al. [17], has consistently reported an increased risk of
lung cancer associated with exposure to fine particulate matter.

The strength and the limitation of this study was the application of descriptive analyti-
cal techniques. More epidemiological research is required to fully explore the relationship
between various air contaminants, toxic potentials, and the negative health consequences
and population health endpoints. This will allow us to interpret and comprehend the
mechanisms by which the main air contaminants in the locations affect human health. The
results of this study can be used to aid in the establishment of environmental policies and
laws in the future because they shed light on different facets of air pollution by determining
the RR, ER, and AF during PM2.5 and PM10 exposure.

4. Conclusions

In conclusion, our study provides a comprehensive evaluation of indoor particulate
matter (PM) concentrations, specifically PM10 and PM2.5, in five distinct locations (PHCs) in
Akure, Nigeria. The findings reveal significant spatial variations in PM levels, with Arakale
displaying elevated concentrations, particularly in PM2.5, indicating potential health risks
for the local population. The toxicity potential values further emphasize the urgency of
targeted air quality management strategies, especially in areas with higher industrialization
and anthropogenic activities.

This study underscores the critical importance of continuous monitoring to track
temporal variations and assess the effectiveness of implemented control measures. The
variations in PM levels are attributed to diverse local emission sources, including traffic
density, and other anthropogenic factors.

The elevated PM2.5 levels in Arakale suggest an increased risk of respiratory and
cardiovascular health issues for residents. The excess risk (ER) values for cardiopulmonary
mortality demonstrate a substantial health burden, with a range from 14.728 ± 7.25 to
19.04 ± 0.38, underscoring the heightened vulnerability of the population to cardiovascular
and respiratory outcomes. Concurrently, the attributable fractions (AFs) for both cardiopul-
monary and lung cancer mortality highlight the significant contribution of PM2.5 to these
health risks, emphasizing the urgent need for targeted interventions.
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Our research contributes valuable insights into the local air quality landscape in
Akure, emphasizing the need for tailored and immediate interventions to protect public
health. This study serves as a foundation for future research endeavors, fostering a deeper
understanding of the complex dynamics between local sources, meteorological conditions,
and air quality variations.

5. Recommendations

Based on the findings of this study, the following recommendations are proposed to
improve air quality and mitigate potential health risks associated with indoor particulate
matter (PM) concentrations of the PHCs in Akure, Nigeria:

Implement and enforce stringent emission control measures for vehicular activities,
particularly in areas with elevated PM levels such as Arakale. This includes the adoption
of cleaner technologies, regular maintenance of industrial equipment, and adherence to
emission standards.

Develop and implement traffic management strategies to reduce vehicular emis-
sions, especially in areas with high traffic density. This may involve promoting public
transportation, encouraging the use of cleaner fuel options, and implementing traffic
flow improvements.

Conduct detailed source apportionment studies to identify specific local sources
contributing to PM pollution. Implement targeted interventions to address these sources
effectively, considering the unique characteristics of each location.

Strengthen and expand the air quality monitoring network in Akure to enhance spatial
and temporal coverage. Continuous monitoring is crucial for tracking changes over time,
identifying emerging trends, and assessing the impact of implemented control measures.

Launch public awareness campaigns to educate residents, staff members, and the
patients about the health risks associated with elevated PM levels and the importance
of individual actions in mitigating air pollution. Encourage community participation in
promoting cleaner air practices.

Review and enhance existing air quality regulations to align with current scientific
knowledge and international standards. Ensure strict enforcement of these regulations to
discourage non-compliance by industrial and commercial entities.

Foster collaboration between government agencies, industries, environmental groups,
and local communities. Engage in joint efforts to address air quality challenges, share
information, and work collectively towards sustainable solutions.

Integrate green spaces and sustainable urban planning practices to improve air quality.
Planting trees and creating green areas can contribute to the absorption of pollutants and
enhance overall environmental quality.

Encourage and support further research on air quality in Akure, focusing on emerging
pollutants and innovative solutions. Foster collaboration between academic institutions,
research organizations, and governmental bodies to advance knowledge in this field.
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