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ABSTRACT

ARTICLE INFO

This study conducted in Ondo State, Nigeria, employs an Air Quality
Index (AQI) to evaluate the air quality in nine communities, focusing on
pollutants like ozone (O3), nitrogen dioxide (NO>), fine particulate matter
(PM25), and coarse particulate matter (PM o). The study stands out due to
its comprehensive examination of various pollutants and their combined
impact on air quality. Satellite data from [QAir's AirVisual website was
utilized to track pollution levels across these areas over six months. This
data was then used to establish daily AQI values, offering a unified
measure to assess air quality and related health risk. The AQI provides a
holistic understanding of air quality in Ondo State, aiding in better
evaluation of circumstances and potential health consequences. The
research highlighted considerable air quality discrepancies across
different locations, identifying PM,s and NO; contributors poor air
quality. These findings serve a reference for future monitoring and
formulation.
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1. INTRODUCTION

A major environmental worry, air pollution endangers both human health and the
general welfare of communities around the world (Manisalidis et al., 2020; Xu et al., 2022;
Piracha and Chaudhary, 2022; Abulude et al., 2022). Due to rising urbanization, industrial
activity, and automobile emissions, the issue of air quality in Nigeria is receiving more and
more attention (Abulude and Abulude, 2021). A thorough evaluation of the spatial and
temporal variation (Ridwana R et al., 2023) of the Air Quality Index (AQl) with a focus on
important pollutants like nitrogen dioxide (NO;), fine particulate matter (PM;s), coarse
particulate matter (PM1o), and ozone (Os) is necessary because Ondo State, which is located
in southwest Nigeria, faces its fair share of air pollution issues.

A standardized metric for assessing and informing the public about air quality is the AQl
(AirNow.gov, 2022). It provides a more thorough knowledge of the total air quality and
associated health hazards by taking into account several contaminants at once. Decision-
makers and the general public can use this multidimensional approach to take into
consideration the various pollutant concentrations and their possible health impacts, allowing
them to make wise decisions about exposure and mitigation measures (Abulude, 2021).

For the purpose of regulating air pollution and its effects, it is essential to comprehend the
regional and temporal variation of the AQl in Ondo State. Spatial variations, which can be
impacted by elements including proximity to industrial areas, traffic congestion, and weather
conditions, refer to the variability in air quality levels among various sites within the state. On
the other hand, temporal fluctuations describe alterations in air quality across time, including
nocturnal, seasonal, and long-term trends. Factors including regular traffic patterns, industrial
operations, weather patterns, and climatic conditions can have an impact on these changes
(Abulude and Abulude, 2021).

The distribution and origins of air pollution can be better understood by looking at the
regional and temporal fluctuation of the AQIl in Ondo State. To enhance air quality and
safeguard public health, targeted interventions and mitigation measures can be developed
with the help of the identification of pollution hotspots and an understanding of the temporal
patterns of pollutant concentrations. Additionally, understanding the AQl's regional and
temporal variance can help with the creation of laws and regulations that aim to lower
emissions and support sustainable development practices (Chen, et al.. 2022).

This publication intends to explore the regional and temporal variation of the AQl in Ondo
State, Nigeria, with an emphasis on NO2, PM3.5, PM1g, and Oz as major pollutants in order to
fill these research gaps. We will evaluate the concentrations of these pollutants and their
variations over time by examining the air quality data gathered from monitoring stations
placed in strategic locations across the state. We will also look into any links between the AQI
and results for public health in regions with various amounts of airborne pollutants.

The results of this study will help to improve awareness of the Ondo State, Nigeria, air
quality condition and offer insightful information for policymakers, urban planners, and public
health officials. The ultimate goal of this research is to advance sustainable development
practices, support evidence-based decision-making, and enhance the general well-being of
Ondo State's citize.
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2. METHODS
Table 1. Description of the towns monitored in the study

Towns LGA Coordinates

Owo Owo 7.1989° N, 5.5932° E
Ondo Ondo West 7.1000° N, 4.8417° E
Ilaje Ese Odo 6.2585° N, 4.7692° E
Ilara-Mokin Ifedore 7.3497° N, 5.1067° E
Akure Akure South 7.2571° N, 5.2058° E
Lju Akure North 7.3924° N, 5.2593° E
Ore Odigbo 6.7518°N, 4.8779° E
Igbatoro Akure South 7.1372° N, 5.3626° E
Oba-Ile Akure North 7.2620° N, 5.2528° E

Ondo State is situated in the southwest of Nigeria (6.9149° N, 5.1478° E). On February 3,
1976, it was formed from the previous Western State. The state is bordered to the northeast
by Ekiti State, to the east by Kogi State, to the south by Edo State, and to the west by Osun
and Ogun States. Akure is the largest city in the state and the capital of Ondo.

The topography of Ondo State is varied, with coastal regions in the south, hilly terrain in
the centre, and flat plains in the north. It is renowned for having a diverse ecosystem that
includes woods, rivers, and mangrove swamps. Yorubas, the primary ethnic group in the area,
make up the majority of the population in Ondo State. With the lush ground enabling the
development of products including cocoa, palm oil, rubber, yam, cassava, maize, and
vegetables, agriculture is a major economic activity in Ondo State. One of the main cocoa-
producing areas in Nigeria is the state. Additionally important is fishing, particularly in coastal
areas like llaje. Ondo State has experienced expansion in a variety of industries, including
manufacturing, mining, and petroleum, in addition to agriculture. Natural resources of the
state, including bitumen, limestone, clay, granite, and oil deposits, support its economic
growth.

The locations (Table 1) used for this study are towns within Ondo State, Nigeria. They are
described as follows: First, Owo, a notable town with a rich cultural legacy and historical
significance, is found in the northern region of Ondo State. It is surrounded by lush greenery
and set on an undulating landscape. Second, Ondo State's capital and largest city is Akure. It
is well-situated and acts as a significant administrative and commercial hub. The city is
distinguished by a blend of modern infrastructure (government buildings, markets, and
commercial hubs). Third, the town of llara is situated in Ondo State's western region. It is
renowned for its agricultural endeavours, and the majority of the locals are farmers. llara is
located in a tranquil rural area surrounded by agriculture and vegetation. Cassava, maize,
yams, and vegetables are among the crops that are grown by the community.
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Fourth, lju is a town with a largely agrarian economy that is located in the northeastern
region of Ondo State. The region is distinguished by a mixture of agricultural land, residential
neighbourhoods, and small-scale economic ventures. The people of lju are involved in
farming, trading, and other small businesses, and the city is renowned for its calm and
pleasant attitude. Fifth, the town of Igbatoro is situated in Ondo State's western region. Its
location is in a rural area with a largely agrarian economy. The village is involved in farming,
including the production of products like vegetables, maize, cocoa, and cassava. Igbatoro is
renowned for its beautiful surroundings and tranquil atmosphere. Sixth, Ore, a bustling town
in Ondo State, is located along the main transit route that connects Lagos to other regions of
Nigeria. It functions as a significant transit hub and business hub. A combination of residential,
business, and industrial districts define Ore. With the emergence of industries and a variety
of businesses, the town has undergone substantial development in recent years. Seventh,
llaje is a coastal region in Ondo State's southern region. It is renowned for its thriving fishing
industry and marine resources. The fishing, commerce, and artisanal industries are the main
sources of income for the llaje population. Beautiful beaches, mangrove swamps, and a
thriving maritime culture define the region.

Eight, Oba-lle, it is situated outside of Akure, the administrative centre of Ondo State. It is
renowned for its residential communities, educational facilities, and modest business
ventures. Oba-lle provides a suburban setting with a blend of urban and rural surroundings.
Last, in the middle of Ondo State stands the old town of Ondo. The town combines historic
architecture with contemporary infrastructure. The population of Ondo is diversified and
involved in a range of economic pursuits, such as services, trade, and agriculture.

This evaluation of AQl, NO2, PM,s, PMig, and Os in the study areas (Owo, Ondo, llaje,
Akure, Ore, llara-Mokin, Igbatoro, lju, and Oba-lle) was done for a period of six months
(March-August, 2022) using satellite data from IQAir's AirVisual (https://www.igair.com/.
Accessed 1°* March 2022). 1QAIr's AirVisual platform collects data from various satellite
sources, such as NASA's MODIS, NOAA's GOES, and the European Space Agency's Sentinel-5P.
Satellite Data Processing is used to preprocess the satellite data to ensure its quality and
compatibility for deriving pollutant concentrations, which involves data calibration,
atmospheric correction, and quality control procedures specific to the satellite sensor used.

The data obtained was statistically analyzed using Minitab and Excel software.

3. RESULTS AND DISCUSSION

Table 2. The description of the minimum and maximum levels of the pollutants evaluated

Towns AQl NO; (ug/m?®)  PMas (pg/md) PMyo (pug/m®)  Os (ug/m’)

Oowo 18.00-76.00 0.00-2.00 13.00-76.00 12.00-65.00  12.00-29.00
Ondo 12.00-72.00 0.00-1.00 5.80-72.00 11.00-72.00  21.00-27.00
llaje 25.00-115.00  1.00-3.00 22.00-115.00 20.00-114.00  14.00-45.00
llara-Mokin 22.00-91.00 0.00-3.00 19.00-91.00 18.00-89.00  11.00-32.00
Akure 23.00-94.00 0.00-3.00 20.00-94.00 18.00-94.00  11.00-31.00
lju 11.00-30.00 2.00-14.00 0.00-28.0 5.00-30.00 8.00-19.00

Ore 9.00-66.00 0.00-1.00 0.00-63.00 0.00-66.00 9.00-24.00

Ighatoro 16.00-82.00 0.00-2.00 13.00-82.00 14.00-75.00  11.00-27.00
Oba-lle 23.00-94.00 0.00-3.00 20.00-94.00 18.00-94.00  11.00-31.00

The minimum and highest amounts of the contaminants are shown in Table 2. llaje (25-
115) and Akure (23-94), which are classified as orange and red, respectively, have the highest

AQl scores. According to the pollution levels

, this suggests that the air quality in these places
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is bad for sensitive populations or unhealthy for everyone. Residents in these locations are
advised to limit their outdoor activities, especially if they are members of sensitive groups,
and to seek medical attention if any adverse health effects occur.

lju (9-66) and Ondo (12-72), which are classified as green and yellow, respectively, have
the lowest AQI levels. As a result, the majority of individuals are not at risk from the poor to
moderate air quality in these places. However, a very tiny proportion of persons who are
extremely sensitive to air pollution may still have concerns about some pollutants. With AQl
values ranging from yellow to orange, the remaining localities (Oba-lle, Igbatoro, llara-Moki,
and Owo) have air quality that is either moderately unhealthy for sensitive groups or
unhealthy. Particularly if they are members of vulnerable groups, residents in these locations
should be aware of the potential health impacts of air pollution and take precautions, such as
refraining from prolonged or strenuous outdoor activity (Manisalidis et al., 2020).

Guidelines for global air quality are provided by the (WHO, 2021) for six major air
pollutants: lead (Pb), ozone (Os3), nitrogen dioxide (NO.), sulfur dioxide (SO.), particle matter
(PM), and ozone (03). These recommendations, which preserve public health and lessen the
burden of disease, are supported by scientific evidence of the negative impacts of air pollution
on human health. High NO; levels in the air might irritate the airways and result in
inflammation, coughing, wheezing, or breathing difficulties. People who already have asthma
or other lung conditions may be more severely affected by the effects of NO; and may need
medical intervention. Long-term exposure to NO: can exacerbate chronic illnesses like
bronchitis or emphysema and raise the risk of respiratory infections (WHO, 2003). Based on
research showing that NO; has a negative health impacts, the WHO recommends an annual
average guideline value of 40 ug/m?3 for this gas. However, many places around the world are
above this standard, particularly in urban and industrial settings where there is a lot of traffic
and other sources of NOx.

lju has the highest NO, values (2-14 pg/m3), which are below WHO guidelines but
nonetheless reflect a moderate amount of NOx-related air pollution. Residents in this
neighborhood should keep a close eye on their air quality as they can encounter some
respiratory problems, especially if they have asthma or other lung conditions. Ondo and Ore
have the lowest NO> readings (0—1 pg/m?3), which point to good air quality and little exposure
to NOx pollution. Except for those who are extremely sensitive to air pollution, residents of
these places are unlikely to experience any negative health consequences from NO,. The NO;
values at the other sites (Owo, llaje, llara-Mokin, Akure, Igbatoro, and Oba-lle) vary from 0 to
3 ug/m3, which similarly denotes good air quality and little exposure to NOx pollutants. Except
for those who are especially sensitive to air pollution, residents of these places are unlikely to
experience any negative health consequences from NO; (USEPA, 2023). The results of NO;
demonstrate that most areas in Nigeria have relatively low levels of NOx pollution, which is
one of the main causes of smog and acid rain. This is in contrast to the earlier results of AQl,
which measure the overall amount of air pollution from many sources. However, due to traffic
or other combustion sources, some places, like lju, may have greater amounts of NOx
pollution, which might harm the health of locals.

Based on the evidence of PM;s's effects on health, the WHO suggests a yearly average
guideline value of 10 pg/m?3 for this particle size. However, this level is exceeded in many
places around the world, particularly in developing nations where air pollution poses serious
risks to the environment and public health (Hussaini et al., 2022; Dong and Wang, 2023). llaje
has the highest PM,s value (22-115 pg/m3), which is significantly higher than the WHO
recommendation and denotes extremely poor air quality and excessive exposure to PMas
pollutants. People who live in this area run the risk of suffering serious health consequences
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from PM;s, including cancer, cardiovascular and respiratory disorders, as well as early
mortality. They ought to stay indoors, use air filters or masks, and get medical help if they
have any symptoms. lju (0-28 pg/m?3) has the lowest PM. s rating, which is below or near the
WHO standard and denotes good or moderate air quality and little exposure to PMys
pollutants. Unless they are especially sensitive to air pollution, residents of this location are
unlikely to encounter any negative health consequences from PM;s (Burs et al., 2020; Li et
al., 2021; Hormati et al., 2022). The PM_s readings at the other locations (Owo, Ondo, llara-
Mokin, Akure, Ore, Igbatoro, and Oba-Ile) vary from 13 to 94 pg/m?, which are over the WHO
recommendation and signify a poor or harmful level of air quality and moderate to high
exposure to PM; s pollutants. The PM. s data obtained here were lower than those measured
(2-51 pg/m3). The health impacts of PM2s on local residents may include respiratory and
cardiovascular ailments, infections, or weakened lungs. They should avoid being outside as
much as possible, wear air filters or masks, and often check the quality of their air.

The results of PM,s show that most areas in Nigeria have relatively high levels of fine
particle pollution, which is one of the most hazardous elements of air pollution for human
health, compared to the previous results of AQl, which measure the overall level of air
pollution from various sources. However, due to natural or meteorological variables, such
wind or rain (Tuejeh et al., 2023), other places, like lju, may have lower levels of fine particle
pollution.

Based on the evidence of PMig's effects on health, the WHO suggests a 20 pug/m3 annual
average recommendation threshold for the particle size. However, this level is exceeded in
many places around the world, particularly in developing nations where air pollution poses
serious risks to the environment and public health.

llaje (20-114 pg/m3) has the highest PMio value, which is far higher than the WHO
recommendation and denotes extremely poor air quality and substantial exposure to PMso
contaminants. PM1o can have serious health consequences for local residents, including
respiratory and cardiovascular disorders, infections, and early mortality. They ought to stay
indoors, use air filters or masks, and get medical help if they have any symptoms. Ore (0-66
ug/m?3), which is below or close to the WHO limit and denotes a satisfactory or moderate level
of air quality and low exposure to PMig particles, has the lowest PMig value. Unless they are
especially sensitive to air pollution, residents of this location are unlikely to encounter any
negative health consequences from PMio. The PM1o readings in the other locations (Owo,
Ondo, llara-Mokin, Akure, lju, Igbatoro, and Oba-lle) range from 11 to 94 pg/m?3, which are
over the WHO recommendation and signify a poor or dangerous level of air quality and
moderate to high exposure to PM1io pollutants. The PMjo data obtained here were lower than
those measured (91-137 pg/m3) in India (Anand and Phuleria, 2022; Muhamad-Darus et al.,
2011). The health impacts of PMip on local residents may include respiratory and
cardiovascular problems, infections, or lowered lung function. They ought to restrict their
outdoor activities, wear air filters or masks, and keep a close eye on the air quality. The results
of PM1o reveal that most areas in Nigeria have relatively high levels of coarse particle
pollution, which is one of the common components of air pollution for human health,
compared to the earlier results of AQl, which measure the overall level of air pollution from
multiple sources (Motesaddi et al.,2017; Du et al., 2022; Hormati, et al., 2022). However, due
to natural or meteorological variables, such as wind or rain, some places, like Ore, may have
lower levels of coarse particle pollution.

Based on the evidence of ozone's negative impacts on health, the WHO recommends an 8-
hour average guideline value of 100 pg/m3. However, this limit is often exceeded around the
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globe, particularly in urban areas with heavy traffic and industrial pollutants. These
comparisons and consequences are based on the ozone levels you gave for several sites in
Nigeria: llaje has the highest ozone rating (14-45 pg/m3), which is below the WHO
recommendation and denotes good or moderate air quality and little exposure to ozone
pollutants. Ozone is not likely to have any negative health consequences on local residents,
unless they have exceptionally sensitive respiratory systems. lju (8-19 pg/m3) has the lowest
ozone rating, which is also below the WHO recommendation and denotes good air quality
and very little exposure to ozone pollutants.

Ozone is also not anticipated to have any negative health consequences on local residents.
The ozone levels at the other places (Owo, Ondo, llara-Mokin, Akure, Ore, Igbatoro, and Oba-
lle) range from 11 to 32 pg/m3, which are likewise below the WHO standard and signify good
to moderate air quality and low to moderate exposure to ozone pollutants. Except for those
who already have lung diseases or are exposed for extended periods of time, residents in
these places are also unlikely to encounter any negative health impacts from ozone. The
results of ozone demonstrate that most areas in Nigeria have comparatively low levels of
ozone pollution, which is one of the common components of smog for human health,
compared to the previous results of AQl, which measure the overall amount of air pollution
from numerous sources. But in other places, like llaje, natural or climatic elements like wind
or sunlight (Widyastuti et al., 2021) may cause ozone pollution levels to be higher.

Owo
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Figure 1 (a-j). Concentrations of the pollutants assessed between June and August in this
study.

The pollution levels for the months of March through August are shown in Figures 1a
through 1j. A number of variables, including weather, seasons, time of day, sources of
emissions, location, and human activities, might affect the levels of AQl, PM;5, PM1o, and Os.
At Owo, Ondo, llaje, llara-Mokin, Akure, and Oba-lle, these levels may be higher in March and
June for the following reasons: Nigeria has its dry season from March and June, which means
there is less rainfall and more dust in the air. This may raise the concentrations of PM; 5 and
PM31o from unmanaged sources, like sandstorms or soil erosion. In Nigeria, the hot season
includes these months, which implies there is a greater amount of sunlight and warmer
temperatures. O3 concentrations may rise as a result of photochemical processes involving
other air contaminants. There is a chance that these months will coincide with times when
more people are engaging in activities that increase air pollution from a variety of sources,
such as construction sites, factories, burning biomass (such as wood or crop residues),
dumping waste (in open areas or in landfills), and diesel generators or coal-fired power plants.

The months of July and August are seen to have relatively low PM;s and PM1g values in all
the towns. The Nigerian rainy season, which brings increased precipitation and less airborne
dust, may be the cause. This can lower the levels of PM; 5 and PM1o from unmanaged sources
including sandstorms and soil erosion. Additionally, the months are a portion of Southwest
Nigeria's cool season, which means there is less sunlight and cooler temperatures. This can
affect the creation and removal of PM.s and PMig by lowering the quantities of Oz via
photochemical interactions between other airborne contaminants. the decline in human
activities that produce less air pollution from different sources, such as traffic jams, industrial
emissions, burning biomass (like wood or crop residues), disposing of waste (like open burning
or landfilling), or generating electricity (like with diesel generators or coal-fired plants)
(Odukoya et al., 2019; Han et al., 2019). These actions have the potential to lower the
concentrations of PM; 5, PM1p, O3, and other pollutants that affect AQl.

Comparing llaje to the other towns in this study, llaje has a higher overall AQl for
contaminants. llaje is a seaside community in Ondo State, Nigeria, where many residents rely
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on fishing as their primary source of income. However, llaje is also impacted by violence and
environmental deterioration brought on by oil production, which might worsen the area's air
pollution levels (Abosede, 2017). Qil spills and gas flare-ups from the oil industry expose llaje
to airborne harmful pollutants like PM, SO,, NO,, CO, and other gases that can be released in
huge quantities. The plant and aquatic life that can help minimize air pollution can be harmed
by oil spills because they can poison the soil and water (Odukoya et al., 2019; Han et al., 2019;
Grifonietal., 2020; Sattar et al., 2022). Violent disputes over ownership of land and resources,
which may involve the use of guns, explosives, or fire, have an impact on the neighborhood.
These may release more PM, CO, and other airborne contaminants. Conflicts can also impede
people from engaging in their normal social and economic activities, leaving them more
susceptible to the impacts of air pollution. The town is also close to the Atlantic Ocean, which
may have an impact on the local temperature and weather. The dispersion and removal of air
pollutants can be impacted by the moisture and wind that the ocean might bring. The water
can improve or worsen llaje's air quality based on the time of year and day.

Table 3. Description of AQl Basics for Ozone and Particle Pollution

Towns Owo Ondo llaje llara- Akure lju Ore Igbatoro  Oba-lle
Mokin

Mean 37.30 29.00 57.20 46.20 47.50 21.67 26.83 34.50 47.50

Colour Code

Value of Index | 0-50 51-100  101-150 - 201-300 -

AQl Basics

Class Good Good Moderate Good Good Good Good Good Good

According to the U.S. EPA, AQl values are divided into six categories, each with a different
color and health implication (USEPA, 2022): Green (0-50): Good. Yellow (51-100): Moderate.
Orange (101-150): Unhealthy Red (151-200): Unhealthy. Purple (201-300): Very Unhealthy.
Maroon (301-500): Hazardous.

Table 3 shows the description of AQl of the pollutants. The Air Quality Index (AQl) is a
standardized measure used to communicate the quality of the air and its potential health
effects to the public. The AQl is typically categorized into different ranges or levels, with each
range indicating a specific level of air quality and associated implications.

A score of 1 to 50 (Good) on the AQI denotes satisfactory air quality. This shows that the
general public can breathe easily without suffering negative consequences in all of the tows,
with the exception of llaje. It suggests that the levels of pollutants like NO2, PM, s, PM1o, and
Os are still rather low. Within this range, people can go outside and exercise without having
to worry too much about health problems linked to air pollution. Whereas moderate air
quality is defined as levels between 51 and 100 (Moderate). Most people still find it tolerable
in general. Sensitive populations, such as those with respiratory disorders, the elderly, and
youngsters, however, could feel a little pain or suffer negative effects. It suggests that there
may be a modest increase in the amount of air pollutants like NO2, PMa.s, PM1g, or O3 that
may irritate the respiratory system or aggravate pre-existing medical disorders. Sensitive
people should avoid extended outdoor exposure during this time frame and adopt the
appropriate safety measures.

It is crucial to keep in mind that the effects of different AQI ranges can change based on
the precise contaminants and their quantities. Varying pollutants have varying health
consequences, and depending on the time of day and the location, they can contribute

DOI: https://doi.org/10.17509/gea.v23i2.61629
p-ISSN 1412-0313 e- ISSN 2549-7529




Akinyinka Akinnusotu, Francis Olawale Abulude, et al. Comprehensive Air Quality ... | 104

differently to the overall AQl. When evaluating the effects of various AQl levels, it is necessary
to take into account the specific pollutant contributions and their accompanying health
standards. All things considered, the AQI from these places gives the general public useful
information about the air quality and enables people to make educated decisions about
outdoor activities and potential health hazards linked to various levels of air pollution.

4. CONCLUSION

Using satellite data and a standard AQl metric, this study examined the regional and
temporal fluctuations of air quality in Ondo State, Nigeria. The findings showed large regional
variations in pollution levels, with PM3.s and NO; serving as the primary causes of the state's
poor air quality. The study also produced a town-specific air quality index (AQl) for more
precise and localized evaluations of air quality and its effects on human health. The levels of
AQl, PM3s5, PM1g, and O3 at Owo, Ondo, llaje, llara-Mokin, Akure, and Oba-lle, were higher in
March and June. The months of July and August are seen to have relatively low PMys and
PM1o values in all the towns. Comparing llaje to the other towns in this study, llaje has a higher
overall AQl for contaminants. The results offer important data for future monitoring, policy
development, and raising public awareness of the problem of air pollution in Ondo State. The
study aims to advance sustainable development and enhance the state's population's quality
of life.
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