Journal Clean WAS (JCleanWAS) 9(2) (2025) 126-134

Journal CleanWAS

Journal Clean WAS (JCleanWAS)

DOI: http://doi.org/10.26480/jcleanwas.02.2025.126.134

VZIE.ELIINE; ITERNATIONAL
ISSN: 2521-0912 (Print)
e-ISSN: 2521-0912 (Online)

CODEN: JCOLBF

RESEARCH ARTICLE @ CrossMark

TEMPORAL VARIATIONS OF PM,, AND PM,.5 IN LUGBE, FCT ABUJA NIGERIA

Amarachukwu Enumah?, Abdullahi Mohammed Evuti?, Kamoru Adio Salam?, Yahaya Sayyadi Mohammad® and Samuel Shamaye Silas¢

a University of Abuja Faculty of Engineering Abuja, FCT Abuja, Nigeria
b Ibrahim Badamasi Babangida University, Lapai, Nigeria
¢University of Calabar, Calabar, Nigeria

*Corresponding Author Email: enumahcorp@gmail.com

This is an open access journal distributed under the Creative Commons Attribution License CC BY 4.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited

ARTICLE DETAILS ABSTRACT

Article History: Particulate Matter (PM) remain poorly characterized in FCT Abuja and this has led to the examination of the
temporal variations and distribution of PM; and PM,.s in FCT Abuja from January 2024 to January 2025,
alongside the influence of meteorological parameters as the aim of the research. Observation Instrument,
installed at a height of 1.85m at Centre for Atmospheric Research-National Space Research and Development
Agency (CAR NASRDA) Observation Centre (8°59’N, 7°23’E; elevation: 427m) was used to gather hourly PM
concentrations and meteorological data for January 2024-January 2025 were acquired from Nigerian
Meteorological Agency (NiMet) (9°4’'N, 7°29’E; elevation: 345m). The study shows an annual mean
concentrations of PM,.s and PM, in 2024 to be 65.21ug/m? and 61. 23ug/m respectively. Monthly averages
for PM,.s ranged from 40.13ug/m? to 126.02ug/m? and PM;, ranged from 38.71ug/m? to 114.16ug/m?3
respectively. For PM,.s, the highest and lowest levels of PM were 126.1+67.4ug/m> in February and
64.7+25.3ug/m? in December; respectively, in January (114.2+38.5ug/m?®) and May (38.7+6.8ug/m?). In
February and November, the highest and lowest values of PM,.5/PM;, were 1.48 and 0.84, respectively. For
the month-to-month fluctuation, the highest and lowest PM2.5 were in January (harmattan/dry season) and
September (rain season) 2024 at 174.6pug/m? and 26.3ug/m? respectively. For PM,,, the highest fluctuation
182.33ug/m? was in January while 170.23pug/m? was in October respectively. The mean daily air temperature
varied from 17.2°C during March to a high of 45.8°C in May 2024, relative humidity was between 12.6% and
92.8%, and atmospheric pressure varied from 84.6hPa to 967.4hPa respectively.
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pollution (Adetunji et al., 2020; Abdullahi, 2013). With over 11.8 million
vehicles (NBS, 2018) and Nigeria's air quality crisis necessitates quick
research especially considering its  reliance  on  satellite-derived
data owing to few ground data and widespread biomass burning

1. INTRODUCTION

Particulate Matter (PM) a complex mixture of liquids and solids includes
fine (PM,.5) and coarse (PM;,) fractions, emitted from construction,

industry, transport, and secondary atmospheric reactions (Brauer et al.
2012). Atmospheric PM is a critical constituent of urban and regional air
pollution contributing to visibility degradation and influencing regional
and global climate dynamics (Shaddick et al, 2018). High
PM values also pose major health and economic growth hazards (Hoffman
et al, 2021 ; Southerland et al. 2022). As a major air pollutant in rapidly
developing African country such as Nigeria, PM has garnered considerable
scientific and policy attention (Urhie et al., 2020). Extensive research has
been conducted on the physicochemical characteristics of PM, as well as
its interactions with meteorological factors, particularly in Nigeria
megacities and economically advanced regions (Komolafe et al,, 2014 ;
Ogunjobi et al, 2018). While these studies have advanced our
understanding of aerosol formation and variability in Nigeria,
investigations in FCT Abujaremain limited, especially concerning the
spatiotemporal distribution of PM across urban, suburban, and rural areas
(Abulude and Abulude 2021). PM diffusion and removal is affected by
meteorology (Southerland et al, 2022 ; Wang et al, 2020).
PM distribution is influenced by wind speed in northeast

China, however regional and seasonal complexity is still unclear (Lee et
al, 2023; Yan et al, 2021). Comparable uncertainties exist in Nigeria,
where urbanization, industrial emissions, and gas flaring worsen PM

(Abdulahi etal., 2012 ; Hassan and Abdullahi, 2012). Previous studies have
examined correlations between PM,.s concentrations and meteorological
variables in Abuja and Benin cities (Lala et al., 2023). While identified PM
as a key factor for air pollution in Kura and Idiroke (Abulude and Abulude,
2021). However, the seasonal and regional variability of meteorological
impacts on PM remains poorly characterized in this FCT Abuja.

Lugbe is located in Federal Capital Territory of Nigeria. Rapid urbanization
and industrial growth have led to severe PM pollution (Abulude and
Abulude, 2021 ; Lala et al., 2023), driven by anthropogenic emissions (e.g.,
vehicular exhaust, industrial activity, domestic fuel combustion, and
agriculture) as well as natural sources like dust from harmattan wind (Lala
etal, 2023). Air quality in FCT Abuja has become a pressing public health
concern, particularly following high construction and quarrying activities.
This study examines the temporal variations of PM;, and PM,.5 in Lugbe,
FCT Abuja from January 2024 to January 2025, alongside the influence of
meteorological parameters. The analysis of the PM data collected across
urban, suburban, and rural sites, were complemented by surface
meteorological observations from Centre for Atmospheric
Research-National ~ Space  Research  and Development  Agency
(CAR-NASRDA).
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2. MATERIALS AND METHODOLOGY

The Federal Capital Territory of Nigeria Abuja is located in the centre of
Nigeria. Itis located in the Heart of the nation and thus is a natural gateway
to all other parts of Nigeria. Its location in the middle combined with its
modern infrastructure and international airport places Abuja in the
position of being a gateway to travel and trade (Albert et al,
2021). Meteorological data for January 2024 - January 2025
including hourly Temperature, pressure, and relative humidity were
acquired from Nigerian Meteorological Agency (NiMet) (9°4'N, 7°29’E;
elevation: 345 m) (Abulude and Abulude, 2021).

Daily mass concentrations of PMz2sand PM1o over FCT Abuja from January
2024 toJanuary 2025 were acquired from the Data Centre of CAR-NASRDA
Nigeria (https://carnasrda.com/data/); The date which was captured at
2-minuties intervals were downloaded as a Comma Separated Value (CSV)
file. The overall size of dataset were 1,211,810 data points the data were
processed into daily and monthly averages for statistical characterization
of their temporal trends relationships and for clear visualization using
Microsoft Excel 2016 version and Jupyter Notebook within the Anaconda3
distribution (version 2024.10.1). The analysis environment included
relevant libraries such as Pandas, NumPy, Matplotlib, seaborn and Sklearn.

5°0°0”E 10°0°0”E 15°0°0"E 6°0°0"E  7°0°0”E T7°10°0”E 7°20°0”E T°30°0”E 7°40°0”E

N / N

15°0°0”N -
90°0"N ° 90°0"N
10°0°0"N 10°0°0"N Lugbe
k]
50°0"N : 500N
oA
Legend
i NIGERIA \ o Lugbe
\ LI X Soiomeers Abuls

5°0°0"E 10°0°0”E 15°0°0"E 6°0°0"E  T°0°0"E 7°10°0”E T"20°0”E 7°30°0”E T°40°0"E
Figure 1: Map of FCT Abuja location of showing monitoring station
location (Jimoda, 2012).

3. DiscussION OF FINDINGS

3.1 Assessing the Fluctuations in PM,.; and PM;, Mass
Concentrations

The trends of PM,.s and PM;, mass concentrations at Lugbe FCT Abuja
between 2021 and January 2025 and the average monthly PM,.5/PM;,
ratio are illustrated in figure 2-4. From Figure 2, both PM,.5 and PM;,
concentrations followed temporal patterns, with mean daily values
generally less than 180ug/m? for PM,.5 and 200ug/m? for PMy,.

Eight prominent peaks in daily PM levels were recorded during the month
of January in the study period. The first, second, third, fourth, seventh and
eight peaks—each with PM,.5 concentrations soaring above 180ug/m?
were linked to the seasonal open burning of crop residues, a longstanding
agricultural practice in the study area, particularly common in January and
March (Abulude and Abulude, 2021). These burnings, though brief, can
trigger extreme pollution episodes under stagnant atmospheric
conditions.

The sixth peak, recorded in late October 2024, was characterized by a
sharp rise in PM;, and a significant drop in the PM,.5/PM;, ratio to below
30% hallmarks of a dust intrusion event, consistent with criteria outlined
by (Biancofiore, 2017), where PM, levels exceed 180ug/m?>.

The seventh peak registered in early December (PM,.s 154.68ug/m® and
PM;, 167.53ug/m?3), resulted from construction activity within to the
study site.

Overall, the average annual concentrations of PM,.5 and PM;, during 2024
were 65.21ug/m?® and 61.23ug/m?, respectively. While both were still
above Nigeria's national annual PM,.5 standard of 20ug/m® and PMy,
60ug/m® (National environmental air quality control regulation-2021
B3345-3377), indicating the persistent air quality problem in FCT Abuja
(NEAQCR, 2021).

PM,shad average monthly levelsbetween 40.13ug/m® and
126.02ug/m? while PM;ohad  levels between ~ 38.71ug/m®  and
114.16ug/m? as illustrated in Figure 3.Both pollutants showeda U-

shaped seasonal pattern, peaking in January and dipping in August—
except in January where PM,.s (99.96ug/m?) deviated slightly from the
trend. A similar U-shaped seasonal profile has also been observed in Seoul,
South Korea, though with peak levels in January and the lowest in
September (Park, 2018). The observed U-shaped trend in particulate
matter (PM) concentrations is driven by seasonal variability. High level of
PM are usually recorded between November and February, elevated PM;,
and PM,.; values are mostly caused by the impact of Harmattan winds,
which transfer mineral dust from along the Sahara with more biomass
burning andless rainfall (Magaji, 2015).From April to June,
the beginning of light rainfall stirs surface dust without adequately
eliminating it from the atmosphere, therefore causing PM values to drop
gradually. Heavy and persistent rain between July and September results
in major wet deposition of aerosols and diminished combustion
operations, therefore leading to a noticeable drop in PM. Concentrations
usually seen in September. However, in Northern China, (Xiaolan et al,,
2017 ; Bia etal., 2018) recorded V-shape.

The peak concentrations of PM,.; were 126.1+67.4ug/m? in February,
followed by January (99.9+28.7ug/m?), March (78.3+36.6 ug/m?), April
(63.1£34.2 pg/m?), May (47.6231.4 pg/m?), June (41.0£19.0 ug/m?3), July
(42.3+19.8 pg/m?3), August (40.4+20.9 pg/m?), September (40.1%9.4
pg/m3), October (45.1+14.9 pg/m3), November (55.6+20.2 pg/m?),
December (64.7+25.3 pg/m®) and January (104.8+40.2 pg/m3); PM10
followed the same seasonal trend: January (103.6+25.9 ug/m?®), February
(85.2+24.3 ug/m3) March (61.8+19.5 ug/m?), April (44.4£10.9 ug/m?3),
May (38.7+6.8 ug/m®), June (39.7£7.9 ug/m?), July (39.126.8 ug/m?3),
August (40.8+6.5 ug/m?), September (39.624.4 ug/m?3), October (48.05.1
ug/m?), November (66.2+10.3 pug/m?), December (72.8+17.3 ug/m?) and
January (114.2+#38.5 pg/m®). Table 1 summarizes annual average
concentration of PM,.5 and PM1o observed in different state of Nigeria.
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Figure 2: Temporal disparity in daily PMioand PMzs level.
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Figure 3 : Temporal variation in monthly PMzsand PM1o mass levels.
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Figure 4: The ratio of PM2s5/PMio average.
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The PM,.5/PM;, ratios were quite high, dry northeasterly winds transport Conversely, the PM,.5;/PM;, ratios were lowest in November 0.84.
Saharan dust across the area, and widespread biomass burning leads to Stronger wind speeds and increased atmospheric turbulence during this
high fine particulate concentrations. The highest PM,.s/PM;, ratio, at 1.48 period enhanced the resuspension of coarse particles, contributing to a
in February, indicates the dominance of fine particulate matter. higher proportion of PM;, in ambient air (Ediagbonya et al., 2015).
Table 1: List of yearly mean PM2.5 and PM10 concentration in literature
. . Number of
Location Period months PMz5(pg/m?) PMio(pg/m?) Reference
FCT 2024-01-31 to 2025-01-31 13 62.02 56.68 This paper
2021-10-01 to 2022-01-31, 2022-04-
FCT 01 to 2022-07-31 8 49.62 55.75 (Lala etal,, 2023)
2021-10-01 to 2022-01-31, 2022-04-

Edo 01 to 2022-07-31 8 49.41 60.23 (Lala etal,, 2023)

FCT 2020-09-18 to 2021-03-13 7 66.6 74.71 (Abuludu and Abulude, 2021)
Delta 2020-11-14 to 2021-03-12 5 61.98 68.29 (Abuludu and Abulude, 2021)
Osun 2020-11-04 to 2021-03-20 4 63.63 20.54 (Abuludu and Abulude, 2021)
Kebbi 2020-11-12 to 2020-12-17 2 79.1 185.4 (Abuludu and Abulude, 2021)
Lagos 2020-12-22 to 2021-03-12 4 86.25 101.23 (Abuludu and Abulude, 2021)

3.2 Temporal trends in PM concentration levels April
PM2s and PMio concentrations monthly variation were observed from _
November 2024 to January 2025 illustrated in Figure 5 and 6. High levels =
of PM2s were recorded in the harmattan/dry season months; low levels = 50 I x
were recorded in the rainy season months, 174.6pg/m? in January 2024 _%
followed by 169.3ug/m?® in February, which were the highest PM:s ':‘f
levels. September 26.3ug/m? recorded the lowest PM2 s level logged. 2
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Figure 5: PM2 s concentration monthly difference

PM;, concentrations monthly variation followed a similar temporal trend
to that of PM,.s. The highest PM;, concentration, 182.33ug/m?, was
recorded in January 2024, and the second highest, 170.23ug/m?, in
October 2024 (figure 6). The January peak can be attributed to increased
Harmattan conditions that improve atmospheric dust loading and
decrease dispersion due to decreased humidity and wind stagnation
(Okedere et al,, 2018 ; Wembebe et al., 2020). The elevated October levels
are likely toindicate the beginning of the dry season, which
has more biomass burning and lower precipitation, both of which
influence increases particulate emission and restricts wet deposition
(Okedere et al., 2018).
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3.3 Time-based variation in some meteorological parameters

40
Between 2024 and January 2025, Figure 7 presents the change in daily
20 . . L 3
T average air temperature, relative humidity and atmosphere pressure of
the Federal Capital Territory (FCT), Abuja. Ranging from 17.2 degrees

My Concentration in g/’

o]
1 4 7 101316192225 2831 Ce!sius in Mar.ch 2024 to a high of 45.8 degrees Celsius in May 202‘4, the
daily mean air temperature showed a clear seasonal pattern (Fig. 7a)
Day Relative humidity ranged from 12.6% to 92.8%, with relatively much

higher values in the wet season (particularly in August) than in other
months (Fig. 7b). With considerably higher values during the Harmattan
period, presumably due to dry and dense air masses brought by

- September northeasterly trade winds (Fig. 7c), atmospheric pressure varied between
“gb g0 84.6hPa and 967.4hPa.
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Figure 7: (a) daily mean air temperature, (b)relative humidity and
(c)atmosphere pressure

The drop in atmospheric pressure (940+28 to 98+ 13.4) experienced in
November is mostly attributed to the beginning of the dry season and the
resulting impact of the Harmattan winds (Kurnykina et al., 2018; Menares
etal. 2021). This period is a shift in the prevailing air mass over the region
from the moist tropical maritime air mass to the dry tropical continental
air mass (Jimoda et al,, 2012). The Harmattan, a hot and dry northeasterly
wind blowing from the Sahara Desert, imports enormous quantities of
dust and imports dry, stable air into the region (Abulude and Abulude,
2021 ; Jimoda et al, 2012). Such conditions result in the decrease of
atmospheric pressure, which suggests the dominance of colder, denser
continental air masses during this period (Lala et al,, 2018). The same in
their research study on atmospheric pressure change (Washington et al.,
2006)

3.4 Influence of Meteorological Conditions on PM Pollution
Concentration

Table 2: Correlation coefficients between seasonal PM2.5 and PM10
concentrations and meteorological parameters (Coefficient of
determination R2 in brackets)

Season PMzs PMio
Pa T RH Pa T RH
Dry R R R
0.0351 0.084 | 0.3596 0.0087 0.2940 -0.205
Raining
0.6918 | 0.068 0.0351 0.0316 -0.066 | 0.2189

Indices of correlation betwixt some weather-related parameters and
seasonal level of PM2s and PMy in dry and wet seasons in 2024 are
recorded in table 2. PMzs and PMio were negatively correlated with
relative humidity during both seasons in 2024, which shows that
horizontal dispersion significantly influence PM levels reduction, mainly
for fine particles. though, PM1o concentrations show a weak positive
correlation between relative humidity (R = 0.071) in raining season, and
such positive correlation disappeared in dry season. Essentially, relative
humidity values were higher in raining season (92.8%) than those in dry
season (12.6%). Recurrent dust episodes and high PM1o concentration in
dry season have a positive relationship with relative humidity
(Washington et al.,, 2006). Our findings also indicate that high relative
humidity aid to reduce the carriage of dust. PM levels were weakly
positively correlated with air pressure, particularly in dry season (PMzs =
0.035 and PM1o = 0.0087) which is aligns with some previous studies (Bai
etal, 2019 ; Lee etal, 2023 ; Nguyen et al.,, 2024). High air pressure and
downturn repress the vertical movement of Particulate Matters, resulting
in particles buildup. relationship between air temperature, PMzsand PM1o
levels was negative for in both seasons.

However, the daily mass concentration (figure 8) of PMzsshows a positive
correlation of 0.59, this is as a result of Heat transfer favouring the upward
movement of dust particles to a certain extent. Conversely, no such
correlation were established for PMio levels. PM1o levels were negatively
correlated with temperature (-0.57), indicating that higher temperatures
were associated with lower particulate matter levels. The negative
association agrees with general atmospheric dynamics, in which higher
temperatures enhance vertical mixing of air, reducing the lifespan of near-
surface pollutants (Apostolopoulou et al, 2020 ; Zhang et al, 2018).
Contrariwise, lower temperatures can promote thermal inversions and
stagnant air masses, which would exacerbate PMio accumulation (Global
Air Pollution and Health, 2021). Factors, such as increased biomass
burning for domestic heating during colder months, may well reinforce
this trend (EEA, 2020).

Negative correlations of PMio and PMz;s levels and relative humidity (-

0.5894 and -0.534) obtained were primarily due to the suppression of
emissions of dust at high air moisture content in the effects of wet
scavenging due to high rainfall abundance. Additionally, rainfall tends to
increase the difficulty of emitting dust, as the minimum friction
velocity/wind speed for dust uplifting is increased under the condition of
wet soil (Adeyemi 2009; Xu et al, 2020). Generally, meteorological
conditions and Particulate Matter levels showed seasonality between their
relationship and may differ between years. These complex interactions
require the contemplation of multiple meteorological drivers, including
solar radiation, boundary layer dynamics, relative humidity, air
temperature, and wind speed.
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Figure 8: Scattered plot of daily mean PMzsand PMioconcentration.

Figure 9 reveals a strong relationship between these pollutants. The most
significant correlation is observed between PMzs and PM1,, with a value
of 0.87 which is the PM1o and PMzs, suggesting that these pollutants likely
share a common source and exhibit similar temporal patterns.
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Figure 9 : Scattered plot showing coefficient of determinant for daily
mean concentration of PMigand PMzs

3.5 Air Quality Index (AQI)

Air Quality Index (AQI) shown in figure 10, indicate PM AQI trends from
January 2024 to January 2025, illustrating sudden fluctuations in air
quality. The AQI levels were very dispersed with frequent spikes
indicating routine spikes of pollution which was observe in the study, this
might be due to environmental conditions, vehicle emissions, or
manufacturing processes (Ni et al, 2017). There were seasonal patterns,
with high AQI (usually greater than 300) in early 2024, temporary
abatement mid-2024, and abrupt jump late 2024 and early 2025, perhaps
related to seasonal patterns like harmattan pollution. There were
instances of severe pollution with AQI greater than 400, perhaps due to
fire, traffic, or weather. The sharp drop in mid-2024 may be an indication
of improved air quality or a data lag.
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Figure 10: The time-series plot Illustrating PM AQI trends

4., CONCLUSION

This study investigated the temporal variation of PM,.s and PM;, mass
concentrations in Lugbe FCT Abuja, Nigeria from January 2024 to January
2025, alongside their relationships with meteorological parameters. The
analysis utilized daily PM data combined with concurrent surface
meteorological observations.

Monthly average concentrations of PM,.s and PM;, ranged from 40.13 to
126.02pg/m?® and 38.71 to 114.16pg/m?, respectively. PM concentrations
peaked in harmattan, followed by dry season, and were lowest in raining
season. Annual mean PM levels in FCT Abuja during January 2024 to
January 2025 exceeded national regulatory highlighting the severity of air
pollution in Nigeria federal capital, Abuja.

Daytime variations exhibited bimodal peaks in dry season with the highest
in February 2024 followed by January 2025 A minor spring peak in PM;,
was also observed to have exhibited the same for January 2024 and
January 2025.

PM,.5s and PM;, concentrations showed a strong positive correlation with
each other (0.87). In general, PM levels were negatively correlated with
pressure, indicating the role of horizontal dispersion in reducing pollutant
concentrations. However, in harmattan, pressure contributed to increased
PM;, by resuspending and transporting coarse particles.

Temperature exhibited negative correlations with PMzs levels in both
seasons, PM,.s and PMio concentrations were generally positively
correlated with relative humidity during raining season for PM1o, whereas
in dry season both showed negative correlations, this is as a result of the
suppression of dust emissions under moist conditions.
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