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ABSTRACT

Air Pollution has become one of the most conspicuous pollutants around the globe today, for which Particulate
Matter (PM2s and PMyo) is inclusive, having the highest air pollutant index (API) value contrasted with the
other criteria contaminations. Long-term exposure to these pollutants may lead to a marked reduction in life
expectancy due to increase in cardiopulmonary and lung disease mortality. This study provides baseline data
on Particulate Matter (PM25 and PM1o) concentration in the region and models it to indirect data using the
average direct satellite captured data sourced 24 Hours from NASA through NASRDA software. A number of
anthropogenic activities increase the concentration of PM2s and PMyo in the North Central Region of Nigeria,
which are linked to health issues in the area. PM2s and PMyg are fine atmospheric particles and coarse particles,
respectively that contribute to the low life expectancy of less than 60 years in Nigeria. The absence of
Particulate Matter monitoring stations and inadequate equipment in the Country for timely prediction of its
status for information that permits the regulatory authority and local community to take prudent steps and
lessen the effect of particulate contamination, calls for the use of forecast models that would readily ensure data
availability. This study applies the Multiple Linear Regression (MLR) model to predict Particulate Matter
(PM25 and PMyo) concentration and Air Quality Index prediction in Six States and the Federal Capital
Territory which has two main seasons (Dry and Wet) in 2020, 2021 and 2022. The meteorological variables (of
temperature) for the average of 12 Months was used to model the concentration. The Air Quality Index was
calculated with the indirect data and it showed a percentile difference of about 5% between direct and indirect
Particulate Matter concentration. The highest AQI for PMyo concentration for the direct data across the
locations were 103ug/m3, 101 pg/m? and 103 pg/ms3 for 2020, 2021 and 2022 respectively while the lowest
were 79 pg/m3, 82 pg/m3 and 83 pg/m® for the same 2020, 2021 and 2022 respectively. For PMgzs
concentration, the AQI for the direct data across the locations were 51ug/m3, 53 pug/ms3 and 53 pg/ms3 in 2020,
2021 and 2022 respectively while the lowest were 32 pg/ms, 45 pg/m? and 27 pg/ms for 2020, 2021 and 2022
respectively.  The highest AQI for PMio concentration for the indirect data across the locations were
113pg/m3, 111 pg/m? and 113 pg/m? in 2020, 2021 and 2022 respectively while the lowest were 89 pg/ms3, 92
pg/me and 93 pg/m3 in 2020, 2021 and 2022 respectively. The highest AQI for PM2s concentration indirect
data across the locations were 53ug/m3, 53 pg/mse and 52 pg/m?3 in 2020, 2021 and 2022 respectively while the
lowest were 45 pg/m?3, 41 pg/m2 and 39 pg/m?@ in 2020, 2021 and 2022 respectively. The AQIs with highest
concentration for all the years exceeded the WHO World Annual Standard of 24 Hours for both PM2s and
PMio which is <50 pg/m3 and <100 pg/m? respectively. This result is unhealthy for such locations and is a
contributing factor to cases of cardiopulmonary and lung disease mortality around the region. The performance
indicators used are Root Mean Square Error (RMSE) and the value of coefficient determination (R2). The error
in the model was evaluated based on RMSE and the accuracy was assessed using R2. The increasing values of
R? and decreasing RMSE indicated that the Particulate Matter (PM.5 and PM1o) is very well explained by the
input variable in the model being developed. It’s either RMSE was decreasing or increasing and R2 increasing
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or decreasing for each location. The indicator showed that the calculated indirect AQI and concentration can be
relied on across the locations in the absence of direct data from Polar Satellites.

Keywords: Air Quality Index (AQI), Particulate Matter (PM25and PM1o), Concentration.
INTRODUCTION

Atmospheric pollution is a major problem worldwide, especially in developing countries Particulate Matter
(PM) is a complex mixture of contaminants that includes dust, smoke, and other kinds of liquid and solid items
suspended in the air, as well as bio-particulates. A positive link exists between acute and chronic exposure to
Particulate Matter in the air and the risk of health complications, such as airway inflammation and lung
performance [63]. Particulate Matter is a major pollutant that has been associated with several health problems,
the most common of which are respiratory and cardiovascular problems [34].

Particulate Matter is a major pollutant in the environment that can penetrate the respiratory system and create
health concerns and problems due to its size (aerodynamic diameter) [54]. Depending on the climatological
parameters, Particulate Matter with a diameter of less than 10 pum is classified as repairable-suspended-
particulate-matter. It can change its physicochemical properties and can float in the air for a short to longer
period. As a result, it has the potential to alter the environment’s radioactive balance on a local to regional
scale, potentially harming the ecosystem and climate [65]. These Particulate Matter sizes absorb hazardous
substances, which are then breathed into the human body and deposited in the lungs, resulting in a variety of
cardiovascular and respiratory problems, leading to morbidity and mortality [35]. According to previous
research in Sao Paulo, environmental particles have a significant impact on human and animal health [5].

Suspended particles in the air with a larger mass and size fall to the ground through a dry or wet deposition
process. On the contrary, the fine and ultra-fine particles stay in the atmosphere for longer periods, sometimes
up to weeks, and can be carried to different regions by air circulations, thereby affecting the environment of
distant and far-off locations [40]. Moreover, particles in the atmosphere have an impact on cloud formation and
dissipation, which govern heat transport in the atmosphere and cause climate change [50].

Particulate Matter comes in different sizes. Particulate Matter (PM) is a mixture of complex particles both in
solid and liquid forms that varies their mineralogical physical and chemical features depending on categories
design in accordance to their different aerodynamics diameter, either Ultrafine PM 0.1 (Particulate
aerodynamics diameter less than 100nm), Fine PM25s (less than 2.5um), Coarse PMao-25 (greater than 2.5 and
less than 10um) or PMyo (less than 10 down to 2.5um). Particulate Matter has some chemical constituents
which includes the elemental carbon, sea salt, organic carbon, crustal material, secondary inorganic aerosols.
Particles can either be directly emitted by all kinds of natural sources or by virtually any form of anthropogenic
activities. Large number of research have revealed the relationship of adverse health effect due to exposure to
Particulate Matter over shorter days and longer periods, ranging from temporal changes (through increased
symptoms risk that requires hospital admission) and death risk increase rate due to cardiovascular, respiratory
diseases and lung cancer [65]; [63]; & [45].

MATERIALS AND METHODS
Study Area

The Study Area is North Central region of Nigeria which comprises of Six States and the Federal Capital
Territory namely Benue, Nasarawa, Niger, Kogi. Kwara and Plateau States. The major anthropogenic activities
in this region are Agriculture, Construction, Bush Burning, Transportation, Cattle Rearing, Mining,
Manufacturing, Trade, Urbanization, etc. It is a stretch across the middle belt region of Nigeria’s map that is
across the whole width of the country, from the border with Cameroun to that of Benin Republic. The region’s
population accounts for about 11% of the total population of over 200million of the country. The most
populous States are FCT, Kwara and Plateau and they represents sixth, seventh and eighth most populous
States in the country. It’s among the Six Geopolitical Zones of the country which has a total population of over
20million people as at 2006 census. See Fig. 1, the shaded region on the map of Nigeria;
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Fig. 1: The map of Nigeria showing the North Central Region of Nigeria with Six States and the Federal
Capital Territory around the Study Area.

Materials

The materials used for this research are principally secondary data obtained from NASA, USA through the
NARSDA, Nigeria. The Specialized Arc Map Software Version 10.4.1 was used in converting and exporting
DBF Format to readable Microsoft Excel Software. The Microsoft Excel Window Version 2013 App was used
for data analysis and calculation. Airnow AQI Calculator Version 2024 was used for calculating the Air
Quality Index (AQI). It converts the Particulate Matter (PM25 and PMyg) concentration into AQI and vice
versa. The secondary data was modelled using the Multivariate Linear Regression (MLR) Model. The
meteorological factor of temperature whose values were downloaded alongside the secondary data aided in
modelling.

Method of Data Collection

The Secondary Data used was collected by National Space Research and Development Agency (NASRDA),
Abuja Nigeria, through the National Aeronautics and Space Administration (NASA), USA site which was
extracted from the study regions for about three different time intervals: 00:00:00 to 23:59:00 using coordinates
of the Study Area for 24 hours daily throughout the year 2020, 2021 and 2022.

The coordinates (Longitudes and Latitudes) of the locations in the North Central Region of Nigeria were used
to define the region of interest. Bounding Points gave analyzable region to indicate the spatial limits of the
subset granules that went into making visualization. Each of the States of Benue, Nasarawa, Niger, Kogi,
Kwara, Plateau and FCT in the Region were selected with the Coordinates and Bounding Points as; (6.4600E,
8.4457N, 7.6465N, 9.2368N and 6.625E, 8.625N, 7.625E, 9.125N), (3.1641E, 7.9184N, 6.1963E, 9.4565N and
3.375E, 8.125N, 6.125N, 9.375N), (7.5146E, 8.3578N, 8.7012E, 9.5004N and 7.625E, 8.375N, 8.625N,
9.375N), (7.6025E, 7.2153N, 10.459E, 8.4457N and 7.625E, 7.375N, 10.375N, 8.375N), (6.2842E, 7.2592N,
7.4268E, 8.6215 and 6.375N, 7.375N, 7.375E, 8.375N), (3.8232E, 8.6655N, 6.5479E, 10.8627N and 3.875E,
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8.875N, 6.375E, 10.625N), (7.8223E, 9.2807N, 9.7119E, 10.2475N and 7.875E, 9.375N, 9.625E, 10.125N)
respectively.

The Atmospheric Satellites information came in NETCDF format, which was extracted by a specialized
software called the Arc Map 10.4.1, the processes followed thus; NETCDF layer was made together with the
Copy Raster tools in the Multi-dimensional toolbox of Arc Map 10.4.1. After extraction, the coordinates in the
North Central Region of Nigeria file was clipped and imported into the software according to the States in the
Region and then converted from features to points, from the tool in the data management toolbox and the
coordinates of the points assigned using the “ADD XY CORDINATES” found in the coverage toolbox. The
points and coordinates were used to extract values from the processed data using the “Extract multi-values to
points” tool in the spatial analysis toolbox. The extracted values for the different States were exported in DBF
format which was read by Microsoft Excel. Finally the extracted values were imported into Excel Window, the
data cleaned and graphs were plotted to show trends and relationships. The process was repeated for each of
the locations.

Technique of Data Analysis

From the secondary data downloaded which is the direct value of Particulate Matter (PM25 and PMyo) in the
Study Area, the factors influencing the concentration which are meteorological factors (Wind Speed, Humidity,
Temperature, Wind Direction, etc) were also considered. The values for temperature were rightly available and
used from the list of factors. The direct Air Quality Index (AQI) was thereafter calculated for each of the years
from 2020 to 2022 using the annual average concentration of Particulate Matter with the aid of Airnow AQI
Calculator which is available online through the its link (http://www.airnow.gov/aqi/aqgi-calculator-
concentration). The calculator was programmed to convert the concentration to Air Quality Index mode and the
values obtained were recorded according to the years. Using the Multivariate Linear Regression Model, another
set of indirect values were obtained from the data collected.

The Multivariate Linear Regression (MLR) is used to model the Particulate Matter concentration to obtain
predicted values that are close to the actual standard values [3]. The formula for MLR was applied as in
Equation 1.

PM = fo + p1X1+ foXo + ...+ fnXn + ¢ (1)

After the data was collected on PM concentration (dependent variable) and potential influencing factors
(independent variables, which is temperature as a relevant factor affecting Particulate Matter level) for the
Study Area. A Regression Analysis was performed using statistical tool on the Originlab Software to estimate
the intercept (Bo) and coefficients (B: to Pn) for the model. The predicted Particulate Matter was calculated
using the coefficients which was plugged into the values of the independent variables (Xi to Xn) of the formula
to predict Particulate Matter concentration for new data points. The Root Mean Square Error (RMSE) or Mean
Absolute Error (MAE) was evaluated using the Microsoft Equation3.0 software for computation, which
represents the error (¢) term on the formula. All the terms were then substituted to obtain indirect values of PM
concentration in the Study Area, after which the Air Quality Index is calculated using the same calculator. It is
then represented according to the years under study.

RESULTS AND DISCUSSION

From the secondary data collected, graphs were plotted to show trends of the direct data. The graphs explained
the impact of seasonal variation in both Dry and Wet Seasons. The graphs were plotted for all the locations for
both Particulate Matter (PM2s and PMyo) concentrations in 2020, 2021 and 2022. The average of 12 months in
each of the location was considered for the plotting. Fig. 2-7, represents graphs of direct data for Particulate
Matter (PM25s and PM1o) concentrations in 2020, 2021 and 2022 as downloaded through NASRDA. From the
graphs in Fig. 2-7 there was higher concentration of Particulate Matter in the Dry Seasons more than the Wet
Seasons. The Seasonal variations in the region determined temperature impact. From late October to April,
which is Dry Season, the temperature is usually high and lower from March to September. Table 1 and 2,
represents the average value or mean value of the Particulate Matter (PM25 and PM1o) concentrations in 2020,
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2021 and 2022 across the Study Area. Since the downloaded data came with 12 months, the average was
considered and tabulated. The Air Quality Index (AQI) of the concentration was calculated and inputted in the
same table. Table 3 and 4, represents the modelled concentration or the indirect concentration. Since
temperature was downloaded alongside with the data, it was used in the modelling as a meteorological factor.

CONCENTRATION OF PM2.5 AROUND NORTH CENTRAL REGION IN 2020
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Fig. 3. Graphical representation of the concentration of PM2s around Study Area in 2021
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CONCENTRATION OF PM2.5 AROUND NORTH CENTRAL REGION IN 2022

Fig. 5. Graphical representation of the concentration of PM1o around Study Area in 2020
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CONCENTRATION OF PM10 AROUND NORTH CENTRAL REGION IN 2021

CONCENTRATION OF PM10 AROUND NORTH CENTRAL REGION IN 2022

Fig. 7. Graphical representation of the concentration of PM1o around Study Area in 2022
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Table 1: Mean Concentration and AQI of Direct PM2s Concentration for all locations (2020 — 2022)

Year Location PM2.s Concentration (ug/m?) | Level of Health Concern/ WHO Standard
Mean Conc. | AQI

2020 Benue 5.70 32 Good
Nasarawa | 5.70 32 Good
Niger 9.10 51 Moderate
Kogi 5.90 33 Good
Kwara 6.10 34 Good
Plateau 5.90 33 Good
FCT 8.80 49 Good

2021 Benue 4.80 27 Good
Nasarawa | 5.70 32 Good
Niger 10.1 53 Moderate
Kogi 5.00 28 Good
Kwara 5.00 28 Good
Plateau 4.80 27 Good
FCT 8.20 46 Good

2022 Benue 6.30 35 Good

2022 Nasarawa | 6.10 34 Good
Niger 11.7 56 Moderate
Kogi 6.30 35 Good
Kwara 6.10 34 Good
Plateau 6.40 36 Good
FCT 7.70 43 Good

Table 2: Mean Concentration and AQI of Direct PM1o Concentration for all locations (2020 — 2022)

Year | Location @ PMzio Concentration (ug/m?) ' Level of Health Concern/ WHO Standard
Mean Conc. AQI

2020 | Benue 123 85 Moderate
Nasarawa | 119 83 Moderate
Niger 159 103 Unhealthy
Kogi 131 89 Moderate
Kwara 139 93 Moderate
Plateau 111 79 Moderate
FCT 133 90 Moderate

2021 | Benue 129 88 Moderate
Nasarawa | 127 87 Moderate
Niger 155 101 Unhealthy
Kogi 135 95 Moderate
Kwara 143 95 Moderate
Plateau 117 82 Moderate
FCT 139 93 Moderate

2022 | Benue 135 91 Moderate
Nasarawa | 133 90 Moderate
Niger 159 103 Unhealthy
Kogi 143 90 Moderate
Kwara 143 95 Moderate
Plateau 119 83 Moderate
FCT 145 96 Moderate
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Table 3: Modelled or Indirect Mean Concentration of PM2s and AQI for all locations (2020 — 2022)

Year Location Modelled PM2s Concentration  (ug/ms3) Level of Health Concern/
Modelled Conc. (PM = B, + AQI WHO Standard
p1X1+ &)

2020 Benue 8.60 48 Good

Nasarawa 8.10 45 Good
Niger 10.10 53 Moderate
Kogi 9.60 52 Moderate
Kwara 9.00 50 Moderate
Plateau 8.80 49 Good
FCT 9.10 51 Moderate
2021 Benue 7.70 43 Good
Nasarawa 8.60 48 Good
Niger 15.00 62 Moderate
Kogi 7.90 44 Good
Kwara 7.50 42 Good
Plateau 7.30 41 Good
FCT 8.10 45 Good
2022 Benue 8.20 46 Good
2022 Nasarawa 8.60 48 Good
Niger 9.60 52 Moderate
Kogi 7.90 44 Good
Kwara 7.00 39 Good
Plateau 7.20 40 Good
FCT 8.80 49 Good

Table 4: Modelled or Indirect Mean Concentration of PMio and AQI for all locations (2020 — 2022)

Year Location | Modelled PM1o Concentration  (ug/m?3) Level of Health Concern/
Modelled Conc. (PM = Bo + B:1X:1+ &) AQI | WHO Standard
2020 Benue 143 95 Moderate
Nasarawa | 139 93 Moderate
Niger 179 113 Unhealthy
Kogi 151 99 Moderate
Kwara 154 100 Moderate
Plateau 131 89 Moderate
FCT 167 107 Unhealthy
2021 Benue 149 98 Moderate
Nasarawa | 147 97 Moderate
Niger 175 111 Unhealthy
Kogi 154 100 Moderate
Kwara 145 96 Moderate
Plateau 137 92 Moderate
FCT 151 99 Moderate
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2022 Benue 154 100 Moderate

2022 Nasarawa | 165 106 | Unhealthy
Niger 179 113 Unhealthy
Kogi 169 108 Unhealthy
Kwara 161 104 Unhealthy
Plateau 139 93 Moderate
FCT 145 96 Moderate

Table 1-4, represents the Mean Concentration and AQI of both Direct and Indirect Particulate Matter (PM2s
and PMyo) concentration. The PMio concentration (ug/m?) for all locations in year 2020, 2021 and 2022 is
above Standard recommendations. According to the WHO Standard, Niger State exceeded the “moderate”
limit, because it recorded the Particulate Matter (PMio) concentration values of 103ug/m3, 101ug/m3 and
103pg/m?3  for years 2020, 2021 and 2022 respectively. The health concern is said to be “unhealthy for
sensitive groups” which implies people with respiratory or heart diseases and children are the groups most
vulnerable. This result is a reflection of the data used in plotting the graphs displayed in Figure 2-7, which is
the graphical represe concentration of PM1 around Study Area in 2020, 2021 and 2022. The corresponding
modelled result with Particulate Matter (PM10) concentration is 113ug/m3, 111ug/meand 113ug/m? for years
2020, 2021 and 2022 respectively. The PMzs concentration (ug/ms3) for all locations in year 2020, 2021 and
2022 is above Standard recommendations. According to the WHO Standard, Niger State was moderate with
Particulate Matter (PM..5) Concentration values of 51ug/m3, 53ug/m2and 56ug/m2 for years 2020, 2021 and
2022 respectively. The health concern is said to be “moderate” which implies people with respiratory or heart
diseases and children may operate in the locations with health challenges. This result is a reflection of the data
used in plotting the graphs displayed in Figure 2-7, which is the graphical representation of the concentration
of PM2s around Study Area in 2020, 2021 and 2022. The corresponding modelled result with Particulate
Matter (PM25) concentration is 53pg/ms3, 62ug/m?3 and 52ug/m?3  for years 2020, 2021 and 2022 respectively.
Niger State recorded the highest concentration. The high concentration of the particles is not unconnected to
the anthropogenic activities of farming, mining, constant vehicular movement, industrialization and so on.
These activities increase the velocity of Wind Speed of the particles around the locations. The modelled results
for Particulate Matter (PM1o) concentration shows the particles are unhealthy for human presence, this is
because it exceeds 100ug/m? annual limit set by WHO. Fig.8-11, represents graphs for the Table 1-4. Also,
Table 5 is the Performance Indicator for the model.
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Fig. 8-11, represents graphs of Particulate Matter (PM2.s and PM1o) concentration and Air Quality Index (AQI)
for the 3 years under study. Particularly, Fig. 10-11 represents modelled Particulate Matter (PM2.5 and PM1o)
concentration in 2020, 2021 and 2022. The similarities in the graphs show that both the PM concentration and
AQI aligned. The graphs of the direct data and the indirect data were similar, though with <5% difference in
their features which constitutes a high degree of accuracy. The performance indicators used are the Root Mean
Square Error (RMSE) and the value of coefficient of determination (R?). The highest RMSE/R2 recorded for
the years under study; 2020, 2021 and 2022 were 299.6660/0.1727, 300.4340/0.2477 and 300.0657/0.3398 for
Nasarawa, Niger and Kwara States respectively. The error in the model was evaluated based on RMSE and the
accuracy was assessed using R2. The increasing values of R? and decreasing value of RMSE in each location
indicates that the Particulate Matter (PM2s and PM1o) is very well explained by the input variable in the model
being developed. It’s either RMSE was decreasing and increasing or R? increased and decreased for each
location. The indicator showed that the calculated indirect or modelled AQI and concentration can be relied on
across the locations in the absence of direct data from Polar Satellites. Table 5 and Fig. 12-14 further explains
the performance indicator test carried out. The Temperature (K) was a major meteorological factor used as
downloaded alongside the PM concentration. S, the error, ¢ was obtained from each of the values of
temperature across the months throughout the years under study.
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Fig. 12: The Performance Indicator for 2020
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Fig. 13: The Performance Indicator for 2021
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Fig. 14: The Performance Indicator for 2022.
CONCLUSION

The results show that seasonal variation has great impact on Particulate Matter (PM2s and PM1o) concentration.
The two identified seasons (Wet and Dry) had different features in the concentration. The temperature
variations in these seasons was distinct. There was higher particulate concentration during the dry seasons due
to increase in velocity of the particles. The result explains increase in the speed of the wind conveying the
particles. The impact of temperature on the locations is the outcome seen as high particulate matter
concentration. The Multiple Linear Regression (MLR) model was applied to predict Particulate Matter (PM25
and PMyo) concentration and Air Quality Index prediction in Six States and the Federal Capital Territory,
Abuja, has two main seasons (Dry and Wet) in 2020, 2021 and 2022.

The meteorological variables (of temperature) for the average of 12 Months was used to model the
concentration. The Air Quality Index was calculated with the indirect data and it showed a percentile difference
of about 5% between direct and indirect Particulate Matter concentration. At high Particulate Matter
concentration, the Air Quality Index (AQI) for both direct and indirect Particulate Matter (PM25 and PMzo)
increased. The calculated AQI around the Study Area in some locations exceeded the WHO Annual World
Standard. The AQIs with highest concentration for all the years under study exceeded the WHO World Annual
Standard for the category of moderate health impact on both PM2s and PM1o which is <50 pg/m? and <100
pg/m?3 respectively. It shows the high concentration results obtained are unhealthy for the locations and is a
contributing factor to cases of cardiopulmonary and lung disease mortality around the region. This is an
indication that people who live in these location may have been affected or are liable to be affected by some
diseases caused by these fine and coarse particles that has the ability to penetrate the lungs as inhaled during
respiration. In fact, long-term exposure to these pollutants may lead to a marked reduction in life expectancy
due to increase in cardiopulmonary and lung disease mortality.

The decline in the concentration was in late April of each years under study and as well there was a sharp rise
around late October of each of the years. The period between April and early October is said to be the Wet
Season in these locations. The concentration went high in each of the years during January to March and as
well as late October to December, which represented the Dry Season. Particulate Matter concentration became
more prevailing in this season (Dry Season) for each of the locations in the Study Area.
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