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ABSTRACT

Inhaling excessive amounts of Particulate Matter (PM) which can be blown over great distances by the wind
and then settle in the ground, water, or in the air we breathe, can be hazardous to both sensitive and non-
sensitive persons. The study investigates the mass concentration of particulate matter (PM) in Kano and Abuja.
Utilizing a purple air sensor, PM1.o, PM2s, and PM1o.o were all examined along with some climatic variables
including temperature and relative humidity. In Kano and Abuja, monitoring took place between January 2021
and December 2021. Results indicate that the monthly PM exceeds the WHO 24-hour limit for the two
locations. When the standard limit of the Air Quality Index (AQI) is taken into consideration, the mean value
of PM2.s shows that the air quality in both locations is dangerous for sensitive persons, such as those who have
respiratory ailments while the mean value of PMa1o.o shows that the air quality in both locations was moderate
for both sensitive and non- sensitive person. The results in this study suggests that government should enhance
its current air quality regulations and install new air quality sensors in sufficient locations in Nigeria so that
additional research may be done on such regions. The results of a Pearson correlation analysis show that PMs
and relative humidity have substantial negative correlations indicating that as relative humidity rises in either
locations, PMs mass concentration would decrease as well. A relatively high correlation existed between PMs
and temperature for both locations.
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INTRODUCTION

The introduction of dangerous items into the environment is
referred to as pollution. Pollutants are the name given to these
dangerous substances which have negative consequences on
the quality of the air, water, and land (West et al., 2020). The
release of pollutants into the atmosphere is classified as air
pollution, these pollutants are damaging human health and the
environment as a whole (Abulude & Abulude, 2021).

The Smog (also known as ground-level ozone) and Soot (also
known as particulate matter) are the two most common forms
of air pollution. The gaseous combination of solid and liquid
particles suspended in air is known as Particulate matter (PM)
(Dockery et al., 1997; WHO, 2013; Adams et al., 2015;
Istigomah et al., 2020). It is also a complex mixture of liquid
droplets made up of acids (such as nitrates and sulfates),
ammonium, water, black carbon, organic compounds, metals,

soil debris, and airborne particles (EPA, 2020). The
concentration of PM differs according to but not limited to the
following factors wind speed, precipitation, weather
conditions and relative humidity (Ghim, 2001). It appears in
a variety of sizes and forms which are made up of
different chemicals (US-EPA, 2017).

Duan et al. (2015) has pointed out that PM is divided into
three size fractions: Ultrafine, Fine, and Coarse, each with its
own set of physiologic and source features. PMu.oor Ultrafine
particle, with aerodynamic diameter (Di) less than 0.1 um,
PMz2s or Fine particle (Di < 2.5 ym) and PMuoo or Coarse
particle (Di< 10 um). The particles size distribution and its
content are determined by their production processes, which
include their source, which has been studied extensively (Tsai
et al., 2015).
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Figure 1: Types of PM Source: (Slezakova et al., 2013)
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Fine particles contain secondary produced aerosols,
combustion particles, recompensed organic and metallic
vapor (Amato et al., 2016), while coarse particles generally
contain components from the earth's crust, dust from cars and
industrial facilities (Akpan, & William, 2014) whereas
ultrafine particles is made up of a variety of hazardous
chemicals produced as primary emissions, such as trace
metals and diesel black carbon [BC] or as secondary aerosols
formed by deposition on existing particles from gaseous
progenitors (E.S.T, 2021), because it reduces interference
from natural sources.

The PMz2s has been recognized to have lesser indication for
automotive emissions occurring in roadside than the PM1o
(E.S.T., 2021). PM is discharged into the air by a variety of
natural (lower ratio) and man-made sources (higher ratio)
(Miranda & Tomaz, 2008). They are released from smoke,
dirt, dust or construction sites, while others are formed in the
atmosphere due to complicated chemical reactions, such as
nitrogen oxides and sulfur (iv) oxide—pollutants produced by
factories and power plants. PM emissions are stated to be
causing increasing issue around the globe due to its
tremendous influence on man and the environment (Duan et
al., 2015). PMuoo (smaller than one tenth the breadth of a
human hair) has health implications since it generates noise
and throat discomfort when inhaled, which might result in
high blood pressure (HBP), stroke, lung cancer, heart attack,
bronchitis, and other health problems (Zhao et al., 2020).
PMzs enters the blood as well as the lungs. It causes
inflammation and harm, such as respiratory sickness, a
lowered immune response, congenital defects, and diabetes,
among other things (Feng et al., 2016). Scientists have yet to
discover any health implications for PM1., but it is thought to
have a larger impact (WHO, 2006; Polichetti et al., 2009, U.S.
EPA, 2012; Health Effects Institute, 2020).

Statistics from the World Health Organization showed that,
each year over seven million people die as a result of air
pollution, 70% of people breathe air with PM levels that are
higher than the guidelines of Air quality recommended by
WHO (PM2s should not exceed 10 ug/m3 annual mean and
25 ug/m3 24 hours mean: PMioo should not exceed
20 pg/m3 annual mean and 50 ug/m® 24 hours mean)
(WHO, 2021). Several research reveals those who live in
areas with poor air quality are more prone to develop
respiratory disorders, as well as cardiovascular and circulation
problem.

Owoade et al. (2012); Nwaogazie and Zagha, (2015); Akin-
folarin et al. (2017); Osimobi et al. (2019); Abulude et al.
(2021); Falaiye et al. (2021) are some of Nigeria researchers
out of many researchers who have carried out studies in
Nigeria on the evaluation of air quality using instrument,
while many others have not due to the cost of these
instruments, the time required, and the work required in
executing the study hence it has limited certain study due to a
lack of PM1.0, PM 25, and PM10.0 monitoring sites. To address
the issue, less expensive air quality instrument that measure
PM are made readily available, making it simple to provide
safety information on the air we breathe in.

Williams et al. (2014) and US EPA (2017) have noted that
regions like Asia and the United States, the use of low-cost air
quality sensors that directly send PM concentrations to the
internet is increasing rapidly. A lot of enterprises are
developing tiny electronic sensors for the purpose of
monitoring, which use lasers to scatter light off the particles
into detectors. The scattered light during this process are
studied to measure number, particle size, and mass
concentration using Mie scattering theory (Wallace et al.,
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2021). With over 16,000 devices in use, Purple Air is one of
the most widely utilized monitors.

In Sub-Saharan Africa (SSA), the viability and applicability
of measuring air quality for PMzs using a low-cost sensor
(purpleair), with the goal of evaluating the effectiveness of its
data recovery rate and identification of difficulties faced by
users in each region has been determined (Awokola et al.,
2020). Their investigation showed that, despite certain
operational difficulties, it is rationally practicable and
possible to set up a network of low cost devices to provide
data on local PM2s concentrations in SSA nations. Such
information is essential for increasing public awareness of air
pollution throughout SSA.

Ogunjo et al. (2022) conducted a study to analyze PMs with a
view to establish the places with the strongest connections
among COVID-19 cases, In their study they utilized low-cost
air quality monitors (Purple Air sensor) across seven
administrative states in Nigeria. According to them, strong
positive correlation values exits between COVID-19 cases
and PMs. They believe that the considerable positive
correlation between PMs and COVID-19 cases and fatalities
will help control and mitigate pandemic spread within a group
of people.

The purpose of this study is to investigate the variability of
PMs over Abuja and Kano with a view to assess the
environmental impacts.

Study Area

Nigeria's climate is tropical, with variation of rainy and dry
seasons based on location. For the most part, the south is
damp, whilst the north is usually dry. The rainy season inth e
south lasts from March to November, but only from mid-May
to September in the far north. The dry season is referred to as
the harmattan season. Harmattan is a cool, dry breeze that
sweeps from the northeast or east across the Western Sahara.
Up to half of the world's substantial dust emissions come from
the Sahara Desert (Ogunjo et al., 2022). Generally it has been
reported that in Nigeria the rainy season falls between the
months of April through October and the dry season in
between November through March (Akpootu et al., 2017;
Akpootu et al., 2019a)

Kano state (Latitude: 12° 40" and 10° 30N, and longitude:
7° 40" and 9° 30" E). The climate is divided into two seasons:
dry and wet. The dry season usually start in November and
lasts until March, with the rainy season beginning in May and
ending in September. The average annual rainfall is
approximately 690 mm, and the average annual temperature
swings between a maximum of 33°C and a minimum of 19°C.
The vegetation is primarily Savanna, which is classified
climatically as Northern Guinea savanna and Sudan savanna
(Wakawa et al., 2016). Having a population of more than 15
million people Kano State is consider as the second-largest
industrial center in Nigeria, after Lagos State, and the largest
in Northern Nigeria, with industries including textile, tanning,
footwear, cosmetics, plastics, enamelware, pharmaceuticals,
ceramics, and furniture. Other commodities include
agricultural instruments, soft drinks, food and beverages,
dairy products, vegetable oil, animal feeds and it has an
altitude of 360 m

Abuja is an administrative territory central Nigeria. It is
bordered by the states of Niger to the west and
northwest Kaduna to the northeast Nassarawa to the east and
south and Kogi to the southwest. It is located between latitude
9.0765° N and longitude 7.3986° E. Guinea Savannah is the
predominant vegetation type in Abuja, and it is made up of
tall grasses that are sprinkled with various species (Ahmad et
al., 2017). With an altitude of 456m and a population of about
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3,564,126. Agriculture is one of the economic foundations.
Millet, corn (maize), yams, sorghum and beans are produced
in this region. Mineral resources include clay, tin, feldspar,
gold, iron ore, lead, marble, and talc. Abuja and Kano were
chosen because they have comparable vegetation and weather
features.

MATERIALS AND METHOD

Low-cost air quality stations (called Purple Air stations) were
established in Nigeria to address the absence of PM
concentrations. The stations are strategically positioned in
some states in Nigeria. This information can be used to assess
the potential links between Particulate matter (pug/m3),
temperature (°F), and relative humidity (%). Ardon-Dryer et
al. (2020) and Liu et al. (2020) have evaluated data from
Plantower sensors' low-cost optical devices for monitoring
particulate matter.

Purple air stations were assess to acquire PM readings in this
investigation. The program is linked to a sensor, which
communicates with the particle counter via an ESP8266
microcontroller chip, which also provides complete
capabilities, including connecting to a WiFi network and
sending data to the cloud (https://www.purpleair.com/). The
sensor uses PMS5003 and PMS1003 laser counters to detect
particle matter in real time, with each laser counter alternating
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5-second readings averaged over 120  seconds
(http://lwww.plantower.com/en/). It measures the size of
particles suspended in increments of 0.3, 0.5, 1.0, 2.5, 5.0, and
10 um (Plantower User Manual, 2016).The sensor processes
these particle counts using a complicated algorithm to
compute the mass concentrations of PMu.0, PM25, and PM1o.o
in ug/m? (microgram of gaseous pollutant per cubic meter of
ambient air) for standard indoor (CF-1 i.e for laboratory use)
and outdoor particles (ATM i.e for Atmospheric condition)
(Plantower User Manual, 2016). PurpleAir's website displays
real-time data in the color-coded air quality index (AQI) form
and actual PM concentrations (PurpleAir, 2019).The Purple
Air-11-SD has an in-built when connected to the internet, a
Real-Time Clock (RTC) sets itself.

Data were collected for particulate matter (PM1.0, PM2s and
PMuo.0) from two PurpleAir sensors: Sensor 1 Space Weather
and Atmospheric Physics Laboratory, Center for Atmospheric
Research Bayero University Campus, Kano State and Sensor
2 Space Environment Research Laboratory, Centre for
Atmospheric Research, Abuja. Measurements of particulate
matter concentrations, temperature and relative humidity
were collected for 1 year (1% January, 2021 to 31% December
2021).
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Figure 2: Map of Nigeria showing the states where data were obtained
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Figure 3: a. Showing various PurpleAir sensors in Nigeria b. Sensor in Bayero University, Kano

The study relied on PMu1.o, PM2s, PMuo.o, temperature, and
relative humidity measurements, the data were obtained at 60
minutes intervals. A thorough data check on the raw data is
undertaken to limit the effect of problematic data points such
as duplicated datasets, incomplete measurements, odd zeros,
and so on. Following the data quality check, measurement
data for PMuio, PMz2s, PMioo, temperature, and relative
humidity were combined into one average. The data was
downloaded as a CSV file, and Excel was used to run
statistical analyses (version 2013).

Air Quality Index (AQI)

The Air Quality Index, or AQI, is the system used to monitor
air pollution by telling the general public how clean or
polluted the air we breathe and how the air we breathe can be
dangerous to both sensitive and non sensitive people. The
AQI tracks ozone (smog) and particle pollution (tiny particles
from ash, power plants and factories, vehicle exhaust, soil
dust, pollen, and other pollution). The table below shows the
standard limit for air quality set aside by the US, informations
are available for PM2s and PMaoo. From the table below, we
can deduce that the lower the values of PM the better the air
quality for both sensitive and non sensitive people.

Table 1: Air quality index and health effects (Nathaniel and Xiaoli, 2020)

AQI Value Of Levels of Health PM:;5 Conc. PM Conc. Daily Alt_
Index Concern (ng/m3) (ug/m3) AQI Pollution
Color Level
0-50 Good 0-12 054 [ Levell
51-100 Moderate 12.1-35.4 55-154 yellow Level 2
101-150 Unhealthy for 35.5-55.4 155-254 | orange  Level3
sensitive groups
151-200 unhealthy 55.5-150.4 255-354 Level 4
201-300 Very unhealthy 150.5-250.4 355-424 Level 5
301 and Higher Hazardous 250.5-Higher  425-Higher Level 6

Correlation Analysis
The Pearson Coefficient Correlation (PCC) was used as a
comparison. It is defined as
D (G ez )
VIO —0)2 X (yi-9)?}

where

r represent correlation coef ficient

x; represent values of the x — variable
X represent the mean values of x — variable
y; represent values of the y — variable

y represent the mean values of y — variable

)

The correlation coefficient values lies between -1 and + 1. The
+ sign indicate positive linear correlation while the — signs

indicate negative linear correlation (Akpootu and Iliyasu,
2017).

Descriptive Statistics

The key components that are looked at in the descriptive
statistical analysis are Skewness and Kurtosis. The
asymmetry in the data surrounding the mean value of the
independent meteorological parameters is measured and the
direction of variation in the dataset is revealed using the
skewness tests. If the data have a Gaussian distribution, this
implies normal distribution; if the data are spread out more to
the left of the mean value than to its right, it means negatively
skewed and if the data are spread out more to the right than to
its left, this implies positively skewed. The Kurtosis test
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measures a distribution’s relative peak or flatness in relation
to the normal distribution, which illustrates the general form
of a random variable. It measures the consistency of each
climate parameter for the research locations (Hejase and Assi,
2011; Akpootu et al., 2019b).

RESULTS AND DISCUSSION

Monthly Variation

The monthly variations of PM are shown for one year
(January 2021- December 2021) as depicted in Figure 4a and
4b. It can be seen that the PM concentrations were relatively
high from January, February, March, and gradually decrease
from May to October then it start to rise again as we get into
the dry season from November to December for both Kano
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and Abuja. The increase in the PM values during Harmattan
season can be attributed to anthropogenic sources which bring
about the formation of fog/haze and the dust from the Sahara
desert since Kano and Abuja has a close proximity with it.
The increase in PM from January to March can be associated
with tiling of land, bush burning as farmer will be getting their
land ready for farming as we approach rainy season and this
is in line with the study reported by Abulude & Abulude
(2021) and Ogunjo et al. (2022). The decrease in PM from
May to October can be trace to wet season as precipitation
helps to lower the amount of PM in the atmosphere as the
particles drop together with rain to the ground. The PM
concentrations are generally higher in the dry season than that
of the rainy season.
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Figure 4a: Monthly variation of PM values in Abuja
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Figure 4b: Monthly variation of PM values in Kano State
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Coeffient of Correlation
Table 2: Pearson coeficient correlation for Abuja
Temperature Relative
PMuo (ug/m®)  PMas(pg/m3)  PMioo (ng/m®) (°F) humidity (%)

PMu1o (ng/md) 1

PM2s (ng/m®) 0.995843 1

PMioo (ng/m°) 0.988614 0.992711 1

Temperature (°F) 0.498995 0.456857 0.530721 1

Relative humidity (%) -0.856120 -0.860940 -0.905240 -0.713630 1
Table 3: Pearson coefficient correlation for Kano state

PMu1.o PMz2s PM1o. Temperature Relative humidity
(ng/m®) (ng/m°) (ng/m®) (°F) (%)

PMz1o (ng/m®) 1

PM2s (ng/md) 0.979472 1

PM1o.0 (ng/md) 0.964921 0.990974 1

Temperature (°F) 0.606584 0.596786 0.601484 1

Relative humidity ( %) -0.862820 -0.825460 -0.865330 -0.546041 1

One of the most important elements regulating the change of
PM concentration has long been known to be weather
conditions. As a result, we looked into the consequences of
meteorological conditions on PM concentrations in Tables 2
and 3. Since the PurpleAir sensor also monitors temperature
and relative humidity, the Pearson correlation between
average PM concentration, temperature, and relative humidity
was investigated in this table.

From Table 2 PM1o has a strongly positive correlation with
PM2.s (r = 0.996), strong positively correlation was also found
with PMo (r = 0.989) while low positive correlation
coefficient value with temperature (r = 0.499) and a strong
negative correlation with relative humidity (r = -0.856).
Meanwhile, PMzs has a strong positive correlation coefficient
value with PMuo., low positive correlation coefficient value
with temperature and a strong negative correlation with
relative humidity. PM1o.0 has a positive correlation coefficient
value (r = 0.531) with temperature and a strong negative
correlation with relative humidity. A negative correlation of
0.714 existed between temperature and relative humidity.
Table 3 indicate that PMwo has strongly high positive
correlation coefficient value with PMzs (r = 0.979), strong
positively correlation was also found with PM1o.o (r = 0.965)
while a positive correlation coefficient value with temperature
(r = 0.607) and a strong negative correlation with relative

Descriptive Statistical Analysis
Table 4: Descriptive Summary Result

humidity (r = -0.863). Similarly, PM2s is strong positive
correlated with PMuoo, positive correlation coefficient value
with temperature and a strong negative correlation with
relative humidity. PMaioo is strongly correlated with the
temperature and a strong negative correlation with the relative
humidity. A negative correlation of 0.546 existed between the
temperature and relative humidity.

Table 2 indicates that temperature have a low correlation with
PM concentration (PMu.o, 25, 10) While relative humidity has a
relatively strong negative correlation in table 2 and 3.We
observed a strong positive correlation between the three PM
which reveals that an increase in PMu.o directly increase in the
remaining PMs (PMu.o, 25, 10). The findings in this study are in
agreement with those of Obioh, et al (2013), Nathaniel and
Xiaoli (2020) and Abulude and Abulude (2021). Generally,
the Pearson correlation coefficients analysis shows that PM
concentrations are strongly negatively correlated with relative
humidity that is as relative humidity increases PM decreases
in the atmosphere. Study has shown that as humidity increase
PM becomes too large and can no longer remains in the
atmosphere hence began to fall a process known as dry
deposition of particulate matter (Wang and Ogawa 2015).
While a positive correlation of temperature with PMs was
recorded indicating that as the temperature increase PM
concentration also increases and vice versa.

PMuo (pg/m®) PMa2s (ng/m®)  PMioo (ug/m°) Temperature  (°F)  Relative Humidity (%)

ABUJA
Mean 35.4042 50.3403 56.7602 91.3346 41.1374
STD 16.9174 25.8333 30.1536 3.7818 17.7118
VAR 286.1993 667.3601 909.2363 14.3023 313.7060
MAX 75.5246 111.5265 124.6871 96.8348 60.3222
MIN 17.7918 25.2221 26.3632 85.4527 12.5083
Kurtosis 1.6436 1.6012 0.8004 -0.7534 -1.3662
Skewness 1.2405 1.3017 1.0909 -0.2150 -0.5542
KANO
Mean 37.3479 49.0082 59.2021 -69.0990 26.9775
STD 16.2506 26.4256 32.5603 166.8355 11.8250
VAR 264.0827 698.3104 1060.1740 27834.0800 139.8302
MAX 69.3170 106.1048 121.2962 98.2482 43.1590
MIN 16.8333 19.6221 21.6803 -229.0000 12.8028
Kurtosis -0.4531 0.4238 -0.5438 -2.4369 -1.7877
Skewness 0.4323 0.9264 0.6913 0.0042 0.2150
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Table 4 shows the descriptive statistics for both locations. The
Air quality index (AQI) standard table in table 1 above was
compared with descriptive summary in table 4, AQI provides
adequate information about the air we breathe. The result
shows that PMa2s concentration for Abuja and Kano is
unhealthy for sensitive group and falls under level 3 in air
pollution, sensitive people are those people who are suffering
from any respiratory and cardiovascular illness while PMuo.0
concentration for both states falls in the moderate, that is the
air in both regions is good for both the sensitive people and
the non sensitive people which is in the level 2 category.
PMuwo, PMz5, and PM1oo concentrations in Kano State were
37.35, 49.01 and 59.20 ug/m? respectively while for Abuja
are 35.40, 50. 34 and 56.76 ug/m? respectively. The WHO
24-hour guideline limits of 25 ug/m3 and 50 ug/m3 were
exceeded in Kano and Abuja respectively.

For Abuja, It was observed that the temperature and relative
humidity data’s spread out more to the left of their mean value
(negatively skewed) while PMuo, PM2s and PMuoo data’s
spread out more to the right of their mean value (positively
skewed) and PMuo, PM25s and PM1o.o data’s have positive
kurtosis which indicates a relatively peaked distribution and
possibility of a leptokurtic distribution while temperature and
relative humidity data have negative kurtosis which indicates
a relatively flat distribution and possibility of a platykurtic
distribution. For Kano, the skewness and kurtosis for Kano is
quite lower than that of Abuja, the bottom part of the table
show that all PMs, temperature and relative humidity spread
out more to the right of their mean value (positively skewed)
while for kurtosis only PM2s has a positive kurtosis indicating
a peaked distribution and PMuwo, PMuo.o, temperature and
relative humidity has a negative kurtosis indicating a flat
distribution.

CONCLUSION

A comparative assessment of PM and the parameters of
temperature and relative humidity for Abuja and Kano was
investigated. The outcome shows that during the dry season
in both locations, the monthly average of PM1o, PM2s and
PMuo.0 surpasses the WHO 24-hour standard limit. Since both
locations are the two major industrious locations in the
northern part of Nigeria which causes the population to grow
on a regular basis, this can be attributed to excessive pollution
and an increase in car emissions. While during the wet season,
PMwo, PM2s and PMioo are below the WHO 24-hour
guideline. When compared to AQI, PM2s was said to be
unhealthy for sensitive individuals. People with respiratory or
cardiovascular conditions are advised to be aware of their
surroundings through the help of an air quality measures
device that may determine whether the air they breathe is
beneficial or hazardous for them. In order to achieve the goals
of health is wealth and to lower the rate of morbidity caused
by air pollution around the globe, air quality sensor
manufacturers should also offer portable and less expensive
sensors that are affordable for the general public.

ACKNOWLEDGEMENTS

We acknowledge the management and staff of purple air for
making the data available online. All data used in this study
are publicly available. The particulate matter (PMuw.o, PM2s,
PM1oo) and atmospheric parameters (temperature and
humidity) were obtained from purpleair.com
(https://www.purpleair.com/sensor)

REFERENCE
Abulude, O.F. and Abulude, A.l. (2021). Monitoring Air
Quality in Nigeria: The Case of Center for Atmospheric

Meseke et al.,

FJS

Research-National Space Research and Development Agency
(CAR-NASRDA). Aerosol Science and Engineering
https://doi.org/10.1007/s41810-021-00116-3

Adams, K., Greenbaum, D. S., Shaikh, R.,van Erp, A. M. and
Russell, A.G. (2015). Particulate matter components, sources,
and health: Systematic approaches to testing effects, Journal
of the Air & Waste Management Association, 65:5, 544-
558, DOI: 10.1080/10962247.2014.1001884

Ahmed, Y.A., Aderonke, M. and Oyewo, S.O. (2017). Health
Impact of Leachates from Illegal Dumpsites: Case Study Of
Kubwa Abuja, Nigeria. Ethiopian Journal of Environmental
Studies & Management 10(1): 125 — 136, ISSN: 1998-0507
doi: http://dx.doi.org/10.4314/ejesm.v10i1.12

Akinfolarin, O.M., Boisa, N. and Obunwo, C.C. (2017).
Assessment of particulate matter-based air quality index in
Port Harcourt NigeriaJ Environ Anal Chem 4:224.
https://doi.org/10.4172/2380-2391.1000224

Akpan, 1.0. and William, E.S. (2014). Assessment of
Elemental Concentrations of Road DOI:
10.4236/gep.2020.811007 136 Journal of Geoscience and
Environment Protection side Soils in Relation to Traffic
Density in Calabar, Nigeria. International Journal of
Scientific and Technology Research, 3, 3-10

Akpootu, D.O. and lliyasu, M.1. (2017). A comparison of
various Evapotranspiration models for estimating reference
Evapotranspiration in Sokoto, North Western, Nigeria.
Physical ~ science International  Journal.,14(2),1-14.
DOI:10.9734/PS13/2017/32720

Akpootu, D.O., lliyasu, M.l., Mustapha, W., Aruna, S. and
Yusuf, S.O. (2017). Developing Regression Models for
estimating Atmospheric Visibility over Ikeja, Nigeria. Journal
of Scientific Research & Reports.,15(6):1-
14.DOI:10.9734/JSRR/2017/36670.

Akpootu, D.O., lliyasu, M.I., Abubakar, M.B., Rabiu, A.M.,
Mustaspha, W., Okany, C.F. and Salifu, S.I. (2019a).
Developing Empirical models for estimating
photosynthetically active radiation over Akure, South
Western, Nigeria. International Journals of Advances in
Scientific research and engineering (ijasre).,5(10): 59-79.
DOI:10.31695/1JASRE.2019.33546

Akpootu, D.O.,Tijjani, B.l. and Gana, U.M. (2019b). A
Comparative study of Time Series, Empirical Orthogonal
Transformation and Descriptive Statistical Analysis on
Meteorological Parameters over Ogoja and Maiduguri.
Journal of Energy Research and Reviews., 3(1): 1-14 DOI:
10.9734/JENRR/2019/v3i130088

Aliero, M.M., Ismail, M.H., Alias, A.M. and Sood, M.A.
(2017). Evaluation of Land Cover Change and Vegetation
Dynamics Using Remote Sensing and DPSIR Frame work in
Kebbi State, Nigeria.
http://dx.doi.org/10.20944/preprints201709.0090.v1

Amato, F., Favez, O., Pandolfi, M., Alastuey, A., Querol, X.,
Moukhtar, S., Bruge, B., Verlhac, S., Orza, J.A.G., Bonnaire,
N., Le Priolet, T., Petit, J.-F. and Sciare, J. (2016). Traffic
Induced Particle Resuspension in Paris: Emission Factors and
Source Contributions. Atmospheric Environment, 129, 114-

FUDMA Journal of Sciences (FJS) Vol. 6 No. 4, August, 2022, pp 203 - 211



COMPARATIVE ASSESSMENT OF PARTICUL...

124.
https://doi.org/10.1016/j.atmosenv.2016.01.022

Ardon-Dryer, K., Dryer, Y., Williams, J. N. and Moghimi, N.
(2020). Measurements of PM 2.5 with purpleair under
atmospheric ~ conditions.  Atmospheric  Measurement
Techniques, 13(10), 5441-5458.

Awokola, B.l., Okello, G., Mortimer, K.J., Jewell, C.P.,
Erhart, A. and Semple, S. (2020). Measuring Air Quality for
Advocacy in Africa (MA3):Feasibility and Practicality of
Longitudinal Ambient PM2.5 Measurement Using Low-Cost
Sensors. International Journal of Environmental Research and
Public Health Article

Baker, K.R. and Foley, K.M. (2011). A nonlinear regression
model estimating single source concentrations of primary and
secondarily formed PM 2.5. Atmos. Environ. 45, 3758-3767.

Beelen, R., Raaschou-Nielsen, O., Stafoggia, M., Andersen,
Z.J. and Weinmayr, G. (2013). Effects of long-term exposure
to air pollution on natural-cause mortality: an analysis of 22
European cohorts within the multicentre ESCAPE project.
Lancet 383:785-795

Britannica, T. Editors of Encyclopaedia (2018, December 12).
Federal Capital Territory. Encyclopedia Britannica.
https://www.britannica.com/place/Abuja-federal-capital-
territory-Nigeria

Charlson, R.J., Schwartz, S., Hales, J., Cess, R., Coakley, J.J.,
Hansen, J. and Hofmann, D. (1992). Climate forcing by
anthropogenic aerosols. Science 1992, 255, 423-430.

Dockery, D.W. and Pope, C.A. Ill. (1997). Outdoor air I:
particulates. In: Steenland, K., SAVITZ, D.A., eds., Acute
health effects of PM 10 pollution on symptomatic and
asymptomatic children. Am. Rev. Respiratory 145, 1123 -
1128.

Duan, J. et al. (2015). Characteristics and Relationship of
PM1, PM 10, PM 25 Concentration in a Polluted City in
Northern China. Procedia Engineering, 102, 1150-
1155.https://doi.org/10.1016/j.proeng.2015.01.239

Enotoriuwa, R. U., Nwachukwu, E. O and Ugbebor, J. N.
(2016). Assessment of Particulate Matter Concentration
Among Land Use Types In Obigbo and Environs In Rivers
State Nigeria, International Journal of Civil Engineering and
Technology, 7(3), pp. 252-261.
http://www.iaeme.com/IJCIET/issues.asp?JType=IJCIET&
VType=7&IType=3

Environmental  protection  Agency  (EPA)
https://www.epa.gov/pm-pollution/particulate
basics

(2020)
matter-PM

Environmental Science and Technology. (E. S. T.) (2021). 55,
1550515518
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs
.est.1c03748&ref=pdf

Falaiye, O.A., Abiye, O.E. and Nwabachili, S. C. (2021).
Characterization of atmospheric particulate matter from urban
traffic sources in llorin. Proceedings of the International
Academy of Ecology and Environmental Sciences. 11(1): 15-
30 IAEES www.iaees.org

Meseke et al.,

FJS

Feng, C., Li, J., Sun, W. et al. (2016). Impact of ambient fine
particulate matter (PMz2.s) exposure on the risk of influenza-
like-illness: a time-series analysis in Beijing, China. Environ
Health 15, 17. https://doi.org/10.1186/s12940-016-0115-2
Ghim, Y. S., Oh, H.S. and Chang Y.S. (2001). Meteorological
effects on evolution high ozone episodes in greater Seoul
area.51:185-202.

Gulumbe, B.H. and Kawo, A.H. (2018). Antibiotic and
Disinfectant Susceptibility Patterns of Airborne Bacteria
Isolated from Restaurants in Nigeria. Uluslararasi Fen
Avrastirmalarinda Yenilikci Yaklasimlar Dergisi, 2(2), 41-57.
doi: 10.29329/ijiasr.2018.140.1

Health Effects Institute, (2020). State of Global Air (2020).
Special Report. Boston, MA.

Hejase, H and Assi, AH. (2011). Time-series regression
model for prediction of monthly and daily average global
solar radiation in Al Ain City-UAE. Proceedings of the Global
Conference on Global Warmingheld on 2011 Lisbon,
Portugal.;1- 11.

Istigomah, N.A and Marleni, N.N. (2020) IOP Conf. Ser.:
Earth Environ. Sci. 599 012084

Liu, X., Jayaratne, R., Thai, P., Kuhn, T, Zing, I,
Christensen, B., Lamont, R., Dunbabin, M., Zhu, S., Gao,
J., Wainwright, D., Neale, D., Kan, R., Kirkwood, J. and
Morawska, L. (2020) Low-cost sensors as an alternative for
long-term air quality monitoring. Environ Res. ;185:109438.
doi: 10.1016/j.envres.2020.109438. Epub . PMID: 32276167.

Miranda, F. and Tomaz, E. (2008). Characterization of Urban
Aerosol in Campinas, Sao Paulo,Brazil. 87: 147-157.
Nwaogazie, I.L. and Zagha, O. (2015). Roadside air pollution
assessment in Port Harcourt, Nigeria. Stand Sci Res Essays
3:066-074

Obioh, 1.B., Ezeh, G.C., Abiye, O.E., Alpha, A., Ojo, E.O.
and Ganiyu, A.K. (2013) Atmospheric particulate matter in
Nigerian ~ megacities, Toxicological &  Environmental
Chemistry, 95:3, 379

385, DOI: 10.1080/02772248.2013.790970

Ogunjo, S., Olaniyan, O., Olusegun, C.F., Kayode, F., Okoh,
D. and Jenkins, G. (2022). The role of meteorological
variables and aerosols in the transmission of COVID-19
during harmattan season. GeoHealth, 6, e2021GH000521.
https://doi.org/10.1029/2021GH000521

Ontario Ministry of the Environment and Climate Change
(2010). Fine particulate matter

Osimobi, O.J., Yorkor, B. and Nwankwo C.A. (2019).
Evaluation of daily pollutant standard index and air quality
index in a university campus in Nigeria using PM10 and
PM2.5 particulate matter. J Sci Technol Environ Inform
07(02):517-532

Owoade, O.K., Olise, F.S., Ogundele, L.T., Fawole, O.G. and
Olaniyi, H.B. (2012).Correlation between particulate matter
concentrations and meteorological parameters at a site in lle-
Ife Nigeria. Ife J Sci.14(1):83-93
Plantower, (2016). Accessed.
https://www.aqmd.gov/docs/default-source/ag-

FUDMA Journal of Sciences (FJS) Vol. 6 No. 4, August, 2022, pp 203 - 211



COMPARATIVE ASSESSMENT OF PARTICUL...

spec/resources-page/plantower-pms5003-manual_v2-3.pdf.
(Accessed 17 January 2020).

Polichetti, G., Cocco, S., Spinali A., Trimarco, V. and
Nunziata, A. (2009). Effects of particulate matter (PM(10),
PM(2.5) and PM(1)) on the cardiovascular system.
Toxicology. 261(1-2):1-8.

Sayahi, T., Butterfield, A. and Kelly, K.E. (2019). Long-term
field evaluation of the Plantower PMS low-cost particulate
matter sensors. Environ. Pollut. 245, 932—940.

Slezakova, K., Morais, S. and Pereira, M. d. C. (2013).
Atmospheric Nanoparticles and Their Impacts on Public
Health. In  (Ed.), Current Topics in Public Health.
IntechOpen. https://doi.org/10.5772/54775

Tsai, M. T., Hoek, G., Eeftens, M., de Hoogh, K., Beelen, R.,
Beregszaszi, T., Cesaroni, G., Cirach, M., Cyrys, J., De
Nazelle, A., de Vocht, F., Ducret-Stich, R., Eriksen, K.,
Galassi, C., Grazuleviciene, R., Grazulevicius, T., Grivas, G.,

Gryparis, A., Heinrich, J., Hoffmann, B., lakovides, M.,
Keuken, M., Kramer, U., Kiinzli, N., Lanki, T., Madsen, C.,
Meliefste, K., Merritt, A.S., Molter, A., Mosler, G.,

Nieuwenhuijsen, M. J., Pershagen, G., Phuleria, H., Quass,
U., Ranzi, A., Schaffner, E., Sokhi, R., Stempfelet, M.,
Stephanou, E., Sugiri, D., Taimisto, P., Tewis, M., Udvardy,
O., Wang, M. and Brunekreef, B. (2015). Spatial variation of
PM elemental composition between and within 20 European
study areas — Results of the ESCAPE project,Environment
International,Volume 84,Pages 181-192,ISSN 0160-4120,
https://doi.org/10.1016/j.envint.2015.04.015.

U.S.EPA (US Environmental Protection Agency) (2012). Our
nation’s air status and trends through 2010,EPA-454/ R-12-
001, 32pages.

U.S.EPA. Particulate Matter (PM) Pollution; U.S. EPA:
Washington, DC, USA, (2017).Available
online:https://www.epa.gov/pm-pollution/particulate-matter-
pm-basics (accessed on 15 December 2019).

US  EPA, (2017). https://www.epa.gov/air-sensor-
toolbox/how-use-air-sensors-air-sensor-guidebook.

Wakawa, L.D., Adam, L.I. and Bichi, A.M. (2016). Journal of
Research in Forestry,Wildlife & Environment Vol. 8(2):100-
111 http://www.ajol.info/index.php/jrfwe jfewr

Wallace, L., Bi, J., Ott, W.R., Sarnat, J. and Liu, Y. (2021).
Calibration of low-cost PurpleAir outdoor monitors using an
improved method of calculating PM2.5.Atmospheric
Environment 256 -118432

Meseke et al.,

FJS

Wambebe, N.M. and Duan, X. (2020). Air Quality Levels and
Health Risk Assessment of Particulate Matters in Abuja
Municipal Area, Nigeria. Atmosphere 2020, 11, 817,
doi:10.3390/atmos11080817
www.mdpi.com/journal/atmosphere

Wang, J. and Ogawa, S. (2015). Effects of meteorological
conditions on PMzs concentrations in Nagasaki, Japan. Int J
Environ Res Public Health 12:9089-9101.
https://doi.org/10.3390/ijerph120809089

West, S.E., Buker, P., Ashmore, M., Njoroge, G., Welden,
N., Muhoza, C., Osano, P., Makau, J., Njoroge, P. and
Apondo, W. (2020). Particulate matter pollution in an
informal settlement in Nairobi: using citizen science to make
the invisible visible. Appl Geogr 114(2020):102133.
https://doi.org/10.1016/j.apge0g.2019.102133

Williams, R., Vasu, K., Snyder, E., Kaufman, A., Dye, T,

Rutter, A, Russell, A. and
Hafner, H. (2014). Air Sensor Guidebook. U.S.
Environmental ~ Protection ~ Agency,Washington, DC.

EPA/600/R-14/159 (NTIS PB2015-100610).

World Health Organization (WHO) (2000). Air quality
guidelines second
edition retrlvedfromhttps.//www.euro.who. int/__data/assets/
pdf_file/0019/123085/AQG2ndEd_7_3Particulate-
matter.pdf

World Health Organization (WHO) (2006). Air quality
guidelines second
edition retnvedfromhttps.//www.euro.who.|nt/_data/assets/
pdf_file/0019/123085/AQG2ndEd_7_3Particulate-
matter.pdf

World Health Organization (WHO) (2013). Air quality
guidelines second
edition retrlvedfromhttps.//www.euro.who. int/__data/assets/
pdf_file/0019/123085/AQG2ndEd_7_3Particulate-
matter.pdf

World Health Organization (WHO) (2021). Air quality
guidelines second
edition retrlvedfromhttps.//www.euro.who. int/__data/assets/
pdf_file/0019/123085/AQG2ndEd_7_3Particulae-matter.pdf

Zhao, B., Johnston, F.H., Salimi, F., Kurabayashi, M. and
Negishi, K. (2020). Short-term exposure to ambient fine
particulate matter and out- of-hospital cardiac arrest: a
nationwide case-crossover study in Japan. Lancet Planet
Health 4:e15-23. https://doi.org/10.1016/S2542-5196(19)

©2022 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is cited appropriately.

ool

FUDMA Journal of Sciences (FJS) Vol. 6 No. 4, August, 2022, pp 203 - 211 211


https://creativecommons.org/licenses/by/4.0/

