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We used the Mann-Kendall and the Sen’s slope estimates for trend detection of particulate matter (PM2.5 

and PM10) in Nigeria.  Our main objective was to detect trends in PM pollution in the most populated 
black country in Africa.  Also, to monitor the PM concentration then compare it with the World Health 
Organization (WHO) standards. This was to enable the effective characterization of PM pollution in 
Nigeria, understanding the trends and finding appropriate ways to mitigate its effects. The monitoring 
of the PM data was carried out by the European Centre for Medium-Range Weather Forecast (ECMWF), 
Copernicus Atmospheric Monitoring Service (CAMS) in collaboration with EUMESAT through remote 
sensing. The application of the Mann-Kendall non-parametric test method and the Sen’s slope 
estimation to the PM data led to the detection of PM trends in Nigeria during the period 2019 and 2020. 
The result of our study showed that the mean concentration of PM2.5 for the year 2019 was 78.5µg/m3, 
that of PM10 was 162µg/m3. This concentration overshot the WHO threshold. There was an increase in 
PM2.5 trend in 2019, negative trend in the dry season, positive in the wet season. There was also an 
increasing trend in the PM10 concentration in 2019, negative trend in the dry season and increasing 
trend during the wet season. PM2.5 recorded negative trend in 2020 while PM10 recorded negative trend 
in 2020. Mean PM2.5/PM10 ratio for the year 2019 was 0.65±0.21. The ratio for the dry season of 2019 was 
0.614±0.242. That of the rainy season was 0.721±0.190. For the year 2020, it was 0.255±0.08. 
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INTRODUCTION 
 
Nigeria as a developing country is facing serious air 
pollution crisis as some major cities have very poor 
air quality. Air pollution in Nigeria over the past 
decade has been on a steady increase. Within this 
period, the rate at which ambient air quality is being 

degraded has been alarming.  Particulate Matter 
(PM) is of interest in this research work. According to 
Rivas-Santiago et al. (2015), the major components 
that accounted for 83% of the mass of PM2.5 consist 
of  4.5%   sulfate,  2.1%  nitrate,  30.9%  carbon,  and  
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46.2% crustal elements. Similarly, the major 
components accounting for 75% of the mass of PM10 
consist of 5.6% sulfate, 1.8% nitrate, 29.0% carbon, 
and 39.4% crustal elements. Particulate matter (PM) 
pollution has caused serious environmental problems 
with human health the most affected (Wang et al., 
2008). Over the last 30 years, studies carried out in 
some developed countries have heavily linked 
mortality and morbidity and exposures to 
concentrations of pollutants including particulate 
matter. These diseases include cardiovascular and 
respiratory disease, urgent care visits, asthma 
attacks, acute bronchitis and restrictions in activity 
(Cheng et al., 2013). It also reduces life expectancy 
at the long term (Koton et al., 2013). Air pollution kills 
150 per 100,000 Nigerians (Ogundipe, 2018). 
According to World Health Organization report WHO 
(2018), 4.2 million premature deaths related to 
ambient air pollution occurred around the world. In 
2012 alone, 11.6% of global deaths, equivalent to 
6.5million deaths were linked with outdoor air 
pollution (Yakubu, 2018). This has become a source 
of concern worldwide. Due to the urgency of PM 
pollution in Nigeria, it has become imperative to study 
the changes of PM concentration in ambient air. 
Trend analysis is a vital tool that can be used to 
examine the changes in PM concentration over a 
period of time (Lang et al., 2019).   Cukurluoglu and 
Bacanli, (2018) carried out trend analysis of air 
quality in Aegean, Turkey between the year 1990 to 
2009. The result showed that PM10 showed an 
increasing trend. Font and Fuller (2015) carried out a 
road side air quality trend analysis in London. The 
result shows that between the year 2010 to 2014, 
there was a decrease in trend for PM2.5. There was 
also an increase in trend for PM10. Yadav and Mishra 
(2015) carried out trend analysis of air quality in India. 
The result shows that in 2010 there was a decrease 
in trend for PM10. In 2011, there were negative trends 
for PM10. In 2012, there were also negative trends for 
PM10. Kim and Lee (2018) carried out air quality trend 
analysis in Seoul. It was recorded that the sulphates 
which is a major constituent of PM had a decreasing 
trend in the 2010s. Kindzierski et al., (2009) carried 
out air quality trend analysis in Alberta, Canada, they 
found out that between 1998 to 2007, PM2.5 had 
decreasing trend. Asad et al., (2011), carried out an 
ambient air quality trend analysis in Islamabad, 
Pakistan between 1991 to 1999. There was a 
decrease in trend for PM2.5 considering august 2007 
to December 2009. Jaiswal et al., (2018) carried out 
a  trend  analysis  in Varanasi, India. They  concluded  
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that PM10 had a positive trend. PM2.5 showed 
negative trend. 
 
  
MATERIALS AND METHODS 
 
The data for this research has been provided by the 
European Center for Medium-Range Weather 
Forecast (ECMWF), Copernicus Atmosphere 
Monitoring Service (CAMS)), in collaboration with the 
European Organization for the Exploitation of 
Meteorological Satellites (EUMETSAT). This data is 
based on satellite observations. According to 
EUMETSAT, these satellites use lots of wavelengths 
of light, both within the visible spectrum and outside. 
The light that's seen by a satellite is dependent on 
how the molecules in the air are behaving. In the 
infrared, the satellite is seeing the vibrations of 
molecules that are releasing energy that's coming out 
of the top of the atmosphere as heat, and that's the 
signal that's actually measured by these satellites. By 
measuring those signals in the laboratory and 
knowing what the composition of the gas is, the 
information can then be used to calculate what the 
contribution of that gas is to what is actually 
measured by the satellite, and then that gives the 
distribution globally of ozone and other pollutant that 
were used for this research. 

The data was downloaded from their website. The 
data for the months of January to December 2019 
and January to March of 2020 were extracted. The 
extracted date are daily data recorded throughout the 
month. The data is for 3.00 hours. Python 
programming language was used for the visualization 
of the netcdf files. The xarray_open_dataset function 
was used in opening the netcdf dataset used for this 
research. The dataset comprised of Particulate 
matter (PM2.5 and PM10), Nitrogen dioxide (NO2), 
sulfur dioxide (SO2), carbon monoxide (CO), ozone 
(O3). The select (sel) function was used to extract the 
concentration of the different pollutants at latitude 
9.082 and longitude 8.675 which represents the 
coordinates of Nigeria. The axes method of the 
Matplotlib. pyplot object was used to project the 
concentration. It was used in the form projection = 
cartopy. Orthographic (9.082, 8.6750). The 
transformation of the dataset was used as 
cartopy.crs. PlateCarree(). The Mann-Kendall trend 
test was used for the trend analysis for this research. 
The Mann-Kendall trend test was applied to the 
monthly data. It was also applied to the combined 
data which comprises January to May. 
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Figure 1. Map of Nigeria highlighting major emission centers 
(Marais et al., 2014). 

 
 
 
STUDY AREA 
 
Pollution sources in Nigeria 
 
Nigeria is the most populated black nation in the 
world. Figure 1 shows the major population centers 
and industrial point sources in Nigeria. It can be seen 
that the places with highest population are Kano state 
which is located in the North, Lagos located in the 
South West and the Niger Delta states located in the 
South East. The majority of Nigeria's industry is 
concentrated in 5 cities; Kano and Kaduna in the 
north, Lagos in the southwest, and Warri and Port 
Harcourt in the Niger Delta (Marais et al., 2014). In 
Nigeria, the Niger Delta is the center for oil and gas 
production. This means that oil and gas related 
pollution is predominant in the area. Nigeria’s daily 
crude oil production increased by 9 per cent to about 
2.09 million barrels in 2018, when compared to the 
2017 average production of 1.86 million barrels. In 
2018, Nigeria flared a total of 130.07 billion standard 
cubic feet of gas from January to May (Akpan et al., 
2018). Gas flaring has contributed to a greater 
percentage of air pollution in Nigeria especially in the 

Niger Delta area. Vehicular emissions also contribute 
to air pollution in Nigeria. Those residing close to the 
road sides in Nigeria are at a greater risk of air 
pollution compared to those residing or working 
further from the road sides (Zagha and Nwaogazie, 
2015). These problems come from the fact that most 
cars imported into Nigeria are used cars of which so 
many are not road worthy. States in Nigeria that are 
heavily industrializes also suffer from the effects of air 
pollution. The ambient air of Kaduna state of Nigeria 
which stations a petrochemical industry have been 
found to be polluted with chemicals. These chemicals 
include Nitrogen Oxide (NO), Carbon monoxide 
(CO), Sulfur dioxide (SO2) (Abdulkareem and Kovo, 
2001). Different methods in which refuse is being 
disposed also contribute to air pollution in Nigeria. 
These methods include but not limited to dustbin, 
indiscriminate dumping along the streets, and 
burning of the refuse. Others include burying, 
indiscriminate dumping of the refuse inside gutters or 
rivers (Chinwe, 2013). Other sources of air pollution 
in Nigeria include: soil dust, radioactive–containing 
geologic materials, sea spray and decaying 
vegetation. These are classified as natural sources.  



 
 
 
 
Other anthropogenic sources include mining, 
agricultural practices, radiation exposure, bush 
burning, and other domestic practices (Asubiojo, 
2016). 
 
Trend analysis methods 
 
For significant trend in air quality data to be detected, 
two test must be considered. These are; parametric 
and non-parametric test. In this study, two non-
parametric methods (Mann-Kendall and Sen's slope 
estimator) were used to detect the particulate matter 
(PM) trends (Gocic and   Trajkovic, 2013). 
 
The Mann-Kendall trend test 
 
(Mann 1945; Kendall 1975; Gilbert 1987), proposed 
the Mann-Kendall test which is a non-parametric 
statistical method that when applied on data set helps 
to determine if a series of observation of random 
variable is increasing or decreasing. This method is 
also known as Kendall’s Tau. Tau measures the 
strength of relationship between variable X and Y. In 
other words, Tau value tells about how X and Y are 
correlated. Mann-Kendall Tau is calculated as: 
 

𝜏 =  
𝑆

𝑛(𝑛 − 1)/2
                                                             (1) 

 
 
Where, S=Mann- Kendall principle of statistic n=No. 
of data pairs Let X1,X2,……..,Xn represents n data 
points and Xi, Xj represents data points at time i and 
j respectively such that (j>i) .Then Mann-Kendall 
principle of statistic (S) is calculated as: 
 

𝑆 = ∑ ∑ 𝑠𝑖𝑔𝑛(𝑋𝑗 − 𝑋𝑖 )

𝑛

𝑗=𝑘+1

𝑛−1

𝑖=1

                                     (2) 

 

Where sign (𝑋𝑗 −  𝑋𝑖) =  {

1 𝑖𝑓( 𝑋𝑗 − 𝑋𝑖  )˃0

0 𝑖𝑓( 𝑋𝑗 − 𝑋𝑖  ) = 0

−1 𝑖𝑓( 𝑋𝑗 − 𝑋𝑖  )˂0

              

(3) 
      
If τ = 0 Then no trend exists. Whereas, 
If τ≠ 0 Then trend exist. 
If value of τ is negative then X and Y are negatively 
correlated and Y decreases more than increasing. 
Similarly, if τ is positive then X and Y are positively 
correlated and Y increases more. 

Umoh et al. 849 
 
 
 
The Mann-Kendall Z-statistic 

𝑍𝑚𝑘 =
𝑆 − 1

√𝑉𝐴𝑅(𝑆)
 𝑖𝑓 𝑆 > 0                                               (4) 

𝑍𝑚𝑘    =  0 if S = 0                                                  (5) 

𝑍𝑚𝑘  =  
𝑆+1

√𝑉𝐴𝑅(𝑆)
 𝑖𝑓 𝑆 < 0                                          (6)  

Where VAR(S) = 
1

18
[𝑛(𝑛 − 1)(2𝑛 + 5) −

 ∑ 𝑡𝑝(
𝑔
𝑝−1 𝑡𝑝 −  1)(2𝑡𝑝 +  5)                                       (7) 

g is the number of tied groups and 𝑡𝑝 is the number 

of observation in the pth  group. n is the number of 
observations in time. 
 
Sen’s slope estimator 
 
According to Drápela and Drápelová (2011), if a 
linear trend is present in a time series, then the true 
slope (change per unit time) can be estimated by 
using a simple nonparametric procedure developed 
by Sen (1968). This means that linear model f (t) can 
be described as: 
𝑓(𝑡) = 𝑄𝑡 + 𝐵                                                                  (8) 
where Q is the slope 
B is a constant. 
To derive an estimate of the slope Q, the slopes of all 
data pairs are calculated 
 

𝑄𝑖 =  
𝑋𝑗 − 𝑋𝑘

𝑗 − 𝑘
, 𝑖 = 1, 2 … 𝑁, 𝑗 ˃𝑘                                 (9) 

 
If there are n values xj in the time series we get as 
many as N = n(n-1)/2 slope estimates Qi. The Sen’s 
estimator of slope is the median of these N values of 
Qi. The N values of Qi are ranked from the smallest 
to the largest and the Sen’s estimator is: 
 

𝑄 =  {

𝑄𝑛+1
2

 
 𝑖𝑓 𝑁 𝑖𝑠 𝑜𝑑𝑑                 

1

2
(𝑄𝑁

2
+  𝑄𝑁+2

2
) 𝑖𝑓 𝑁 𝑖𝑠 𝑒𝑣𝑒𝑛                         (10)

 

The sign of Q reveals the upward or downward trend 
of the data and its numeral denote the trend 
steepness (Jaiswal et al. 2018). 
 
Probability (P-value) 
 
If the p value is less than the significance level α 
(alpha) = 0.05, H0 is rejected. Rejecting H0 indicates 
that there is a trend in the time series, while accepting 
H0 indicates no trend was detected. On rejecting the 
null hypothesis, the result is said to be statistically 
significant (Karmeshu 2012). 
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Carrying out trend analysis on the air quality 
parameters will help monitor the rate at which the 
concentration of these pollutants is changing. This 
will help in establishing laws to mitigate its effects. 
The main aim of this research is to look at the recent 
trend in air pollution, considering Nigeria as a case 
study. 
 
 
RESULTS AND DISCUSSION                                                                                         
 
Particulate matter (PM2.5) analysis 
 
Particulate matter (PM2.5) represents particulates 
with size 2.5µm and less. According to the Health 
Effect Institute report HEI (2019), fine particle (PM2.5) 
air pollution comes from vehicle emissions, coal-
burning power plants, industrial emissions, and many 
other human and natural sources. The World Health 
Organization (WHO) has been in the forefront in the 
fight of air pollution. As a means of controlling air 
pollution, WHO came up with three interim air quality 
targets set at progressively lower concentrations for 
PM2.5: Interim Target 1 (IT-1, ≤35 μg/m3), Interim 
Target 2 (IT-2, ≤25 μg/m3), and Interim Target 3 (IT-
3, ≤15 μg/m3). The percentage of people living in 
countries exceeding the World Health Organization 
(WHO) guidelines decreased in some developed 
countries. In the United States of America (USA), it 
decreased by as much as 50% in 1990 but as low as 
3% in 2017. The European countries and Japan still 
had about 80% of their population living in areas that 
exceeded the WHO guidelines as at 2017. Nigeria 
was reported to have 100% of its population in these 
areas. In 2017, Nigeria exceeded the set Interim 
Target of 35 μg/m3 by recording an annual mean 
concentration of 72 μg/m3. Other countries that 
exceeded the interim targets were Western sub-
Saharan Africa, where Niger (94 μg/m3), Cameroon 
(73 μg/m3), Chad (66 μg/m3), and Mauritania (47 
μg/m3) had the highest exposures. Countries in North 
Africa and the Middle East experienced similarly high 
levels, for example, Qatar (91 μg/m3), Saudi Arabia 
(88 μg/m3), Egypt (87 μg/m3), Bahrain (71 μg/m3), 
Iraq (62 μg/m3), and Kuwait (61 μg/m3). All other 
countries in this region had PM2.5 exposures 
between 30 and 60 μg/m3. In the region of East Asia, 
China had the highest PM2.5 exposures (53μg/m3), 
while North Korea and Taiwan experienced 
concentrations of 32 and 23 μg/m3, respectively (HEI 
2019). This research shows that the concentration of 
PM2.5  in  Nigeria  varies according to season. In 2019,  

 
 
 
 
the mean concentration of PM2.5 was 78.5μg/m3 
which is higher than the WHO standard of 10µg/m3 
annual mean and 25µg/m3 24-hour mean. This value 
was about three times the value measured in Athens, 
about six times that measured in Rome, two times the 
concentration measured in Turin and seven times the 
concentration of PM2.5 measured in Oxford 
(Raaschou-Nielsen et al., 2016). It was however 
lower than the concentration measured in Delhi in 
2015 (Chaudhari et al., 2015). Though it was lower 
than concentration of 135.7μg/m3 measured at an 
industrial site in Kaduna State in 2016 (Orogade et 
al., 2016). The concentration of PM2.5 peaked in 
November with a value of 1150μg/m3. This can be 
explained by the fact that November begins the dry 
season. The number of days PM2.5 concentration 
exceeded the WHO standard were 131 days in the 
year 2019. In the rainy season of 2019, which 
constitute the months (March to September), the 
concentration was 78.5μg/m3. During the dry season 
of 2019, the mean concentration was 139.4μg/m3. 
The increase in the concentration of PM2.5 may be 
due to the increase in activities such as road 
construction, bush burning, biomass combustion 
which normally increases during the dry season. The 
increase in concentration of PM2.5 in the dry season 
is consistent with (Akinfolarin et al., 2017; Ngele and 
Onwu, 2015; Ubong et al., 2011). During the winter 
months, the mean concentration was 61.335μg/m3. 
During the autumn months, the mean concentration 
was 264.65μg/m3. During the summer months, the 
mean concentration was 28.475μg/m3. During the 
spring months, the mean concentration was 
20.95μg/m3. Within the months of January to March 
of year 2020, the mean concentration was 545μg/m3. 
Figure 2 shows concentration of PM2.5 for the months 
of January to March 2019. Figure 3 shows 
concentration of PM2.5 for the months of January to 
March 2020. Chang et al. (2020) published the 
compounded annual growth rate (CAGR) of 
particulate matter exposure (PME) for the period of 
the year 2000 to 2014. According to him 212 
countries had CAGR estimated to be -0.21% during 
the period. Average PME was 7.60 μg/m3 in 2000, 
peaked at 8.60 μg/m3 in 2007 and decreased to 7.38 
μg/m3 in 2014. In this report China led the top ten 
countries in increasing trend of PME with 2.75% 
CAGR while Poland was the least in the top ten with 
-1.98% CAGR within 2000 – 2014. Table1 shows the 
Mann-Kendall trend analysis parameters for year 
2019, the rainy and dry seasons of 2019. It also 
presents   trend   analysis   for   2020.   The   analysis  



Umoh et al. 851 
 
 
 

 
 

Figure 2. Graph of PM2.5 for January-March 2019. 
 
 
 
includes; the Z-value, the Sen estimator value, the 
probability value (p-value), and the tau (τ). From the 
table, it shows that there is an increasing trend 
recorded for PM2.5 for the year 2019. This is because 
the p-value is less than the set alpha value of 0.05 
hence we conclude that there is a trend. The positive 
z-value as well as the positive tau value shows that 
the trend is an increasing trend. The small value of 
Sen’s slope shows that the increase is a small 
increase. During the dry season of 2019, the negative 
Z value shows that there is a negative trend 

associated with PM2.5. The small value of p shows 
that there is a trend. During the rainy season of 2019, 
the positive Z value and the small p value shows that 
there was an increase in PM2.5 concentration. There 
were positive trends recorded during the autumn, 
spring and winter months as shown in Table 2. The 
summer months however recorded a negative trend 
in PM2.5. Jaiswal et al., (2018) recorded a no trend in 
the summer, negative in the monsoon and no trend 
in the winter period of the period 2013 -2016 in Uttar 
Pradesh (UP) state, India. In the three months of the  
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Figure 3. Graph of PM2.5 for January-March 2020. 
 
 
 
year 2020, the negative Z value shows there is a 
negative trend associated with PM2.5. Mean 
PM2.5/PM10 ratio for the year 2019 was 0.65±0.21. 
The ratio for the dry season of 2019 was 

0.614±0.242. That of the rainy season was 
0.721±0.190. For the year 2020, it was 0.255±0.08. 
This indicates that PM10 had a larger proportion in the 
ambient airborne PM content. 
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   Table 1. Mann-Kendall trend test parameters for PM10 and PM2.5 
  

Pollutant Z-value Sen’s slope    p-value           tau(τ)            Trend 
 

For year 2019 
PM2.5  14.34  9.0x10-11            1.32x10-46 0.47         Increasing Trend 
PM10  15.99  2.19x10-10           1.38x10-57 0.52         Increasing Trend 

 
For year 2020 
PM2.5  -5.68  -3.87x10-10            1.31x10-8 -0.47         Decreasing Trend 
PM10  -5.99  -2.03x10-9           2.01x10-9  -0.52         Decreasing Trend 

 
For (March – September) wet season 2019 
PM2.5  3.95  5.35x10-11           7.86x10-5  0.17         Increasing Trend 
PM10  5.60  1.23x10-10           2.16x10-8  0.24         Increasing Trend 

 
For (October– February) dry season 2019 
PM2.5  -7.25  -1.69x10-10           4.15x10-13      -0.36         Decreasing Trend 
PM10  -6.68  -2.63x10-10           2.39x10-11      -0.34         Decreasing Trend  

 
 
 
PM2.5/PM10 ratio analysis is quite important. This is 
because it gives an insight into the sources of the 
pollutants. High ratios attribute particulate air 
pollution to vehicle emissions and secondary 
particles, formed in the atmosphere from gases. On 
the other hand, smaller ratios are related to strong 
dust emissions and resuspension due to high traffic 
volume (Owoade et al., 2013). 
  
PM10 analysis 
 
This research shows that the concentration of PM10 
in Nigeria varies according to season. In 2019, the 
mean concentration of PM10 was 162.4μg/m3 which 
is higher than the WHO standard of 20µg/m3 annual 
mean and 50µg/m3 24-hour mean. Though it was 
lower than concentration of 269.2μg/m3 measured at 
an industrial site in Kaduna State in 2016 (Orogade 
et al., 2016). The concentration of PM10 peaked in 
November with a value of 2290μg/m3. The number of 
days PM10 concentration exceeded the WHO 
standard were 131 days in the year 2019. In the rainy 
season of 2019, which constitute the months (March 
to September), the concentration was 168.4μg/m3. 
During the dry season of 2019, the mean 
concentration was 305.4μg/m3. The increase in the 
concentration of PM10 may be due to the increase in 
activities such as read construction, bush burning, 
biomass combustion which normally increases 
during the dry season. The increase in concentration 

of PM10 in the dry season is consistent with (Ngele 
and Onwu, 2015; Ubong et al., 2011). During the 
winter months, the mean concentration was 
273.4μg/m3. During the autumn months, the mean 
concentration was 539.7μg/m3. During the summer 
months, the mean concentration was 42.12μg/m3. 
During the spring months, the mean concentration 
was 26.7μg/m3. Within the months of January to 
March of year 2020, the mean concentration was 
233.1μg/m3. Figure 4 shows concentration of PM10 
for the months of January to March 2019. Figure 5 
shows concentration of PM10 for the months of 
January to March 2020. Table1 shows the Mann-
Kendall trend analysis parameters for year 2019, the 
rainy and dry seasons of 2019. It also presents trend 
analysis for 2020. The analysis includes; the Z-value, 
the Sen estimator value, the probability value (p-
value), and the tau (τ). From the table, it shows that 
there is an increasing trend recorded for PM10 for the 
year 2019. This is because the p-value is less than 
the set alpha value of 0.05 hence we conclude that 
there is a trend. The positive z-value as well as the 
positive tau value shows that the trend is an 
increasing trend. The small value of Sen’s slope 
shows that the increase is a small increase. During 
the dry season of 2019, the negative Z value shows 
that there is a negative trend associated with PM10. 
The small value of p shows that there is a trend. 
During the rainy season of 2019, the positive Z value 
and  the  small  p value   shows  that  there   was   an  
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Table 2. Results of the statistical tests for seasonal and annual PM (PM10 and PM2.5) for 2019 
 
 PM           Test                         Trends 

 
                                  Spring            Summer             Autumn             Winter                 Annual 
 

PM2.5             Z            0.06                 -5.45                  8.64                1.15                14.34 
 
                                 Sen     7.33x10-15       -3.44x10-10       9.11x10-10           4.92x10-11        9.00x10-11     
 
                                 Tau      0.004              -0.39                   0.62                   0.08                0.47 
 
                              P value    0.95              4.93x10-8           5.67x10-18           0.25             1.32x10-46 
 
 

PM10             Z            0.24                -5.29                  7.05                     1.79                15.99 
 
                                Sen     4.27x10-14       -4.81x10-10          2.94x10-9            2.67x10-10         2.19x10-10     
 
                                Tau      0.02                  -0.38                   0.51                      0.13                0.52 
 
                               P value    0.81               1.23x10-7           1.75x10-12                0.07            1.328x10-57 
 
 
 
 
increase in PM10 concentration. There were positive 
trends recorded during the autumn, spring and winter 
months as shown in Table 2. This is consistent with 
(Cukurluoglu and Bacanli, 2018). Jaiswal et al., 
(2018) recorded a positive trend in the summer, 
negative in the monsoon and positive in the winter 
period of the period 2013 -2016 in Uttar Pradesh (UP) 
state, India. The summer months however recorded 
a negative trend in PM10. In the three months of the 
year 2020, the negative Z value shows there is a 
negative trend associated with PM10.  
 
 
SUMMARY  
 
A research on the recent trends in air pollution in 
Nigeria has been carried out. The data was extracted 
from Copernicus/Cams website. The pollutants 
considered for this research were, PM2.5, PM10. 
These data were presented in Network compatible 
document format (Netcdf). These satellite data 
covered the months of January to December 2019.  
The data also covered January to March of 2020. 
This research shows that the concentration of PM2.5 
in Nigeria in 2019, was 78.5μg/m3 which is higher 
than the WHO standard of 10µg/m3 annual mean and 

25µg/m3 24-hour mean. The concentration of PM2.5 
peaked in November with a value of 1150μg/m3. In 
the rainy season of 2019, which constitute the 
months (March to September), the concentration was 
78.5μg/m3. During the dry season of 2019, the mean 
concentration was 139.4μg/m3. During the winter 
months, the mean concentration was 61.335μg/m3. 
During the autumn months, the mean concentration 
was 264.65μg/m3. During the summer months, the 
mean concentration was 28.475μg/m3. During the 
spring months, the mean concentration was 
20.95μg/m3. Within the months of January to March 
of year 2020, the mean concentration was 545μg/m3. 
There was an increasing trend recorded for PM2.5 for 
the year 2019. During the dry season of 2019, there 
was a negative trend associated with PM2.5. During 
the rainy season of 2019, there was an increase in 
PM2.5 concentration. There were positive trends 
recorded during the autumn, spring and winter 
months of 2019. The summer months however 
recorded a negative trend in PM2.5. In the three 
months of the year 2020, there was a negative trend 
associated with PM2.5. Mean PM2.5/PM10 ratio for the 
year 2019 was 0.65±0.21. The ratio for the dry 
season of 2019 was 0.614±0.242. That of the rainy 
season  was  0.721±0.190. For  the  year 2020, it was  
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Figure 4. Graph of PM10 for January to March 2019. 
 
 
 
0.255±0.08. This indicates that PM10 had a larger 
proportion in the ambient airborne PM content. In 
2019, the mean concentration of PM10 was 
162.4μg/m3 which is higher than the WHO standard 
of 20µg/m3 annual mean and 50µg/m3 24-hour mean. 
The concentration of PM10 peaked in November with 
a value of 2290μg/m3. In the rainy season of 2019, 
which constitute the months (March to September), 
the concentration was 168.4μg/m3. During the dry 
season of 2019, the mean concentration was 
305.4μg/m3. During the winter months, the mean 

concentration was 273.4μg/m3. During the autumn 
months, the mean concentration was 539.7μg/m3. 
During the summer months, the mean concentration 
was 42.12μg/m3. During the spring months, the mean 
concentration was 26.7μg/m3. Within the months of 
January to March of year 2020, the mean 
concentration was 233.1μg/m3. There was an 
increasing trend recorded for PM10 for the year 2019. 
During the dry season of 2019, there was a negative 
trend associated with PM10. During the rainy season 
of 2019, there was an increase in PM10 concentration.  
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Figure 5. Graph of PM10 for January to March 2020. 
 
 
 
There were positive trends recorded during the 
autumn, spring and winter months. The summer 
months however recorded a negative trend in PM10. 
In the three months of the year 2020, there was a 
negative trend associated with PM10. 

CONCLUSION 
 
From the research, it was concluded that in 2019, the 
concentration of PM2.5 was high during the dry 
season  and  was  low  during  the  rainy season. This  

   

 

 



 
 
 
 
may be due to wet deposition during the rainy 
season. The concentration of PM2.5 was also high in 
the first three months of 2020. The trend analysis 
showed an increasing trend of PM2.5 in 2019 and a 
decreasing trend in 2020. That air quality research in 
Nigeria has to be given a more serious attention that 
it is at the moment. The relevant authorities and all 
the stakeholders in the environmental sector in 
Nigeria must unite in the fight of this menace called 
air pollution. More funds should be committed to air 
quality research. Air quality index estimation in 
Nigeria should be done on a daily basis and the 
information provided to the public. It is their right to 
know how clean the air their breathing is. 
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