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Abstract: Owing to the effect on people, livestock, and materials, air pollution is a hazard globally.19

To this end, stakeholders have taken on the challenge of quantifying the environment with the use20

of tools and eventually using the data produced to provide solutions to the problems. However,21

low-cost sensors and IoT have come to the rescue due to the high cost and operational complexity22

of equipment and methodologies in environmental monitoring. They are relatively inexpensive and23

reliable. It is on this assumption that we have decided to use the World Air Quality satellite data24

supplied by air matters.com. This study is a 40-day preliminary work in which air quality (AQI,25

PM2.5, PM10, NO2, CO, SO2, and O3) and meteorological (temperature, humidity, and wind speed)26

parameters were monitored. The data collected was for five locations in Lagos State, Nigeria (Ojodu,27

Opebi, Ikeja, Maryland, and Eti-Osa). The data obtained were subjected to basic descriptive,28

multivariate and time series statistical analyses. The findings showed that the AQI of all locations29

presented the levels of contamination as 'Unhealthy for Vulnerable Groups', there were30

relationships between the parameters monitored and meteorological influences, and the effects of31

natural and man-made activities may be the sources of the elevated pollutants throughout the32

locations.33

34
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1. Introduction37

Urban air pollution is typically caused by a wide variety of emission sources, including38

commercial/residential fuel traffic, manufacturing and combustion, and consists of a complex mix39

of gaseous and particulate air pollutants such as nitrogen dioxide (NO2), sulfur dioxide (SO2), fine40

particulate matter (PM2.5) and ground-level ozone (PM2.5) (defined as aerodynamic diameter41

particulate matter (PM2.5). Air quality has been a big concern in many countries. According to the42

World Health Organization (WHO) [1], more than seven million people die each year because of43

this disease, and more than 80 percent of the population of urban areas live in places where air44

quality increases above WHO guideline limits [2].45



The 3rd International Electronic Conference on Geosciences, 7 - 13 December 2020

The 3rd International Electronic Conference on Geosciences, 7 - 13 December 2020

Growing use is being made of low-cost sensors, satellite modelling and citizen scientists,46

non-scientists interested in specific issues who collect or analyze data to contribute to scientific47

research, or advocate for environmental or public health improvements. Several organizations such48

as New York City Community Air Survey (NYCCAS), AirVisual, and Air Matters, just to name a49

few have developed into this field of community engagement and community-based participatory50

research by developing air quality toolkits for 'citizen-science' and AQI modelled using satellite to51

accessible pollution source data, using fresh, low-cost air pollution surveys to construct community52

air pollution surveys.53

According to Iskandaryan et al. [3] and Giffinger et al. [4], a smart city is a city in which there54

are six main components, including smart economy, smart transport, smart environment, smart55

citizens, smart life, and smart management, or The use of smart computing technologies to render56

critical infrastructure components and services of a city, including city governance, education, and57

smart management. The availability of data produced by sensors is a significant characteristic of58

smart cities [5, 6]. In other words, because of the above explanation, there is the aspiration of Lagos59

becoming a smart town in Nigeria.60

In Nigeria, Nigerian scientists and their international collaborators have taken a variety of air61

quality measurements [7 – 9]. These are however, limited-point measurements around the city62

(background, commercial, roadways, and informal settlement households) and limited numbers of63

contaminants, primarily PM2.5 and PM10. In certain cases, PM levels appear far above the World64

Health Organization (WHO) 24-h average guideline. We used standard AQI-modelled satellite data65

from Lagos, Nigeria's former headquarters, in this study to monitor air quality. It is expected that66

the study will last 24 months. Consequently, the purpose of the study was to carry out a 40-day67

preliminary air quality assessment (PM2.5, PM10, CO, NO2, SO2, and O3) at five separate locations68

(Opebi, Ojudu, Ikeja, Maryland, and Eti-Osa) in Lagos State, Nigeria, and to assess the effect of69

meteorological parameters (wind speed, temperature and humidity) on air quality.70

71

2. Experiments72

The air quality was assessed in this study using regular AQI satellite data from Air Matters [10]73

at five locations in Lagos State, Nigeria (elevation: 38 meters, latitude: 06 35N, longitude: 003 20E).74

From the 1st of October and 9 November 2020. The stations are Ojodu (6.625, 3.354); Ikeja (6.601,75

3.351); Eti-Osa (6.458, 3.601); Maryland (6.571, 3.372); and Opebi (6.589, 3.361) (Figure 1). A tropical76

savanna climate with dry and wet sessions (Cfa following Köppen climate classification)77

characterises the study cycles in Lagos.78

For the year in Lagos, the average temperature is 27.2°C. On average, the warmest month is79

February, with an average temperature of 28.9°C. On average, the coolest month is August, with an80

average temperature of 25°C. For the year in Lagos, the total amount of precipitation is 1506.2 mm.81

On average, the month with the most rainfall is June, with 315 mm of precipitation. On average, the82

month with the least rainfall is January, with an average of 12.7 mm. There is an average of 53.083

days of precipitation, with 9.0 days being the most precipitation in September and 1.0 days being84

the least precipitation in January. There is an average of 53.0 days of rain in terms of liquid85

precipitation, with the most rain occurring in September with 9.0 days of rain, and the least rain86

occurring in January with 1.0 days of rain [11].87
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88

Figure 1: The Sampling Points in the different Local Government Area (LGA)89

90

Air-quality.com (powered by Air Affairs) is a low-cost real-time, citizen-based PM sensor91

network deployed in more than 180 countries and regions (https:/air-quality.com). Air-quality.com92

provides measurements via satellite images of contaminants (PM2.5, PM10, CO, NO2, SO2, O3) and93

meteorological parameters (humidity, wind speed and temperature). In this analysis,94

measurements of hourly pollutants and meteorological parameters were used. In this research, the95

available data on AQI, pollutants and meteorological parameters in Ikeja, Ojodu, Opebi, Eti-Osa,96

and Maryland were computed and statistically analysed using Minitab software version 1697

(Descriptive, Pearson correlation, Box map, and Times series).98

99

3. Results100

Table 1 shows the mean values for AQI are as follows: Ikeja (127.88), Opebi (141.82), Ojodu101

(109.88), Eti-Osa (101.4) and Maryland (127.88). The health details for the locations ranged from102

‘good’ to ‘very unhealthy’. The mean concentration of PM2.5 and PM10 over Ikeja was between 20 -103

123 μg/m3 and 30 - 176 (μg/m3); Maryland was between 22 - 120 μg/m3 and 33 - 173 μg/m3; Ojodu104

was between 17μg/m3 - 81μg/m3 and 27 - 121μg/m3; and Eti-Osa was between 5μg/m3 - 212μg/m3
105

and 9μg/m3 - 298μg/m3. In Opebi, however, PM2.5 and PM10 were between 26 - 163 (μg/m3) and 40 -106

241 (μg/m3) respectively. In all the locations, the mean values of O3 are as follows: 32.52, 38.7, 36.2,107

37.85, and 36.13μg/m3 for Ikeja, Maryland, Opebi, Ojodu, and Eti-Osa. Opebi had the highest value108

(3179μg/m3), followed by Eti-Osa (2978μg/m3), and the lowest value in Maryland (1943μg/m3). The109

coefficient variations of NO2 and SO2 varies from 61.63 - 77.06 percent and 26.86 - 37.36 percent110

respectively in all locations, with the exception of Eti-Osa with variations of 120.97 percent and111
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Table 1: Summary of the Data in all the five locations112

113

64.84 percent respectively. Table 1 also indicates the variations (mean) in temperature (23.5-28.33),114

wind speed (3.79-13.73), and relative humidity (82.75-93.37).115

For the data collected, Pearson correlation statistics are applied. Strong correlations (r) were116

observed in Eti-Osa AQI, PM2.5, PM10 at above 0.90. Also in other locations there were strong117

correlations in AQI, PM2.5, PM10, CO, and O3 at >0.84. (Table 2). The gases and the values of the PM118

are negatively correlated. Strong correlations were in the meteorological parameters and the119

pollutants.120

121

122

123

AQI

PM2.5

(μg/m3)

PM10

(μg/m3)

O3

(μg/m3)

CO

(μg/m3)

NO2

(μg/m3)

SO2

(μg/m3)

Temp
oC

Humidity

(%)

Wind

Speed

(m/s)

Ikeja

Mean 127.88 57.4 84.97 35.52 1110.2 17.77 3.95 27.38 84.63 12.42

Std Dev. 42.58 28.29 20.03 26.34 58.5 11.07 1.06 1.51 7.92 5.58

Minimum 70 20 30 16 302 2 3 23 66 2

Maximum 188 123 176 98 2576 45 7 30 100 24

Opebi

Mean 141.82 69.28 107.38 38.7 1392 23.98 6.08 26.7 92.7 6.55

Std Dev. 39.62 38.18 52.35 31.93 708 15.08 2.27 0.85 2.42 1.95

Minimum 80 26 40 11 332 4.25 2 25 84 2

Maximum 211 162 241 113 3179 55 15 28 94 11

Ojodu

Mean 109.28 40.38 63 37.85 69.6 8.82 2.83 27 85.5 13.73

Std Dev. 38.41 19.68 27.4 24.13 43.7 6.8 0.78 2.18 7.86 6.21

Minimum 61 17 27 12 273 2 2 23 70 4

Maximum 163 81 121 88 1968 28 4 30 94 20

Maryland

Mean 127.88 57.05 84.97 36.2 964 15.12 3.4 28.33 82.75 9.95

Std Dev. 40.79 28.91 41.85 22.5 473 9.31 1.01 0.57 2.7 4.24

Minimum 69 22 33 13 115 2 2 28 72 6

Maximum 192 120 173 90 1943 33 6 30 84 24

Eti-Osa

Mean 101.4 58.3 84.5 36.13 1013 17.58 5.03 23.5 93.37 3.79

Std Dev. 77.3 63.1 89.2 25.32 1007 21.26 3.26 0.56 1.42 1.91

Minimum 21 5 9 10 124 1 1 23 90 2

Maximum 256 212 298 111 2978 66 11 25 94 6
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Table 2: Pearson Correlation Coefficient of the locations124

Parameter
AQI

PM2.5 PM10 O3 CO NO2 SO2
Temp Humidity

Wind

Speed

AQI 1

PM2.5 0.97 1

PM10 0.97 0.99 1

O3 -0.53 -0.56 -0.57 1

CO 0.93 0.92 0.92 -0.58 1

NO2 0.84 0.84 0.85 -0.59 0.97 1

SO2 0.92 0.86 0.86 -0.39 0.92 0.84 1

Temperature -0.64 -0.58 -0.58 0.14 -0.65 -0.57 -0.75 1

Humidity 0.07 0.09 0.09 0.05 0.16 0.13 0.18 -0.45 1

Wind Speed -0.83 -0.74 -0.74 0.23 -0.79 -0.69 -0.91 0.79 -0.23 1

125

Figure 2: The box plot of the locations126

127

Box and Whisker plots are shown in Figure 2 to display the data distribution in terms of the128

lower quartile, upper quartile, median, minimum and maximum in each of the five locations. This129

was carried out to demonstrate the difference in regular concentrations of air pollutants. A brief130

sketch of the distribution of the underlying data is basically shown in the Box plot.131

132

133

Figure 3: The Time Series of the locations134

135
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Time series plot is depicted in Figure 3. From the graph, it could be deduced that there was136

variability in this pollutants data with time. The variability is much lower near the valleys than near137

the peaks.138

Table 3: PCA of the Data from the Different Locations139

140

The Principal Component Analysis (PCA) of AQI, the pollutants, and meteorological factors141

over data set from the locations are depicted in Table 3. For Eti-Osa, Ojodu, Maryland, Ikeja, and142

Opebi, the maximum variance defined for PCs was 70.42 percent, 35.9 percent, 50.6 percent, 48.8143

percent, and 52.3 percent. Eight PCs were obtained in which the highest variance was clarified by144

PC1 with high loads from PM2.5 and PM10.. PC2 and PC3 contain pollutant mixed loadings from PM,145

SO2, NO2, temperature and humidity.146

147

4. Discussion148

The AQI obtained in this study is far less of what was obtained in Port Harcourt by149

Akinfolarin et al. [12] Their results depicted ‘Very unhealthy’ to ‘dangerous’, while ours was from150

‘good’ to ‘unhealth’. In this analysis, most of the PM2.5 findings were above the NAAQS limit of151

35μg/m3 [9]. Likewise, most of the findings on PM10 in this study are above the limit of 150μg/m3.152

Also the NO2 levels are well above the recommended 1-hour mean (0.5μg/m3) of the Federal153

Ministry of Environment (FMEnv) Nigeria, but less than the recommended 24-hour WHO limit154

(40μg/m3). The SO2 values obtained were lower than the WHO limit suggested for 24 hours155

(500μg/m3), and the CO values were also well above the WHO limit of 55μg/m3 for 8 hours. The156

effect of the high results is that it can lead to secondary pollutant(s) polluting water sources and soil157

if the elevated contaminants are washed down by rainfall. This is the case with HNO3-forming NO2,158

which acidifies surface water, soil water and soil water. The burning of fossil fuels, vehicular159

movements, high population rise, rapid economic development, and re-suspended soil dust are the160

contributing variables of airborne contaminants in different cities of the world [13]. There were161

relationships between the meteorological factors. The coefficients of correlation obtained may be162

due to the washout phase as rain indicates an effect of wet deposition on particulate. Temperature163

can influence the formation of particles and gases, so the photochemical reaction between164

precursors can be encouraged by temperature.165

The PCA shows that the CO, NO2 and SO2 indicated biomass burning and vehicular emissions.166

This implies that the contribution of CO and NO2 to this portion comes from emissions from167

vehicles. It is proposed that contaminants can be released from vehicle exhaust [14, 15] and from168

vehicle interior sections [16], suggesting that vehicle emissions are the dominant sources. PC2169

contains heavy pollutant loads, which may be from the burning of biomass. The contaminants may170

Parameter PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8

AQI 0.82

PM2.5 0.61 0.65

PM10 0.66

O3 -0.5 0.63 0.5

CO

NO2 0.61 0.72 0.72 -0.82

SO2

Temperature 0.5 -0.65

Humidity -0.65 -0.66

Wind Speed -0.51

Total Variance (%) 70.42 14.3 7.4 3.1 2.5 1.6 0.5 0.2

Cumulative (%) 70.4 84.7 92 95.1 97.6 99.3 99.8 99.9
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be produced from the burning of plastic and waste too. It has been stated that pollution sources can171

be from road side litter and landfill trash burning. [15, 17]. The PCA suggested that the172

predominant sources in the study areas, with the exception of Eti-Osa near the lagoon, were173

vehicular, dumping and burning of wastes, and industrial sources.174

175

5. Conclusions176

The study is a preliminary results (40 days) of a year monitoring study of Lagos, Nigeria. The177

data generated in this study was received via satellite model provided by Air.Quality.com. The AQI,178

the pollutants (PM2.5, PM10, O3, CO, SO2, and NO2), and the meteorological factors were use for the179

assessment. It was observed the AQI values were high translating into ‘Very Unhealthy’ but most of180

the results in Eti-Osa area were ‘good’ due to its location near the lagoon. Most of the results for the181

pollutants were above the WHO, NAAQS, and FMEnv limits 1-hour mean. Pearson Correlation182

coefficient revealed a great relationships between the pollutants and the meteorological factors. In183

conclusion, it was depicted that elevated concentrations of the pollutants were caused by man made184

activities like vehicular movements, burning of biomass and wastes, industrial, and national185

demonstration by the youths of the country. No doubt, the locations are in danger in terms of air186

pollution, efforts to reduce the menace and the aftermath effects should be put in place by all187

stakeholders (Government, residents, NGOs, environmental scientists, journals, philanthropists,188

just to mention a few).189
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