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This study assessed the effect of seasonal variations on the air quality around slum settlements within 

Lagos Metropolis. Air parameters were monitored from different slums around the settlement of 

Majidun (Group A), Oworoshoki (Group B), Bariga (Group C), Iwaya (Group D) and Ijora Badia 

(Group E) for wet and dry seasons from 2018 to 2019. Parameters analysed are volatile organic 

compounds (VOC), carbon dioxide (CO2), nitrogen dioxide (NO2) and sulphur dioxide (SO2) using 

Aeroqual gas monitor. The data obtained were analysed using statistical package for social sciences 

(SPSS) for Windows. The result of the analyses showed that all the parameters have higher 

concentration during the dry season than in the wet season across the Groups, except VOC. Pressure 

and relative humidity have higher concentration during wet season than dry season among the groups. 

Paired sample t-test results revealed that VOC, CO2, NO2 and SO2 showed no significant variation in 

all Groups. Pressure and relative humidity had significant variation across the groups. Most of the 

parameters have their mean values within the WHO standards in both seasons. Mean values for NO2 

and SO2 are higher than the guideline provisions. Results of principal component analysis (PCA) 

revealed that CO2 contributed a strong positive loading across the groups except for Group C, while 

VOC had a strong positive loading in Group C and D during wet season. Temperature and relative 

humidity (RH) contributed to a strong positive loading across the Groups except for Group C during 

wet season. CO2 and VOC have a strong positive loading across the Groups except for Group E and B 

during dry season. More so, temperature and pressure exhibited a strong positive loading across the 

Groups except for Group A, C, and E respectively. The study concludes that seasons significantly 

influence the concentration of pollutants in the slums. Therefore, the need for monitoring and 

enforcement of appropriate laws should be considered in the slum settlement to reduce the risks 

associated with these pollutants. 
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INTRODUCTION  
The atmosphere is the gaseous envelope 

surrounding the earth, whereby it constitutes 

the transition between the surface and vacuum 

of space (Bhatia, 2009). Thus, it primarily 

comprises of nitrogen (N2) and oxygen (O2) 

and is made up of many layers of air. Hence, 

each one is identified by their thermal 

characteristics, chemical composition, 

movement and density (Narayanan, 2009). 

Therefore, seasonality has always been a factor 

determining the concentration of pollution in the 

lower atmosphere. Bhatia (2009) reported that air 

pollution is the introduction of chemicals, 

particulate matter or biological materials that can 

be harmful and causes discomfort to humans and 

other living organisms. Lutgens and Edward 

(2000) reported that air pollutants commonly 

found in the urban environment are as follows:  

sulphur dioxide (SO2); oxides of nitrogen (NOx), 

nitrogen dioxide (NO2); carbon monoxide (CO); 

volatile organic compounds (VOCs); ozone (O3);  
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particulates matters; and lead (Pb). However, 

USEPA (2006) ascertained that air pollution 

could be in the form of solid particles, liquid 

droplets or gases; and they may be natural or 

man-made (Narayanan, 2009). Komolafe et al. 

(2014) documented that air pollution source 

include vehicle exhaust emission (traffic), oil 

and gas production (Industry), generating sets 

and power plants,  anthropogenic activities 

(heating and cooking with solid fuels, forest 

fires and open burning of municipal waste and 

agricultural residues). Furthermore, Akanni 

(2010) stressed that air pollution has become a 

topic of intense research at all levels because of 

its increase, which has led to climatic changes 

in recent times. Komolafe et al. (2014) has also 

reported that air pollution in the urban centers 

is increasing rapidly due to high population 

density, increased number of motor vehicles, 

use of fuels with poor environmental 

performance, poorly maintained transportation 

systems and ineffective environmental 

regulations and policies. Hence, Cohen et al. 

(2017) opine that air pollution provides 

insidious challenge to environment and public 

health; whereas the long-term exposure to 

ambient air pollutants increases morbidity and 

mortality. The introduction of air 

contamination in higher scale is said to affect 

the prosperity of people such as kids, elderly 

and individuals with asthma or 

cardiopulmonary ailments (Buteau and 

Goldberg, 2016). Air pollution is believed to 

kill more people worldwide than AIDS, 

malaria, breast cancer and tuberculosis (WHO, 

2014). In China, air pollution was previously 

estimated to contribute to 1.2 to 2 million 

deaths annually (WHO, 2014; Yang et al., 

2013). Moreover, In Nigeria, especially Lagos 

State, the major environmental problems 

confronting the region are anthropogenic 

activities, traffic and industrial air pollution 

(Tawari and Abowei, 2012). Over two million 

premature deaths recorded each year are 

attributed to the effects of urban outdoor air 

pollution in developing countries (Mabahwi et 

al., 2014). This study, therefore, assessed air 

pollutant concentrations around slum 

settlements within Lagos metropolis, in order 

to evaluate the health implications. 

 

MATERIALS AND METHODS 

Study area 

The study was carried out in slum settlements 

within Lagos Metropolis, south-western Nigeria 

around Longitudes 3° 249 ʼE and latitudes 6° 279 

ʼN with a coastline of approximately 180 km 

(BRNCC, 2012; Odunuga et al., 2012). Lagos has 

a total land area of 3577.28 km
2
 out of which 

22% is wetland and population density of 

approximately 5926 persons per km
2
 (Oshodi, 

2013). The population of Lagos State is estimated 

to be 24.5 million in 2015 (UN-Habitat, United 

Nations Human Settlements Programme, 2008) 

and 29 million by 2020 (George, 2010; Lagos 

Water Corporation, 2011) with a growth rate of 

3.2 and 8% (Oyegoke et al., 2012; World Bank, 

2013). 

Lagos State geology comprises of coastal plain 

sands and a tidal flat with alluvium (BRNCC, 

2012); while vegetation is tropical rainforest 

zone, consisting of mangrove swamps, freshwater 

swamps, lagoons and creeks. The relief occupies 

a low-lying topography of 1- 4% slope, elevation 

of 0-2 m above sea level (Awosika et al., 2000) 

which is characterized by dendritic drainage 

system of Rivers Ogun, Adiyan and Ossa (Idowu 

and Martins, 2007). Lagos ranked 15th in the 

world in terms of population exposed to coastal 

flooding, because over 70% of its population are 

living in unplanned settlements such as slums 

(Adelekan, 2010). This is not surprising as only 

45.2% of its built-up areas are connected to drains 

(Nwigwe and Emberga, 2014) and only less than 

30% of the existing drains are maintained 

(Aderogba, 2012). Lagos State has two distinct 

climatic seasons, dry and wet (rainy). It also 

experiences high air temperatures ranging from 

30.0 to 3      C (Uluocha & Ekop, 2002; 

Adejuwon, 2004). Figure 1 presents the map of 

the study area, indicating the sample locations. 

 

Sampling locations 

A total of five selected slum settlements were 

designated for this study in Lagos metropolis. At 

each slum settlement, VOC, CO2, NO2 and SO2 

were monitored every month for six months of 

the wet and dry seasons each, from 2018 to 2019. 

This gave a total of 12 months of air pollutants 

monitoring across the sampling duration. The 

measurements were determined in triplicates. 

Each of the selected slums was classified into  
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Figure 1. Map of the study area.         

 

 

five groups as follows:  

 

Group A: monitoring within Majidun 

Group B: monitoring within Oworoshoki  

Group C: monitoring within Bariga 

Group D: monitoring within Iwaya  

Group E: monitoring within Ijora Badia  

 

Geographical coordinates (latitude and 

longitude) of the sample sites were determined 

using a GPS device Garmin (GPSMAP 76CSX 

model). Map of Lagos metropolis was obtained 

and gridded to create cells of 300 m
2
 using Arc 

Map 10.1 (Figure 2) for a representative 

collection of data across the entire slums. Ten 

cells out of the existing cells were randomly 

selected from each of the study areas using 

random number table, according to the method 

proposed by Kriging (Sajil et al., 2011).  

Figure 2 presents grid map of the study area 

indicating the sample locations. 

 

Measurement procedures 

The sampling parameters were measured in the 

windward direction of the sampling locations 

using a hand-held portable gas analyzer (multi 

RAE PGM-6208). The equipment is a digital 

meter, which takes measurements at a time-

weighted average. The equipment initializes 

for exactly 3 min before displaying the 

concentration. Measurements were taken at a 

height of 2 m from the ground level (level at 

which humans are most likely to be exposed). 

This procedure was followed in order to ensure 

accurate and reliable measurements. The 

equipment was calibrated as recommended by the 

manufacturer before and after each batch of 

sampling. 

 

Meteorological data 
Allied to the parameters monitoring, 

meteorological data such as temperature, relative 

humidity and pressure were measured at each 

slum settlements of Bariga, Majidun, 

Oworoshoki, Iwaya and Ijora Badia respectively. 

The measurements were observed every month in 

triplicates for 6 months, covering wet and dry 

seasons from 2018 to 2019. This gave a total of 

12 months of monitoring across the sampling 

duration. The Wind Mate (WM 350) equipment 

was used to obtain the in situ meteorological data. 

 

Statistical analyses 

Data collected for air pollutant and 

meteorological parameters were analysed for 

inferential statistics (analysis of variance, paired 

sample student t-test and principal component 

analysis), using SPSS for Windows (version 

21.0). 

 

 

RESULTS AND DISCUSSION 

The results of the analysis of air pollutant 

parameters for wet and dry seasons are presented 

in Tables 1, 2, 3, 4 and 5 respectively. In Group 

A, air parameters mean values of VOC were  
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Figure 2. Grid map of the study area. 

 

 
Table 1. Paired sample t-test for difference in Concentration between wet and dry season air pollutant and Meteorology parameters 
within Majidun (Group A). 
 

Location Parameter Pair 
Mean ± Std. 

Error 
N Std. Deviation d.f t-calculated 

Sig 
level 

Rmks 

Majidun VOC mg/m3 Wet Season 2.00±0.000 45 0.000 44 7.091 0.000 S 

  Dry Season 1.47±0.075 45 0.505 44    

          

 CO2 mg/m3 Wet Season 38.20±1.381 45 9.263 44 -7.993 0.000 NS 

  Dry Season 49.44±0.075 45 0.503 44    

          

 NO2 mg/m3 Wet Season <0.01 45 0.000 44 0.000 0.000 NS 

  Dry season 0.01±0.000 45 0.000 44    

          

 SO2 mg/m3 Wet Season 0.001±0.000 45 0.000 44 0.000 0.000 NS 

  Dry Season 0.002±0.000 45 0.000 44    

          

 Temperature °C Wet Season 26.29±0.184 45 1.236 44 -26.013 0.000 NS 

  Dry Season 33.64±0.225 45 1.510 44    

          

 Pressure N/m2 Wet Season 1015.73±0.267 45 1.789 44 19.733 0.000 S 

  Dry Season 1009.07±0.116 45 0.780 44    

          

 Relative Humidity % Wet Season 78.47±0.408 45 2.735 44 20.657 0.000 S 

  Dry Season 67.67±0.466 45 3.126 44    
 

Note: S= significant, NS= not significant 
Source: Field Work, Lagos Metropolis slums 2018/2019. 

 

 

higher during the wet season, while CO2 mean 

values were higher during the dry season. 

Paired sample student t-test for Group A 

(Majidun) air pollutant parameters in Table 1 

shows that VOC and SO2 have their calculated 

values (t- calculated) greater than the table value 

at p<0.05, which indicates significant seasonal 

variation. Likewise, parameters such as CO2 and 

NO2 showed no significant seasonal variation 

because their calculated values are less than the  
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Table 2. Paired sample t-test for difference in Concentration between wet and dry season air pollutant and Meteorology parameters 
within Oworoshoki (Group B). 
 

Location Parameter Pair 
Mean±Std. 

Error 
N Std.Deviation d.f 

t-
calculated 

Sig 
level 

Rmks 

 

Oworoshoki VOC mg/m3 Wet Season 1.07±0.038 45 0.252 44 -3.708 0.001 NS 

  Dry Season 1.40±0.074 45 0.495 44    

          

 CO2 mg/m3 Wet Season 43.84±0.063 45 0.424 44 -34.333 0.000 NS 

  Dry Season 49.22±0.145 45 0.974 44    

          

 NO2 mg/m3 Wet Season 0.02±0.010 45 0.000 44 0.000 0.000 NS 

  Dry season 0.05±0.010 45 0.000 44    

          

 SO2 mg/m3 Wet Season 0.01±0.000 45 0.000 44 0.000 0.000 NS 

  Dry Season 0.03±0.010 45 0.000 44    

          

 Temperature  °C Wet Season 26.60±0.197 45 1.321 44 -35.227 0.000 NS 

  Dry Season 32.93±0.038 45 0.252 44    

          

 Pressure N/m2 Wet Season 1015.73±0.267 45 1.789 44 19.733 0.000 S 

  Dry Season 1009.07±0.116 45 0.780 44    

          

 Relative Humidity  % Wet Season 78.53±0.411 45 2.760 44 20.375 0.000 S 

  Dry Season 67.67±0.466 45 3.126 44    
 

Note: S= significant, NS= not significant 
Source: Field Work, Lagos Metropolis slums 2018/2019. 

 

 
Table 3. Paired sample t-test for difference in Concentration between wet and dry season air pollutant and Meteorology parameters 
within Bariga (Group C). 
 

Location Parameter Pair Mean±Std. Error N Std. Deviation d.f t-calculated 
Sig 

level 
Rmks 

Bariga VOC mg/m3 Wet Season 1.53±0.075 45 0.505 44 0.000 1.000 NS 

  Dry Season 1.53±0.075 45 0.505 44    

          

 CO2 mg/m3 Wet Season 43.27±0.102 45 0.688 44 -47.785 0.000 NS 

  Dry Season 48.84±0.071 45 0.475 44    

          

 NO2 mg/m3 Wet Season 0.02±0.010 45 0.000 44 0.000 0.000 NS 

  Dry season 0.05±0.010 45 0.000 44    

          

 SO2 mg/m3 Wet Season 0.002±0.00 45 0.000 44 0.000 0.000 NS 

  Dry Season 0.03±0.010 45 0.000 44    

          

 Temperature °C Wet Season 26.53±0.190 45 1.272 44 -24.744 0.000 NS 

  Dry Season 31.09±0.043 45 0.288 44    

          

 Pressure N/m2 Wet Season 1015.73±0.267 45 1.789 44 22.341 0.000 S 

  Dry Season 1009.13±0.121 45 0.815 44    

          

 Relative Humidity % Wet Season 78.33±0.411 45 2.755 44 17.186 0.000 S 

  Dry Season 64.33±0.607 45 4.073 44    
 

Note: S= significant, NS= not significant 
Source: Field Work, Lagos Metropolis slums 2018/2019. 
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Table 4. Paired sample t-test for difference in Concentration between wet and dry season air pollutant and Meteorology parameters 
within Iwaya (Group D). 
 

Location Parameter Pair 
Mean±Std. 

Error 
N 

Std. 

Deviation 
d.f t-calculated Sig level Rmks 

Iwaya VOC mg/m3 Wet Season 1.00±0.000 45 0.000 44 -6.205 0.000 NS 

  Dry Season 1.47±0.075 45 0.505 44    

          

 CO2 mg/m3 Wet Season 43.87±0.093 45 0.625 44 -13.181 0.000 NS 

  Dry Season 50.71±0.517 45 3.468 44    

          

 NO2 mg/m3 Wet Season 0.002±0.010 45 0.000 44 0.000 0.000 NS 

  Dry season 0.02±0.010 45 0.000 44    

          

 SO2 mg/m3 Wet Season 0.003±0.01 45 0.000 44 0.000 0.000 NS 

  Dry Season 0.02±0.010 45 0.000 44    

          

 Temperature  °C Wet Season 26.56±0.179 45 1.198 44 -31.095 0.000 NS 

  Dry Season 31.82±0.066 45 0.442 44    

          

 Pressure N/m2 Wet Season 1015.73±0.267 45 1.789 44 23.452 0.000 S 

  Dry Season 1009.07±0.116 45 0.780 44    

          

 Relative Humidity  % Wet Season 78.53±0.411 45 2.760 44 16.532 0.000 S 

  Dry Season 69.33±0.541 45 3.631 44    
 

Note: S= significant, NS= not significant 
Source: Field Work, Lagos Metropolis slums 2018/2019. 

 

 
Table 5. Paired sample t-test for difference in Concentration between wet and dry season air pollutant and Meteorology parameters 
within Ijora Badia (Group E). 
 

Location Parameter Pair Mean ± Std. Error N Std. Deviation d.f t-calculated Sig level Rmks 

Ijora Badia VOC mg/m3 Wet Season 2.00±0.000 45 0.000 44 8.124 0.000 S 

  Dry Season 1.40±0.074 45 0.495 44    

          

 CO2 mg/m3 Wet Season 38.76±0.128 45 0.857 44 -55.561 0.000 NS 

  Dry Season 52.07±0.186 45 1.250 44    

          

 NO2 mg/m3 Wet Season 0.02±0.010 45 0.000 44 0.000 0.000 NS 

  Dry season 0.05±0.010 45 0.000 44    

          

 SO2 mg/m3 Wet Season 0.02±0.010 45 0.000 44 0.000 0.000 NS 

  Dry Season 0.04±0.010 45 0.000 44    

          

 Temperature °C Wet Season 25.73±0.129 45 0.863 44 -53.756 0.000 NS 

  Dry Season 35.69±0.109 45 0.733 44    

          

 Pressure N/m2 Wet Season 1015.73±0.267 45 1.789 44 21.039 0.000 S 

  Dry Season 1009.0±0.123 45 0.826 44    

          

 Relative Humidity % Wet Season 79.20±0.451 45 3.027 44 16.840 0.000 S 

  Dry Season 67.00±0.603 45 4.045 44    
 

Note: S= significant, NS= not significant 
Source: Field Work, Lagos Metropolis slums 2018/2019. 
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table values. The air pollution experienced in 

the slum settlement is as a result of 

anthropogenic activities. Thus, pollution could 

damage the natural processes in the atmosphere 

and negatively affect human health. This could 

explain the reason for the significant seasonal 

variation in the concentration of most air 

parameters for Group A. 

Table 2 shows that the results of Group B 

(Oworoshoki) air parameters such as VOC, 

CO2, NO2 and SO2 had higher mean value in 

dry season. Paired sample T-test for Group B 

revealed that VOC, CO2, SO2 and NO2 had no 

significant seasonal variation because their 

calculated values are less than the table values.  

Group C (Bariga) result of air parameters 

revealed that CO2, NO2 and SO2 have higher 

mean values in dry season. The mean values of 

VOC have the same value for both wet and dry 

season. Paired sample T-test result for Group C  

(Table 3) depicts that VOC,CO2, NO2 and SO2 

have their calculated values (t-calculated) less 

than the table value at p<0.05; thus indicating 

no significant seasonal variation. 

The result for Group D (Iwaya) showed that 

VOC and CO2 have higher mean values in dry 

season (Table 4). Furthermore, NO2 and SO2 

had the same mean values for both wet and dry 

season. Paired sample T-test result for Group D 

Iwaya revealed that VOC, CO2, NO2 and SO2 

have their calculated values (t-calculated) less 

than the table value at p<0.05; therefore 

indicating no significant seasonal variation. 

Table 5 showed that the result obtained for 

Ijora Badia (Group E) air parameters which are 

CO2, NO2 and SO2 had higher mean values in 

dry season. Whereas VOC has higher mean 

values in wet season. Paired sample T-test 

result for Group E Ijora Badia air parameters 

revealed that CO2, NO2, and SO2 have their 

calculated values (t calculated) less than the 

table values (at p<0.05). Thus, indicating no 

significant seasonal variation, while VOC have 

their calculated values greater than the table 

values; thereby showing significant seasonal 

variation. 

The mean values of VOC across the groups 

ranged from 1.00 to 2.00 mg/m
3
 for wet 

season, while those of the dry season ranged 

from 1.40 to 1.53 mg/m
3
 among the slums. The 

obtained values were within WHO (2005) 

permissible limit of 0.20 -3.0 mg/m
3
. The mean 

values for Carbon Dioxide (CO2) obtained for this 

study ranged from 38.20 to 43.87 mg/m
3
 for wet 

season and 48.84 to 52.07 mg/m
3
 for dry season 

among the groups. The obtained values were 

within USEPA (2000) recommended standard of 

250 - 350 mg/m
3
. Fossil fuel combustion could be 

regarded as the primary source of CO2 emissions 

which could be above the recommended limits 

over a long period (USEPA 2007). Venkataraman 

et al. (2005); Koch and Hansen (2005) Stated that 

black carbon from biomass emissions contributes 

to regional and global climate change as well as 

adverse health effects in some parts of the world. 

The mean concentration of Sulphur Dioxide 

(SO2) ranged from 0.001 to 0.02 mg/m
3
 for wet 

season and 0.002 to 0.04 mg/m
3
 for dry season 

across the groups. The values obtained for dry 

season exceeded WHO (2018) recommended 

standard of 0.02 mg/m
3
 for 24 h daily average.  

Research have shown that air pollution gets worse 

during the dry season because pollutants remain 

suspended and concentrated in the atmosphere, as 

there is lack of rain to wash and dissolve them 

properly (Gunnar et al., 2002). 

Nitrogen Dioxide (NO2) mean values ranged 

from <0.01 to 0.02 mg/m
3
 for wet season and 

0.01 to 0.05 mg/m
3
 for dry season across the 

groups. The values obtained for dry season 

exceeded the recommended USEPA (2000) limit 

of 0.04 mg/m
3
.This may suggest the general 

increase noticed in the concentration of some 

pollutants during the dry season. This is in 

agreement with the fact that pollutant dispersion 

is highest in dry season and lower in wet season 

(Bhatia, 2002).  

 

Meteorology parameters across Group A - E 

The results of the meteorology parameters for 

Group A (Majidun), shown in Table 1, revealed 

that pressure and relative humidity have their 

calculated values (t- calculated) greater than the 

table value by p<0.05; indicating significant 

seasonal variation. However, temperature had no 

significant seasonal variation because their 

calculated values are less than the table values. 

This implies that the increase in air pollutant 

concentrations around the slum settlement do not 

typically result from sudden increase in emissions 

but rather from meteorological conditions that 

impede dispersion in the atmosphere. This could  
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explain the reason for the significant seasonal 

variation in the concentration of most air 

parameters for Group A. 

Oworoshoki results for Group B meteorology 

parameters depicts that pressure and relative 

humidity recorded a higher mean values in wet 

season while temperature has higher value 

during dry season (Table 2). Paired sample T-

test result for Group B also revealed that 

pressure and relative humidity have their 

calculated values (t calculated) greater than the 

table value at p<0.05 which means there is 

significant seasonal variation. More so, 

temperature showed no significant seasonal 

variation, because their calculated values are 

less than the table values. The obtained results 

for Bariga (Group C) analysis revealed that 

temperature gave a higher mean values during 

dry season, whereas pressure and relative 

humidity had higher mean values in wet 

season. Table 3 showed paired sample T-test 

result for Group C. Temperature calculated 

values (t-calculated) was less than the table 

value at p<0.05; hence, it indicates no 

significant seasonal variation. However, the 

other parameters such as pressure and relative 

humidity have their calculated t values greater 

than the table values which therefore shows 

significant seasonal variation. 

The Group D (Iwaya) results shows that 

pressure and relative humidity displayed a 

higher mean values in wet season and 

temperature had higher mean values in dry 

season. Paired sample T-test result for Group D 

(Table 4) revealed that temperature calculated 

values (t-calculated) was less than the table 

value at p<0.05, these indicates no significant 

seasonal variation, while  parameters such as 

pressure and relative humidity had their 

calculated t-values greater than the table 

values; thereby resulting to significant seasonal 

variation. 

Meteorology parameters for Ijora Badia 

(Group E) revealed that temperature recorded 

higher mean values during dry season; while 

wet season had higher mean values for pressure 

and relative humidity. Paired sample T-test 

result for Group E Ijora Badia (Table 5) depicts 

that temperature calculated values (t-

calculated) was less than the table values (at 

p<0.05). Thus, it indicates no significant 

seasonal variation. Pressure and relative humidity 

have their calculated values greater than the table 

values, thus showing significant seasonal 

variation. The result from this study implies that 

urban cities in the developing countries, 

especially Lagos State, are experiencing high 

levels of visibility degradation due to high 

emission intensity and adverse meteorology 

(Jimoda, 2012). The mean temperature across the 

groups is higher during the dry season. It ranged 

from 31.09 to 35.69°C, while those of the wet 

season ranged from 25.73 to 26.60°C. Ukpebor et 

al. (2006) ascertained that dry seasons are 

characterized by high temperatures and low 

humidity in Nigeria, while the reverse is the case 

for wet seasons. This explains why higher 

readings were recorded for almost all pollutants 

during the dry season months, when compared 

with lower readings recorded during the wet 

season. 

Pressure mean values in dry season ranged from 

1008.07 to 1009.13 N/m
2
 while value for wet 

season ranged from 1014.73 to 1015.73 N/m
2
 

among the groups. Meteorological factors such as 

temperature, pressure and relative humidity can 

significantly affect air quality (Elminir, 2005; 

Beaver and Palzazogiu, 2009; Csavina et al., 

2014). Relative humidity mean values in dry 

season ranged from 64.33 to 69.33%, while wet 

season value ranged between 78.33 to 79.20% 

across the groups. Hence, the most important role 

of meteorology is in the dispersion, 

transformation and removal of air pollutants from 

the atmosphere (Ocak and Turallogiu, 2008). The 

rotate principal component analysis (PCA) of air 

pollutant parameters for wet and dry seasons are 

presented in Tables 6, 7, 8, 9 and 10 (Group A to 

E) respectively. The result showed Group A 

(Majidun) wet season variables on PC 4, which 

explained 14.92% of the total variance exhibited 

by CO2 with a strong positive loading (Table 6). 

Group A (Majidun) dry season variables on PC 1 

represents 32.40% of the total variance and CO2 

contributed to having strong positive loading. 

CO2 are largely traffic-related emissions (Masiol 

et al., 2014). 

Table 7 shows Group B (Oworoshoki) wet 

season variables. PC 2 explained 18.92% of the 

total variance on CO2, having strong positive 

loading. While Group B (Oworoshoki) dry season 

variables is represented under PC 1, having  
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Table 6. Factor loading of Air pollutants and Meteorology parameters for wet and dry season 
Majidun (Group A). 
 

A: Majidun Wet Season 
variables on 4 PC     

Component 

PC1 PC2 PC3 PC4 

Relative Humidity  % 0.885 0.042 0.284 -0.016 

Pressure  N/m
2
 0.608 0.233 0.193 -0.12 

Temperature  °C -0.143 0.886 0.014 0.064 

CO2 mg/m
3
 0.282 -0.475 -0.432 0.669 

Eigenvalue 2.083 1.485 1.158 1.045 

Variance (%) 29.764 21.21 16.544 14.924 

Cumulative variance (%) 29.764 50.974 67.518 82.441 

     

B: Majidun Dry Season 
variables on  3 PC     

Component 
 

PC1 PC2 PC3 
 

CO2 mg/m
3
 0.801 0.361 -0.061 

 
VOC mg/m

3
 -0.66 -0.037 -0.448 

 
Temperature  °C 0.465 0.751 -0.36 

 
Relative Humidity % -0.395 0.667 0.241 

 
Pressure N/m

2
 0.434 -0.388 0.581 

 
Eigenvalue 2.592 1.87 1.479 

 
Variance (%) 32.402 23.371 18.487 

 
Cumulative variance (%) 32.402 55.772 74.26 

 
 

 
Table 7. Factor loading of Air pollutants and Meteorology parameters for wet and dry 
season Oworoshoki (Group B). 
 

A: Oworoshoki Wet Season 
variables on 3 PC           

Component 

PC1 PC2 PC3 

Relative Humidity % 0.859 -0.171 -0.045 

VOC mg/m
3
 0.54 -0.124 0.531 

CO2 mg/m
3
 0.513 0.689 -0.062 

Pressure  N/m
2
 0.418 -0.622 -0.453 

Temperature  °C 0.251 0.016 0.797 

Eigenvalue 2.377 1.325 1.254 

Variance (%) 33.96 18.929 17.914 

Cumulative variance (%) 33.96 52.889 70.803 

    

B: Oworoshoki Dry Season 
variables on 3 PC 

Component 

PC1 PC2 PC3 

VOC mg/m
3
 0.922 0.075 -0.204 

Pressure N/m
2
 0.716 -0.134 0.484 

Relative Humidity % -0.02 -0.765 -0.316 

CO2 mg/m
3
 0.614 0.737 -0.113 

Temperature  °C -0.319 0.047 0.776 

Eigenvalue 3.046 1.946 1.386 

Variance (%) 38.077 24.331 17.323 

Cumulative variance (%) 38.077 62.408 79.731 

 

 

38.07% of the total variance on VOC with a 

strong positive loading. PC 2 accounted for 

24.33% of the total variance showing a strong 

positive loading on CO2. This could be 

attributed to the fact that urban cities, 

especially the slum settlement, remain air 

pollution hotspots with driving habits which 

largely determine daily and weekly patterns of 

pollution levels (Grimm et al., 2008). 

The analyses for Bariga Group C wet season  
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Table 8. Factor loading of Air pollutants and Meteorology parameters for wet and dry season Bariga (Group C). 
 

Group C: Bariga wet season variables 
on 4 PC 

Component 

PC1 PC2 PC3 PC4 

Relative Humidity  % -0.9 0.314 0.088 -0.027 

VOC mg/m
3
 0.819 -0.458 -0.026 -0.192 

Pressure  N/m
2
 -0.67 -0.29 0.014 0.191 

CO2 mg/m
3
 -0.034 0.292 -0.818 0.218 

Temperature  °C 0.088 0.393 0.783 0.075 

Eigenvalue 2.3 1.48 1.353 1.147 

Variance (%) 28.753 18.496 16.91 14.335 

Cumulative variance (%) 28.753 47.249 64.159 78.495 

     

Group C: Bariga dry season variables 
on 3 PC 

Component 
 

PC1 PC2 PC3 
 

CO2 mg/m
3
 0.567 -0.145 0.323 

 VOC mg/m
3
 -0.055 -0.791 0.355 

 Temperature  °C 0.41 -0.453 0.328 
 Pressure N/m

2
 0.089 0.383 0.745 

 Relative Humidity % -0.187 0.378 0.557 
 Eigenvalue 2.296 1.619 1.306 
 Variance (%) 28.695 20.235 16.324 
 Cumulative variance (%) 28.695 48.931 65.255 
  

 
Table 9. Factor loading of Air pollutants and Meteorology parameters for wet and dry season Iwaya (Group D). 

 

Group D: Iwaya dry season variables 
on 4 PC     

Component 

PC1 PC2 PC3 PC4 

CO2 mg/m
3
 0.92 0.25 0.007 -0.096 

Pressure N/m
2
 0.756 0.044 -0.32 0.249 

Temperature  °C 0.165 0.759 -0.418 0.407 

VOC mg/m
3
 0.486 0.547 0.432 -0.351 

Relative Humidity  % 0.544 -0.377 0.331 0.611 

Eigenvalue 2.465 1.863 1.458 1.097 

Variance (%) 30.814 23.289 18.23 13.715 

Cumulative variance (%) 30.814 54.104 72.334 86.049 

     

Group D: Iwaya wet season variables 
on 2 PC     

Component 
  

PC1 PC2 
  

Relative Humidity  % -0.879 0.365 
  CO2 mg/m

3
 0.038 0.709 

  Pressure  N/m
2
 -0.138 0.703 

  Temperature °C 0.432 0.647 
  Eigenvalue 1.758 1.566 
  Variance (%) 35.155 31.316 
  Cumulative variance (%) 35.155 66.471 
  

 

 
variables unveil that 28.75% of the total 

variance under PC 1 displays a strong positive 

loading on VOC (Table 8). Hence, Group C 

(Bariga) dry season variables revealed 28.69% 

of the total variance on CO2 has a strong 

positive loading. The significant contributing 

factors from this group are VOC and CO2. Thus, 

both primary anthropogenic precursors in the 

presence of sunlight to form ozone. The sources 

of these two pollutants are industrial and 

vehicular emissions (Abdul-Wahab et al., 2005). 

The result in Table 9 for Group D (Iwaya) wet  
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Table 10. Factor loading of air pollutants and meteorology parameters for wet and dry season Ijora 
Badia (Group E). 
 

Group E: Ijora Badia Wet season variables 
on 3 PC              

Component 

PC1 PC2 PC3 

Relative Humidity  % 0.876 0.3 0.168 

Pressure  N/m
2
 0.734 -0.337 0.114 

CO2 mg/m
3
 -0.244 0.744 -0.337 

Temperature  °C -0.198 0.357 0.699 

Eigenvalue 2.053 1.533 1.138 

Variance (%)  29.33 21.906 16.259 

Cumulative variance (%) 29.33 51.236 67.495 

    

Group E: Ijora badia Dry Season variables 
on 3 PC 

Component 

PC1 PC2 PC3 

CO2 mg/m
3
 0.739 0.461 0.169 

Temperature  °C -0.714 0.198 0.386 

VOC mg/m
3
 0.607 0.428 0.495 

Relative Humidity  % -0.105 -0.76 0.441 

Pressure N/m
2
 0.056 0.218 -0.692 

Eigenvalue 2.312 1.66 1.126 

Variance (%) 33.026 23.709 16.087 

Cumulative variance (%) 33.026 56.735 72.822 

 

 
season variables revealed that PC 2 contributes 

31.31% of the total variance. CO2 contributed 

to having a strong positive loading (Table 9). 

Although, dry season variables revealed 

30.81% of the total variance on CO2, showing 

strong positive loading under PC 2 (Iwaya) 

Group D. PC 3 explained 18.23% of the total 

variance with a weak positive loading on VOC. 

The factor contributing to air pollution is CO2. 

More so, fossil fuel combustion is the primary 

source contributing to CO2 emissions (USEPA, 

2007). Exposure to CO2 concentration levels 

can increase the risk of acute lower respiratory 

diseases and mortality (Khan & Siddiqui, 

2014). 

Ijora Badia wet season results for Group E 

unveil that PC 2 constitutes 11.90% of the total 

variance; although, CO2 mostly contributed to 

strong positive loading. Whereas, Group E 

(Ijora Badia) dry season variables revealed 

33.02 % of the total variance under PC 1 

having strong positive loading on CO2 (Table 

10). Additionally, 23.70% of the total variance 

is exhibited by CO2 with a weak positive 

loading; while PC 3 explained 16.08% of the 

total variance on VOC having a weak positive 

loading. The contributing factors from this 

group that are of significance are CO2 and VOC. 

Generally, motor vehicles are the major source of 

air pollution in urban areas which accounts for 

approximately 48% CO, 32% NOx and 59% 

VOC; thereby, having adverse effects on the 

environment and humans (Park et al., 2005; 

Corson, 2006; Ideriah, 2008). 

The wet and dry season results for meteorology 

parameters is displayed in Tables 6, 7, 8, 9 and 10 

(Group A to E) respectively. Group A (Majidun) 

wet season variables is shown under PC 1, which 

accounts for 29.76% of the total variance on 

relative humidity having a strong positive loading 

(Table 6). PC 2 contributed 21.21% of the total 

variance on temperature with strong positive 

loading. The most contributing factor in the group 

is relative humidity and temperature. Temperature 

level influences the concentrations of air 

pollutants in an area (Igweze, 2014), and any 

emitted substances are temperature dependent 

(Cox et al., 2005) 

Group A (Majidun) dry season variables 

showed PC 2 contributing 23.37% of the total 

variance on temperature having strong positive 

loading (Table 6). While PC 3 accounted for 

18.48% of the total variance on pressure, with a 

moderate positive loading. The reason for the  
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temperature disparity between the two seasons 

is due to the tropical nature of the study area 

and the transition phase between dry season 

and rainy season (Adejuwon, 2012). These 

explained seasonal differences in concentration 

of pollutants. Jacobson (2008) reported that 

low wind speed, high temperature and low 

humidity reduce the rate of dispersion of air 

pollutants, thus increasing ground 

concentration of same pollutants and vice 

versa. 

The wet season (Group B) results for 

Oworoshoki is shown under PC 1, contributing 

33.90% of the total variance. Thus, it displays a 

strong positive loading on relative humidity 

(Table 7). PC 3 accounts for 17.91% of the 

total variance on temperature with a moderate 

positive loading. Hence, dry season variables 

for Group B revealed that PC 3 constitutes 

17.32% of the total variance. It is mainly 

characterized by temperature with a strong 

positive loading. The significant contributing 

factors are temperature and relative humidity 

which imply that high relative humidity is 

normal in the rainy season (Adejuwon, 2012) 

because of the continuous complete cloud 

cover observable in this period, while on the 

other hand, if temperature of ambient air is 

higher, pollutant gases become concentrated at 

ground level (Jacobson, 2008).   

Bariga analysis results for wet season unveil 

that PC 2 constituted about 18.49% of the total 

variance (Group C). Hence, it is characterized 

by temperature displaying a moderate positive 

loading. Whereas PC 3 explained 16.91% of 

the total variance on temperature having a 

strong positive loading (Table 8). Group C 

(Bariga) dry season variables revealed 20.23% 

of the total variance on pressure with a weak 

positive loading under PC 2. Also, 16.32% of 

the total variance is exhibited by pressure with 

a strong positive loading under PC 3. 

Temperature and relative humidity are the 

significant factors contributing to higher 

concentration of pollutants during dry seasons. 

This implies that automobile exhaust, open 

solid waste burning, industrial emission and 

fugitive dusts from non-tar road surfaces could 

be the main sources of air pollutants in the 

slums (Ukpebor et al., 2006). 

The results of Group D (Iwaya) wet season  

variables revealed that PC 1 accounted for 

35.15% of the total variance having a weak 

positive loading on temperature (Table 9). Group 

D (Iwaya) dry season variables shows that PC 2 

constituted 23.28% total variance with a strong 

positive loading on temperature. Also, 13.71% of 

the total variance is exhibited by relative 

humidity having a moderate positive loading 

under PC 4 (Table 9). Temperature and relative 

humidity are the factors contributing to the higher 

concentration of pollutants across the slums. Rene 

(2008) revealed that relative humidity is generally 

higher during the wet season and higher relative 

humidity lower atmospheric temperature. 

Group E results for Ijora Badia wet season 

variables unveil that 29.33% of the total variance 

under PC 1 showed a strong positive loading on 

relative humidity (Table 10). Hence, PC 3 

consists of 16.25% of the total variance, this 

results in the temperature having a moderate 

positive loading. Generally, relative humidity 

plays an important role in many chemical 

reactions (thermal and photochemical) in the 

atmosphere. As water molecule, it has the ability 

to attach strongly to many substances anywhere 

including the atmosphere (Tecer et al., 2008).  

 

 

Conclusion 

This study assessed air pollutant concentrations 

around slum settlements within Lagos metropolis, 

Nigeria, in order to evaluate its health associated 

problems. The result of the paired sample t-test 

analyses showed that all the parameters have 

higher concentrations in dry season than in the 

wet season across the Groups; except for VOC. 

Pressure and relative humidity have higher 

concentrations in wet season than dry season 

among the Groups. Furthermore, pressure and 

relative humidity showed different levels of 

seasonal variation across the groups, while the 

other parameters had no significant variation. 

Most of the parameters mean values were within 

the World Health Organization (2018) guidelines 

in both seasons. Hence, the increased air pollutant 

concentrations in the slum environment do not 

typically result from sudden increases in 

emissions, but rather from meteorological 

conditions that impede dispersion in the 

atmosphere. The rotated PCA analyses revealed 

that CO2 and VOC  contribute more to the air  
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pollution across the slums; while temperature, 

pressure and relative humidity are the 

meteorological factors influencing the 

dispersion and dilution of pollutants among the 

locations. These explained the seasonal 

differences in concentration of pollutants. The 

study concludes that seasonality significantly 

influences the concentration of pollutants in the 

slum. The air pollution in the study area is as a 

result of human activities. These, damage the 

natural processes in the atmosphere, and 

negatively affect human health. This study 

recommends that appropriate air pollution 

control should be considered in the study area 

to reduce the risks associated with these 

pollutants. There is also need to develop 

monitoring mechanisms, regulations and 

enforcement measures by relevant regulatory 

bodies. 
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