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ABSTRACT 
 
 
AIM: Insufficient data on atmospheric pollution research exists in Lagos-suburban areas, 
and in some cases, studies are yet to be carried out. The aim is to study criteria pollutants 
seasonal characteristics, suspended particulate matter, and particulate heavy metal 
concentrations interactions in the Lagos suburban by multivariate techniques 
 
Methodology: Assessment of 3 criteria pollutants, suspended particulate matter (SPM), and 
6 particulate heavy metal concentrations, at 10 different suburban locations in Lagos was 
performed and interpreted by multivariate analysis to determine their sources, distribution, 
and pollution status. AQI values indicated a non-hazardous environment that is moderately 
unhealthy and sensitive to vulnerable populations.  
 
Results: Values of CO among the 10 sites ranged from 468-1350 µg/m

3
 during the wet 

season, and 447-1864 µg/m3 during dry seasons and both exceeded WHO, and Nigerian 
FMenv regulations. NO2 concentration exceeded the Fmenv standard and suggest the 
likelihood of health challenges to the unsuspecting population. Cl- anion accounts for 85% of 
the total anion concentrations, and others had low standard deviations < 5 %. A correlation 
of  (Na

+
 and SO4

2-
), (Ca

2+
 and NO3

-
), (K

+
 and SO4

2-
) showed active atmospheric water 

chemistry in the study locations. Determined levels of Cd and Ni particulate did not exceed 
WHO guidelines, while only Alagbado and Surulere were the major Pb hotspots. Pearson 
correlation showed the heavy metals differ from each other during each season, but Zn/Zn 
and Fe/Fe showed a strong link between the metal concentrations and the seasons. 
Peripheral component analysis indicated that Cd and Cu particulate matter accounts for 75% 
of the variance, while cluster analysis showed the similarity of relationship in terms of 
concentration for the wet season.  
 
Conclusion: The findings of the present study provided invaluable data on atmospheric 
pollution and the development of improved protocols for pollution guidelines in suburban 
Lagos. 
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1. INTRODUCTION  
 
Air pollution is the emission of pollutants that are harmful to the climate human health and 
other living organisms. It has continued to impact greatly on the climate, agriculture, 
ecosystem, and human health because they cannot be effectively removed by the carbon 
cycle or the nitrogen cycle [1]. The continuous industrialization and active civilization of 
developing nations have contributed in no small measure to the increased levels of ambient 
air emissions via automobiles, agricultural activities, factories and industries, mining 
activities, and even domestic sources  [2]. As a consequence, developing nations are 
beleaguered with the frequent challenge of controlling the atmospheric air pollution for the 
most part in the megacities; and strikingly little or no research efforts are concerted toward 
Suburbans of megacities in the world [3]. These efforts are expected to attract current 
attention, owing to a reported outbreak of cardiovascular diseases, pulmonary disease, and 
respiratory disease, increased mortality, acid rain, and frequent citing of haze [4]. Then 
again, studies in suburban regions are yet to capture suspended particulate matter and 
heavy metal particulates with ambient air gases  [5]. Thus there is a need to study the 
pollutants concentration levels. 

Gaseous atmospheric pollutants such as CO, NO2, SO2, SPM, have a severe negative 
impact on human health and contribute greatly to the disruption of the environment and 
atmospheric balance. The SO2 and NO2 undergo different chemical reactions in the 
atmosphere that leads to the formation of acid that ends up settling on the surfaces of water 
bodies (rivers, seas, and Oceans) [6]. Researchers are also of the opinion that with the rising 
cost of natural gases and renewable energy, consumption of fossil fuels and even wood-
burning is far from being over. As a result, increased levels of SO2, NO2, CO, and even SPM 
are expected to continue to fluctuate at higher seasonal variations in city suburbans, while 
promoting climatic change and undesirable human health consequences [7]. Hence there is 
a genuine need to determine the emissions levels in suburban cities. 

Interestingly, NO2, CO, SO2 are principal contributors of suspended particulate matter, and 
more often, the source, size, origin, and composition of suspended particulate matter 
determine the characteristics of the TPM and the emission factor [8]. Suspended particulate 
matter (SPM) is the sum of all particulate matter of solid and liquid particles that are 
suspended in the air and are also responsible for several health effects due to poor air 
quality, and these effects depend on local air quality [9]. For instance, PM10 and PM2.5 
have long been associated with epidemiological studies and correlated to higher 
concentration levels of inhalable particles. Likewise higher morbidity and mortality owing to 
higher levels of SPM is a primary concern because the effect on the immune system is a 
leading cause of immune toxicity and increased risk of a range of diseases [10], given the 
vast composition and interaction of SPM with the human body, its mechanism remains. 
Subsequently, it is also unclear if synergistic effects among variables also induce health 
effects and that the observed effects are contributed partially by pollutants that co-occur in 
the ambient air [11]. These questions warrant the further investigation of SPM and 
particulate heavy metal pollutions around areas with little data output. 

Particulate heavy metal accumulation poses a great potential threat to human health. They 
are classified as systemic toxicants which can induce multiple organ damage even at low 
concentrations [12]. Also according to the US environmental protection agency, they have 
been classified as human carcinogens with increasing ecological and global public health 
concerns [13]. Although they are an important constituent of biochemical and physiological 
functions in plants and animals, their atmospheric availability is influenced by sources, 
temperature, adsorption, and sequestration rate [14]. The heavy metal-induced human 
toxicity and carcinogenicity consists of several mechanisms which are still poorly 



 

  

understood. Hence assessment of pollution levels of heavy metal particulates is essential in 
understanding the ambient air relationship [15]. For instance, within the Lagos suburban, 
suspended heavy heavy metal-induced health-related challenges are rarely reported.     On 
the other hand, each metal makes a unique contribution due to its chemical composition and 
that confers specific environmental and human health challenges [16]. For instance, the 
main routes of entry for cadmium (Cd) are inhalation and ingestion of food causes such as 
abdominal pain, nausea, vomiting, salivation, muscle cramps, shock, loss of consciousness, 
and even convulsions within 15 to 30 min  [17,18].  

While lead and copper (Pb and Cu) are associated with impaired neurological behavior, 
lower intelligence quotient decreased hearing acuity and language handicaps in children. But 
when in acute exposure causes organ damage, gastrointestinal disease, and disruption n of 
the central nervous system [19,20] Some trace metals like iron and Nickel (Fe and Ni), 
because of their presence in trace amounts in various environmental matrices affect 
thermodynamic equilibrium, complexation kinetics in plants and lipid solubility, and other 
biochemical processes [21,22]. However, literature is scarce regarding atmospheric 
particulate metal determinations in suburban Lagos in Nigeria. 

Lagos, Nigeria is one of the most densely populated megacities in the world, with about 18 
million inhabitants within 1,200 sq/km having a population density of about 6,500 residences 
per square kilometer. Lagos is predominantly inhabited by Nigerians but suffers from terrible 
traffic congestions owing to a large number of automobiles on the roads [23]. A high 
proportion of atmospheric pollutants are inhaled by the residents and some suburban areas 
even experience soothe settling on buildings. The high concentration of pollutants from 
vehicular emission, biomass burning, construction activities, and industrial emissions have 
also been reported around the Lagos state Nigeria, and are also major contributors to 
ambient air pollution, total particulate matter, particulate heavy metal particular 
concentrations at aggravated levels [24]. In addition, despite the unavailability of research 
data, little or no studies have been done in this region using the application of multivariate 
statistical methods. Hence, we study the criteria pollutants and their seasonal characteristics 
(SO2, NO2, CO), suspended particulate matter (SPM), and particulate heavy metal 
concentrations of Cadmium (Cd), Copper (Cu), Zinc (Zn), Iron (Fe), Lead (Pb) and Nickel 
(Ni) at 10 different suburb locations in the Lagos suburban by multivariate techniques for a 
significant data reduction and dataset interpretation and interaction. 
 

 
 
 
2. MATERIAL AND METHODS  
 
 
2.1 Study Area 

Lagos is situated in the western part of Nigeria.  It is surrounded on the north by Ogun state, 
east by Ondo state, and on the south is the Atlantic ocean. Lagos state is known as the 
center of attraction of Nigeria and is located in the southwestern part of the country. It is 
geographically located on the narrow flood plain of Bight of Benin. It lies on longitude 3°9′ E - 
3° 28′ E and latitude 6°23′ N - 6°41′ N and covers about 3577 sq km which is a fraction of 0.4 
% of the landmass in Nigeria. Lagos is the largest urban center in Nigeria with about 24 
million people. Lagos state is characterized by heavy traffic congestions, while poor 
infrastural development is often seen around the mainland which is the study location, and 
air pollution episodes during the wet season and heatwave episodes during the dry season. 
Study locations were selected to capture the focal points of suburbs of Lagos a The study 



 

  

sites include: Agege Ojo, Egbeda, Surulere, Gbagada, Obalenle, Iju, Ojodu, Alagbado, and 
Epe, and together with the represent a larger fraction of Lagos (Fig 1). In some areas, 
wastes are constantly dumped on the streets, while some places have poor toilet facilities 
and some have a poor infrastructural layout [25]. 
 
 
 

 
 
Figure 1. Google map of Lagos showing suburban sampling locations 
 
 
2.2 Determination of Criteria Pollutant and Particulate Matter 

Data acquisition for criteria pollutants (CO, NO2, and SO2) were performed within the 
sampling site. The 10 selected sites (Figure 1) were georeferenced and 5 points were 
selected in each sampling location at about 1000 km distance apart. Research activity lasted 
for 3 months within each season (wet season: May-July and dry season: October-
December) at 72 hr intervals measurement respectively. Using real-time in-situ 
measurement, the air pollutants were measured using Madur GA-21 plus multi-gas monitor 
(Aeroqual series 200) by electrochemical method [26].  

The suspended particulate matter (SPM) concentrations were similarly (electrochemical 
method) determined using CW-HAT200 particulate sampler having an accuracy limit of 
0.005 mg/m

3
 and detection limit of 0.001 mg/m

3
. The accuracy limit for the criteria  pollutants 

were +/-0.5 mg/L, 0.02 mg/L and  0.05 mg/L for CO, NO2 and SO2 while the  detection limits 
was 0.05 mg/L, 0.005 mg/L  and 0.04 mg/L for CO NO2 and SO2. For efficiency, sampling 
times were 4-6 am/pm and average reported, the operating temperatures were within 27-33 
o
C, wind speed ranged from 0.4 – 3.0 m/s, while relative humidity of 40-85 % was recorded. 

A total of 20 samples were obtained from each sampling site. Wind and excessive heat 



 

  

interrupted days were rescheduled while rainy days were was not captured due to high 
humidity, dampness, and dark clouds [25,26]. 

 

2.3 Determination of  Heavy Metals 

The determination of the metals in the particulate matter was carried out using a Whatman 
fiber filter paper (0,2 mm pore size)  at a marked sample area of 70 x 100 cm

2
 using a 

particulate matter counter produced by Environmental devices corporation the USA. It was 
programmed to collect 8 hourly samples at a constant flow rate of 1.0 m

2
/min. The volume 

sampler was placed at 2 m above ground level, while the air volume sampler was operated 
at 1500 m

3
 [27] 

Before the analysis, the glass fiber paper was weighed and then reweighed after sampling 
which determined the mass of air passing through the sampler about 75-120 mg per 8 hr. 
We noted some days to be obstructed by interference from residents and curious local 
officials. All council permits were obtained and local approval was acquired and no further 
obstruction was recorded. An average of 10 samples was collected from each of the 10 
locations [12]. Following the meteorological forecast, the rains were collected in a new 
sample bottle rinsed twice with distilled water. Sample bottles were labeled and covered with 
a black nylon bag to prevent sunlight before transportation to the laboratory for determination 
of anions and are presented in table 1 (dry season) and Figure 2 (wet season) and analyzed 
APHA, (1995) [28]. 

After the sampling, the filter papers were sliced into pieces and introduced into a plastic 
bottle containing 125 mL of 20 % nitric acid solution placed inside a water bath shaker at 60 
oC for 300 rpm. The obtained solution was transferred into a 250 ml borosilicate glass 
beaker and the bottle was rinsed 3 times with the deionized water before the analysis. The 
borosilicate beaker was then heated at 150 

o
C temperature to evaporate the HNO3 solution 

to 20 mL. Furthermore, another 20 mL of analytical grade nitric acid was added to the 
beaker and boiling continued till a 10 mL volume was left. The final aliquot was filtered and 
the filtrate was stored in a 100 ml amber bottle in the dark until further analysis was 
conducted [12].  The blank values were determined by analyzing unused filter papers via the 
procedure described above. The samples were analyzed using Atomic Absorption 
Spectroscopy (Buck Model 210 VGP) equipped with a digital readout system  [29]. The flow 
rates of air and acetylene were adjusted and analysis was performed by a trained 
technologist. The concentrations of heavy metals in the samples were calculated by 
comparison with the standard curves of the respective metals. The detection limits of the 
chemical analysis for Pb, Zn, Cd, Cu, Fe, and Ni were less than 0.03 mg/L respectively and 
each measurement was performed thrice and the calculated difference between the three 
determinants was less than 5 %. The calculated recovery efficiency for AAS was 94–97 % of 
a known amount of the metal spiked unto clean filter papers before extraction and recovery. 
Specific hollow cathode lamps were used for each analyte at their respective wavelengths. 

2.4 Statistical methods 

The mean values of results from the study were obtained after sampling in triplicates  Origin 
9.0 was used to show significant differences in the plots and also perform multivariate 
statistical analysis. The Pearson correlation, Biplot, and Principal component analysis were 
also performed using Origin 9.0 as described in detail in a recent publication. 
 
 



 

  

 
 

3. RESULTS AND DISCUSSION 
 

3.1 Anions Concentration 

The assessment of the concentrations of anions (Cl, SO4
2-

, CO3
2-

, NO3
2-

, PO4
3-

) in sampled 
rainwater was measured and determined as shown (table 1 and Figure 2). During both 
seasons the pH showed little or no variation within ≥ 6.8 ≤ <7.8 showing a higher tendency to 
acidity, while some anions significantly varied. Recall that rainwater is a major indicator of 
sources of atmospheric pollutants via its chemical composition, hence acidic pH is a pointer 
to some acids loaded in the rainwater. The high values of Cl

-
 during both seasons, therefore, 

suggest it as a major pollutant within the area. The anion concentrations of the rainwater 
followed the sequence Cl

-  
> CO3

2 - 
> SO4

2-
 > NO3

2-
 > PO4

3-
 during rains while at dry season 

the following sequence Cl
-
 > CO3

2-
 > SO4

2-
 > PO4

3-
 > NO3

2-
 was observed. These showed 

that Cl
-
 accounts for approximately 85% of the total anion concentration ranging from 10-26 

mg/L [30]. However, the ion concentration levels showed a relatively low standard deviation 
of less than 5 % which indicated low variations of anions over the study period.  
 
 
Table 1. Average mean concentrations of anions in the Lagos study sites during the wet 
season 
 

Location Geolocation pH Cl
- (ueq/L)

 SO4
2-

 CO3
2-

 NO
3-

 PO4
3-

 

Agege 6
o
64’N  3

o
31’E 7.6 13.3 0.092 4.67 0.037 0.045 

Ojo 6
o
46’N  3

o
20’E 7.6 14.4 0.091 2.50 0.090 0.037 

Egbeda 6
o
59’N  3

o
30’E 7.6 24.3 0.024 3.75 0.028 0.048 

Surulere 6
o
50’N  3

o
32’E 6.8 24.8 0.015 2.75 0.055 0.047 

Gbagada 6
o
55’N  3

o
38’E 7.5 26.7 0.015 2.45 0.039 0.037 

Obalenle 6
o
52’N  3

o
37’E 7.5 26.7 0.016 0.018 3.55 0.060 

Iju 6
o
66’N  3

o
32’E 7.6 14.5 0.048 2.47 0.028 0.026 

Ojodu 6
o
63’N  3

o
35’E 7.7 11.1 0.050 4.78 0.041 0.024 

Alagbado 6
o
65’N  3

o
25’E 7.7 13.4 0.090 2.10 0.048 0.040 

Epe 6
o
59’N  3

o
98’E 6.8 12.1 0.028 1.2 0.025 0.015 

 
 
The ratio of the average concentrations of (NO

3-
 + Cl)/SO4

2-
 according to the study was > 1 

and showed that hydrochloric acid and nitric acid mainly influence the rainwater. 
Furthermore, the µeq/L of (Na

+
, K

+,
 and Ca

2+
) water in rainwater was known by 

spectrophotometric method to determine the likely sources of the pollutants reported for the 
first time. A correlation between ions (Na

+
 and SO4

2-
), (Ca

2+
 and NO

3-
), (K

+
 and SO4

2-
) was 

observed to be 0.89, 0.88, 0.92, while (Na
+
 and Cl

-
), (K and Cl

-
), and (Ca and Cl

-
) were 0.93, 

0.72 and 0.76 respectively [31]. These data strongly suggest that acidic compounds such as 
H2SO4, HCl, and HNO3 react with the alkaline compounds, which are then blown into the 
atmosphere by wind. Therefore wind sources of atmospheric particulate matter (dust) play a 
crucial role in the water chemistry of the suburban study areas. Owing to the lack of 
published data on rainwater in the study locations, the results of the data are compared to 
[32] near the study site showing similar findings in levels of pH and Cl

-
 while that of anions 

near the study site were within [33]. 



 

  

 
Figure 2. Concentration levels of anions in the sampling sites the during dry season 
 
 
3.2 Criteria Pollutants 
 
The measurement of atmospheric criteria pollutants (SO2, NO2, CO) at the 10 different 
locations in Lagos suburban was during the wet and dry seasons. Overall, there are higher 
levels of SO2 during the wet season than in the dry season. The overall average value of 
SO2 at 10 sampling locations was about 12 µg/m

3
 which is lower than the 20 µg/m

3
 24-hr 

mean standard by WHO [34]. Also, the highest value was determined to be 41 µg/m
3
 at 

Ojodu during rains which are the closest to 125 µg/m
3
 24-hour average for long-term 

exposure by World Health Organization (WHO). However, both the average SO2 value and 
the highest concentration exceeded Nigeria Fmenv of 0.01 ppm [26]. Therefore, this critical 
value within the Nigerian context suggests that exposure to SO2 at these sampling locations 
which has never been reported may lead to mild symptoms of respiratory problems [35]. This 
ambient air problem according to Manisalidis et al., (2020) is mainly from household 
generation and heavy traffic congestions, and women are more likely to suffer more when 
indoor air pollution is also taken into consideration. 
The total average concentration of NO2 at 10 locations in Lagos suburban was 10 µg/m

3
, 

which is 1/4 of 40 µg/m
3
 annual mean standard of WHO. Nitrogen dioxide is a noxious gas 

with a high tendency of causing health-related challenges. The NO2 enters the atmosphere 
via the decomposition of nitrogen-based fertilizer by microorganisms but primarily by 
anthropogenic sources mainly from fossil fuel cars [36]. The highest NO2 concentrations 
were determined at Ojodu and Obalanele to be 27 and 33 µg/m

3
 during the wet season and 

happen to be areas with the highest traffic. These values are below WHO 200 µg/m
3 

1-hr 
mean standard and are not a potential (pollutant) threat level. However, according to FMenv, 
the Nigerian standard is 0.06 ppm for 24-hr exposure which, therefore, negates the obvious 
that since all the determined NO2 concentrations (> 6 < 33 µg.m

3
) exceeded the FMenv 

standard, there is according [37] the likelihood to cause health challenges to the susceptible 
population. A representative study on short-term exposure of NO2 levels of 0.1-3.5 ppm 



 

  

according to [38] showed that for asthmatic and chronic obstructive disease patience, there 
is an induced lung inflammation even at 0.6 ppm levels. 
On the other hand, the measured values of CO between the 10 sites ranged from 468-1350 
µg/m3 during the wet season and 447-1864 µg/m3 during dry seasons.  The ambient 
Nigerian FMEnv is 10 ppm for an 8-hr mean but was exceeded by all sampling sites. During 
the rains, the least polluted site was at Epe while the highest polluted site was at Obalenle. 
During the dry season, the least polluted site was at Ojo while the highest polluted site was 
also at Obalelnle. This high concentration is found to be statistically significant when 
compared with studies from Odekanle et al., (2017) [39] in a different location in Lagos 
State, Nigeria. Moreover, as Maduekwe et al., (2020) [40] noted, the major contributor of CO 
are the old vehicles plying the streets of Lagos in which emission reduction will be difficult 
 

 
Figure 3. Total particulate matter concentrations at ten different study locations in Lagos 
 
. Hence, there are possibilities of the reduced oxygen-carrying capacity of the blood among 
residents of the area due to high levels of CO. Additionally there is the danger of frequent 
headache, dizziness, body weakness, and nausea [41]. Moreover, according to [42], children 
are more susceptible to carbon monoxide pollution because they spend a lot of time in 
school and recreation centers which makes their respiratory system vulnerable to CO attack. 
The suspended particulate matter consists of soluble, hygroscopic, and deliquescent 
particles less than 10 µm in diameter which are suspended in the atmosphere. They often 
originate from boilers, combustion, incinerators, automobiles, etc, and are also a product of 



 

  

photochemical reactions of gaseous substances in the atmosphere [13], and the values are 
reported for the first time in this article. 
 
The mean concentrations were about 80 µg/m

3
 during the wet season and more than double 

at 195 µg/m
3
 during the dry season which means those study locations mainly encounter 

pollutions in the dry seasons. The highest recorded SPM was in the dry season at Algbado, 
Obalenle, and Epe study locations (295, 258, 250 µg/m

3
 respectively). In the Nigerian 

FMenv standard for SPM, it is taken as 250 µg/m
3
 per 24 hr mean, hence only dry season 

mean values exceeded this threshold. The data obtained were compared to the E.U 
regulation and the EPA standard on the suspended particulate matter [12]. The primary EPA 
standard focusing on human health protection regulates 75 µg/m

3
 which is taken as an 

annual geometric mean. Hence, from the graph, the wet season showed little deviation from 
the standard, while the dry season exceeded this regulatory benchmark and should be an 
area of environmental concern. Additionally, the EU limit (EU Directive 80/779/EEC) values 
for suspended particulates matter recommends 150 µg/m

3
 mean for an average of annual 

exposure and 120 µg/m3 SPM for 24 hr maximum exposure [43]. Hence going to the study 
data these values in the dry season indicated that a large fraction of the suburban population 
is exposed to levels of suspended particulate matter above threshold values set for the 
protection of human health. Hence this study has identified the need for investigation on 
PM10, PM5.0, and PM2.5 concentration levels in the study locations towards gaining a holistic 
understanding of particulate matter. There is a risk of non-cancer health-related effects 
causing injury to the respiratory system and bronchitis arising from SPM [9]. Also, reduced 
visibility is commonly observed at study sites owing to light absorption and scattering by 
these particles [10]. Then again soiling of painted buildings, roof discoloration, black-
particulate coated windows are randomly observed at those study locations [26]. 
 
 
3.3 Air Quality Index (AQI) 
Using the air quality index (AQI) formula described by Anyika et al., (2020), the data were 
computed and the results of the AQI were determined for the study period. The AQI values 
obtained were ≥ 100 ≤ 300 which is an indication of a non-hazardous environment that is 
moderately unhealthy and sensitive to vulnerable populations. Only EPE, Ojo, and Ojodu 
areas fell within the moderate AQI benchmark of  ~100 for the wet and dry seasons. Hence 
there is a regular distribution and pattern of atmospheric pollutants around those areas. The 
Obalenle area had the highest AQI value of 280 for SO2 and 257 for NO2 pollutants and it 
corresponded to the study observation.  The AQI values for CO are calculated to be within 
the unhealthy and very unhealthy AQI benchmark. Hence the CO is the principal pollutant for 
all sampled locations while the Obalenle study area also had NO2 and SO2 as contributory 
pollutants.  
 
 
3.4 Heavy Metals 
Hence, for the first time, the atmospheric heavy metal concentrations of the study area were 
determined at 10 different locations in the suburban sampling sites in the wet season: May-
July and in the dry season: October-December of 2019. The measured concentrations are 
presented in tables 2 and 3 showing the average mean value of determined concentrations. 
The average Cd concentration ranged from 0.35 -0.92 ng/m

3
. The lowest occurrence of Cd 

was detected during the dry season at Iju and Epe, while the highest occurrences were at 
Ojodu and Surulere and are the Cd catchment areas. Heavy traffic congestion is the major 
source of Cd concentration accompanied by secondary aerosol produced from local origin. 
Correspondingly the EU regulation and WHO regulation for Cd suspended atmospheric 
matter is 5 ng/m

3
 and therefore, the study area is not yet an area of concern. However 

regular monitoring by local authorities may be introduced. 



 

  

The average Cu concentration during the rains was 0.37 ng/m
3
, while the average Cu 

concentration during the dry season is 0.50 ng/m
3
. This depicts that higher levels of 

suspended Cu particulates are been transported and dispersed in the dry season than in the 
wet season. In addition, the lowest Cu occurrence was at Ojo while the highest is at 
Alagbado. The major sources in the study locations are automobiles while the evaporation of 
spray and crushing activities of automobile technicians are also secondary contributors. 
There is yet no Nigerian FMenv regulation on Cu suspended particulate matter likewise the 
absence of Cu regulation in the EU and WHO standards. 
 
 
 
Table 2. Wet season determined concentrations of trace atmospheric metals 

S/N Location Cd 
 (ng/m3) 

Cu 
 (ng/m3) 

Zn  
(µg/m3) 

Fe  
(ng/m3) 

Pd 
(µg/m3) 

Ni 
(ng/m3) 

1 Agege 0.41 0.50 0.01 0.16 0.31 0.44 

2 Ojo 0.41 0.40 0.02 0.06 0.16 0.45 

3 Egbeda 0.39 0.46 0.01 0.26 0.13 0.35 

4 Surulere 0.36 0.41 0.03 0.06 0.12 0.33 

5 Gbagada 0.37 0.32 0.01 0.06 0.29 0.34 

6 Obalenle 0.37 0.29 0.01 0.07 0.14 0.35 

7 Iju 0.35 0.25 0.13 0.02 0.12 0.35 

8 Ojodu 0.40 0.46 0.04 0.06 0.22 0.46 

9 Alagbado 0.36 0.28 0.01 0.25 0.17 0.34 

10 Epe 0.35 0.32 0.15 0.06 0.19 0.32 

 
The Zinc concentrations varied greatly within the studied site among between the seasons. 
The wet season showed lower levels of Zn concentration having an average concentration 
level of 0.043 µg/m

3
, while the dry season recorded 0.57 µg/m

3
 as the average 

concentration. Zinc metal is not listed as an occupational hazard nor is it known to be 
carcinogenic by the Fmenv, EU, or WHO unless there is a reported direct inhalation of zinc 
fumes at long durations. Moreover, The average person breathes about 15 m

3
 of air daily 

including millions of PM pollutants which causes allergies, adverse conditions. 
 
Table 3. The dry season determined concentrations of trace atmospheric metals 

S/N Locations Cd 
(ng/m

3
) 

Cu 
(ng/m

3
) 

Zn 
(µg/m3) 

Fe 
(ng/m

3
) 

Pb 
(µg/m3) 

Ni 
 

1 Agege 0.47 0.25 0.21 0.45 0.25 0.54 

2 Ojo 0.52 0.23 0.41 0.25 0.30 0.57 

3 Egbeda 0.78 0.46 0.52 0.55 0.33 0.76 

4 Surulere 0.89 0.49 0.31 0.25 0.50 0.39 

5 Gbagada 0.66 0.67 0.43 0.27 0.31 0.54 

6 Obalenle 0.55 0.49 0.71 0.37 0.34 0.83 

7 Iju 0.67 0.55 0.83 0.21 0.42 0.92 

8 Ojodu 0.92 0.50 0.95 0.35 0.32 0.55 

9 Alagbado 0.49 0.88 0.71 0.25 0.55 0.68 

10 Epe 0.53 0.39 0.61 0.36 0.29 0.39 

 
However, environmental and human health risk regulations associated with Zn particulate 
matter at any risk classification are unnecessary but regular monitoring and measurement of 
exposure levels are required. 
The presence of iron (Fe) in the suspended particulate matter can be of importance 
particularly when unusually high levels are detected during measurement. The study 



 

  

revealed that the levels of iron in the atmosphere is negligible and not an environmental 
concern according to table 1 and 2. Although higher occurrences of Fe are determined 
during the dry season, however, the average value for the same season is 0.29 ng/m

3
 which 

is not up to ½ of 1 ng/m
3
 and best described as negligible and insignificant. The major 

source of the traces of iron is the exhaust fume from the motorist, while secondary 
contributors are iron crushing, smelting, and welding activities by artisans within the area. 
Similarly, Zn, Cu, and Fe in the suspended particulate matter have no regulatory benchmark. 
Lead (Pb) is a notorious contributor to atmospheric pollution on a global scale, hence its 
regular monitoring and measurement are highly desirable. The higher Pb occurrences were 
seen in the dry seasons and ranged from 0.25 to 0.55 µg/m

3
 while during the rains it varied 

lower from 0.12 to 0.31 µg/m
3
. The EU and WHO regulation for Pb is 0.5 µg/m

3
 for the 

annual averaging period. Hence, only Alagbado and Surulere are the main Pb hotspots 
during this study. The primary source of Pb within the area is the exhaust smoke from 
vehicles while other contributors of Pb are entrainment of road dust into air, construction and 
demolition activities; hence Pb is crustal in origin 
Nickel (Ni) is fast becoming an element of interest during suspended atmospheric particulate 
matter studies. The lowest Ni concentration was at EPe (0.32 ng/m

3
), while the highest Ni 

concentration was determined to be 0.92 ng/m
3
. The wet season varied from 0.32 to 0.46 

ng/m
3
, while the dry season varied from 0.39 to 0.92 ng/m

3
 which showed that residents of 

the area are exposed to levels of suspended particulate matter in higher thresholds during 
the dry season than in the wet season. The given annual exposure mean set by the EU and 
WHO standard is 20 ng/m

3
 and 25 ng/m

3
 respectively, hence the Ni trace metal levels in 

atmospheric suspended particulate matter is below the threshold value and does not pose 
any foreseeable health challenges. The major source is the combustion of diesel oil and fuel 
oil, while incineration of waste and sewage are the secondary contributors. 
 
 
3.5 Multivariate Analyses 
Several modeling equations are often applied when atmospheric pollutants are studied to 
predict the source and dispersion of atmospheric particulate matter. For instance, the 
enrichment factor analysis is often applied when the atmospheric pollutants concentrations 
are higher than expected in their natural environment which is not the case in the study. 
Furthermore, chemical mass balance modeling extracts information from a large number of 
samples and data which limited our study. Hence according to [12], the multivariate analysis 
is applied when grouping and relationship variations need to be statistically expressed. The 
Pearson,s correlation describes the total variance in the study by a linear model that ranges 
from -1 to 1. The principal component analysis reduces the dimensions of the data, while 
cluster analysis finds patterns and groupings within a given data set. The three multivariate 
plots in this study were extracted from tables 2 and 3 and further readings can be obtained 
found from [12].  Thus reported for the first time in literature in table 4, figure 4, and 5 are 
multivariate data interpretation of study locations using Pearson's correlation, principal 
component analysis, and hierarchical cluster analysis. 
 
Table 4. Pearson’s correlations showing the suspended metal particulate matter  

 Cd/Cd Cu/Cu Zn/Zn Fe/Fe Pb/Pb Ni/Ni 

Coefficient (r) -0.01 -0.58 0.373 0.551 -0.542 -0.087 

P value Null Null 0.288 0.099 Null Null 

N 10 10 10 10 10 10 

T statistics -0.029 -2.015 1.136 1.863 -1.825 -0.247 

DF 8 8 8 8 8 8 

 
The results from Pearson's correlation are shown in table 4. Only the p-value of Zn/Zn and  
Fe/Fe of both seasons was greater than 0.05 which depicts that the correlation is 



 

  

insignificant and the data is also inconsistent with pearson’s hypothesis. Furthermore, there 
are instances where the Pearson's correlation fails to determine the correlations, hence 
Cd/Cd, Cu/Cu, Pb/Pb, and Ni/Ni for two seasons respectively are unable to follow pearsons 
dependency.  The Pearson's correlation for all metals within the seasons showed negative 
values except Zn/Zn and Fe/Fe. This means that the levels of heavy metals differ from each 
other during each season while Zn/Zn and Fe/Fe a strong link exists between the metal 
concentrations and the seasons.  
Figure 4 shows a biplot of the principal component; the wet season eigenvalues and 
extracted values revealed that 54% is covered by Cd followed by Cu at 21 %. But in the dry 
season, only 40% is covered by Cd followed by Cu at 21 %. Hence these two atmospheric 
suspended particulate matter accounts for most of the variance in the observed variable. the 
wet season biplot showed that only Fe occupied principal component 1 which means that Fe 
was the major atmospheric particulate in Aglagbado, Egbeda, surulere, and Obalenle. Epe 
and Iju were mostly affected by Zn while the Ojodu, Ojo, Gbagada ad Agege had a fair share 
in the distribution of Pb, Ni, Cu, Cd suspended particulate metals. the dry season biplot 
revealed that primary pollutants cannot be established for Surulere, Gbagada, Epe, Ojo, and 
Agege among the studied atmospheric particulate matter. Furthermore, only Obalanle, Iju, 
and Ojodu had Ni and Zn as the principal atmospheric pollutants while Fe is observed within 
Egbeda and Agege. 
 
 



 

  

 
Figure 4. Thebiplot of seasons variation showing the principal components and data subsets 
 
Finally, the numbers for the cluster analysis (fig 5) corresponds to the sampling sites in 
tables 2 and 3. The dendrogram is showing smaller clusters built into bigger clusters. In the 
wet season, observations 1, 2, and 8 are similar to observations from 4 through 7 and 10, 
and they occupied the same distance. It means that there is a similarity of measurement and 
relationship in terms of concentration for the wet season. The dry season clusters had 1, 2, 
10, 4, and  5 (Agege, Ojo, Epe, Surulere, Gbagada: Group 1) built into one cluster while 3, 6 
through 9 (Egbeda, Obalenle, Iju, Ojodu, Alagbado: Group 2) formed another cluster at the 
nearly same distance. It depicts that members/locations of group 1 are closely related in 
terms of concentration, while members of group 2 are similarly related in terms of 
concentration. 
 



 

  

 
Fig 5. Dendrogram of the seasonal concentrations at the different sampling site 
 
 Conclusion 
The concentrations of atmospheric suspended particulate matter for Cd, Cu, Zn, Fe, Pd, and 
Ni were investigated at 10 sampling sites in Lagos suburban during the wet and dry 
seasons. The anions showed that Cl

-
 recorded high values and an indicator of a major 

pollutant and the other anions indicated low variation during the study period. The acidic 
compounds of H2SO4, HCl, and HNO3 played a crucial role in atmospheric water chemistry. 
The SO2 concentration exceeded Nigeria FMenv of 0.01 ppm and suggests that exposure to 
SO2 at these sampling locations may lead to mild symptoms of respiratory problems. The 
major contributor to CO was the old vehicles in which emission reduction will be difficult. 
From the AQI values, the CO is the principal pollutant for all sampled locations and the 
Obalenle had NO2 and SO2 as contributory pollutants. Suspended particulate metals did not 
exceed the regulatory standards and do not pose foreseeable health challenges. The 
Pearson's correlation for all metals within the seasons showed negative values except Zn/Zn 
and Fe/Fe, while the principal component analysis revealed that Fe is the principal pollutant 
in Egbeda and Agege. The cluster analysis showed that locations are not related by 
proximity but via measurement and concentration. Hence, this study provides sufficient data 
that relates to environmental pollution and atmospheric particulate contamination at the 
study locations. 
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