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Abstract

The study investigated the variations in air pollutant concentrations and health risks
associated with exposure to air pollutants in Benin City, Nigeria. The particulates (PM2.s and
PMio) were quantified using Met One AEROCET sampler, while carbon monoxide, nitrogen
(iv) oxide, sulphur (iv) oxide, volatile organic compounds, and meteorological parameters
were monitored using a multi-Rae PDM analyser and Wind Mate respectively. ArcGIS and
SPSS for windows were used for analysing the data obtained. The health risk was obtained
by calculating the Air Quality Index (AQI). The average concentrations of CO, NO2, SO,
and VOCs were all within the WHO regulatory limits. The concentrations of PMaz.s and PMio
were above the allowable limits across the sampling locations. The principal component
(PC) analysis revealed that air pollutant levels were highly influenced by PM, CO, VOC and
NO: related activities with high factor loadings of 0.98 in PC1, 0.78 and 0.74 in PC2 and
0.84 in PC3 respectively. There were weak associations between air pollutant levels and the
meteorological parameters (R?>= 2.7 — 15.5%) in the dry and wet seasons. The results of the
health risk assessment showed that the AQI ratings of PMz s ranged between 112 to 185 and
67 to 153 in the dry and the wet seasons, and were generally unhealthy across the study area.
This implied that residents could be exposed to a high risk of air pollution-related diseases in
the study locations. It is recommended that regular air quality monitoring; the creation of
awareness of the impacts of air pollution on health and regular wearing of nose masks
against dust should be enforced in the city.

1. Introduction

Air pollution has been reported to be the largest single determinant of environmental health risks in
the world. The most pronounced impact of air pollution is in developing countries, and this has been
attributed to industrialization, rapid urbanization and increased motorization [1]. The World Health
Organization reported that no fewer than 80% of persons residing in urban areas are at risk of air
quality levels above regulatory limits [2]. Outdoor air pollutants of importance from a health
perspective include particulates (PMa2.s and PMio), carbon monoxide (CO), and gaseous pollutants
such as nitrogen (iv) oxide, sulphur (iv) oxide, and volatile organic compounds (VOCs) [3]. These
pollutants are currently rising to unhealthy levels in developing countries due to an increase in various

emissions from different anthropogenic sources in urban centres. Air pollutants such as oxides of
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nitrogen, sulphur and soot particles are directly emitted and released into the air via the incomplete
burning of fossil fuels [4]. Primary particulate matter is emitted majorly from vehicular road traffic,
generation of power especially from generator sets, industrial sources (such as cement, oil and gas),
combustion processes in and around residential buildings, and the re-suspension of soil and road dust
[5, 6]. Acute and chronic exposure to outdoor atmospheric pollutants continues to pose a dangerous
health risk to individuals, particularly in developing countries. This has been attributed to the increase
in population with urbanisation and industralisation resulting in densely populated areas with polluted
air [7]. Air pollution is the cause of adverse effects on the lungs and the increased factor of many
respiratory disorders such as chronic obstructive pulmonary diseases, asthma, and lung cancer [8, 9,
10]. Increased hospital admission for pneumonia and asthma has been correlated with high a
concentration of ambient ozone (O3), NO2, SO; and PM: s in several studies carried out in Hong Kong
[11,12,13]. There is also increasing evidence of an association between air pollution exposure and
hypertension, coronary heart diseases, stroke, cancer and myocardial infractions [14,15,16]. The
World Health Organisation has established guidelines for annual averages of outdoor air quality for
PMo, PM,5, CO, NO; and SO, as 20, 10, 40 and 20 ug/m?, respectively [17]. While the Nigerian
ambient air quality standards (NAAQS) permissible limits are 150ug/m?, 0.03ppm and 0.03ppm for
PMio, NO; and SO> respectively [18]. Continuous human exposure to air pollutants levels within
these regulatory standards could as well be of public health significance, especially in children and
people with underlying diseases, since regulatory limits are effective thresholds below which there
could be no significant health impacts on the exposed individuals [19]. The United States
Environmental Protection Agency (USEPA) has assigned a standardized level of indicator for air
pollution, referred to as the Air Quality Index (AQI) [20]. An equation for calculating the AQI based
on PMas, PMio, NO2, SO2, and CO was later proposed [21]. Similar sets of class ranges and
corresponding AQI categories for these pollutants were outlined to determine the level of health risks
the occupants in the study locations are exposed to [21]. These procedures have been employed by
several researchers to evaluate the level of health risks posed by air pollutants in different cities in
industrialized nations [22, 23].

The place of air quality monitoring in the government agenda is almost nonexistent in Nigeria, as data
on air quality are often not available or accessible from government sources. Therefore, urban air
pollution currently receives low public attention and it is characterized by a lack of legal framework,
funds, incentives, and policy guidelines to help maintain pollutants concentrations within regulatory
limits in the region [24]. The enforcement of existing legislation on air pollution, where they are
present, is hampered by the absence of political will [25]. Air pollution in developing countries is a
complex issue, which has been compounded by the information gaps resulting from the lack of
regulations and routine monitoring compared to the developed nations of the world [26]. An
understanding of the variability of atmospheric pollutants and their associated health risks can be
useful in pollutant hot spot identification and mapping as well as the control and development of
appropriate mitigation measures for health risks associated with air pollution. The objective of this
study is to investigate the levels of ambient air pollutants around residential areas in the Benin
metropolis and evaluate the health risks associated with exposure to the pollutants.

2. Methodology
2.1 Study area

Benin City is a humid tropical urban settlement which comprises Oredo, Ikpoba okha, Egor, Ovia
North East and Uhunmwonde Local Councils. It is located within latitudes 6°20'N to 6°58'N and
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longitudes 5°35'E to 5°41'E as shown in Figure 1. It broadly occupies an area of approximately
112.552 km?. The population of the city was estimated at 1,495,800 people. The location of study is
situated in a humid tropical environment. Its rainfall element strongly determines the occurrence of
the rainy and dry seasons. The total annual rainfall amount recorded in the city ranged between 2,000
and 3,000 mm. The wet season is between April and October with a short dry period in August. The
dry season begins in November and ends in April with a humid and dusty harmattan period between
December and January. Also, high relative humidity between 75 and 85% is regularly experienced in
the area [27]. The descriptions of each sampling area in the study area are presented in Table 1.
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Fig 1: Map of Benin City showing selected sample locations

2.2 Measurement and Sampling of ambient air pollutants

Forty-five cells were randomly selected for outdoor air quality sampling and were grouped into the
local council areas as SA1, SA2, SA3, SA4 and SAS (Table 1). Air sampling was done monthly in
triplicates across the locations. A handheld portable gas analyser (multi-Rae PDM-6208 series) was
utilised for measurements of CO, NO», SO2, and VOC While PM; 5 and PM o were measured with aid
of Met One AEROCET series 531 meter. The meter derives the particulate mass concentrations using
the stored particulate count and an algorithm. The sensor utilized by the equipment has a prolonged
life laser diode, elliptical mirror that efficiently collect light rays and a distinct optics that offers a
high concentration limit. Additional component of the equipment includes isokinetic probes that
minimise errors occasioned by sample flow velocity. The equipments are characterized with field
replaceable infrared, gamma radiation, combustible and electrochemical, and photoionization detector
(PID) sensors. The equipment was calibrated before and after use as recommended by the
manufacturer. The measurements were all recorded in the windward direction at a height of 2m above
ground level to prevent interference of samples with fugitive sand. Measurements were taken in
triplicates to guarantee reliability and accuracy in readings.
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Table 1: Description of sampling area

SA Area Council/ Description
Selected Cells
1 Ovia North East The houses in this area are relatively new with lots of undeveloped
Cl1,C3,C9,Cl1, lands with trees around the buildings. The area is characterized
C13,C16,C19,  with low socio-economic activities with unpaved or untarred
C24 roads, although some of the houses are located near highways.
There are schools (student hostels), churches and with most of the
homes utilizing generator set as power source.
2 Ikpoba Okha The sites are predominantly core residential areas with similar
C27, C30, C50, pattern of houses. The area is characterized by unpaved roads and
C88, C106, CL18,  without industries. There are lots of markets, lock up stores and
€147, C159, %116720’ small-scale artisans who use fuel powered generators as major
source of energy supply. It has the highest population among the
local araes in Benin City due to the proximity of rural
communities to the local Government which aid migration into the
area. Household wastes are openly disposed and generally
practiced open waste combustion
3 Oredo This is the administrative headquarters of Benin City, with lots of
C57,C71, C101, houses converted into commercial buildings. Houses are situated
C127, C130, C136,  cjose to tarred roads in the midst of markets, churches, schools
g}éi’ g}gé’ g};g’ filling stations and motor parks. The houses are cited within areas
"l 86, C1g3 Ccharacterized by high level of traffic volume. Waste generated
from the areas is combusted openly.
4 Egor Egor araes has predominantly low-cost houses. The area is
C37,C54, C60, dominated with artisans and little or no industries due to bad
C66, C80, C83, 5ads. The houses are poorly developed with unpaved roads.
CL1L, Cl14, Houses in the area generates heat energy locally through
continuous domestic activities such as cooking with kerosene
stoves, gas and fire wood in some cases.
5 Uhumwonde This location consists newly developed communities with newly
C33, C49, C77, built houses and it is an extension of the city. The houses far apart
C79,C108, with few occupants. The area is characterized with paved

interconnecting roads with relatively few commercial activities.

SA= Sampling location

2.3 Meteorological data

Relative humidity and wind speed were measured in situ at each sampling locations (SA1 - SAS)
using Wind Mate (WM 350) equipment. The measurements were recorded every month in triplicates
for one year covering wet (April - September) and dry (October - March) seasons between 2019 and
2020.
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2.4 Quality assurance of ambient air pollutant data

In situ sampling of meterological parameters and air pollutants was carried out using a calibrated
hand-held portable device. Air quality measurements were done daily between 8am to 1pm across the
sampling locations according to USEPA standards [26]. Triplicates values of air pollutant
concentrations were recorded and in the forty-five cells. The cells that fell into each of the council
araes were grouped under each area as SAl, SA2, SA3, SL4 and SL5 for ease of presentation of
results. The data recorded daily were used to obtain monthly and seasonal (wet) and (dry) average
concentrations. The results obtained were compared with the 24 - hour mean concentrations according
to WHO and FMEnv [17, 18].

2.5 Determination of Air Quality Index

The AQI values were calculated for all the sampling sites using the 24-hourly average concentrations
of measured air pollutants. Mean levels of each air pollutants were calculated using excel spread
sheet. The AQI for the respective air pollutant concentrations (Cs) according to the linear segmented
principle was determined as follows;

AQI =

~ BPhigh—BPlow
Where: AQI = Index of the pollutant;

Cp = the rounded concentration of pollutant p;
BPuigh = the breakpoint greater or equal to Cp;
BPiow = the breakpoint less than or equal to Cp;

Thigh—Ilow

X (Cp — Bplow) + llow (Equationl)

Inigh = the AQI corresponding to BPhigh;
Liow = the AQI corresponding to BPjow

2.6 GIS Analysis

The spatial variations of air pollutants parameters were determined by entering the in-situ
measurements of air pollutants concentrations into digital map layers. Various sampling locations
have been previously identified using the global positioning system (GPS) (GPSMAP 76CSX,
Garmin Inc.). The data were processed and entered into Excel sheet and exported to GIS software
(ESRI, ArcMap 10.5). Geospatial analysis using Kriging technique was employed to determine the
value of each cell at locations without sample data [28]. Air quality index for the selected cells across
the sampling locations were used to map the spatial patterns of air pollutant hot spots in the study area
using inverse distance.

2.7 Statistical analysis

The concentrations of air pollutants and meteorological parameters were subjected to descriptive and
inferential statistics using SPSS for windows (version 22.0). Analysis of Variance (ANOVA) was
employed to determine the temporal variations of the air pollutant concentrations across the sampling
areas. A paired t-test was employed to compare the measured data sets of outdoor air parameters in
the wet and dry seasons. The relationship between the measured air pollutants and the levels of
variations that exist among the variables based on the sampling locations was determined using
principal component analysis (PCA). Principal component analysis with varimax rotation was
conducted to determine how the air pollutants are clustered. Correlation and regression were used to
show the associations between the air quality data and in situ meteorological parameters in the study
area.
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3. Results and Discussion

3.1 Observed meteorological parameters

The mean ambient air temperature and relative humidity were significantly different across the
locations in the wet (F= 3.73, p = 0.005; F=143.53, p = 0.001) and dry (F = 38.34 and 40.66, p =
0.001) seasons . The outdoor temperature varied between 30.9 to 32.8°C and 31.2 to 33.6°C, with the
highest temperature in SA1 and SA3 and the lowest occurring in SA4 in both seasons (Figure 2). The
relative humidity varied from 66.6 to 75.5% and 59.2 to 73.3% in the wet and dry seasons with the
highest recorded also around SA4 and the lowest in SA3. The trend of variations in outdoor
temperature was found to be inversely related to relative air humidity. Exact patterns of levels of
meteorological parameters were reported in the work of [29] who examined the distribution of
meteorological parameters in southwestern Nigeria

The observed wind speed also varied significantly across the sampling locations in wet (F= 85.57; p =
0.001), and the dry (F= 160.4; p = 0.001) with the highest speed measured at SA2 (0.96 m/s) in the
wet season. The lowest wind speed (0.17 m/s) was recorded in SA1 during the dry season (Figure 2).
The wind speed values observed during this study are consistent with the work of [30] who reported
that wind speed is generally low throughout the year in Benin City.

90.0 mWet 1.6 mWet 1
80.0 14 -
E\O/ 70.0 - 1.2 A
£ 60.0 -
Z 500 =M
g 50.0 A
E 8 0.8 -
= 400 4 &
= = 0.6
"2 300 =
o =
9 i 04 1
2 200
10.0 A 0.2 1
0.0 = 0.0 -
SA2
Samplmg locanons Samplmg locatlons
34.0 - B Wet ®mDry
33.5 A W
330
0 s
2 320 -
g 32
<
o 31.5 1
=
g 31.0 |
=
30.5 A
30.0 A
295 =

SAZ SA3 SA4 SA5
Samplmg locations

Fig 2: Mean meteorological parameters in the wet and dry seasons at different sampling locations
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3.2 Mean concentrations of ambient air pollutants

Outdoor CO concentrations ranged from 1.88 — 3.50 mg/m? in the wet season and 2.15 — 4.47 mg/m?
in the dry periods of the year (Figure 3). The highest ambient CO values were monitored across SA1
at (4.47 mg/m?) followed by SA3 (2.15 mg/m?) and the least was recorded in SA2 (1.88 mg/m?®). The
relatively high CO levels in SL1 could be due to the predominant use of generator sets occasioned by
the constant power outages in the area which is predominantly a student environment. The values of
ambient CO varied significantly across the locations in the wet (F=7.23, p = 0.001) and dry (F= 9.82,
p =0.001) seasons. The monitored CO values were within the WHO limit of 12.3 mg/m? [17]. The
continued exposure to low and moderate levels of CO could be dangerous to vulnerable persons,
especially children and those with underlying respiratory illnesses. The monitored concentrations of
CO observed in this study were similar to the concentrations (1.81 —4.23 ppm) reported by Ukpebor
et al. [30] during the geospatial mapping of air pollution in Benin City, Nigeria. However, these
values were lower than CO concentrations documented by Balogun and Orimoogunje [31] at several
road junctions in Benin City which was attributed primarily to vehicular exhaust.

The concentrations of ambient NO, and SO; in both seasons were below the detectable limit (0.002
mg/m?) of the measuring equipment, in most of the locations except at SA2 and SA5 (Figure 3).
Outdoor NO> concentrations ranged between 0.02 — 0.04 mg/m? in the wet season but were higher in
the dry season with 0.06 mg/m? (Figure 3). On the other hand, the monitored mean SO, value was
0.03 mg/m? in the wet season and 0.02 mg/m? in the dry season (Figure 3). The presence of NO; and
SO, gases around the monitored residential areas could be due to emissions from vehicular traffic
since most of the selected areas in SA2 and SAS are located near the roads. Other possible sources
may be due to the use of gasoline-powered generators, which are dominant practices in those areas
because of incessant power failure [32]. These findings are in line with the report of Nimyel and
Namadi [33]. But the observed values in SA4 and SAS were greater than those reported by [34]
Obanya et al. around residential and transportation sector locations in Lagos, Nigeria. Exposure to
SO> has been correlated with increased respiratory symptoms, and constriction of airways such as the
nose, throat and lungs [35]. The concentration of monitored outdoor SO, and NO; values were within
the WHO permissible limits [17].

Generally, the concentrations of particulates (PMz.5, PM1o) varied significantly across the sample areas
in the wet (F=10.86 and 10.89, p = 0.001) and dry (F=31.31 and F=33, p<0.001) seasons. The highest
concentrations (54.5 and 63.5ug/m?) in wet and dry seasons (85.9 and 104.5ug/m?) of the particulates
were recorded at SA2 while SA1 has the lowest values (27.4 and 33.5 pg/m?) during the wet and dry
seasons (45.6 and 54.7 pg/m®) of monitored particulates. The values of monitored PM2s and PMio
were above the permissible limit prescribed by WHO [17]. The high concentration of outdoor
particulates measured across the sampling locations in this study could be largely attributed to the
proximity of sites to unpaved roads which was predominantly the case in the Ikpoba Okha area. This
observation is similar to Ediagbonya et al. [36] who worked on the correlation of meteorological
parameters and dust particles in rural areas of Edo state and argued that paved and unpaved roads are
contributory sources to particulate matter emissions in different areas. The mean concentrations of
VOCs in the wet season ranged from 24.8 — 51.8 mg/m? and 27.2 — 50.8 mg/m? in the dry season
(Figure 3). The sampling area (SA2) has the highest value of monitored VOCs followed by SAS while
the lowest concentration was determined at SA4. Ambient air VOCs also varied significantly across
the study locations in the wet (F=51.06, p = 0.001) and dry (F=23.53, p = 0.001) seasons. The values
of monitored VOC were within the FMEnv permissible limit of 160pug/m?.
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Fig 3: Mean concentrations of outdoor air pollutants at different locations

3.3 Seasonal variations in air pollutants concentrations

Table 2 showed the t-test values of the average levels of measured pollutants and meteorological
parameters in the sampling locations during both wet and dry seasons. The temperature in the dry
season was remarkably higher than that of the wet season in most of the sites, except in SA4 (p =
0.032) and SAS (p = 0.241). The dry season is often characterized by a lack of cloud cover, low
humidity and less rainfall which increases solar radiation. In contrast, the low-temperature values
observed in the wet season might be due to the dense cloud cover obstructing the incidence of
radiation from the sun. Therefore, the energy received by the earth has little or no reflective power
hence revolving continuously within the atmosphere as rainfall [37]. On the other hand, outdoor
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relative humidity was significantly higher in the wet season compared to the dry season across forty
per cent of the locations. Although the wind speed measured across the sampling sites was generally
low, it was observed that the mean wind speed recorded during the wet periods was significantly
higher (p = 0.001) compared to the values observed in the dry months.

There was a significant increase in ambient CO concentrations was significantly in the dry months
compared to the wet periods of the year in all the locations, except for SA1, where the difference was
not statistically significant (p = 0.47). The higher values of outdoor CO in the dry season observed in
this study were similar to the reports from several studies on ambient air pollution [30,38,39]. Dry
seasons are characterized by high temperatures and low humidity in Nigeria, while the opposite is the
case for wet seasons [38]. The high outdoor concentrations obtained for all the gaseous pollutants in
the dry season are further supported by Jacobson [40] who reported that increased levels of ambient
pollutants monitored during the dry season were attributed to high temperatures leading to the
downward movement of pollutants and higher ground-level concentrations. The higher the plume
rises, the higher the rate of dispersion of gaseous pollutants from its source before it reaches the
ground-level. On the other hand, pollutant gas concentrations on the ground level would increase if
the temperature of the ambient air is higher [40]. The values of outdoor VOCs in the dry season were
significantly (p<0.001) higher than in wet months in all the monitored sites.

The average concentrations of the monitored ambient air particle metrics (PM2s and PMo) were
significantly higher in the dry season than in the wet season at all sampling sites. This is similar to the
report of [41]. The higher concentration of particulates had been associated with the increase in
atmospheric temperature that characterizes dry seasons in Nigeria [32]. The rise in ambient
temperature increases the reactivity of gaseous constituents in the environment thereby causing an
increase in the rate of production of particulate matter through photochemical reactions [36]. Contrary
to this finding, Onuorah et al. [42] reported a decrease in PM concentration due to an increase in
atmospheric temperature. The relatively low concentrations of particulate matter in the wet season
could be linked to the increase in relative humidity due to high rainfalls that enhance the adsorption of
water vapour onto the particles leading to settling and dry deposition of particulates [42].

Table 2: Seasonal Variations of outdoor air quality and meteorology parameter

Sampling Temp R/H WS CO VOC PM: s PMio
Locations CO) (%) (m/s) (mg/m) (ug/m®) @ug/m’) (ug/m?)
SL1 t value 2.66 -2.45 16.9 -2.00 -6.67 -10.1 -8.90

sig 0.01 0.02 0.00 0.47 0.00 0.00 0.00

SL2 t value -2.22 6.28 23.5 -9.37 0.35 -5.16 -5.29

sig 0.03 0.00 0.00 0.00 0.00 0.00 0.00

SL3 t value -13.1 9.07 22.4 -2.76 -4.54 -4.15 -5.02

sig 0.00 0.00 0.00 0.01 0.00 0.00 0.00

SL4 t value -2.15 1.13 10.6 -5.07 -6.71 -6.72 -5.36

sig 0.03 0.26 0.00 0.00 0.00 0.00 0.00

SL5 t value -1.18 0.38 11.0 -2.55 6.39 2.12 1.42

sig 0.24 0.71 0.00 0.01 0.00 0.00 0.16

Temp: Temperature; R/H: Relative Humidity; WS: Wind speed; CO: Carbon monoxide; VOC; Volatile Organic compounds.

3.4 Principal component analysis (PCA) for air pollutants

In this study, six parameters were subjected to PCA. The first three components with eigenvalues
greater than 1 were considered [43]. In the wet season, the three components accounted for 71.6% of
the entire dataset (Table 3). The first, second and third components explained 35.46% (98% of the
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data sets), 19.04% (78% of the data sets) and 17.26% (88% of the data sets) respectively in the wet
season. These components are predominantly influenced by the particulates (PM>s and PMyo), CO
and VOCs. In the dry season, the three components also accounted for 72.4% of the total data sets.
The three components accounted for 34.56 (48% of the data sets), 21.11% (68% of the data sets) and
16.7% (84% of the data sets) in the dry season (Table 3), respectively and were strongly influenced by
CO, NO; but weekly dominated predominated in the dry season. This result implies that particulate
matter (PM2s and PMjo) being grouped in one component with the highest positive loadings,
emanated from the same source. The likely sources include vehicular emissions, open waste burning,
re-suspension of road dust and other human activities related to unplanned urbanization in the area.
This study is in tandem with the reports of Oyebanji et al. [44]. Carbon monoxide and VOC grouped
in component two with high positive loadings could also be from similar sources in the wet season.

Table 3: Rotated component matrix for wet and dry seasons

Components
Wet Dry
1 2 3 1 2 3

CO -0.01 0.78 -0.19 -0.03 0.68 -0.19

NO, -0.08 -0.03 0.88 -0.12 -0.03 0.84

SO,  0.35 0.07 047 0.12 0.03 041

vVOC  0.08 0.74 023 -0.02 0.63 0.20

PMzs  0.98 0.04 006 048 -0.02 -0.04

PMio  0.98 0.02 0.05 048 -0.04 -0.06
Figenvalues  2.06 .16 1.08 2.07 127 1.01
% Variance 3546 19.04 17.26 34.56 21.11 16.78
% Cumulative 3546 5445 71.76 34.56 55.67 7245

Significant values with loadings greater than 0.45 are in bold

3.5 Correlation among air pollutant concentrations

A weak negative correlation was found between VOCs and NO> (-0.173), PM25 and NO> (R =-0.123)
during the dry season (Table 4). This implies that an increase in one air parameter results in a
decrease in the other. A significant positive correlation exists between PMio and VOCs (R = 0.200),
PMio and PMzs (R = 0.779). An increase in the concentration of PMjo leads to a corresponding
increase in VOC and PM» s concentrations. There was a significant positive correlation between the
pollutants across the sampling locations during the wet periods of the year (Table 4). Sulphur (iv)
oxide was associated positively with NO> (R = 0.204), VOC and NO> (R = 0.150), VOCs and SO»
(0.116), PMio and SO, (0.213), PMio and PM2 5 (0.929), with the implication that a decrease in one
parameter leads to a corresponding decrease in another parameter. The observed correlations among
the air pollutants particularly VOCs, NO2, and PMas In the wet season and SOz, NO2, VOCs and
PMio during the dry season could be attributed to a relatively similar source. The relative humidity
observed in this study is considered high (59.2 to 73.3%) across both seasons, hence under high
humid conditions, semi-volatile substances and aerosols are readily absorbed resulting in increasing
temperature inversion [45]. This prevents the vertical diffusion of air pollutants through the
stabilization of atmospheric stratification [46]. The correlation between PMo and PM>s (R =0.779; R
= 0.929) was positively strong at both seasons. However, the relationship was stronger in the dry
season. This implies that increase in the concentrations of PMa s results in an increase in PMjo levels
in both seasons.
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Table 4: Correlation among air pollutants in dry and wet season

Parameter CO-dry NO;-dry SO;-dry VOC-dry PMas-dry PMjo-dry

CO-dry 1

NO»-dry -0.020 1

SO,-dry -0.048 0.376"" 1

VOC-dry 0.053 -0.173" -0.104 1

PM; s-dry -0.086  -0.123" -0.026 0.221™ 1

PM;o-dry -0.055 -0.091 -0.009 0.200"" 0.779*" 1
Parameter CO-wet NO;wet SO;wet VOC-wet PMaswet PMjo-wet
CO-wet 1

NO2-wet -0.061 1

SOz-wet 0.074 0.204™ 1

VOC-wet 0.061 0.150"  0.136" 1

PM2 s-wet -0.029 0.025 0.223" 0.116™ 1 .
PMio-wet -0.048 0.006  0.213" 0.073 0.929*" 1

**=Correlation is significant at p<0.01

3.6 Relationship between air quality and meterological parameters

The correlation results are presented in Table 5. The result showed that a weak negative correlation
existed between NO>, SO, and temperature (R = -0.211 and -0.144) in the dry season while
temperature correlated negatively weak with CO and VOC (R =-0.236 and -0.181) in the wet season.
This suggests that during a low-temperature regime, the concentrations of NO2 and SO: increase. This
study is similar to the reports of [47, 48], who observed negative relationships between ambient air
temperature and gaseous pollutant concentrations in Abeokuta and Lagos during the wet and dry
seasons [49].

Okimiji et al. [48], suggested that the conversion of gaseous pollutants into ozone in addition to the
relatively increased temperature under the vertical dispersion regime could be responsible for the
inverse relationship. However, Nwosisi et al. [50], reported a positive relationship between in situ
temperature and NO» in Delta States, Nigeria, and attributed this to the role of temperature during the
photochemical reactions undergone by gaseous pollutants. In the wet season, RH correlated positively
with CO, NO; and SO> (R =0.298, 0.127 and 0.33I).

The relationship between the ambient relative humidity and CO, PM2s and PMo (R =-0.103, -0.238
and — 0.174) was weakly negative but positive with NO> and SO; in the dry season (Table 5). The
inverse relationship between RH and CO and particulates implies that an increase in ambient relative
humidity indicates a decrease in air pollutants [50] also observed that high relative humidity which is
indicative of high rainfall could result in a scavenging effect of atmospheric pollutants, hence
reducing their concentrations in the air. A decreasing trend between the ground level concentration of
particulates and increasing relative humidity has been reported by [51]. Afrin et al. [52] reported that
the growth and posterior wet precipitation of particles were caused by the inverse associations
between ambient relative humidity and PMa s in Dhaka. The correlation between wind speed, CO and
VOC (R =-0.208; -0.251) was weakly significantly positive in the dry season. This implies that an
increase in wind speed will reduce the pollutant concentrations from the emitting source due to
dispersion towards the up-wind direction.

Generally, there were poor associations between the air pollutant concentrations and the
meteorological parameters in this study. Filonchyk and Yan [43] suggested that increased atmospheric
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air pollutants are not always determined by in situ weather conditions but could be influenced by the

prevailing weather conditions in the nearby areas.

Table 5: Correlations between meteorological parameters and air pollutants levels

Parameter Temp RH Wind speed
CO-dry 0.030 -0.103™ -0.208™
NO2-dry -0.211™ 0.125™ 0.014
SO,-dry -0.144™ 0.107" 0.021
VOC-dry 0.081 -0.066 -0.251™
PM; s-dry -0.055 -0.238™ 0.088
PMio-dry -0.029 -0.174™ 0.082
CO-wet -0.236™ 0.298" 0.161"
NOz-wet 0.048 -0.014 0.122*
SOz-wet 0.069" 0.127" 0.075
VOC-wet -0.181™ 0.332" -0.063
PM, swet 0.076 0.013 0.009
PMo-wet -0.098 0.025 -0.059

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

3.7 Explanatory factors of air pollutant concentrations
The contributions of temperature, relative humidity and wind speed on air pollutant concentrations
were examined for both dry and wet seasons using multiple regression analysis. The results presented
in Table 6 revealed that the coefficient of determination (R?) of in situ meteorological parameters with
monitored air pollutant concentrations ranged from 2.7 to 15.5% in both the dry and wet seasons. This
implies that the meteorological parameters contributed less than 20% of the concentrations of air
pollutants in the study areas and therefore, have low predictive power for the air pollutant
concentrations. This study is at variance with the reports of Okimiji ef al. [48] who observed higher
predictive powers of temperature, atmospheric pressure and relative humidity in coastal slum

settlements in Lagos, Nigeria.

Table 6: Explanatory factors of air pollutant concentrations

Regression Model Parameter R R? R? Std. error of Sig. F
(Dry season) (%) the estimate

Yco=2.453+0.011Temp - 0.006RH — 1.069WS 0.243 0.059 5.9 0.690 0.001
Yoz = 0.087 — 0.0020Temp + 0.000054RH + 0.0.08WS  0.221 0.049 4.9 0.019 0.001
Yvoc =24 .305+0.237Temp + -0.062RH + 40.117WS 0.026 0.065 6.5 23.621 0.001
Yemzs = 207.005 -- 3.665 111Temp -0.644RH 0.313 0.098 9.6 26.477 0.001
+18.883WS

Y pmio=215.964 — 3.608Temp - 0.664RH + 24.422WS 0.227 0.052 5.2 39.409 0.001
Regression Model Parameter (Wet season)

Yco=-2.746 + 0.128Temp + 0.012RH + 0.201 WS 0.394 0.155 15.5 17.931 0.001
Ys02=-0.064 - 0.001Temp + 0.0017RH + 0.001WS 0.177 0.031 3.1 0.021 0.001
Yvoc = 68.435 -1.690Temp + 0.222RH + 5.323WS 0.022 0.050 5.0 24.529 0.001
Yomos = -24.447 + 0.520Temp + 0.639RH — 1.471WS 0.226 0.051 5.1 17.753 0.001
Y pm10=-13.849 — 0.532Temp - 0.607RH - 2.458WS  0.182 0.033 3.3 21.526 0.001

Temp=Temperature; RH=Relative humidity; WS=Windspeed R?>=Coefficient of determination
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3.8 Health Risk analysis using AQI index

The AQI spatial and seasonal maps for CO across the sampling locations are presented in Figure 4.
The AQI for CO varied from 17 to 125 and 21 to 133 in the dry and wet seasons respectively. The
AQI score for CO was good in most of the sampling locations except in C13 (123) in the dry season

and 133 (wet season).
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Fig 4: AQI of ambient CO in the wet and dry seasons

These areas have an AQI rating of unhealthy for sensitive group status. Sampling location C113 is the
Ekosodin area in Ovia north. It is mainly occupied by students who predominantly utilize generators
as a power source which is the major source of unhealthy levels of carbon oxide in the area. [53]
reported that persistent exposure to moderate levels of carbon (II) oxide often causes clinical
manifestations such as headache, fatigue, dizziness and nausea. However, at elevated levels, CO can
react with haemoglobin forming carboxyl haemoglobin and resulting in hypoxia and cardiovascular
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disorders in exposed individuals [54]. The AQI values ranged between 112 to 185 and 67 to 153 in
the dry and wet seasons respectively (Figure 5). The spatial map also showed that the AQI status for
PM, 5 in both seasons was generally moderate to unhealthy for sensitive individuals and unhealthy.
The air quality status of respirable PM prevalent in the sampling locations is of public health
significance as it can pose varying undesirable health effects on the residents.

5°32'30" 5°36'30" 5°40'30" 5°44'30"
PM,, (pg/m’) LEGEND
Wet Season ) Benin city boundary

*  Sampied Locations
=*=* LGA bocundaries
- AIr Quality Index Classification
B Good

Moderate
0 Unheaithy for Sensitive Group
Bl Unhealthy
B Very Unheslithy
B Hazardous

26%0"
6'26'30"

Owvia North-East

22'30"
522'30"

1830°
61830

Ikgoka Okha.

F1450"
614'30"

Km
5°32'30" 5°36'30" 5°40"30" 5°44'30"
5°32'30" 5°36'30" 5°40'30" 5°44'30"

PM;. (ugim?) LEGEND

3 Benin city boundary

&  Sampled Locations

“° LGAboundaries
Air Quality Index Classification
EEl Good

Dry Season
Outdoor

6°26'30"
6426'30"

Moderate
U0 Unheslthy for Sensitive Group
Bl Unhaalthy
B Very Unhealthy
-_— dou

6°22'30"
22307

1830"
18'30"

51430"
5414'30"

5°32'30" 5°36'30" 5°40'30" 5°44'30"
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Possible sources of unhealthy levels of PMz 5 across the sampling areas may be attributed to vehicular
exhaust due to relatively dense traffic on major roads and within the streets which are prominent
across the areas. High density-built environment and increased human activities could also be the
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reason for unhealthy concentrations of PM»s in the sampling locations. PM> s can induce various
symptoms of pulmonary inflammation and structure impairment. Studies have shown that there is a
link between increased and long-term exposure to increased levels of PMas [55, 56]. The AQI for
PM; at wet and dry seasons ranged between 23 to 89 and 47 to 93 in the dry season (Figure 6). The
AQI status for PMjo across the sampling locations was good and moderate. The AQI scores of PMig
were higher in the dry season across the locations than in the wet season. The unplanned urban
expansion characterized by so many unpaved roads could be one of the sources of coarse particulates
in Benin City. Epidemiological studies have shown that increased exposure to PMio concentrations is
associated with the rate of death from cardiovascular and respiratory illness [57, 58].
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Conclusion

The seasonal air pollutant levels monitored in Benin metropolis in Nigeria were subjected to
statistical and geospatial analysis to examine the variations and their relationships with the prevailing
meteorological conditions, during the sampling. The monitored air pollutants (CO, NOz, SO, and
VOCs) were all observed within WHO regulatory limits except for PMz2s and PMio, which were
higher than the allowable limits. Air pollutants varied significantly across the sampling locations and
also with seasons. The PCA revealed the sources of predominated particulate pollution in the study
area. The major sources of PM in Benin City include vehicular emissions, indiscriminate burning of
refuse, road dust particles and other anthropogenic activities within the area. There were weak
positive and negative relationships among air pollutants in both seasons except for PMa2s and PMio (R
= 0.779; R = 0.929). Generally, poor associations existed between the air pollutants and the
meteorological parameters across the sampling area. This suggests that there could be other
unaccounted factors influencing the distribution of air pollutants in the study area. The risk
assessment revealed that the AQI status for particulate matter was predominantly unhealthy. This
implies that residents around the study area are exposed to unhealthy levels of particulate matter. This
study, therefore, underscores the need for routine air quality monitoring in Benin City together with
enlightenment and awareness programmes on the health impacts of exposures to air pollutants
particularly particulates.
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