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given the absence of local monitoring stations. To develop inclusive data for air pollution
in the Owerri metropolis, an In-situ monitoring campaign was set up around some
designated city areas for a period of one month in August 2019. The measurements of air

Keywords pollutants such as particulate matter (PM), sulfur dioxide, (SO>), nitrogen dioxide (NO>),
carbon monoxide (CO) and ozone were performed by using gravimetric and
v’ Particulate matter colourimetric method facilitated with a GPS device for Spatio-temporal pattern of air
\‘;iﬁfg?eunst r:i)rllutant pollutants. Meteorological parameters such as relative humidity, wind speed, ambient
. . temperature and even ozone levels were studied. The measurement period was divided

v’ Air quality

into mornings (8 am to 11 am) and evenings (4 p.m to 7 p.m) on 8 hourly measurements.
The data set was analyzed by splitting Owerri metropolis into eight different sampled
locations. The air quality in Owerri metropolis was then compared with the national
ambient air quality (NAAQS) and the environmental protection agency (EPA USA)
Chemistryfrontiers@gmail.com;  guidelines to understand the risk of exposure to criteria pollutants to the residents in
Owerri metropolis. Median concentration levels for particulate matter (PM) (2.5, 5.0 and
10) were lower than the annual EPA standard and NAAQS standard of PM; s standard at
15 pg/m® and the 24-hour PMyp standard of 150 pg/m® Our findings suggest that criteria
pollutant concentrations exceeded the AQI standard and NAAQS guidelines which are
predominantly emitted from vehicular sources and pose a potential threat to public health.

v' Air pollutant

1. Introduction

Owerri metropolis in the Imo State of Nigeria (5° 28' 34.7160" N and 7° 1' 33.0708" E) like the majority of
cities around the world has developed rapidly from once a quiet town to a vibrant city, with community of
people exposed to pollution resulting from urbanization influences [1]. The urbanization in the Owerri
metropolis and the increasing expansion into the surrounding local government councils have remarkably
bolstered the quality of life of the townsmen. Nevertheless, these have caused an increase in air pollution
emission bases from generator fumes, industrial facilities, waste burning and vehicular activities. Creating
public awareness of air pollution by authorities due to the air pollution detrimental effect has not been
impressive over the past decade [2,3]. Several investigations have also shown that the area is prone to traffic
and vehicular-related pollution which are well-known drivers for cardiovascular, respiratory, irritated asthma
and airways, coughing and breathing difficulty, inflammation and allergic rhinitis [4,5].
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Sulfur dioxide (SO2) and nitrogen dioxide (NO-) are well-known common air pollutants species found in the
Owerri metropolis. High exposure of residents to NO, and SO is a serious threat to environmental health, which
leads to increased morbidity and high mortality rates [6]. Besides, carbon monoxide (CO) and particulate matter
(PM) have also been recognized as principal agents to the famed global warming concerns, owing to heat
trappings on the earth's surface including CO; under solar irradiation at certain wavelengths [7,8]. Moreover
detrimental effects such as fatigue, unconsciousness, irregular heartbeat, and diverse respiratory disease are
induced depending on the size of PM when exposed to high levels of PM and CO [9].

In several countries like China, Japan, the USA, the UK and Malaysia, authorities have set up several air
pollution monitoring sites and locations to monitor the activities and background concentrations of several
pollutant species. For instance, the rural background air monitoring station located in Pahang Malaysia samples
several pollutants [10]. Based on the data collected from such stations, better decisions can be made by
environmental authorities in mitigating air pollution. However, advanced technologies via mobile monitoring
campaign allows spatial integration study which has been on the increase. Contemporary research utilized
continuously moving mobile platforms and found that several factors are consistent with remote sensing, vehicle
chase and even dynamometer studies [11]. Accordingly, another research work used mobile air quality
monitoring to obtain an improved spatial distribution of temporal resolution in the city of Stuggart [12]. In
addition, another study determined chemical components in ultrafine and fine particles were in traffic related
emissions and observed tht the increase in fine particles concentration was mostly caused by secondary ions
[13]. In addition, another work applied an in-situ study of major air pollutants arising from road traffic emissions
[14].

On the other hand, Owerri metropolis is a central town that provides road access to other southeastern states of
Nigeria, which eventually resulted in unplanned areas and fast-developing suburbs in the city. The Owerri
metropolis boasts of gentle undulating topography when compared to neighbouring regions like Orlu and
Okigwe [15,16]. This resulted in an increased accumulation of pollutants in the town which is situated below
ground level. Subsequently, to the best of our knowledge, the few published studies have not provided sufficient
ambient air quality data in the Owerri metropolis. Therefore, this research will study the ambient air quality
levels amid exposure to particulate and gaseous pollutants, explore them using Spatio-temporal characteristics,
and be used as a reference by authorities to make decisions.

2. Materials and Methods

The Owerri metropolis is composed of three local governments with a total population of 1.5 million as of 2016
but may have grown exponentially to 2—-3 million inhabitants presently [17]. The study area of approximately
100 square Kilometers has a diversity of wildlife and tropical vegetation owing to abundant sunshine and humus
content of the soil. The Owerri metropolis has a tropical climate condition, which is characterized by rainy and
dry seasons with an average air temperature of 27.5 °C throughout the year, and by having a rainy season (From
April to October) in which the average monthly rainfall is 1646 mm for most of the month. Its relative humidity
varies between 60% and 80 % during the rainy seasons, and 46% and 65 % during the dry seasons, without
significant variation throughout the year [18,19].

The area is characterized by flat topography and undulating ridges accompanied by vibrant vegetation that
influences air circulation in the metropolis of Owerri. With the understanding of the nature of the region which
falls under the coastal plain being one of the largest geomorphological zone of Imo State and its varying air
conditions, that is influenced by the geological position, and proximity to the seas, the samples were collected
in eight distinct locations, with unique attributes as shown in Fig.1; Table 1.

Suspended particulate matter (SPM) and respirable particulate matter (RPM) were sampled using the gravimetric
method while, SO, and NOx were sampled by colourimetry using the improved West and Gaeke method, and
modified Jacobs and Hochheiser respectively. The procedures were validated using 1SO 17025 as described by
similar work from previous studies [20,21].
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Fig 1 Sampling locations in the Owerri metropolis: Source Geology Department FUTO Owerri

Table 1: Main characteristics of the eight sampling sites within the Owerri metropolis

Sampling Site Characteristic Latitude Longitude

Avu Semi-urban area with a

(Semi-Urban) concentration of rural and industrial 6° 58.562' 5°26.727'
activities

Control Post Urban location is characterized by a

(Owerri City) beehive  of  vehicular  and 7°1.045' 5°29.353'
commercial activities

Orlu Road Junction | Central access roads are

(Owerri City) characterized by heavy vehicular 7° 1577 5°29.433'
and human activities

Nekede The highest density of industrial and

(Owerri Urban) commercial activities with a high 7°1.633' 5°27.507
flow of vehicles and people

Fire Service Urban area, crossed by four major

(Owerri City) access roads with heavy traffic from 7° 2.395' 5° 28.800'
trucks, trailers, cars and buses

AGC Egbu Semi-urban area predominantly

(Semi-Urban) residential area and moderate 7°5.072' 5°29.160'
industrial activity

IMSU Junction Intense traffic and high vehicular

(Owerri City) movement with access roads and 7° 2.300' 5°30.463'
commercial activities

Aladinma Predominantly  residential  and

(Owerri City) serene residential location 7°2.733 5°29.858'
consisting of bungalows
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Summarily, sampling of PM, SO,, NOx and CO was done during the early hours of the day around 8:00-11:00
a.m. / 4:00-7:00 p.m. on dry weekdays which corresponds to peak vehicular movement and low photochemical
reactivity. The continuous sampling period was 8/24 hours bases for a period of one month. A total of 25 samples
at each zone were collected. We used a respirable dust sampler with a cyclone attachment for a period of 24 hrs
which sucked a known quantity of air through the glass fibre filters. The concentration of PM is determined by
measuring the weight of collected matter in a known volume of air. The device can measure six channels of the
particle matter distribution (PMg 3, PMgs, PM1o, PM2s, PMs o, PM1g) which comprises particles above and below
10 p respectively.

For the determination of SO,, a measured quantity of air is absorbed in a solution of sodium tetra
chloromercurate that forms a stable dichlorosulphitomercurate complex. It is then reacted with formaldehyde
and bleached pararosaniline to yield a magenta colour. The colour intensity is measured photometrically at 560
nm. During the NOx determination in ambient air by the Jacob Hochheiser method, oxides of nitrogen are
collected from the bubbling air through sodium hydroxide solution and form a stable sodium nitrite. The nitrite
ion produced is then analyzed photometrically by reacting with phosphoric acid, sulfanilamide and NEDA
solution at 540 nm. After sampling, the equipment was returned to the laboratory and samples were analyzed
within 60 min of collection time. All samples were run in triplicates and any difference greater than 20 % was
unacceptable and the limit of detection for the photometer was below 0.2 mg/L [22].

On the contrary, the US.EPA has well-established procedures to be followed in quantifying the risks and hazard
indices of both carcinogenic and non-carcinogenic effects owing to pollutant exposure. However, an inhalation
RFC (reference concentration for inhalation exposure), IUR (Inhalation Unit risk) and IRIS (Integrated Risk
Information System) are not derived for the criteria pollutants instead of regulatory standards [23,24]

The wind rose as a visual representation of local wind climatology is a useful tool in determining the quick
orientation and the particular source affected concerning frequency. It provides the knowledge for understanding
and evaluating the climatological behaviour of the local wind by using a system that analyzes tracks via graphics
inspired by wind roses. It presents petals as elements that aggregate track which indicates wind direction
alongside their average speeds within a particular area in a study map. The wind rose was applied to the
interpretation of the dispersal of particulate matter [25].

Results and Discussions

The uncertainty estimate was 20 — 25 % for all samples. Descriptive data for the ambient pollution concentrations
at the sampled locations are shown in table 1. The limit of detection was 0.01 ppm SO2/25 mL, 0.05 ppm NOx/25
mL, 0.12 ppm CO /1 mL, and 0.075 ppm per sample for particulate matter [26]. The measured particle size
distribution (PSD) and the density of deposited particles (on average 1.85 + 0.15 g cm3) were used to estimate
the mass fractions of particulate matter. Air monitoring data were collected in Owerri metropolis between
mornings and evenings on 8-hour bases, while the meteorological parameters; relative humidity, wind speed and
temperature were also measured in situ.

The meteorological parameters are displayed in the spatial representation below in Fig 2 showing the peak of
wind speed to be at the IMSU junction, 82 % relative humidity at Avu and the highest recorded temperature at
Aladinma, Control post and Nekede. Measured ozone levels also showed the highest concentration around the
IMSU junction, Aladinma and Avu. The ambient temperature ranged from 28.30 - 32.20 °C with a mean
temperature of 30.64 °C. The average wind speed during monitoring was 1.23 m/s (range 0.60-2.70) and was
predominantly from south-westerly (40 %) or northeast wind (47 %); both of these wind directions often carry
particulate and gaseous emissions away from the crowded areas like Orlu road junction, Fire service and IMSU
Junction to less crowded areas like Aladinma and AGC Egbu. However, the mean concentration of ozone was
0.19 ppm which exceeded the ground level ozone standard for EPA is 0.070 ppm/8-hour outdoor exposure and
the national ambient air quality (NAAQS) standard of 0.060 ppm, and are shown in Fig. 3 below [27]. In general,
average median concentrations of PM, NO2, SO, and CO were affected by relative humidity (75-90%) in the
long term during the evenings than during the mornings (60-80%), especially in Avu and Nekede areas. Then
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again, from table 2 shown below, the hourly morning concentrations for PM were higher than evening
concentrations owing to the peak of vehicular and commercial activities during rush hours. The average CO
concentration levels from table 2 showed that Fire service > Imsu Junction > Orlu road Junction and each
exceeded 16.5 ppm average respectively.

Temperature — ) Relafive humidity
3 155U U,

whe ot o2de 7 . s PR L th s the ot rhe

wind speed

Fig 2 Spatial distribution of meteorological parameters and ozone over Owerri metropolis
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Fig 3 wind speed and ozone concentration levels at the sampled locations.

Fig. 4 is a representation of particulate matter concentrations as obtained in table 2 concerning specific sampling
sites. Observation shows that Particulate matter concentrations within the sampled area had a characteristic trend
PM o3> PM o5 > PM1o> PM;5> PMso > PMy regardless of sampling location.
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Table 2: Concentration levels of gaseous ad particulate matter at Owerri metropolis.

Sampling Avu Control Post Orlu Rd Nekede Fire AGC Egbu IMSU Aladinma
Stations Junction Service Junction
Parameters . o 0 w o0 . 6o w0 0o o0 o0 oo o0 ) oo o0
£ c £ c £ c £ = £ c £ c £ = £ =
c 'c c s (S s £ 'c £ s c s c ‘s £ ‘s
e |2 & |S|& |2 |& 2| |2 & |sg|& |2 |&
SO2 0.89 | 0.86 | 3.90 4.80 5.50 | 5.30 1.70 1.64 | 760 | 5.20 | 0.65 | 0.36 | 4.60 | 4.40 | 1.90 |1.50
(ppm)
NO2 1.10 | 0.80 | 0.80 0.90 0.90 | 1.20 0.50 0.45 | 1.20 | 1.30 | 0.15 | 0.60 | 1.10 | 1.00 | 0.80 | 0.50
(ppm)
Cco 30.00 | 12.00 | 16.00 | 21.00 | 13.00 | 30.00| 12.00 | 22.5 | 19.00 | 48.00 | 11.00 | 13.00 | 31.00 | 20.00 | 13.00 |13.00
(ppm)
PMo.s 78.4 | 9.13 | 215 214 245 242 134 180 173 174 | 94.1 | 11.1 | 134 132 | 68.9 |12.3
(ppm)
PMos 209 | 7.52 | 59.6 59.7 63.3 | 63.4 9.54 62.4 | 58.7 | 58.8 | 10.4 | 10.3 | 34.1 | 345 | 5.71 |8.57
(ppm)
PM1.0 5.35 | 536 | 16.5 16.5 18.1 | 18.1 7.63 26.8 | 23.7 | 23.7 | 12,6 | 6.28 | 9.47 | 9.30 | 10.1 |6.30
(ppm)
PMas 0.864 | 0.874 | 2.99 2.97 3.66 | 3.69 2.52 801 | 468 | 4.76 | 1.42 {0.811| 1.78 | 1.73 | 1.69 | 1.15
(ppm)
PMs.o 0.108 | 0.102 | 0.235| 0.235 [0.514|0.495| 0.273 | 1.51 | 1.18 | 1.18 | 0.155|0.101 |0.1653| 0.162 | 0.186 |0.131
(ppm)
PM1o.0 0.091 | 0.028 [0.0826| 0.0795 | 0.178 | 0.185 | 0.102 | 0.537 | 0.502 | 0.531 | 0.075| 0.041 | 0.051 | 0.047 | 0.093 |0.035
(ppm)
256
64 - I I
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Fig 4. Concentration levels of PMs in column chat across the different sampling locations

Further observation shows that Fire service and Orlu road Junction consistently had higher concentrations of
PM than other locations in both morning and evening, while Nekede was high in the evenings. PMio
concentration levels for all sampling locations were all below 1 ppm and similarly observed in PMs except at
Nekede and fire service. On the other hand, only PMo s exceeded 100 ppm concentration levels at the control
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post, Orlu road junction, Nekede, Fire service and IMSU junction in both mornings and evenings. This
accordingly, resulted from heavy vehicular activities mainly caused by traffic congestion. Hence, there is a
greater likelihood of respiratory-related challenges such as breathing difficulty, allergic rhinitis and coughing
commonly experienced by the residents of these areas.

The overall median concentration of particulate matter for PMzs, PMso and PM1o was lower than the annual
PM_s standard at 15 ug/m?, and the 24-hour PMy standard of 150 ug/m?®, which is lower than the EPA standard
as well as the NAAQS standard. However, the high concentration levels of PMos, PMgs, and PMa (ultrafine
and fine particulates) when compared to the previous findings showed that it could be attributed to three major
factors. The improper disposal of waste from residential houses, the regular occurrence of open burning that
contributes to high concentration levels, and the direct emissions from diesel soot; formed by photochemical
reactions from gaseous precursors. Unfortunately, they have a large surface area per unit mass and are superb
carriers for adsorbed organic and inorganic compounds, some of which could be potentially carcinogenic. In a
recent study, it was noted that they can induce asthma and cough, pulmonary inflammation and also linked to
diabetes. On the other hand, the study of fine and ultrafine particulate matter is generally hindered by the absence
of global standards; however, more accurate studies of this nature and their precise roles will go a long way in
defining their standards in the nearest future [28]

The spatial distribution of PM is shown in Fig. 5 and reveals that the eye of PM is at the control post area and
fire service sampling points. The lowest is at AGC Egbu and Nekede area. The size, number and composition
of the particulate matter play an important role in inducing health effects. Underlying health challenges due to
exposure may include cardiovascular diseases, respiratory, irritating asthma, irritation of airways, coughing,
breathing difficulty, and allergic rhinitis [29,30].
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Fig.5 Spatial distribution of (a) Particulate matter and (b) SO, gas across the Owerri metropolis

The EPA standard for SO, is 0.5 ppm while the NAAQS standard is 0.1 ppm. This raise concerns over the
volume of SO; gas introduced daily and monthly into the atmosphere in the Owerri metropolis given that the
minimum recorded concentration was 0.65 ppm at AGC Egbu (evening) and the highest recorded concentration
was 7.6 ppm at Fire service. This is shown in Fig. 5 above followed by the Orlu Road junction having an SO>
concentration of 5.5 ppm. This source is typically man-made arising from fossil fuel combustion and enhanced
by wind speed at 1.4 m/s at the Control post, Fire service and Imsu Junction sampled locations. In combination
with other pollutants and moisture, SO can cause visible corrosion on most metals, damage buildings, act as a
respiratory irritant (high solubility) and can cause chest tightness, reflex cough and irritation. However, at less
than 25 ppm the major effects are irritation to the eyes, lungs, throat, and mucous membrane [31,32].

NO: is of greater concern among all other constituents of NOx. The determined average mean is 0.84 ppm and
only had AGC Egbu (0.15 ppm) and during mornings to be lower than near EPA standard (0.1 ppm) and NAAQS
standard (0.06 ppm). This is also revealed in the spatial distribution shown in Fig 6. The standard deviation was
0.36 and the median is 0.9 which showed high pollution levels of NOx in the Owerri metropolis, especially in
the fire service area. The Fire service area showed the highest concentration of NOXx because it is a major road
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intersection with heavy traffic from trucks, trailers, cars and buses. The major sources of this pollutant level are
vehicular activity and cause unanticipated consequences such as pulmonary irritation, disruption of the nervous
system, suppression of the immune system through systemic inflammation of oxidative stress pathways, and
reaction with other atmospheric pollutants to form acidic rain, and visibility impairment [32].

Fig 6 Spatial distribution of (a) NO2 and (b) CO across the Owerri metropolis.

The median value of CO is 19 ppm and has a mean deviation of 11.16. This shows that the concentration levels
of CO varied greatly across the sampled areas. Maximum concentrations were 30 ppm at Orlu road junction and
Avu in the evening and mornings respectively which can be seen in Fig 5 above. This arises from heavy trucks
that transport goods in the city of Owerri and converge at Avu during the mornings before heading down to the
city in the evenings (Orlu road junction). Additionally, the EPA standard is 9 ppm/8-hour and NAAQS is 10
ppm. This shows that Owerri metropolis is a carbon monoxide-polluted city.

The sources of CO include vehicle exhaust, open burning and generators whose accumulated concentration
levels exceeded 10 ppm NAAQS at all sampling points; hence an environmental concern. Accordingly,
excessive inhalation can induce asphyxiation, dizziness or even death [9,33]. In Japan it was been reported to
be responsible for over 4000 deaths; hence it is described as a silent killer [34]. Moreover, people with businesses
in these areas may be prone to reoccurring headaches, convulsions, commas, confusion circulatory arrest and
respiratory failure due to CO intoxication and respiratory inflammation. The air quality index was estimated
using the well-known air quality index formula and briefly discussed below [35,36]

1AQI = %(CP —BPo) + TAQI g 1)
Where IAQIp Is known as the individual air quality index pollutant P which is PM, SO,, NO2 and CO. The Cp
is taken to be the daily mean concentration of the pollutant (P), where BPow and BPhign are the nearest and lowest
values of CP. Also, the IAQILo and I1AQIw are the individual air quality indexes concerning BPHI and BPLO
as shown in table 3. From table 04, the IAQI maximum is 400. Moreover, after the computation of individual
air quality index (IAQIp) for every pollutant, the AQI is then determined by selecting the maximum IAQIp as
shown below

AQI = max(IAQIL, ... ... JAQIN).....oniniiii i (2)

Besides, equation (2) above demonstrates that AQI estimation would not be the sum of all the pollutants that are
involved but just the obtained maximum value of IAQI. Also, the air pollutant that has a maximum IAQI when
AQI has a value greater than 50 is termed the primary pollutant [37,38]. A simple sketch is presented below in
table 4 which highlights pollutants and areas of primary concern. From the eight studied locations in the Owerri
metropolis, each sampling site experienced continuous pollution from a particular pollutant. It is important to
note that all the pollutants shown in table 4 are classed as primary pollutants having exceeded the AQI value of
50 or less than 100 based on NAAQS 2012 recommendation. The SO- pollutant is the principal pollutant at the
AVU location and poses the greatest risk to the general public with a greater tendency to cause health challenges.
This is because the calculated AQI value is above 200 and is considered very unhealthy for all groups. Similarly,
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a high level of CO was estimated in the Fire service area which also exceeded the 200 AQI value and also
detrimental to the general public. There were unhealthy levels of NO; at the control post, IMSU junction and
AGC Egbu owing to their AQI values that ranged from 160 to 173.

Table 3 Air quality index for studied pollutants
Descriptor AQI Risk Message
Moderate 51 -100 Unusually sensitive

individuals (ozone)
Unhealthy for 101 - 150 Identifiable groups at risk —

Sensitive Groups different groups for
different pollutants

Unhealthy 151 - 200 General public at risk;
groups at greater risk

Very Unhealthy 201 - 300 General public at greater
risk; groups at greatest risk

Table 4 AQI levels of criteria pollutants in Owerri metropolis

Sampling Stations Average AQI Conditional pollutant
Morning SO2
Avu Evening SO:
Morning NO:
Control Post Evening NO:
Morning 137 | NO:
Orlu Rd. Junction Evening _ NO:
Morning 109 | Os
Nekede Evening 141 | CO
Morning NO:
Fire Service Evening CcO
Morning SO:
AGC Egbu Evening 0s
Morning NO:
IMSU Junction Evening NO:
Morning NO:
Aladinma Evening 143 | NO:

Although Aladinma and Orlu road Junction had moderate concentration levels of NO,, however, Nekede
similarly had moderate levels of ozone and CO. From table 4, their determined AQI values exceeded 100 and
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thus are all primary persistent pollutants. Interestingly, the particulate matter estimated values were all within
the 0 to 50 AQI value and classed as a non-primary pollutant of Owerri Metropolis. The windrose diagram in
Fig. 7 suggests the dispersal and migration of particulate matter as affected by wind speed and wind directions.
It can be inferred from Fig.7 that there was a continuous variation in wind direction and wind speed over the
studied area. In the IMSU Junction sampling area, the wind direction was northerly east wind driving the
particulate matters and changes direction by afternoon to the south and northwesterly winds.

IMSU JUNCTION |Afterrooni

IMSU JUNCTION (Merning)

—_

1s.~”

(Wind Speed (m/s)
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Fig 7 Wind rose diagram of Particulate matter for some selected areas in Owerri metropolis

The converse was recorded for the Aladinma sampling area. In Nekede, the south-easterly wind was responsible
for particulate movement but became more active during the afternoon with Northeast winds, and remarkably,
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very similar to the control post area. Interestingly, northeasterly winds were strongly reported at the fire service
for both morning and afternoon readings, while in AGC Egbu East winds changed direction from the north in
the morning to south in the evening period as similarly obtained in the Avu axis. In summary, the IMSU junction
showed the highest wind speed while AGC Egbu was the least recorded wind speed. In all, higher concentrations
persisted more in the evenings than mornings due to enormous traffic congestion and heavy vehicular
movements in the evenings [39,40].

Conclusion

There are few surprising published reports of ambient levels of particulate matter (0.3, 0.5, 1.0, 2.5, 5.0, 10) and
gaseous pollutants in the Owerri metropolis, Nigeria and to our knowledge, this is one of the few improved
studies to evaluate the ambient air quality in Owerri metropolis, Nigeria. In general, daily mean concentrations
of criteria air pollutants were not dramatically impacted by meteorological parameters but potentially toxic levels
including CO, NOx and SO, were elevated as a result of point source pollution from anthropogenic sources.
Moreover, levels of CO, NO, and SO, exceeded the AQI standard NAAQS available guidelines based on
established descriptors suggesting potential health challenges for the exposed populace. Unfortunately, public
health messages are neither available nor relayed to citizens especially the vulnerable and nursing mothers.
Furthermore, our findings have provided important information regarding the extent of pollution in the
metropolis by the criteria pollutants. It is also important to note that continuous monitoring data was not gathered
for the pollutants and hence, concentrations reported may under-represent the actual values in certain locations
and when the peak concentrations occurred at days/times not monitored. In summary, our findings highlight the
fact that the criteria pollutants including SO2, NOx and CO remain within unacceptable levels. This is not
particularly true for particulate matter having PM o3 > PM o5 > PM1o > PM2s > PMso > PMy regardless of
sampling location as meteorological parameters could have played an influential role over PM concentrations.
Hence, this research has provided significant data for policy and decision-makers on criteria and particulate
matter pollutants arising from vehicular emissions in the Owerri metropolis.
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Research Highlights

o High levels of the pollutants were significantly contributed by vehicular activities
e The particulate matter had low concentration levels and was not the primary pollutant in sampled
locations.

e SO, CO; and NOx exceeded the AQI value of 50-100 and were found to be primary pollutants
e PM, NO;, SO, and CO concentrations were affected by relative humidity (75-90%) in the long term
during the evenings than during the mornings
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