Available online at www.worldscientificnews.com

WSN 160 (2021) 284-309

EISSN 2392-2192

Atmospheric Ventilation Modelling of Wind
Characteristics on Particulate Matter Dispersion in
Ajaokuta Industrial Corridor, Kogi State, Nigeria
Esemuze Lucky1,*, Shuaib M. Hassan2, Sunday Ishaya2
1Ecosphere

Consulting Limited, No 47, Ahmed Joda Crescent, Kado Estate, Abuja, Nigeria

2Department

of Geography, Faculty of Social Science, University of Abuja, Abuja, Nigeria

*E-mail address: Esemuze_lucky@yahoo.com

ABSTRACT
This study established the potency of wind speed and direction on the dispersion of near-ground
level atmospheric particulate matter in the Ajaokuta Industrial Corridor, Kogi State. The investigation
of wind speed, direction and PM was carried out in Five-sampled Stations which corresponds to Station
1 (TCN), station 2 and 3 (Ajaokuta Steel Company), station 4 (GPP & MLGP), and station 5 (WACF &
BNCF) at sunrise noontime, and sunset hour in 25 consecutive days. Association between wind
characteristics (speed and direction) and PM was assessed using the PPMC statistics, while the ALOHA
software was used to modelled the potential threat zone of PM emission in the Ajaokuta Industrial
Corridor based on the Gaussian Plume Dispersion principles. Findings revealed that the wind speed in
the Ajaokuta Industrial Corridor ranged between 2.0-3.0 m/s at sunrise and 1.0-2.0/s at noontime and
sunset hours. The prevailing wind blows from the SSW, WSW, and SSE directions at sunrise, noontime,
and sunset hours. PM2.5 ranged from 14.6 - 80.1 ug/m3 at sunrise, 30.1-129.3 ug/m3 at noon and 30-88.7
ug/m3 across the sampled stations. PM10 ranged from 18.9 - 115.9 ug/m3, 53.7 - 171.9 ug/m3 and 33.7 117.2 ug/m3 at sunrise, noon and sunset hours across the sampled stations. The associated of wind
direction was inversely significant to the concentration of PM25 at sunrise (r = -0.42, p<0.0352) and
noontime (r = -0.44, p<0.0289), while wind speed showed an inverse relationship with the concentration
of PM10 at sunset (r = -0.49, p<0.0124). The angle of dispersion of PM2.5 and PM10 at the Industrial
Corridor of Ajaokuta is inversely proportional to the prevailing wind speed and direction as such;
adjacent areas (NNE, NE, ENE and NNW) to the wind direction are potential threat zones of air
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pollution. Therefore, settlements within these locations should be relocated, because these areas are not
safe for human habitation.
Keywords: Ajaokuta, Industrial Corridor, Particulate Matter, Wind Speed, Wind Direction

1. INTRODUCTION
Clean air is a necessity for human health and scientifically proving as the most
challenging environmental problem plaguing both the developed and developing countries of
the world today (Ibe, et. al., 2017; Okobia, et. al., 2017). Air pollution has continued to receive
much attention recently, with renewed uncertainty on the achievement of policies to improve
air quality and health beyond regional boundaries (Zigler, et. al., 2018). Emissions of harmful
pollutants into the environment from different sources are becoming important in
epidemiological studies considering the varying health implications attributed to different
pollutants. According to reports, pollutants emitted half a world away can make the air we
inhale today more hazardous for our health (Ipeaiyeda and Adegboyega, 2017; Ukpere, et. al.,
2018). The World Health Organization has recognized Sulphur oxides (SOx), nitrogen oxides
(NOx), ozone (O3), carbon monoxide (CO), lead (Pb) and Particulate Matter (PM) as the leading
causes of air pollution (Landrigan, 2017). Among these pollutants, particulate matter hereafter
refers to as PM, has been categorized as a major indicator of poor air quality, and considered
the deadliest pollutant with adverse health effects (Kloog et. al., 2013; Matthew et. al., 2019)
Amodio et. al., (2014) recognized that PM contains heavy metals, polycyclic aromatic
hydrocarbons, dioxin, furans, sulphates, which all constitute a varying level of toxicity.
The complex chemical compounds associated with PM and atmospheric aerosols can
adversely affect human health with a wide range of health implications –particularly,
respiratory infections to toxic exposures (Csavina et. al., 2011). Scholars have highlighted that
PM posed both environmental and public health concerns (Obioh et. al., 2013; Maji et. al.,
2017; Etchie, et. al., 2018). PM was reported to be the third leading risk factor responsible for
more than 1 million deaths in 2015, representing nearly a quarter of the 4.2 million deaths
attributable to global outdoor air pollution (Global Burden of Diseases (GBD), 2016). Exposure
to PM is reported to be the cause of 1.09 million deaths in India (GBD, 2016), 1.4 million and
over 700 annual deaths in China (Maji et. al., 2017) and over 5000 premature death cases in
Nigerian Cities (Etchie, et. al., 2018).
Despite recognition of the health implications posed by PM, its release from multiple
sources is on the rise. The national apportionment of industrial emission of PM highlighted in
current literature showed that in China, 49% of fine particulates are emitted from industrial
processes as well as 30% in Russian, 26% in the USA, 23% in Europe, 17% in Indian, 19% in
Latin America and 12% in Africa (Crippa et. al., 2018). This implied that China, Russia, and
the USA are major countries where industrial emission of PM is on the rise. However, the
emergence of the industrial revolution coupled with an increase in urbanization has made the
African continent a hotspot for atmospheric pollution from industrial sources. Report showed
that industrial activities in Africa contribute about 19% of atmospheric SO2, as well as 21% of
CO, 12% of PM and 11% of NOx (Crippa, et. al., 2018).
In Nigeria's oil-rich region, the annual mean values of TSP, PM7 and PM10 vary from
373.9, 340.6 to 281.9 5 µg/m3 (Ubong et. al., 2015). Similarly, in Southwest Nigeria,
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heightened cases of industrial emissions of PM2.5 and PM10 have been recorded during the wet
(214 - 254 and 363 - 393 μg/m3) and dry season (227 - 238 and 765 - 446 μg/m3) (Owoade et.
al., 2015)
One major environmental impact of industrial operation is the deterioration of
neighbourhood air quality. Emissions of air pollutants from single or multiple stacks of an
industrial plant downgrade the quality of ambient air in the surrounding area (Qayoom, 2017).
However, the environmental and health implications associated with emissions of PM are not
limited to the point of release as the prevailing wind characteristics can affect the extent and
directions to which pollutants are transported (Moses and Akinyemi, 2013).
The role of meteorology in the control and abatement of air pollution is gaining increasing
attention. Researches showed that the concentration of air pollutants varies depending on
meteorological factors (Wang, et. al., 2012; Guttikunda and Gurjar, 2012; Fernandes, et. al.,
2017). However, wind speed and wind direction are recognized as the most significant
meteorological parameters regulating ventilation corridors and the capacity of the atmosphere
to diffuse pollutants (Longley, et. al., 2015). Wind direction and wind speed are key factors
controlling the rate of pollutants diffusion in the lower troposphere (Chantara, et. al., 2012; Li,
et. al., 2017). Downwind dispersal of atmospheric pollutants from source-point is more
sensitive to wind speed and wind direction than any other parameter. This implies that the rate
of diffusion will be low when the wind is calm and on the opposite, predominantly viable and
strong winds will result in a rapid diffusion rate of pollutants. In the same vein, shifts in wind
direction as little as 5° have the propensity to expel gaseous pollutants towards a particular
location thus, increasing the magnitude of transported pollutants to areas of receptors (Lianou,
et. al., 2013).
Pressure on the implication of airborne particles on human health and its antecedent effect
on the environment –contributing to particles depleting the ozone layer have propelled the
necessity to monitor, control, and model atmospheric concentrations of pollutants from their
source points. While there is considerable research on air pollution modelling in the global and
regional scene (Kgabi and Mokgwetsi 2010; Bourotte, et. al., 2011; Csavina, et. al., 2014; Li,
et. al., 2014), limited studies in Nigeria are affecting the extent to which control policies to
abate the air pollution crisis from industrial operations are implemented. Studies on air pollution
modelling in Nigeria are limited to the works of Owoade, et. al., (2012), Ayanlade and
Oyegbade (2016), Abiye, et. al., (2016). These studies are conducted in southwest Nigeria,
while the state of Ajaokuta Industrial Corridor, which hosts more than five industrial plants
(Ajaokuta Steel Mill, the West African Ceramic Factory, BN Ceramics, Geregu Power
Generation Company, Mini-Liquefied Natural Gas Plant, Transmission Company of Nigeria),
and several optimum-scale quarry industries is elusive. The presence of these industries will
mean that atmospheric pollution within the Industrial Corridor is inevitable; as such, this paper
provides an empirical investigation of wind effects on dispersion of PM within the industrial
corridor using the air dispersion modelling approach.

2. MATERIALS AND METHOD
2. 1. Location and Extent of the Study Area
The study was conducted at the Ajaokuta Industrial Cluster in Kogi State, Nigeria. With
a landmass of approximately 31 km2, the Industrial Cluster extends to about 8km hinterland
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from the riverbank of the River Niger. It is situated on latitude 7.526543°N to 7.428855°N and
longitude 6.647919°E to 6.693753°E with an average datum plane of 68m above sea level (see
Figure 1). The Ajaokuta Industrial Cluster experienced the tropical continental climate,
categorized under the Koppen –climate system as AW climate type. Typical vegetation in the
area is the guinea savannah, characterized by riparian and aquatic evergreen communities and
deciduous tree species with broad leaves and an average height of 15m - 20m (Olatunde and
Adejoh, 2017). The annual temperature ranges from 25.5 °C to 35 °C, while the total average
precipitation received in the area is between 1,250 to 2,500mm (Tokula and Eneche, 2018). The
monthly average wind speed ranged from 1.5 to 4.6 Knots (Samuel and Oni, 2014).

Figure 1. Ajaokuta Industrial Cluster

2. 2. Methodological design
2. 2. 1. Types and Sources of Data
Due to the lack of routine meteorological sensor observation of air pollution, in-situ
measurement of atmospheric pollution is a major norm in air pollution studies in Nigeria (Abiye
et. al., 2016). This study adopts a similar trend to investigate the emission concentration of
PM2.5 and PM10 as well as wind speed and wind direction. Numerical variables of PM2.5 and
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PM10 as well as wind speed and direction were measured in-situ using meteorological
equipment.
2. 2. 2. Sampling Frame and Sample Size
The Ajaokuta Industrial Cluster constitutes the sample frame for field experimentation
and data gathering. The study focused on the investigation of PM2.5 and PM10 because they
constitute the major classes of particulates from industrial activities, while wind speed and
direction were monitored as key meteorological variables. The base map of the area was
obtained within a 6km2 buffer from the QGIS platform (see Figure 2). The map was gridded
into smaller grid squares to form sub-divisions of about 0.2 km2 buffer zone. The purposive
sampling technique was adopted for the selection of five sampled stations. The sampling
stations fell within strategic locations of industrial operations. Station 1 was at the Transmission
Company of Nigeria (TCN), Station 2 and 3 were at the Ajaokuta Steel Complex (ASC), Station
4 fell within the premises of Geregu Power Plant (GPP) and Mini Liquefied Gas Plant (MLGP),
while Station 5 fell within the environs of West African Ceramic and the BN ceramic factory.
These stations constituted the geographic site for data mining.
2. 2. 3. Field Experimentation
Real-time ambient concentrations of PM (2.5 and 10), wind speed and wind direction
were measured simultaneously at the five (5) identified sampled stations. At each sampled
station, 25 samples, corresponding to 25 days sampling each, of PM and wind speed and
direction were measured at 6 am (sunrise hour), 12 pm (noontime) and 6 pm (sunset hour)
respectively which made up 75 samples in each station for PM (2.5 and 10) and wind speed and
wind direction. The real-time monitoring records were conducted at ground surface level (2.5m)
using the In-situ HAZE Dust Particulate Monitor Sampler and the Extech model GAXT-5-DL
mobile wind recorder (see Table 1). The PM sampler was calibrated four weeks before the
fieldwork.
Table 1. Adopted instruments.
S/No

Instrument

Model

Purpose

1

Global Positioning System

GPSmap 60Cx

To obtain sampling points

2

Extech

GAXT-S-DL

To record hourly wind
speed/direction

3

HAZE Dust Particulate
Monitor

GAXT-D-DL

To record hourly PM concentration

4

Notepad/Pen

40 leaves/bic

For writing

5

QGIS

Qgis 3.2 Bonn

To develop imagery map

6

ArcGIS

ArcGIS 10.1

To produced study area map

7

ALOHA

ALOHA 5.4.7

To modeled hazardous area of
pollution
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2. 2. 4. Data Analysis

Figure 2. Sampling Station

The profiles of ambient concentrations of particulate matter were visualized with the use
of line graph executed in an Excel Spreadsheet, while wind data were presented on wind-ross.
The following hypothesis guided this study:
i.
ii.

There is no significant relationship between wind speed and PM concentration in the
study area.
There is no significant relationship between wind direction and PM concentration in the
study area.
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To validate this hypothesis, PM and wind characteristics (speed and direction) were
correlated using the Pearson Product Moment Correlation to determine the existing relationship
between the variables (see equation 1).

rp =

𝛴(𝑥−𝑥)(𝑦−𝑦)
√𝛴(𝑥−𝑥)2 𝛴(𝑦−𝑦)2

------------------------ 1

where rp = product moment correlation ratio:
𝛴(𝑥 − 𝑥)(𝑦 − 𝑦) = summation of both variables deviation from their mean
𝛴(𝑥 − 𝑥)2 = summation of the square of all deviation from the mean in the independent
variable
𝛴(𝑦 − 𝑦)2 = summation of square of all deviation from the mean in the dependent
variable
The mean concentration of PM and the mean wind speed and wind direction were
modelled using the ALOHA software (Area Location of Hazardous Atmosphere) developed
based on the Gaussian Plume Dispersion principles and certified by the US EPA (see equation
2).
𝜏(𝑥, 𝑦, 𝑧) =

𝑄
−𝑦 2
−(𝑧 − ℎ)2
−(𝑧 + ℎ)2
𝑒𝑥𝑝 ( 2 ) (exp(
)
+
exp
(
)−−−2
̂
2𝑄𝑦
2𝑄𝑧2
2𝑄𝑧2
2𝜋𝑄𝑦 𝑄𝑧 𝑈

where τ is the time-averaged concentration at a given position, Q is the source term, x is the
downwind, y is the crosswind, z is the vertical direction, and τ is the time-averaged wind speed
at the height of the release (h). The standard deviations σ y and σz describe the crosswind and
vertical mixing of the pollutant.

3. RESULTS AND DISCUSSION
3. 1.Wind Profile
The wind characteristics over the study area were categorized into twelve (12) cardinal
directions, which are North (NW, NNW, NNE, NE), East (ENE, ESE) South (SE, SSE, SSW,
SW) and west (WSW, WNW) respectively. Wind speed and direction were divided into spokes
of discrete frequency categories, showing the percentage of time that wind blows from a
particular direction and at a certain speed in the studied stations (see Figure 3).
The diurnal record of wind speed and wind direction differs considerably among the
studied stations at sunrise, noontime, and sunset period (Figure 3). Average wind speed
observed in station 1 varied from 2.6 ± 0.5 m/s at sunrise to 1.5 ± 0.2 m/s and 1.3 ± 0.4 m/s at
noon and sunset hours. In station 2, the average recorded wind speed across the diurnal period
(sunrise, noontime and sunset) are 2.8 ± 0.7 m/s, 1.6 ± 0.3 m/s and 1.3 ± 0.3 m/s. Average wind
speed observed at station 3 varies from 2.8 ± 0.6 m/s at sunrise to 1.6 ± 0.3 m/s and 1.6 ± 0.7
m/s at noontime and sunset hours. In station 4 and 5, the average recorded wind speed are 2.9
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± 0.5m/s and 2.6 ± 0.5 m/s at sunrise, 1.6 ± 0.3 m/s and 1.5 ± 0.2 m/s at noontime and 1.3 ± 0.5
m/s and 1.4 ± 0.5 m/s at sunset hours respectively.

[A] station 1 at sunrise

[B] station 1 at noontime

[C] station 1 at sunset

[D] station 2 at sunrise

[E] Station 2 at noontime

[F] Station 2 at sunset
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[G] Station 3 at sunrise

[H] Station 3 at noontime

[I] Station 3 at sunset

[J] Station 4 at sunrise

[K] Station 4 at noontime

[L] Station 4 at sunset
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[M] Station 5 at sunrise

[N] Station 5 at noontime

[O] Station 5 at noon

Figure 3(A-O). Wind speed characteristics across the studied stations

Comparing the wind speed characteristics of the study area to the Beaufort wind
classification indicates that light breeze is dominant at sunrise, while light air predominates at
noontime and sunset hours respectively. This is an indication that at sunrise, the velocity of the
prevailing wind speed is moderate, while at noon and sunset hours, the prevailing wind speed
possesses a weak velocity to disperse pollutants within the Industrial Corridor. According to
Levy, et. al., (2009) wind intensity plays a major role in the dispersion of particles of varying
sizes over several days and hundreds of kilometers to a few hours and tens of kilometers. As
such, the prevailing wind speed in the Ajaokuta Industrial Corridor will mean that particulate
matter released from the respective industries will remain in the atmospheric boundary layer of
the environment due to the weak velocity of the observed wind speed. –Most worrisome is that
operations at the respective industries will be at their peak at noon, which may result in
significant emissions of varying pollutants including particulate matter. Thus, considering the
observed wind speed, the Ajaokuta Industrial Corridor is prone to poor air quality particularly
at noon and sunset hours when the wind speed drops lower than 1.5 m/s.
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The prevailing wind directions showed some degree of variations across stations and
time. At station 1, the prevailing wind whirled from the cardinal bearing of 216° (SW) at sunrise
to 268.6° (W) and 156.8° (SSE) at noon and sunset hours, while at Station 2, wind blows from
the SW (215°) at sunrise to WSW (261°) and SSE (159°) at noontime and sunset period
respectively. At station 3, the prevailing wind directions whirled from the cardinal bearing of
sunrise SSW (212°), WSW (257°) SSE (150°) at sunrise, noontime and sunset, while at station
four, the wind directions are SSW (220°), WSW (249°) and SSE (148°) at sunrise, noontime
and sunset respectively. In Station 5, wind blows from SSW (217°) at sunset and shift to WSW
(246°) and SSE (150°). The result indicates that the general wind direction of the study area is
SSW (216°) at sunrise, WSW (256°) at noon, and SSE (152°) at sunset hours. The wind
direction corresponds to the onset of raining period, which is highly influenced by the Tropical
Maritime Air Mass that prevails down south to the country’s hinterland. Just as observed by
Samuel and Oni (2014), the entire Ajaokuta area is influenced by the wind blowing from the
south during the wet season, while the wind blowing from the north prevailed during the dry
season. Major implication of the result is that emissions of atmospheric pollutants from
industrial activities will be dispersed along the pathway of the prevailing wind direction,
denoting that pollutants will also be transported along the wind direction. The atmospheric
ventilation corridor of pollutants have been reported in past literature to be influence by the
combined effects of wind speed and direction (Chantara, et. al., 2012; Lianou, et. al., 2013; Li,
et. al., 2017). According to Owoade, et. al., (2012) and Akinyemi, et. al., (2016), the combined
effects of wind speed and direction denotes the region of worst hit and inactivity from air borne
pollution. Therefore the prevailing wind characteristics recorded in this study denotes that event
of emissions released in the environment from the respective industries will be dispersed
towards the Northeastern part of Ajaokuta Industrial Corridor during the day and to the
Northwestern part during the night due to the drift in diurnal wind direction. As such,
communities within this area will suffer from health implication associated with long-term
exposure to industrial emissions.
3. 2. Diurnal Concentration of PM
The daily profile of coarse (PM10 ug/m3) and fine (PM2.5 ug/m3) particulates recorded in
the sampled stations during the period of investigation is presented in Figure 4. The results
showed that the daily observed concentration of PM2.5 ranged from 24.1 - 49.8 ug/m3 at sunrise,
while at noon and sunset hours, PM2.5 ranged from 52 - 75.9 ug/m3 and 30 - 53.1 ug/m3
respectively in Station 1. In Station 2, the daily concentration of PM2.5 ranged from 26.9 - 41.7
ug/m3 at sunrise to 54.7 - 70.8 ug/m3 at noon and 30.1 - 47.7 ug/m3 at sunset respectively. The
concentration also stood at the range of 14.6 - 29.4 ug/m3, 38.5 - 54.1ug/m3 and 39.8 - 20.4ug/m3
at sunrise, noon and sunset hours in station 3. In station 4 and 5, the daily range of PM 2.5 was
18.1 - 31.9 ug/m3 and 31.1 - 80.1 ug/m3 (sunrise), 37.4 - 53.5 ug/m3 and 84.6 - 129.3 ug/m3
(noon) and 23.5 - 38.3 ug/m3 and 76.1 - 88.7 ug/m3 at sunset. The result showed an increase in
PM2.5 at noon and sunset hours. During these hours, operations in the respective industries
where the sampled stations are located are at their peak. Similarly, the highest concentration of
PM2.5 was recorded in station 5 where the West African Ceramic and BN Ceramic factories
were located; indicating that the production process of ceramic is associated with the release of
PM2.5 at a significant level. This can be due to activities such as hauling, crushing, and
stockpiling of the raw materials as well as emissions from stalks (Fawole, et. al., 2016;
Harrison, 2020).
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[A] PM2.5 at sunrise in all stations

[B] PM2.5 at noon in all stations

[C] PM2.5 at sunset in all stations

[D] PM10 at sunrise in all stations

[E] PM10 at noon in all stations

[F] PM10 at sunset in all stations

Figure 4(A-F). Profile of PM across the sampled stations during the period of investigation.
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The diurnal concentration of PM10 also varied among the studied stations (Figure 4). The
observed record of PM10 in station 1, ranged from 59.1 - 33.2 ug/m3 at sunrise to 70.7 - 105.3
ug/m3 and 50.1 - 78.6 ug/m3 at noon and sunset hours. In station 2 and 3, the observed
concentration of PM10 ranged from 32.3 - 51.6 ug/m3 and 18.9 - 36.1 ug/m3 at sunrise, 70.7 105.3 ug/m3, and 69.3 - 91.1 ug/m3 at noon, as well as 50.1 - 78.6 ug/m3, and 49.2 - 77.9 ug/m3
at sunset. The observed daily concentration of PM10 in station 4 ranged from 28.5 - 40.4 ug/m3
to 53.7 - 67.9 ug/m3 and 33.7 - 50.1 ug/m3 at sunrise, noon, and sunset, while in station 5, the
observed concentration ranged from 68.5 - 115.9 ug/m3 at sunrise to 125.1 - 171.9 ug/m3 and
91.6 - 117.2 ug/m3 at noon and sunset hours. This result denotes an increase in the atmospheric
concentrations of PM10 across the sampled stations, with peak values recorded during the noon
and sunset hours –particularly at the vicinity of the West African Ceramic Factory and the BN
Ceramic factory (Station 5). Therefore, outdoor activities during these hours are harmful to
human health. Studies elsewhere have reported that the production of Ceramic tiles is associated
with outrageous emission of particulate on daily basis, which is detrimental to public health
(Vicente, et. al., 2012; Fonseca, 2016). Similarly, the observations of Lu, et. al., (2016) in
Yangtze River Delta (YRD) in China, showed that PM10 decreases diurnally with morning
concentration relatively lower than afternoon and night concentration. The outcome of the
current study showed that the active operation of crushing and hauling of materials in the
ceramic industries in Ajaokuta Industrial Corridor is the leading cause of particulate emissions
into the surrounding environment, and as a result, it constitutes major air pollution.
3. 3. Association between Wind Speed, Wind Direction, and PM

Figure 5. Zero order correlation matrix of wind speed, wind direction on PM concentration
**Significant at 0.05 level (2-tailed)
Note: M = sunrise; N = noon; E = sunset; W/S = wind speed, W/D = wind direction
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The influence of wind characteristics (speed and direction) on the concentration of
atmospheric PM is presented in Figure 5.
The result in figure 5 showed that negative but insignificant relationship exist between
wind speed and PM2.5 and PM10 across the sampled stations at sunrise (r = -0.23, p<0.2625 and
r = -0.14, p<0.5172), and noontime (r = -0.13, p<0.5279 and r = -0.06, p<0.7937). At sunset,
wind speed showed a negative and significant relationship with PM10 (r = -0.49, p<0.0124),
while the relationship between wind speed and PM2.5 was insignificant (r = -0.33, p<0.1046).
The result implied that the diurnal increase in wind speed is tantamount to the dispersion
and invariably decrease in the concentration of ambient PM2.5 and PM10. However, the level of
influence is stronger for fine particulates (PM2.5) than coarse particulates –particularly at
nightfall. This result means that the study hypothesis (i) can only apply to fine particulates and
with diurnal difference.
Wind direction and PM2.5 showed a significant negative relationship at sunrise (r = -0.42,
p<0.0352) and noontime (r = -0.44, p<0.0289), while at sunset, the relationship is positively
insignificant (r = 0.07, p<0.7239). In contrast, the relationship between wind direction and
PM10 is negative and insignificant at sunrise and noontime (r = -0.38, p<0.0628 and r = -0.29,
p<0.1600), while at sunset, the relationship is positive and still insignificant (r = 0.23,
p<0.2627).
The result showed that wind direction exerts a strong negative relationship with the
concentration of PM2.5 –particularly at sunrise and noontime, but contrary to PM10. With this,
the postulated hypothesis (ii) is acceptable, meaning that wind direction is inversely associated
with the concentration of ground-level particulate matter but subjected solely to fine particulate
(PM2.5). Studies have shown that there is a negative linear relationship between wind speed and
wind direction on the concentration of particulate matter (Csavina, et. al., 2014; Dunea, et, al.,
2016). As such, the results obtained in this current study follow a similar trend of scientific
investigation on the potential impacts of wind field (speed and direction) on the concentration
of ground-level atmospheric pollutants.
The major implication of this result is that when the wind is stagnant, emissions of PM
from the respective industrial activities will remain within the Ajaokuta Industrial Corridor.
Under such a scenario, the atmospheric condition of the environment will be unsafe for human
dwellings and vulnerable groups (people with already existing health effects) will suffer from
airborne complications.
3. 4. Modeling of PM Dispersion in Relation to Wind Speed and Direction
Table 2. Threat zone of PM2.5 and PM10 at the respective sampled stations.
Sunrise (km2)

PM2.5

Location

Area(km2)

Noon

Sunset

Distance
Distance
Area(km2)
(km)
(km)

Area(km2)

Distance
(km)

Station 1

0.6

1.4

2.9

2.7

0.3

0.4

Station 2

0.01

0.2

2.5

2.1

2.0

1.8

Station 3

0.1

0.4

2.6

2.0

1.9

1.6
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Station 4

0.04

0.3

2.2

1.9

0.8

1.5

Station 5

0.4

1.3

3.9

4.2

2.5

3.9

Total

1.1

3.6

14.7

12.9

9.4

7.2

Station 1

0.1

0.7

2.0

1

2.7

2.4

Station 2

0.1

0.6

3.9

4.5

2.8

2.4

Station 3

0.1

0.2

2.9

3.1

2.2

3.1

Station 4

0.1

0.3

4.3

4.1

5.7

7.3

Station 5

0.4

0.9

5.1

6.1

3.9

2.8

Total

0.7

2.7

18.2

18.8

17.2

18

[A] PM2.5 dispersion at Station 1
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[B] PM10 dispersion at Station 1

[C] PM2.5 dispersion at Station 2
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[D] PM10 dispersion at Station 2

[E] PM2.5 dispersion at Station 3
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[F] PM10 dispersion at Station 3

[G] PM2.5 dispersion at Station 4
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[H] PM10 dispersion at Station 4

[I] PM2.5 dispersion at Station 5
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[J] PM10 dispersion at Station 5

Figure 6. Threat zone of PM along wind trajectory in the study area

The Area Location of Hazardous Atmosphere (ALOHA) software developed by the
United States Environmental Protection Agency (EPA) was adopted in this study. The tool
functions on the Gaussian-based principles of air dispersion modelling in emergency
management. The output of the model is presented in Figure 6, while the statistical result is
presented in Table 2.
Attempts to identify the area of potential threat to the emission of PM in the studied
stations are presented in Figure 6. The modelled results showed that the threat zone of PM2.5
emissions in station 1 was minimal at sunrise and sunset hours (0.6 km2 and 0.3 km2), while at
noon, 2.9 km2 area was observed as potentially threatened. PM10 dissipates faster at sunrise
with plumes covering 0.1 km2, while at noon and sunset; the threat zone of PM10 covers 2 km2
and 2.7 km2 respectively. In relation to the prevailing wind direction, these areas extend
eastward (NE and ENE) from the TCN complex to residential staff quarters of Ajaokuta steel
company at a distance of 2.7 km and 2.4 km at noon and sunset period (Table 2). At station 2,
the threat zone of PM2.5 dispersion from point source (0.01 km2, 2.5 km2, and 2 km2) is minimal
compared to PM10 (0.1 km2, 3.9 km2, and 2.8 km2) at sunrise, noon and sunset hours. In relation
to the prevailing wind direction, these areas extend from the Ajaokuta Steel Complex towards
the distance of 0.2-0.6 km and 2.1-4.5 km towards NNE and ENE direction at sunrise and
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noontime, while at sunsets, the wind direction dispersed the particulates toward the NNW
direction at a distance of 1.8-2.4 km (Table 2). The result implied that the transportation of
particulate matter from point sources in Station 2 (Ajaokuta Steel Complex) is higher at noon
and sunset hours and therefore threatens nearby residential areas. In station 3, the threat zone
of PM2.5 dispersion from the point source are 0.1 km2, 2.6 km2, and 1.9 km2, while 0.1 km2, 2.9
km2, and 2.2 km2 are the observed zone of the hazardous atmosphere associated with the
pollutant of PM10 at sunrise, noon, and sunset hours. The results showed that the extent of the
threat associated with particulate matter emission from the Ajaokuta Steel Complex increases
during the noontime and sunset hours, which is attributed to the rate of industrial operation
during the period. The pollutants are dispersed towards the NE and ENE axis at sunrise and
noon, while at sunset, the pollutants are dispersed in the NNW direction due to the prevailing
wind direction. The transportation of these pollutants (PM2.5 and PM10) extends from the source
point (Ajaokuta Steel Complex) to the neighborhood at the range of 0.4-1.6 km for PM2.5 and
0.7-2.4 km for PM10.
The observed model in station 4 showed that the threat zone of PM2.5 varies from 0.04
km2 at sunrise to 2.2 km2 and 0.8 km2 at noon and sunset hours. In contrast, the threat zone of
PM10 varied from 0.1 at sunrise to 4.3 km2 and 5.7 km2 at noon and sunset hours. The result
implied that both noon and sunset hours received increasing atmospheric pollution of PM2.5 and
PM10 attributed to emissions from GPP and MLGP respectively. The pollutants are transported
to NNE and ENE axis from the source point in relation to the prevailing wind direction at the
distance of 0.3 km - 1.9 km for PM2.5 and 0.3 km - 4.1 km for PM10 at sunrise and noontime.
However, during sunset hours, the pollutants are transported toward the NNW direction at the
distance of 1.5 km and 7.3 km (Table 2). At station 5, the threat zone of PM2.5 dispersion from
the point source (0.4k m2, 3.9km2, and 2.5km2) is minimal compared to PM10 (0.7 km2, 5.1 km2,
and 3.9 km2) at sunrise, noon and sunset hours. In relation to prevailing wind direction, these
areas extend from the Ceramic Factories (WACF and BN) at a distance of 1.3-2.4 km for PM2.5
and 0.9-6.1 km for PM10 towards NNE and ENE direction at sunrise and noontime, while at
sunsets, the wind direction dispersed the particulates toward the NNW direction at a distance
of 3.9 km and 2.8 km (Table 2). The result implied that the transportation of particulate matter
from point sources in Station 5 (WACF and BN) is higher at noon and sunset hours and
therefore threatens nearby residential areas. This modelled results concurs with existing facts
on the effect of wind characteristics in the dispersion of ambient PM (Kgabi and Mokgwetsi;
2010). Similarly in Nigeria, Abiye et. al., (2016) also found that wind speed and direction exert
ample effects on the dispersal rate of atmospheric pollutants in Ile Ife.

4. CONCLUSIONS AND RECOMMENDATION
The investigation revealed that the observed wind speed in the Ajaokuta Industrial
Corridor varied temporarily and ranged between 2.0-3.0 m/s at sunrise and 1.0-2.0 m/s at
noontime and sunset hours, indicating the dominancy of light breeze at sunrise and light air at
noontime and sunset hours. This depicts moderate atmospheric ventilation at sunrise and low
ventilation at noon and sunset period. The implication is that at noon and sunset period, the
potency of dissipation of atmospheric pollutants may be poor due to the low velocity (speed)
of the wind that prevailed in the area. The prevailing wind blows from the SSW, WSW, and
SSE directions at sunrise, noontime, and sunset hours. This implies that NNE, ENE, and NNW
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constitute the ventilation corridor at sunrise, noon, and sunset period in the Ajaokuta Industrial
Cluster. The concentration of coarse (10 ug/m3) and fine particulate matter (2.5 ug/m3) over the
atmospheric boundary layer of Ajaokuta Industrial Cluster are triggered by local sources.
Combined emissions of particulate matter from the West African Ceramic Factory and BN
Ceramic Factory (station 5) constitute the major source of polluters of the environment. The
concentration of PM2.5 and PM10 varied diurnally, with noon and sunset hours being the peak
period. This could be attributed to the increase in emissions as both noon and sunset hours are
the most active period of industrial operations.
The prevailing wind speed and wind direction in the Ajaokuta industrial Corridor showed
both a negative and positive degree of association with the concentration of PM. However, the
association of wind direction was inversely significant to the concentration of PM25 at sunrise
and noontime, while wind speed showed an inverse association with the concentration of PM10
at sunset. As such, the concentration of PM is a determinant of the prevailing wind speed and
direction at a particular time in the Ajaokuta Industrial Corridor. The dispersion model of PM
in relation to wind speed and direction showed that the area location of the hazardous
atmosphere associated with emission of PM from the respective industrial corridor differs. The
angle of dispersion of PM2.5 and PM10 at the Industrial Corridor of Ajaokuta is inversely
proportional to the prevailing wind speed and direction.
The effect of wind speed and direction on pollutant dispersion is particularly weak.
However, adjacent areas (NNE, NE, ENE and NNW) to the prevailing wind direction are
potential threat zone of PM2.5 and PM10 pollutants. It is therefore important that the existing
human settlement located at these locations should be relocated, as these areas may not be safe
for human habitation. More so, the development of industrial sites should be in tandem with
local wind profile to aid quick dispersion and dilution of possible emissions. Furthermore,
authorities of the Federal Ministry of Environment (Nigeria) must act upon the extant law (S. 1
Harmful Waste ‘Special Criminal Provision etc’ Act 1988) regulating the emission of harmful
wastes into Nigeria environment to guide all industrial operations associated with the emission
of hazardous substances –particularly ceramic factory. This will ensure their industrial
operations meet the established practice and their emissions are not above the recommended
standard.
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