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Introduction soot and lead (Lawal and Asimiea, 2015).

Particulate matter is a key air Particulate matter (PM) is a compound
contaminant and includes all solids and/or combination of human, biogenic, and
liquids floating in the air which may not physical/natural resources/materials,
be seen as particles from soil or of soil, floating as aerosol particles in the




air/atmosphere with main apparatus as
sulphate, nitrate, ammonium, organic
carbon, elemental carbon, sea salt, and
dust (Johret al.,2014). It is a mixture with
physical and chemical characteristics
varying by location. PM comprises
mixture of solid particles and liquid
droplets that can be noticed in the air and
varies in sizes and may constitute varying
chemicals and other materials.

PM can be attributed to varying
sources which includes among others,
natural sources such as wild fires, erosion
of the desert environment by wind,
agricultural activities of human from their
smoke chimney, car exhaust, and other
combusting activitiesParticulate matters
that are air borne are often carcinogenic to
man (WHO, 2013). This is because they
have the ability to access the lungs and
blood stream at their initial state
(unfiltered) resulting to deadliest effect on
human such as Deoxyribonucleic acid
(DNA) mutations, heart related disease
which could result in premature death.
Particulate matters concentration varies in
accordance to time, space, weather and
season.

Of concern is the Pl or less
particulate matter which has the ability to
access the lungs unfiltered as a result of
their tiny size hence causing negative
health effects on man. Because of their
sizes, they can penetrate in to the
respiratory system into more enclosed
parts of the body and other respiratory
part. These particles are composed of
sulphate, nitrate, organic carbon, solil.
PM:.s material is as a result of combustion
of fuel material which reacts with
chemicals in the atmosphere.

The exposure to these particles has
resulted in series of medical admissions
for the treatments of lungs related illness,
asthma, cardiovascular and premature
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death. This death and health situations are
associated with the elderly and children.
The environment is not excluded from the
effect of PM.s hence, soiling, vegetal
damage, reduce visibility and corrosion.
The industrial revolution has made for an
intense increase in air pollution globally
during the Anthropocene (Crutzen, 2002).
This has also led to an increase inRMt

the ground level at both urban and rural
areas (Akimoto, 2003; Schutz al, 2006;
Anenberget al., 2010). PMscould be of
very severe health consequences resulting
in  health  challenges such as
cardiovascular and respiratory disease and
lung cancer, and especially chronic
exposure is associated with morbidity and
premature mortality (Dockemst al., 1993;
McDonnell etal., 2000).

Urban PM s exposures are responsible
for approximately 712,000
cardiopulmonary disease (CPD) and
62,000 lung cancer deaths in 2000 (Cohen
et al., 2004), while anthropogenic Pidis
associated with 3.5 million CPD and
220,000 lung cancer mortalities annually
(Anenberget al.,2010). The global fraction
of adult mortality attributable to the
anthropogenic component of BMs 8.C}4

for CPD and 12.%: for lung cancer (Evans

et al., 2012), the global burden of disease
for 2010 indicated that outdoor air pollution
in the form of fine particles is a much more
significant public health risk than
previously assumed (Lirat al., 2012). In
Nigeria, almost the entire country has M
concentrations above the WHO guideline
of 25ug/nt (24-hour mean) and 10pgim
(annual mean) (WHO, 2005). This presents
an environmental health burden in relation
to potential risk of continuous exposure to
dangerous level of PM (Lawal and
Asimiea, 2015). The reduction in the
episode of air pollution will result in proper



management of air giving rise to air better
quality.

A study of the spatial-temporal
characteristics of Pl concentrations as
well as the factors impacting those
concentrations in China for the years of
2001-2010 indicated that PM spatial
pattern of concentrations in China
remained stable during this period; great
concentrations of Pbt are often found in
areas with dense populations and rapid
urban expansion, including the Beijing-
Tianjin-Hebei region in North China, East
China and Henan provincelLin et al.,
2013). PM s concentrations had low spatial
variation and the elemental concentration
established high spatial variation when the
spatio-temporal variation for various
chemical elements which added to the
PMys fraction during a 1-year long
measurement campaign (December 2001—
November 2002) Cincinnati metropolitan
area was examined. (Dainias al., 2004).
The spatio-temporal distributional
characteristics of Phk and its in uence on
factors of weather in Nanjing China from 1-
04-2013 to 31-12-2015 expressed the
severe pollution of the Maigaogiao site
(Tao et al.,, 2016). The spatio-temporal
characterization of ambient BN
concentration in Shandong province China
and evaluation of the space-time variability
of PM.s concentration and distribution
displayed that the whole region of interest
is seriously polluted (Yong and George,
2015).

The spatio-temporal change patterns of
PMys from August 2013 to July 2014 in
Beijing presented a strong spatio-temporal
variation Fangfang et al. (2015).
Martuzeviciuset al. (2004) researched on a
spatio-temporal analysis of BM at
Cincinnati which has dense traffic. It was
carried out at 11 locations. Low
concentrations variation between locations

Mmoo #l

were obtained for total mass RMmedian
CV¥: 11.34), even though several

elemental concentrations revealed greater
variations (38.8n, 68.714). Pinto et al,

(2004) carried out a research to investigate
more than a thousand locations in the
United States from 27 Metropolitan
Statistical Areas (MSAS) in relation to the
spatial uniformity analysis using US
Environmental Protection Agency BN
Various degrees of spatial heterogeneity
were observed, using a coefficient of
divergence to characterize  spatial
heterogeneity.

Particulate source composition is a
dominant factor in determining spatial
variability (Monnet al., 2001). PM: that
was collected for 14-day samples four
times at 40 or more intra urban sites (not
concurrently) in the Netherlands, Munich,
and Stockholm revealed that Annual mean
PMz 5 concentrations ranged from 11 to 20
mg/m® in Munich, 8 to 16 mg/f in
Stockholm, and from 14 to 26 mgfin the
Netherlands. Concentrations adjoining
main roads were on average 174.8igher

than urban background sites Hoek al.
(2002b).

Goswamiet al (2002) monitored Pk
at 40 outdoor sites in Seattle, Washington
and found significant spatial variability in
outdoor concentrations. Spatial features of
the sites, for example, altitude and distance
from major roads, remained significant in
predicting mass concentrations. Smargiassi
et al. (2005) recently found that while
PM. s concentration was relatively uniform
between four sites near urban roads and a
background  site, filter  absorption
coefficients varied by 40% among traffic
spots as well as the background site,
indicating that intra urban spatial
unevenness in PM  absorption
coefficients was connected to the intensity



in traffic, even at very small scales. Land
use is associated with precise origins, and
some studies chose to attribute spatial
heterogeneity to monitoring site land use
characteristics.

Particulate Matter vary throughout the
nation due to different activities that are
carried out across the country (Efe, 2008;
Lawal and Asimiea, 2015). Air circulation
at street level is dissimilar from that which
occurs at higher altitudes where physical
barriers are essentially non-existent.
Previous studies suggest that the physical
configuration within the urban canopy
layer substantially affects the physics of
urban microenvironments (Oke, 1988).

The aim of this study is to examine the
spatial and temporal variation of fine
particular matter (PMs) concentration
over selected cities of Niger Delta from
2001-2015The objective is to determine
the spatio-temporal variation of BM in
the urban centres of the study area.

I "#$

Materials and Methods

The study area is the Niger Delta region
of Nigeria with latitude 4°05N to 7°55N
and longitude 4°2 to 9°30E (Figure 1),
the study area falls within the coastal flank
and is drained by distributaries of the River
Niger into the Atlantic Ocean. The region
is endowed with wetland ecosystem formed
primarily from the deposition of sediments
which are criss-crossed by rivers, creeks,
streams and canals. Niger Delta Nigeria,
the study area of this work is located in the
Atlantic coast of southern Nigeria where
River Niger divides into numerous
distributaries. It comprises the nine states
of Bayelsa, Rivers, Delta, Akwa lbom,
Cross River, Edo, Abia, Imo, and Ondo. It
is the second largest delta in the world with
a coastline spanning over 450 kilometres
terminating at the Imo River entrance and
is located between latitudes 4° N and 7° N
and longitudes 4E and 8° E (Awosika,
1995).
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Fig. 1: Niger Delta Region showing States and tG@aipital Cities

According to Koppens climatic
classification, the region lies within the
wet equatorial belt experiencing wet and
dry climate. The region experiences rainy
season during the periods of March/April
through October which increases towards
the coast giving precipitation value of
2,500mm and 4,000mm from the
hinterland to the coast respectively.
Relative humidity rarely  dips below 60
% and fluctuates between %and 100%

for most of the year. The main vegetation
type in the area is the mangrove forest,
which occupies most of the Niger delta
region of Nigeria. The other vegetation
type is the secondary (re-growth)
vegetation that occupies a small area. The
secondary vegetation is surrounded by the

mangrove swamp forest; a two-layered
vegetation. The mangrove belt helps
secure shorelines against coastal erosion
and also provides resources such as food
and building materials for the people
(Bassey, 2014).

The Niger Delta region is a major
contributor to the nation’s Gross Domestic
Product (GDP), such economic
contribution is as a result of its strategic
geographic location in the country. It is
situated on the shores of the Atlantic
Ocean which provides the nation with a
gateway to international trade with other
countries of the world. This has made the
sea ports and jetties located in the region
to be economically vibrant all year round.



Communities and individuals engage
in trade via the sea ports in items such as
agricultural produce, manufactured goods,
and consumer products amongst others.
Thus, the main economic activities of
States in the Niger Delta fall into two main

categories: Land based and Water based.

The land based type, is on the drier parts
of the northern end of the Delta, its

economic activities includes farming,

fishing, collecting and processing palm
fruits, as well as hunting. On the other
hand, the water based type which is
situated in the southern part of the Delta
includes fishing, water transport and
trading as its major economic activities
(Emmanuel, 2012).

Another critical impact of the Niger
Delta region to  socio-economic
development is the contribution of oil
communities to the region and Nigeria as
a whole. It was estimated that 38 billion
barrels of crude oil still resides under the
Niger Delta as of early 2012 (Isumonah,
2013). The first oil operations in the
region began in the 1950s and were
undertaken by multinational corporations,
who provided Nigeria with necessary
technological and financial resources to
extract oil (Pearson, 1970), hence the
Niger delta is equipped with two major
refineries (Port Harcourt and Warri
Refineries), petrochemical companies and
the Liquefied Natural Gas (LNG) project
in Bonny.

AOD data were collated for selected
cities on a daily basis. The cities are:
Akure, Asaba, Benin, Calabar, Owerri,
Port Harcourt, Umuahia, Uyo and
Yenagoa. Aerosol Optical Depth (AOD),
it is raster in nature, this dataset was
acquired from remotely sensed satellite
data from National Aeronautics and Space
Administration (NASA'’s) earth observing
system data and information system, this
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dataset was used because it is readily
available and has global coverage. Data
for the study area was derived from
MODIS sensor, located on the Terra and
Aqua satellite platforms, which has 36
spectral channels. AOD is a measure of
light extinction by aerosol in the
atmospheric column above the earth’s
surface. AOD reflects aerosol optical
extinction of the total column; High AOD
values imply very high levels of air
pollution and associated negative impact
on human health, while low AOD values
represent good air quality (Caet al,
2014). MODIS is a multi-spectral
radiometer, designed for the retrieval of
aerosol microphysical and optical
properties over land and ocean; it was also
designed to provide a wide variety of
information about land, ocean and
atmospheric conditions.

The data were collected at 5-minute
interval daily from collection 6 Terra
MODIS, these were averaged to obtain
monthly averages and subsequently
annual average. The Van Donklasral,
2010 formula (PMs=n* AOD) was used
to derive the PMs, where n is (conversion
factor). The n was derived from data
obtained from PMs datasets from
Socioeconomic Data and Applications
Centre (SEDAC). The annual average
PM. s for the selected cities for the period
2001-2015 were extracted using ArcGIS
software (ESRI, 2011). The regression
model was used to discern the trend of
PM:z s data across the selected cities in the
Niger delta. The Niger Delta annual
average PMWMs gridded datasets for the
period 2001-2015 were extracted by
ArcGIS software and were transformed to
the same coordinate system as the
meteorological datasets. ArcGIS 10.4
software was preferred for this analysis
because of its versatility, functionality in



the sense that it has some extensions that
are operational which are not found in
ArcGIS 9 versions, its inter operationality
which means it can accept data from other
softwares like Ms Access and Ms Excel
(Data Integration) and its robustness.

Results and Discussion

The spatio-temporal variation of BM
showed that almost the entire study area has
PMs concentrations above the WHO
guideline of 10pg/across the periods under
consideration. This is in line with the observation
of (Akimoto, 2003; Schulzt al, 2006;
Anenberget al, 2010). Works of Het al
(2014) and Efe (2008) the author examined
the spatial distribution of particulate air
pollution in Nigeria cities and reported
that 70% of the cities studied have values
above the daily and annual mean
recommended by WHO. There are serious
implications for human health with this
level of ambient air quality, especially
since PM: has been implicated in many
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pulmonary and cardiovascular problems.
This also corroborates the levels of 22U
observed from the dataset used for this study.
Results of the spatio-temporal variation
showed that the annual mean BPM
concentration from 2001-2015 across the
cities of the Niger Delta varied with
Calabar having the highest concentration
in 2001 (28.65ug/M), 2002 (21.22ug/A),

2012  (27.49ug/A) and 2013
(25.05ug/r); Uyo in 2003 (20.00ug/f),
2005  (34.77ug/d) and 2014
(20.48ug/mM); Yenagoa in 2004

(32.39ug/m), 2007 (36.28ug/R), 2010
(28.82ug/m), 2011 (25.51ug/M and
2015 (32.28ug/M); Port Harcourt in 2006
(31.77ug/mM); Umuahia in 2008
(27.66pg/m);  Asaba in 2009
(23.31pg/m) Table 1. The continuous
prevalence of the menace of pipeline
bombing and illegal refining of crude oil
in this region will lead to an increasing
concentration of Plyls across the cities.

Table 1. Annual mean of PMfrom 2001-2015 across the cities of Niger Delta

Year BM(ug/n¥)
Akure Asaba Benin Calabar Owerri PH Umuahia Uyo na@oa
2001 15.38 14.86 13.47 28.65  16.85 20.30 16.08 18.69  6318.
2002 10.57 20.05 14.63 21.22 13.96 15.98 17.60 15.84 580.
2003 14.80 15.94 14.99 18.93  15.96 16.87 18.23 20.00 5217.
2004 17.92 18.17 18.27 29.25  22.21 28.40 17.52 30.32 3%®2.
2005 20.81 20.88 22.44 25.19  20.86 17.09 19.16 34.77 5®8.
2006 14.42 23.26 17.40 25.04  21.38 31.77 14.35 20.71 9626.
2007 16.12 17.39 16.89 21.06  17.76 24.43 15.04 15.39  2836.
2008 16.33 15.96 21.27 26.36  15.13 19.03 27.66 21.04 1%27.
2009 12.83 23.31 17.81 13.89  16.72 11.97 17.00 17.67  7419.
2010 18.68 16.25 16.31 17.29  11.34 11.81 19.85 13.83 82s8.
2011 12.53 19.17 14.68 22.81 17.87 16.24 13.55 14.52 5125,
2012 16.61 16.23 17.58 27.49  13.01 27.46 17.70 20.08 7119.
2013 11.57 16.17 14.07 25.05  20.27 16.85 18.14 16.08  8215.
2014 14.47 15.91 17.02 17.96  14.19 20.25 16.17 20.48  7616.
2015 17.24 15.94 15.70 25,58  15.78 22.25 15.96 17.97 2832.
The results in Table 1, that is, spatial Delta were further modelled employing
and temporal variations of Pl geospatial analysis. The spatial models

concentrations across cities in the Niger

generated from these results are presented



in Figures 2 to 16 based on years
beginning with 2001 through 2015.

Figure 2 showed that in 2001 the city
with the highest amount of P was
Calabar (28.65ug/f followed by Port
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Harcourt (20.30ug/d). On the other,
hand, Benin City in 2001 had the lowest
value of PMs (13.47pg/m) followed by
Asaba (14.86g/A).
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Fig. 2: Niger delta map of PMConcentration (ug/f 2001



In Figure 3, which shows the
concentrations of Pk across cities in the
Niger Delta region of Nigeria in 2002,
Calabar has the highest concentration
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(21.22ug/M) and coming next to it is
Yenagoa (20.58ug/fn Also in Figure 3,
Akure has the lowest, that is 10.57u&/m
followed by Owerri (13.96ug/f).
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Fig. 3: Niger delta map of PMConcentration (ug/f 2002
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In 2003 PMs was highest in Uyo 4. In the same figure the lowest value of
(20.00pg/m) and the next to it was 14.80ug/mM was recorded in Akure
Calabar (18.93ug/f as shown in Figure followed by Benin City (14.99ug/M
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Fig. 4: Niger delta map of PMConcentration (ug/f 2003
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Figure 5 indicated that in 2004 BM same year, Umuahia recorded the lowest
was highest in Yenagoa (32.39ug)m PM.s value (17.52ug/f), next to this
followed by Uyo (30.32ug/f). In the was Akure (17.99ug/8
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Fig. 5: Niger delta map of PMConcentration (Lg/f 2004
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The city with the highest amount of  was lowest in Port Harcourt (17.09ud)m
PMzs recorded in 2005 was Uyo with Umuahia being the next
(34.77ug/M) followed by Yenagoa (19.16pg/m).

(28.50ug/m) (Figure 6). In 2005, Pk
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Fig. 6: Niger delta map of PMConcentration (jg/f 2005
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Figure 7 revealed that in 2006 PM year was recorded in Umuahia
was highest in value in Port Harcourt (14.35ug/m), the next in Akure
(31.77ug/m) and the next in Yenagoa  (14.42pg/m).

(26.16pg/m). The lowest value in this
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Fig. 7: Niger delta map of PMConcentration (ug/f 2006
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In 2007, the highest PMamount was PMzs value was lowest in Umuahia
recorded in Yenagoa (36.28ugim (15.04pg/m), the next in Uyo
followed by Port Harcourt (24.43ugfin (15.39ug/m).

(Figure 8). On the other hand in 2007,
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Fig. 8: Niger delta map of PMConcentration (ug/f 2007



Figure 9 showed that in 2008 RM Whereas Owerri recorded the lowest
was highest in Umuabhia (27.66ugjrand (15.13ug/m), the next in Asaba
the next in Yenegoa (27.15ughn (15.96ug/m).
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Fig. 9: Niger delta map of PMConcentration (g/f 2008
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The highest value of PM in 2009 (Figure 10). Whereas Akure had the
was recorded in Asaba (23.31pgm lowest amount (12.83ugfn the next was
followed by Yenegoa (19.74ughn Calabar (13.89ug/h (Figure 10).
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Figure 11 revealed that in 2010 RMamount was highest in Yenagoa (28.82y/amd
the next in Umuahia (19.85ugfnOn the other hand in the same year, Owerri bags$t
(11.34pg/m) and followed by Port Harcourt (11.81udjm
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Fig. 11: Niger delta map of PAConcentration (ug/f 2010
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Yenagoa had the highest amount of Inthe same year PM amount was lowest
PM2s (25.51pg/m) in 2011, the next in Akure (12.53ug/rf), followed by
being Calabar (22.81ugAn(Figure 12). Umuahia (13.55pg/8).
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Fig. 12: Niger delta map of PMConcentration (ug/f 2011
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Figure 13 showed that in 2012 PM lowest value was recorded in Owerri
value was highest was in Calabar (13.01ug/m), the next in Asaba
(27.49ug/M) and the next in Port (16.23ug/m).

Harcourt (27.46upg/d). Whereas the
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Fig. 13: Niger delta map of PAConcentration (ug/f 2012
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In 2013 PM:s value was highest in recorded in Akure (11.57pgAn the next
Calabar (25.05ug/ffollowed by Owerri in Benin (14.02ug/n).
(20.27ug/m) (Figure 14). The lowest was
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Fig. 14: Niger delta map of PMConcentration (ug/f 2013



"o #l

Figure 15 indicated that in 2014 BM (20.25pug/m). In the same year Owerri
value was highest in Uyo (20.48ugjm had the lowest (14.19ugfn the next in
and the next in Port Harcourt Akure (14.47pug/m).

Fig. 15: Niger delta map of PMConcentration (ug/f) 2014



Yenagoa in 2015, among cities in the
Niger Delta Region of Nigeria, had the
highest amount of PM, that is
32.28ug/m, followed by Port Harcourt
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(22.25ug/m) (Figure 16). Also, the figure
showed that in 2015 Benin City recorded
the lowest amount of PM (15.70ug/m),
the next being Owerri (15.75ugin

Fig. 16: Niger delta map of PMConcentration (ug/ 2015

These geospatial models of PM
concentrations over some cities in the
Niger Delta Region of Nigeria (Figures 2—
16) revealed that there are variations in
PMz 5 concentrations not only among the
cities but also over time in the cities. This
is not unusual as PM concentrations
have been found to vary over space and

time due to two major groups of factors
namely meteorological conditions and
human activities (Li et al.,, 2017).

Meteorological conditions are generally
uncontrollable. These conditions affect
formation and transportation of pollutants,
emissions of primary pollutants, and
atmospheric ~ chemical mechanisms



affecting the creation of pollutants that are
secondary. Meteorological factors, for
example humidity, wind speed and
temperature, can exert an influence upon
PM2.s concentrations in urban
environments (Pohjolat al, 2000). Most
high PMbs events occur under a large
surface high pressure system, which
causes air to sink largely and traps
pollutants and moisture near the surface
(Keim et al., 2005). Also, studying the
correlations between fine particulate
matter (PMs) and meteorological
variables in the United States, Teti al.
(2010) found out that there is a correlation
of elemental carbon EC, organic carbon
OC and sulphate with temperature. The
results of the present study showed that
the variation in the climate variables
across the cities of Niger Delta is also
dependent on the geographical location of
the cities.

Emissions from human activities have
been found to be the dominant factors of
PM s pollution (Li et al., 2017). Human
activities vary greatly over space and time,
so also its effect on PM concentrations.
This makes cities with higher population,
rapid urban expansion, and industrial,
commercial and construction activities to
experience higher PM concentrations.
Therefore, the spatio-temporal variation in
PM s over cities in the Niger Delta region
of Nigeria can also be attributed to these
variations. This is in line with Liret al.
(2013); Tacet al. (2016).

The results of this present study
showed that the entire Niger Delta Region
is seriously polluted; this is also confirmed
by Yong and George (2015). The spatio-
temporal PMs concentrations showed
that almost the area has PM
concentrations above the WHO guideline
of 10pg/m.
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This is in line with the observations of
Efe (2008). He examined the spatial
distribution of particulate air pollution in
Nigerian cities and reported that 70% of
the cities studied have values above the
daily and annual mean recommended by
WHO. There are serious implications for
human health with this level of ambient air
guality, especially since PM has been
implicated in many pulmonary and
cardiovascular problems (Cohest al.,
2004). The work of Lawal and Asimiea
(2015) in Nigeria corroborated this study
which revealed that the increase in rate of
PM25s concentration had its attending
effect on both the environment and the
health of residents thereby causing
hospital admissions, asthma,
cardiovascular or lung disease including
premature death. The increasing trend of
PM s has a significant global and regional
effects on people with asthma,
cardiovascular or lung disease, as well as
children and elderly people that are
considered to be the most sensitive to the
effects of fine (PM) (Anenbergt al.,
2010; Evangt al.,2012; Limet al, 2012)
With this understanding there is a need to
develop policies which are geared towards
reducing the exposure and improving air
quality across urban areas. These will
consequently reduce environmental health
burden and contribute to sustainable
development.

Conclusion
The increase in the rate of BM

concentration had its attending effect on
both the environment and the health of
residents thereby causing hospital
admissions, asthma, cardiovascular or
lung disease including premature death.
People with asthma, cardiovascular or
lung disease, as well as children and
elderly people, are considered to be the



most sensitive to the effects of fine (PM).
The rate of increase in P across the
Niger delta creates a significant burden on
the national health infrastructure and
contributes to great risks to human and
sustainable development.

This paper will pioneer the use of
PM:z sinformation derived from remotely-
sensed data in estimating air pollution
linked to PMsin the region as it revealed
that high concentrations of PN were
mostly found in cities with high
populations and rapid urban expansion
and these cities suffered the most serious
pollution. The results showed that the
entire region of interest is seriously
polluted. The spatio-temporal distribution
showed that almost the entire study area
has PMs concentration above the WHO
guideline of 10pg/m which indicated that
the likely magnitude and extent of
pollution across the region was associated
with the PM . This result highlights the
importance of monitoring and the need to
improve urban area's air quality. Rural
areas should also not be neglected, but

urban areas need to take precedence due to

the higher risk to a large number of people.
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