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Abstract

Air pollution is a major environmental problem in the Niger Delta Area
(NDA) of Nigeria primarily due to oil and gas-related operational activities.
Identifiable sources of air pollution in the NDA include gas flaring, vehicle
emissions from internal combustion engines, crude oil pollution, etc. The aim
of this research is to evaluate the concentration of air pollutants from crude
oil-related activities using air quality parameters in Warri during seasons pe-
culiar to the area of study. The Warri metropolis, one of Nigeria’s largest oil
cities, was the sampling region under research in this study. An Aeroqual
handheld mobile multi-gas monitor fitted with different sensors of (Carbon
Monoxide (CO), air quality multi-meter for Particulate Matter (PM, ; and
PM,,), Volatile Organic (VOC), Sulphur dioxide (SO,), Ammonia (NH,),
Methane (CH,), and air quality index (AQI), was used for the collection of air
quality parameter. Linear regression was used to create the model, which was
then used to predict the extent of pollution in the locations of study. The av-
erage mean concentrations of air pollutants such as CO, NO,, CH,, VOC,
NH,, and SO, were measured at all sampling sites during wet and dry seasons.
The results showed that the levels of these pollutants were above the WHO
permissible limits for the majority of the air quality parameters studied in all
sixteen locations. The concentration levels of most of the pollutants were
higher in the dry season than in the rainy season. The study also found that
the pollutants were mainly from fossil fuel combustion and road traffic emis-
sions. Overall, the research provided monitoring data for all air quality pol-
lutants under investigation in the study area and demonstrated that these
concentrations exceed regulatory guidelines.
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1. Introduction

Air pollution refers to the existence of detrimental elements in the air that can
result in adverse effects or discomfort for people, animals, plants, or the envi-
ronment, whether natural or man-made [1]. Pollutants come in various forms
such as solid particles, liquid droplets, or gases, and can be naturally occurring
or human-made [2]. Air pollution is a major environmental problem in the Ni-
ger Delta Area (NDA) of Nigeria, a region rich in oil reserves and home to a va-
riety of industries, including the upstream and downstream petroleum sectors
[3]. These industries and other human activities, such as biomass combustion,
refuse burning [4], and traffic emissions [5], release a range of substances includ-
ing volatile organics, oxides of carbon, nitrogen, sulphur, particulate matter, heavy
metals, and other toxins that often exceed national and international guidelines
[6]. Despite the many benefits of the petroleum industry, it also has significant
negative impacts on health and the environment. Air pollution caused by the oil
and gas-related activities can pose harm to human health, agriculture, wildlife,
and the economy and social fabric of communities. The impact of air pollution
in the NDA is multifaceted, with local and regional effects such as acid rain, wa-
ter pollution, soil pollution, impacts on plants and wildlife, effects on materials
and artifacts, and contributions to global warming [7] [8] [9].

The exploration, production, refining, and transportation of crude oil gener-
ate hazardous and toxic air pollutants such as volatile organic compounds
(VOCs), and criteria air pollutants including particulate matter (PM), nitrogen
oxides (NOx), carbon monoxide (CO), organic carbon (OC), and sulfur dioxide
(SO,) [10] [11] [12]. Refineries also release lighter hydrocarbons such as natural
gas (methane) and other volatile fuels and oils. Some of these chemicals are
known or suspected to cause cancer and developmental and reproductive prob-
lems, and they may worsen respiratory conditions like childhood asthma [13]. In
addition to the potential health impacts of exposure to these chemicals, the
presence of these emissions can cause fear and concern among nearby commu-
nities. Air discharges originating from a petroleum refinery can stem from dif-
ferent origins such as the heating of process fluids and steam, equipment leaks,
product transfer, and high-temperature combustion procedures. Typically, these
contaminants are emitted into the environment on a yearly basis through regular
discharges, accidental discharges, plant upsets, or fugitive releases, occurring in
significant amounts [14] [15]. In Nigeria, the creation of ozone poses a major
issue as it is produced by a mixture of volatile hydrocarbons and nitrogen ox-
ides, both of which are present in the atmosphere. Quantifying the environ-
mental pollutants associated with crude oil production activities in the study
area can help inform the public and government agencies about the health risks
associated with these emissions.

Many oil-producing countries face significant challenges regarding the health
of their population due to environmental factors that fail to meet contemporary

standards. Unfortunately, the implementation of safeguards such as scrubbers
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and atmospheric pollutant containment systems is often incomplete, and regu-
latory agencies may be inactive or susceptible to bribery, resulting in inadequate
enforcement of regulations. In the Niger Delta region, where oil exploration and
production activities are prominent, flaring of associated gas into the surround-
ing environment is a common occurrence. For instance, [16] conducted a com-
prehensive study on the quantity of air pollutants that have been flared in the
Niger Delta region over the past half-century. Their research revealed that out of
a total gas production of 1.78 x 10> m’, 822.02 x 10° m’ were utilized while
917.17 x 10° m’ were flared. This flaring resulted in estimated emissions of 1.13
x 10° tons of NOx, 5.10 x 10° tons of CO, 1.46 x 10° tons of Non-Methane Vola-
tile Organic Compounds (NMVOC), 1.05 x 10* tons of SOx, 6.56 x 10° tons of
PM,;, and 8.90 x 10* tons of OC. In the specific area of study, [17] conducted
research to determine the concentrations of air pollutants. Their findings high-
lighted the presence of VOC, NO,, PM,;, and PM,,. However, their study fo-
cused on a limited coverage area, including residential areas, bus stations, road-
sides, and business districts. To address this research gap comprehensively, the
current study encompasses a wider coverage area that includes these aforemen-
tioned areas while also considering air dispersion and the spread of air pollut-
ants resulting from oil and gas activities in the region.

It is essential that scientists continue to study air quality, understand the con-
sequences, determine the extent of the damage, educate the public, and recom-
mend solutions. The purpose of this research is to look into the concentration of
volatile organic pollutants from crude oil activities in Effurun, a district in Nige-
ria’s Niger Delta. The study is to assess the extent of air pollution produced by
these substances using air quality measures. The issue is relevant because air
pollution is a major environmental issue in the Niger Delta Basin, with negative
consequences for health, agriculture, wildlife, and the economy and social fabric
of communities. Furthermore, the measures intended to limit these effects are
frequently not properly implemented, and the agencies in charge of ensuring
compliance may be inactive or accept bribes rather than enforcing legislation. As
a result, the findings of this study can inform the public and government or-
ganizations about the health hazards linked with crude oil emissions and con-

tribute to the development of effective solutions to mitigate the problem.

2. Materials and Methods
2.1. Study Area

The Warri metropolis, one of Nigeria’s largest oil cities and situated in Delta
state in the Niger Delta, is the sampling region under research in this study.
Warri houses the Warri Refinery and Petrochemical Company (WRPC), Nige-
rian Gas Company (NGC), other indigenous and international oil companies,
and oil servicing companies [17]. Warri metropolis is the most populous me-
tropolis in Delta, with a population of about 8000,000 (NBS, 2009). Warri me-
tropolis lies between latitude 5°33'44.52"N and longitude 5°46'48.09"E. It has a
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temperature range of 23°C - 37°C and a humid (Relative Humidity, 50% - 70%)
equatorial climate with a dry season that extends from about November to Feb-

ruary, and a wet season that begins in March, and peaks in July and October.

2.2. Sample Collection

Spatial positioning of the different study locations was done using a handheld
Global Positioning System (GPS) with sample locations and coordinates repre-
sented in Table 1 below. A map of the areas of study is presented in Figure 1
below. Sample collections were focused on air quality in the study area. Air qual-
ity samples were collected at different locations and coded as seen in Table 1
below. Sampling was carried out between October to early November 2021 for
the wet season and late December through January 2022 for the dry season. An
Aeroqual handheld mobile multi-gas monitor fitted with different sensors of
(Carbon Monoxide (CO), air quality multi-meter for Particulate Matter (PM,
and PM,,), Volatile Organic (VOC), Temperature and Relative Humidity was
used for the collection of air quality parameters. Data was collected in triplicates
and the mean concentration recorded. The Air Quality Index (AQI), as defined
by [18], is a quantitative measure that determines daily air quality and assesses
its cleanliness or contamination. It focuses on the health implications individuals
may face after breathing polluted air for short periods, providing insights into

potential risks associated with air pollution exposure.

Table 1. Sample locations and coordinates.

CODE LOCATION
S1 Round-About Effurun/Sapele Park
S2 Effurun Spare Parts Market
S3 Hausa Market (Tomatoes) Adjacent Mercy-City
S4 Hausa Market (Fowl Market)
S5 Effurun Round-About Along
S6 NPA Express-Way Opp Navy Hospital
S7 NPA Express-Way Army-day School Gate
S8 NPA Express-Way NIGERCAT Junction
S9 Nigercat Tanker Park
S10 Charlisco Residence NNPC Pipeline Right of Way
S11 Shaguolor Refinery Round-about
S12 Jeddo/Ubeji Junction
S13 Tank Farm Depot Ifie
S14 Ifie Residential Area
S15 NPA Expressway Berger Junction
S16 NIGERCAT Residential Area
DOI: 10.4236/ijg.2023.146029 534 International Journal of Geosciences
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2.3. Geospatial Analysis

By fusing various maps and remote sensing data, GIS technology is quickly evolv-
ing into a vital tool for developing various models that are used in a real-time en-
vironment [19]. Using a small sample size of data points, the geostatistical tech-
nique of interpolation predicts the values of raster cells. Inverse distance weight
(IDW) is a type of interpolation used in geostatistics to produce continuous raster
surfaces with predetermined values and forecast values for unknown locations
[20]. This method has been applied to anticipate uncertain numerical values for
geographical point data, encompassing factors such as elevation, precipitation,
noise levels, and chemical concentrations [21]. The interpolation method used
by the IDW, which was chosen for this project, estimates cell values by averaging
the values of sample data points about each processing cell. It has been used in
several instances to interpolate the air pollutant concentrations because the
closer a point is to the center of the cell being estimated, the more influence or

weight it has in the averaging process.

3. Result and Discussion
3.1. Air Quality around Monitoring Stations

The average mean concentrations of air pollutants such as carbon monoxide
(CO), Nitrogen dioxide (NO,), volatile organic compounds (VOCs), ammonia
(NH,;), Methane gas (CH,) particulate matter 2.5 (PM,;), particulate matter
(PM,,), and air quality index (AQI)) were measured at all sampling sites (S1 to
S16) during wet and dry seasons. The results, shown in Figures 1-8, indicate
that the concentration of pollutants was higher at all sampling sites during the
wet season compared to the dry season. This suggests that the presence of mois-
ture in the air may contribute to the formation and concentration of these pol-

lutants. It is important to continue monitoring the levels of these pollutants
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Figure 1. Concentrations of CO in study locations sampled during the wet and dry seasons.
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in order to understand their sources and the potential impacts on human health
and the environment.

The concentration of Carbon monoxide (CO) (Figure 1) was generally higher
during the wet season when compared to the dry season with the exception of
S12 and S15, which were higher in the dry season than in the wet season. This
high concentration may be due to the fact that location S12 and S15 is a traffic
junction with a high level of vehicular traffic, especially with the passage of
heavy-duty trucks loading and transporting petroleum products to and from the
area, which can contribute to the formation of CO. While all the 16 locations
had concentrations below the World Health Organization (WHO) threshold
limit of 9 ppm in the wet season, location S12 and S15 recorded concentrations
above the permissible levels in the dry season. The levels of CO recorded in this
study were higher than those observed at gas flaring stations in Rivers and
Bayelsa states in the Niger Delta region during the wet and dry seasons, with an
average concentration of 0.094 and 0.291 mg/m’, respectively [12]. The levels of
CO recorded in this study were also higher than those observed in selected
communities in Okrika, Rivers State, Nigeria, where a mean concentration of
12.7 ppm was recorded during the dry season [22]. Long-term exposure to envi-
ronments with high levels of CO can be lethal, as it reduces the capacity of the
blood to carry oxygen by binding to haemoglobin. This impairs the flow of oxy-
gen to the body’s organs, causing symptoms such as fatigue, headaches, disori-
entation, and dizziness due to insufficient oxygen transport to the brain [23]. It
is important to continue monitoring the levels of CO and implementing meas-
ures to reduce emissions in order to protect public health and the environment.

The measurements of nitrogen dioxide (NO,) in the various sample locations
show that fifteen out of sixteen locations (S1 and S3 to S16) were above the
European Union permissible limit of 3.36 x 10™ ppm as shown in Figure 2. Lo-
cation S15 had the highest concentration of 0.12 + 0.11 ppm during the wet sea-
son. A concentration of 0.09 + 0.09 was recorded in all locations during the dry
season. This was the highest detectable limit of the equipment used for the
monitoring exercise. Five locations (S2 - S6) were below the threshold limit. The
higher values at certain locations may be due to fuel combustions and vehicular
congestion in those areas. Nitrogen dioxide is emitted from internal combustion
engines and fossil fuel combustion, as well as from artisanal refining and associ-
ated gas burning from oil and gas operations [24]. The concentrations observed
in this study were lower than those recorded in a research project conducted
near a refinery, which found values of up to 0.450 ppm [25].

The highest concentration of Methane (CH,) was observed at locations S1 and
S2, which had a value of 572 + 533, and 986 + 900 ppm during the wet season
and 804 + 749, and 179 * 114 during the dry season respectively (Figure 3). This
high concentration may be due to the congestion of vehicular traffic at this loca-
tion. The concentrations of CH, recorded in this study were below the WHO
threshold limit of 1000 ppm [26]. The concentration of CH, in the area is likely

influenced by the activities taking place in the area. The concentrations of CH,
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Figure 2. Concentrations of NO, in study locations sampled during the wet and dry seasons.
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Figure 3. Concentrations of CH, in study locations sampled during the wet and dry seasons.

measured during the dry season were lower than those observed during the wet
season. Temperature is one of the factors that can affect methane emissions, and
it is possible that the higher temperatures during the dry season led to a decrease
in CH, concentrations.

The measurements for volatile organic compounds (VOCs) in the wet season
(Figure 4) were alarmingly high, with concentrations exceeding the threshold
limit of 50 ppm set by the WHO in all sixteen locations. The concentrations
measured ranged from 1014 + 986 to 4407 + 4200 ppm during the wet season
and 890 + 885 to 5828 + 5824 ppm during the dry season. These high values may
be caused by indiscriminate dumpsites, mechanic workshops, and congestion of
vehicular movement along the road. VOC emissions, particularly from crude oil
operations, are all activities peculiar to the majority of the study area [14] [27]
[28]. They can also be released into the environment from internal combustion
engines such as generators and vehicles [29]. In areas with accelerated industri-

alization, newly polluted areas are becoming increasingly significant. These
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compounds can persist in the atmosphere for a few minutes to several months,
allowing them to travel long distances from the emission source [30]. This can
be true for the study area considering the operation of the Warri Refinery and
Petrochemicals Limited (WRPC), Chevron, Shell Development Commission
(Ogunu) industrial activities, Nigerian Ports Authority, Loading Port at Ifie
community coupled with the movement of a heavy-duty truck. Exposure to
VOCs can have short and long-term adverse health effects, including eye and
urinary respiratory tract irritation, liver and embryo/foetal damage, central
nervous system impairment, kidney damage, testicular damage, and female re-
productive issues such as pregnancy loss [31] [32] [33].

The concentration of Ammonium (NH,) (Figure 5) during the wet season
ranged from 234 + 232 to 2558 + 2558 and 630 + 615 to 5438 + 5309 during the dry
season respectively. This concentration is at a high level above the permissible level
of 50 ppm according to WHO [34]. The formation of ammonium-containing
aerosols through the reaction of ammonium (NH,) with acidic species can contrib-

ute to the formation of secondary particulate matter, which is a major component

7000 » .
Concentrations of VOCs Wwet Wdry

6000 1
5000 +
4000 +
3000

2000

Concentrations (ppm)

1000

0 o
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

Sample locations

Figure 4. Concentrations of VOCs in study locations sampled during the wet and dry

seasons.
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Figure 5. Concentrations of NH, in study locations sampled during the wet and dry seasons.
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Figure 7. Concentrations of PM,, in study locations sampled during the wet and dry seasons.
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Figure 8. Concentrations of Air Quality Index (AQI) in study locations sampled during
the wet and dry seasons.

of PM, ; in the atmosphere [35] [36].

The concentration of particulate matter 2.5 (PM,;) in this study ranged from
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21 £ 17 - 77 + 75 pug/m’ during the wet season with points S13 and S4 recording
the points with the lowest and highest concentrations respectively during the wet
season. During the dry season the concentration ranged from 32 + 20 to 108 +
104 pg/m’ with S10 and S3 recording the lowest and highest points respectively.
Overall, it appears that PM, ; concentrations in urban areas can vary significantly
depending on the location and season. The concentration of PM,, recorded in all
sixteen locations was higher in the dry season than in the rainy season. Results
ranged from 18 + 14 to 60 + 55 with location S13 and S4 recording the lowest
and highest values during the wet season and in the dry season, the concentra-
tions ranged from 48 + 44 to 176 + 170 with S9 and S3 recording the lowest and
highest values respectively. Results from this study were higher than those re-
corded in Eagle Island in Port Harcourt, Rivers State Nigeria, an area character-
ized by artisanal refining of crude oil where the highest value recorded was 34
pg/m’ for PM,, and 26 ug/m’ for PM, ; [37].

It is important for authorities to monitor and regulate PM, ; concentrations in
order to protect public health. PM, ; is more likely to travel into and deposit on
the surface of the deeper regions of the lung, whereas PM,, is more likely to de-
posit on the surfaces of the upper lung’s bigger airways. Particles accumulated
on the lung surface have the potential to cause tissue injury, chronic bronchitis,
cardiovascular diseases, and asthma attack [38].

In this study, AQI ranged from 20 + 18 to 74 + 72 during the wet season with
point S13 and S4 registering the lowest and highest values r respectively. During
the dry season, the values were 30 + 28 to 102 + 100 with points S6 and S5 regis-
tering the highest and lowest points respectively.

In comparison to other cities in the Niger Delta where there is crude oil pollu-
tion, the results of air pollutants concentration according to the current study in
Warri metropolis is higher than air pollutants results analyzed by [39] who sam-
pled air pollutants in Port Harcourt city using a WolfSense Multiple Gas Ana-
lyzer. Results from this study were also higher than air pollutants in Uyo city in
Akwa Ibom state as measured by [40], indicating the high pollution state of the

area.

3.2. Geostatistical Modelling of Air Quality Analysis

According to a study by [41], the IDW-Geostatistical method is a reliable ap-
proach for integrating various maps and spreadsheet data on air pollution con-
centrations. The method can generate continuous surfaces of influence around
sampled areas, including junctions and residential areas along the areas of study.
These surfaces provide valuable insights into the spatial distribution of air pollu-
tion and can help researchers and policymakers mitigate the impacts of air pol-
lution on public health and the environment.

The concentrations of CO, NH,;, NO,, CH,, and VOCs were used to generate
GIS maps indicating areas of high concentration of air pollutants from lower

ones. In this study an aggregate of results from the wet and dry seasons was used

DOI: 10.4236/ijg.2023.146029

540 International Journal of Geosciences


https://doi.org/10.4236/ijg.2023.146029

A. 0. Ogunkeyede et al.

to produce GIS maps to show points of higher values and the corresponding in-
fluence of air pollutants around those areas. From the concentration map show-
ing areas of influence for CO in Figure 9, locations S1, S5, S8, S11, S12, and S16,
where S16 had the highest values with corresponding influence around the area,
while locations S2, S3, S9, and S10 had the lowest values with corresponding low
influence around it.

The high concentrations of CO at locations S8, S11, S12, and S16 were con-
nected to the measurement of the pollutant during rush hour traffic. As shown
in Figure 9 below, locations S8 and S15 had the highest values for concentration
of NO,; all other locations had corresponding low values and levels of influence
on the areas of study. The value of the NO, was highest at S15 because it is a
by-product of the combustion of fossil fuels that are being released of vehicles
idling, accelerating, and deceleration. In addition, the contribution from the in-
dustrial activities near the road junctions added to the concentration of the NO,.

All other locations had relatively low values of influence during the wet and
dry seasons. The concentrations of methane observed resulted from the activities
taking place at the Effurun roundabout and Spare parts market. The locations
have mechanic villages and vehicles parked in high volumes. The organic mate-
rials (gasoline, diesel, lubricants, and spent engine oils) used release light hydro-
carbons, part of which is methane observed in this study.

Locations, S1, S2, S3, and S5 had higher values of NH, concentrations with
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Figure 9. Map of CO concentrations at sampling locations.
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corresponding high influence around it. All other locations had low values and
correspondingly low levels of influence. The possible sources of NH, pollutants in
the location could be from dumpsites and dirty environments because the meas-
urements took place when the weather is warm and humid, which supports their
releases from decomposing organic matter, such as food waste or animal waste.
S2, 83, S10, and S11 showed the greatest concentrations of VOCs across all sam-
ple locations, indicating significant dispersion and influence in the surrounding ar-
eas. Locations S4, S12, and S15 had medium concentrations and corresponding
considerate levels of influence. All other points had low values and low levels of in-

fluence around them.

4. Conclusions

In conclusion, the study conducted in the Warri metropolis found that residents
and visitors passing through the 16 major locations assessed are at risk of health
issues due to air pollutants such as CO, NO,, CH,, VOC, NH,, and SO,. The
concentrations of these pollutants were the highest in locations S1, S2, S8, S9,
S12, S13, S14, and S16, and were primarily attributed to fossil fuel combustion
and road traffic emissions. The concentrations of these pollutants exceeded the
ambient air quality guidelines set by the WHO, with levels higher in the dry
season than in the wet season. The monitoring data for CO, NO,, CH,, NH,, and
VOC:s in the study area provided by this research demonstrates that the concen-
trations of these pollutants exceed regulatory guidelines, highlighting the urgent
need for effective air quality management strategies in the Warri metropolis to
protect public health.

Some limitations of research in this study include:

1) Sample size: The study collected air quality samples from a limited number
of locations in the Warri metropolis.

2) Limited temporal scope: The research collected data during specific peri-
ods, focusing on the wet and dry seasons of a single year as peculiar weather
conditions to the study area. Air pollution levels may vary throughout the year,
and long-term trends or seasonal variations might not be fully captured by the
limited sampling timeframe.

3) Absence of source identification: Due to funding restraints, the research did
not employ specific methods to identify and attribute the sources of pollutants in

the study area.
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