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Abstract: This study focuses on assessing the health risk by particulate matter (PM) inhalation within
the Abuja municipal area, Nigeria. Particulate matters (PM2.5 and PM10), HCHO and VOCs were
collected by A handheld portable smart air quality detector BR-SMART-126. A hybrid single-particle
Lagrangian integrated trajectory (HYSPLIT) model for backward trajectory was applied to tract
the air flow (transportation) and potential sources. Health risk was estimated by comparing with
the air quality index (AQI) stipulated by the World Health Organization (WHO). The result shows
that the daily averaged concentrations of PM2.5 varied from 15.30 µg/m3 to 70.20 µg/m3. The top
four most-polluted locations (Locations 10, 14, 17 and 18) of the twenty locations were found to
be above the acceptable (25 µg/m3) AQI limit stipulated by WHO, which all fell far under the
unhealthy AQI value index level. In general, business/commercial locations had the highest PM2.5

level followed by transport/market, offices/mixed use and residential. The results from the backwards
trajectories show that the source of local particles for the four most-polluted locations is long-range
air transport originating from the Atlantic Ocean. The results of the health-risk assessment implies
that for PM2.5, the AQI varied from 73.2 to 280.8 in this assessment. Based on this, the population of
workers within the business location are at health risk based on the relatively poor air quality in these
areas—especially location 10 and 17. Based on these findings, it is recommended that the regulatory
and enforcement agency needs to develop a more robust monitoring mechanism, regulations and
enforcement. Furthermore, there is need for a national drive on renewable energy, clean energy for
business/commercial district to help reduce fumes from generators and to form cleaner air initiatives
in order to ensure a safe environment to live in as well as reduce particulate matters in the city.

Keywords: air pollution; particulate matter (PM2.5 and PM10); ambient air quality; volatile organic
compounds; Abuja Nigeria

1. Introduction

One of the basic and necessary requirements for our well-being human health and the environment
is clean air. Starting from the early 1960s, air pollution has become a global issue and has
continued to the present, with great significant health and environmental hazards. The current global
economic development, industrialization, urbanization, increases in population, energy consumption,
transportation and motorization have become the driving factors for increases in air pollution
worldwide. According to the World Health Organization (WHO) factsheet on ambient air quality
and health, an estimated seven million premature deaths occur annually as a result of air pollution
related diseases, such as heart disease, lung cancer, chronic obstructive pulmonary disease, stroke, to
mention a few [1,2]. Air pollution is one of the most important environmental health risks of our time,
with 9 out of 10 people worldwide breathing polluted air—according to the WHO report. The state of
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global air report and WHO highlighted that the major sources of air pollutions are vehicle emissions,
generators fumes, bush/crop burning and gas-flaring [1,3].

Based on the WHO report, air pollution caused approximately one million more deaths than the
total deaths caused by AIDS, malaria and tuberculosis in the same year, combined. About 91% of
the world’s population lives in places where the air quality is above the WHO limits for particulate
matter (PM2.5 and PM10), ozone (O3), nitrogen dioxide (NO2) and sulfur dioxide (SO2) as a leading
pollutants with the greatest health concern [4]. AJ Cohen et al. 2017 reported that of the 4.2 million
reported premature deaths caused yearly are as a result of ambient outdoor air pollution and ambient
PM2.5 (particulate matter less than 2.5 micrometers in diameter) is responsible for up to 16.5% with an
estimate of 1.7 million lung cancer death worldwide [5].

Particulate matter (PM) is a mixture of solid particles and liquid droplets floating in the air. PM
comes in different sizes and shapes and can also be made of hundreds of different chemicals [6]. Some
particles are released directly from a specific source such as dust, dirt, smokes, construction sites, while
others form in the atmosphere as a result of complicated chemical reactions like nitrogen oxides and
sulfur dioxide—pollutants emitted from industries and power plants. Particulate matter includes
PM2.5, which are 2.5 micrometers in diameter or smaller, normally called fine particles that can only be
seen with an electron microscope [6]. These are mainly produced from different types of combustion
such as power pants, motor vehicles, residential wood burning and some industrial processes. PM10

are coarse particles that include PM2.5 and particles up to 10 micrometers in diameter. PM10 are
inhalable particles that can be from grinding operations or dust from vehicles on roads [6]. In most
developed countries like United States, United Kingdom, Canada, Australia, Finland, Sweden and also
developing countries like China, Malaysia and South Africa, monitoring and high tech equipment is
used to collect and analyze air quality, which in turn, is used to generate information and make policy
for general population. However, the lack of this technology in Africa leads to a scarcity of data and
information on real air quality in Africa against this modeled or periodic available data [7].

In Africa, they have been increasing level of air pollution due to rapid development, urbanization
and industries, however, there have been some recent campaigns, enlightenment, sensitization and
awareness initiatives to bring to the people attention of health and environmental risk of air pollution
and climate change. The more prominent initiatives are: Global alliance for clean cook-stoves, climate
clean air coalition are some of the initiatives supported by WHO in order to reduce air pollution and
health related impacts. Air pollution in Nigeria and other African countries has become the world’s 21st
century big problem owing to the increased industrial activities, construction and increased quantity
of emission sources such as vehicle emission, gas flaring, among others. The recent annual state of the
global air report published by the Health Effects Institute put Nigeria as the 4th highest in the world
with a fatality of 150 death per 100,000 Nigerians and number one in Africa [3]. In Nigeria, most of the
urban pollution comes are mainly from vehicle emission, generator fumes, construction sites among
other. It is also a long practice of burning the grassing land in the cattle post as a strategy to speed up
the growth of the green grass in the beginning of wet season after a long dry season. This method
is very harmful to the environment and a high air pollution in some part of the country has been
attributed to such practice, in mostly northern part of Nigeria. Data on air quality are critical in guiding
the policy making and formulating the adequate response and need to address the challenges caused
by poor air quality in Africa. Nonetheless, with all the laws and regulations in place, the question still
remains as to the level of effectiveness.

The objective of this study is to present the ambient air quality monitoring data of particulate
matter (PM2.5 and PM10) and VOCs in Abuja municipal area. Furthermore, to determine and establish
a baseline for further research on ambient air quality in Abuja Municipal area with respect to the health
effects associated with PM above WHO standards.
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2. Methodology

2.1. Research Area

Abuja is the capital city of Nigeria; it is located in the center of Nigeria (Figure 1). Abuja is
bounded by four states: Kaduna in the north, in the west by Niger state, in the east and southeast
by Nasarawa state and in the southwest by Kogi state. Abuja became the capital of Nigeria on 12th
December 1991 [8]. Abuja is also Nigeria’s administrative and political center with GPS coordinates
9◦5′ N 7◦32′ E and has a total land area of 7315 km2 (2824 sq. mi) [9].
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Abuja currently has a population of more than 2.5 million people [9]. The city population has
grown with almost 140% making Abuja not just the fastest growing city in Africa, but also one of the
fastest growing in the world [9]. Most Abuja residents are civil servants as Abuja is home to all Federal
government parastatal and establishment. Abuja experiences two weather conditions in a year, namely
rainy season and dry season. The rainy season begins from late March and ends in October and the
dry season starts from October and ends in March., within these two seasons there is a brief period of
harmattan (dusty haze, dryness, intense coldness) as a result of north east trade wind.

2.2. Sampling

The sampling locations were randomly selected within the heart of Abuja City, taking into
consideration of vehicle intersections, Government Office area commercial, business and residential
areas. Twenty (20) locations were sampled for PM2.5, PM10 and VOCs (Volatile Organic Compounds).
The locations are named Locations 1 to Location 20. All handheld device used was pre calibrated before
usage for effectiveness and quality assurance purposes. OMNIPORT 30 Multifunctional handheld
meter was used to measure/take the reading for temperature, relative humidity and atmospheric
pressure for all sampled locations, this device store measurement values in the internal memory of the
device and use the free SmartGraph3 software to manage data on your PC [10]. A handheld automated
GPS was used for obtaining sample point coordinates. A handheld portable smart air quality detector
produced by BLATN Science & Technology Co., Ltd., (Beijing, China) called The BR-SMART-126
Portable 4-in-1 air quality monitor was used to measure PM2.5, PM10, VOC (volatile organic compound)
and formaldehyde (HCHO). This air quality monitor/detector is a real-time air quality monitoring
instrument used to detect PM2.5, PM10, formaldehyde (HCHO) concentration and VOCs for both
indoor and outdoor environment. This portable handheld device uses high-precision sensor chip and
operation and has a capacity to convert PM2.5, PM10, formaldehyde and VOCs concentration in the air
into visual data, to monitor the air quality, provide effective protection for family health [11,12].
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2.3. Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT) Model

The hybrid single particle Lagrangian integrated trajectory (HYSPLIT) model has become a
robust tool in recent years to assess or compute potential source location, transportation trends,
complete dispersion, deposition simulations and the extent of contribution to PM2.5 and PM10 [13–15].
This model was developed by the National Oceanic and Atmospheric Administration’s (NOAA) Air
Resources Laboratory (ARL) [16].

HYSPLIT uses archived 3-dimensional meteorological fields generated from observations and
short-term forecasts. It also uses several available meteorological data archives to generate forward or
backward trajectories. The HYSPLIT back trajectory capability is useful for identification of possible
source locations and regions. HYSPLIT can be accessed via a web based real-time environmental
applications and display system (READY) which can be run as a stand-alone application or run
interactively on the website through the ARL https://ready.arl.noaa.gov/index.php [17]. The web
version has been configured with some limitations to avoid computational saturation of the ARL
web server.

2.4. Risk Assessment

In the analysis, mean values of monitoring reading for PM2.5 and PM10 were computed and
compared with the world health organization guideline [1] where the annual mean for PM2.5 (fine
particulate matter) is 10 µg/m3 and 24-h mean is 25 µg/m3 while that of PM10 (coarse particulate matter)
is 20 µg/m3 and 24-h mean is 50 µg/m3. These mean value were used to calculate the air quality index
(AQI). The indices for each pollutant (average of the total sum from each sampling location) were
derived using the mathematical formula as seen below [18,19]:

AQIpollutant =
Pollutant Concentration

WHO Standard
× 100 (1)

The (AQI) according to United State Environmental Protection Agency is an index for reporting
daily air quality. This index tells us how clean or unhealthy the air we take in is, the level of concern
and the health effects [18,19]. The AQI focuses on “health effects you may experience within a few
hours or days after breathing unhealthy air”. Table 1 below shows the air quality index rating [20–22].
Furthermore, table shows the AQI pollutant conc. specific range for PM2.5 and PM10. It can be said
that the lower the AQI value the better the air quality [18].

Table 1. Air quality index (AQI) values, PM2.5 and PM10 conc. color codes, air pollutant level of
health concern.

AQI Value of
Index

Levels of Health
Concern

PM2.5 Conc.
(µg/m3)

PM10 Conc.
(µg/m3)

Daily AQI
Color

Air Pollution
Level

0–50 Good 0–12 0–54 green Level 1
51–100 Moderate 12.1–35.4 55–154 yellow Level 2

101–150 Unhealthy for
sensitive groups 35.5–55.4 155–254 orange Level 3

151–200 unhealthy 55.5–150.4 255–354 Red Level 4
201–300 Very unhealthy 150.5–250.4 355–424 Purple Level 5

301 and Higher Hazardous 250.5–Higher 425–Higher Maroon Level 6

The AQI is divided into ranges, this ranges are numbered and then marked with color codes and
each color determines the level of health concert and their meaning. The ranges are from a healthy
standard level zero to hazardous level of above 300 which indicate the level of health risk associated
with air quality.

Table 1 above shows six major classifications which is designated by a color code, levels of health
concern and also level of air pollution. Air pollution Level 1 indicates good and healthy air quality
as air quality under this category is considered satisfactory and poses little or no risk of health effect.

https://ready.arl.noaa.gov/index.php
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Level 2 air pollution is acceptable however there may be risk or moderate health concern for some
people (very small number) particularly those who are usually sensitive to air pollution. Level 3 is
termed unhealthy for sensitive groups, this level may not affect the general public, but exposed people
with some kind of disease like lung disease, heart disease and vulnerable groups like children and
older people are the once at greater risk. Level 4 is called unhealthy; some members of the general
public may experience some adverse health effect with this kind of pollution, while sensitive groups
may experience more serious health issues. Level 5 with color code purple is very unhealthy for
general public and will trigger a health alert, as at this levels the risk of health effects is increased for
everyone and more serious. Lastly, Level 6 with hazardous level of health concern, this level of air
pollution will trigger a health warning of emergency conditions as everyone or the entire exposed
population is more likely to be affected.

3. Results

3.1. Particulate Matters (PM) Concentrations

Details of reading taken from 20 locations for a duration of three to four hours daily with
corresponding GPS coordinates provided in Table 2. This study was carried out in Abuja from August
to September (rainy season). The mean PM2.5 and PM10 across the locations were calculated and
available in Table 2 with other parameters like humidity, temperature and atmospheric pressure.

Table 2. Locations purpose, GPS coordinate, mean (PM2.5 and PM10), humidity, temperature and
atmospheric pressure for all 20 locations.

Location Location Purpose GPS
Coordinate

Mean Monitoring
Readings (µg/m3)

Mean Monitoring
Readings (mg/m3) Humidity

(%)
Temp.
(◦C)

Atm. Pressure
(kPa)

PM2.5 PM10 VOCs HCHO

1 Mixed use 9.08, 7.47 31.50 32.70 1.74 0.56 92 24 101.80
2 Residential 9.09, 7.49 20.20 21.00 2.09 0.33 90 25 101.33
3 Residential 8.99, 7.46 25.30 26.20 1.66 0.23 96 22 101.55
4 Commercial/business 9.09, 7.49 32.40 33.30 1.96 0.17 77 27 101.30
5 Mixed use 9.08, 7.50 28.60 31.20 2.30 0.19 85 26 101.60
6 Commercial 9.08, 7.48 18.30 19.40 3.26 0.18 80 24 101.70
7 Airport 9.00, 7.27 28.90 29.80 2.12 0.17 36 27 101.70
8 Commercial 9.07, 7.49 23.60 25.00 5.80 0.40 85 25 101.40
9 Commercial/offices 9.05, 7.50 30.00 30.40 2.02 1.10 87 28 101.60
10 Business 9.04, 7.48 70.20 77.50 6.53 0.08 90 24 101.60
11 Commercial/business 9.10, 7.41 22.20 23.40 4.88 0.32 87 26 101.30
12 Offices 9.05, 7.46 29.30 30.10 6.08 0.48 87 25 101.30
13 Offices 9.06, 7.49 23.60 23.80 1.97 0.78 93 24 101.60
14 Market 9.07, 7.46 60.10 66.30 7.49 0.59 91 24 101.66
15 Commercial 9.07, 7.46 26.20 27.00 4.96 0.54 90 24 101.70
16 Commercial/business 9.12, 7.40 15.30 16.30 9.07 0.27 86 26 101.30
17 Business 9.06, 7.47 62.60 64.80 9.98 0.22 80 26 101.20
18 Transport Services 9.06, 7.43 58.30 62.10 9.53 0.24 87 25 101.70
19 Business 9.07, 7.43 24.00 24.40 9.32 0.20 88 25 101.70
20 Commercial/business 9.07, 7.43 16.40 17.10 8.12 0.12 97 24 101.70

Mixed use—commercial/banks/offices/business/residential and Offices—government offices.

3.2. Spatial Variation

Most African countries are lagging behind in terms of data gathering as direct monitoring on
particulate matters especially PM2.5, however some of the available data are general indication with the
intend to help cross country comparison of health risk due to PM and level of pollutant concentration
are different from each other which generally are due to country, cities or location conditions. According
to the state of global air report 2019, more than 90% of the people worldwide live in areas exceeding
the WHO set standard for healthy air [3]. The report highlights difference concentrations of PM2.5

µg/m3 globally. From the report for Africa, it shows that only very little falls within the WHO interim
targets 2 (IT-2) range of 25–35 µg/m3 while the rest as we can see are above the 35 µg/m3. Taking
a detail look at the report, the annual PM2.5 exposure for sub-Saharan Africa (West Africa) puts
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Nigeria as the 3rd highest in the region with 72 µg/m3 behind Niger and Cameroon with 94 µg/m3 and
73 µg/m3, respectively. Countries like Nepal (100 µg/m3), India (91 µg/m3), Qatar (91 µg/m3), Saudi
Arabia (100 µg/m3), Egypt (100 µg/m3), Bahrain (100 µg/m3), China (100 µg/m3) among other countries
were cited as the countries with the highest amount of PM2.5 exposures as pollution varies between
region and countries, for example the middle east and north Africa have their cause of particulate
matter attributed to dust from the Sahara desert compare the west Africa where it can be attributed to
industries (diesel–fossil fuel powered equipment and generators), vehicle emissions gas-flaring, etc.
In the same light, Maldives, Sweden, Estonia, Norway, Finland and Brunei were among the countries
with the lowest exposure of average 8 µg/m3 or less [3].

Furthermore, from the state of global air report 2019 on exposure to air pollution, the percentage of
population living in areas where the PM2.5 concentration is higher than the WHO air quality guideline
and each of the three (3) interim target for the eleven (11) most populous countries including the
European Union for the year 1990, 2010 and 2017 where the 3 interim targets are IT-1 (>35 µg/m3), IT-2
(>25 µg/m3) and IT-3 (>15 µg/m3) where the annual WHO guideline stays at >10 µg/m3. Nigeria stands
third as most of its population remains exposed to WHO guideline, IT-3 and IT-2 while there was a
decrease in the percentage exposed to IT-1. Bangladesh and Pakistan as the highest in all categories
and show no sign of improvement as the entire population remains exposed to PM2.5 levels above
all the guideline and three interim targets. It can be seen that USA had one of the most remarkable
decrease in all set guidelines; this shows that proportion of population living in areas which exceeds
the guidelines are very low and as of 2017 it was estimated that only 3% leaves in areas exceeding
the guidelines from 50% as in 1990. Countries like Mexico, Indonesia, Russia, EU, Japan and Brazil
all show sign of improvement and progress since 1990 towards meeting the 3 interim targets with a
drastic reduction in population living in IT-1 and IT-2 compare to IT-3 and guideline [3].

Similarly, environmental risk and health statistics by the organization for economic cooperation
and development shows that the mean exposure to PM2.5 in Abuja (study area) is 65 µg/m3 and the
country is 70.1 µg/m3 compare to neighboring west Africa counties like Cameroon (74.9 µg/m3), Niger
(94.1 µg/m3), Chad (66.3 µg/m3), Ghana (35.1 µg/m3), Benin (39.7 µg/m3) among others [23]. The main
source for Nigeria was attributed to urban city development with increase in population and increase
in vehicle emission as well as the use of generators and gas-flaring in the Niger Delta.

3.3. PM2.5 Relationship with PM10, VOCs and HCHO

Over the years, developed and developing cities around the world have witnessed high
concentration of particles in the atmosphere as a result of increased in industrialization, urbanization
and population. F. Dominici et al. (2006), Yang et al. (2017; 2018) highlighted the very close
relationship between exposure to PM2.5 and PM10, there are strong proven evidence of the health
effects of short-term and long-term exposure to high concentration of both PM2.5 and PM10 results in
respiratory/cardiovascular diseases, cancer and lung disease, among others [24–26].

IBM SPSS statistic software was used to analyze the data. The Pearson’s correlation test was
utilized to analyze the linear relationship between PM2.5 concentration and PM10, VOCs and HCHO.
The level of significance of the test was conceded 0.05 and 0.01 (confidence level of 95% and 99%) [27].

The result obtained from the study as shown in Table 2 highlights the various location and
corresponding mean readings of both PM2.5, PM10, VOCs and HCHO. The calculated mean ± SD using
SPSS for all the 20 locations in terms of PM2.5, PM10, VOCs and HCHO were 32.35 µg/m3

± 16.44 µg/m3,
34.09 µg/m3

± 18.08 µg/m3, 50.44 mg/m3
± 30.50 mg/m3 and 3.09 mg/m3

± 1.90 mg/m3, respectively.
The findings of this study have indicated a high concentration for PM2.5 which could be of serious
threat to the general population around the study area as the mean result for PM2.5 showed that it is
above the WHO 24-h mean guideline and taking a look at each location as seen in Table 2, it could be
observed that most the location were above the WHO guideline. Although the mean concentration of
PM10 particles in the ambient air was lower than the 24-h guideline presented by WHO (50 µg/m3), but
4 of the 20 locations were found to be above the 24-h mean. The transport service locations had a mean
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value of 62.10 µg/m3, this could be attributed to various emission from both diesel and petrol vehicles,
the location is one of the main transport hub for traveling by road in Abuja municipal area council.
One of the main market areas was among the locations with high particulate matter of 60.10 µg/m3,
cars emission and generators were found to be the main source of pollution around this locations with
dust from human movements, vehicles and natural wind. Printing press business area had a mean
reading of 70.20 µg/m3, during the cause of the monitoring it was identified that the use of heavy
generators for the printing press machine was the main source of pollution, the business area runs
constant generator for almost all working hours due to the current electricity situation in the country.
The observation from this studies is that most location are found to be above the guideline for PM2.5

and these raise a serious concern about the potential health effects within the populations. However,
the health effect are much more different, going by the results and from Table 2 we can see that most of
the population are largely affected by PM2.5 as most of the locations are seen to be above the WHO
standard and long term or chronic exposure to PM2.5 has different negative effects on human health
which includes; lung cancer, cardiovascular problems and respiratory [27].

According to Cohen 1988, the Pearson correlation produces three significant output with vital
piece of information, this three outputs are: the Pearson correlation coefficient, level of statistical
significance and sample size. The magnitude of the correlation coefficient determine the strength of the
correlation [28]. Cohen further explained that, if coefficient value falls within 0.1 < |r| < 0.3, 0.3 < |r| < 0.5
and |r| > 0.5 it shows small, moderate (medium) and large (strong) correlation, respectively [28].

From the correlation for PM2.5 vs. PM10, it was observed that the Pearson correlation coefficient
(r) is 0.99**, which is interpreted as large correlation going by Cohen interpretation. (r = 0.99, p < 0.001).
It can also be said that the double tailed ** implies that the PM2.5 and PM10 correlation is significant at
the 0.01 level. Furthermore, from Figure 2A, we observe that the box on the scatterplot are reasonably
closely scattered about an underlying straight line as opposed to a curve or a random scattering, thus
this indicates that there is a linear relationship between the two variables. The scatterplot implies
that as the level of PM2.5 increases so the level of PM10 increases as well. This study highlight similar
results as of those reported by Yang et al. 2018 and Zhou et al. 2017, which shows strong correlation
between PM2.5 and PM10 concentration for China (0.92) and India (0.64), also this correlation can be
attributed to similar sources of PM2.5 and PM10 which are mainly emission from coal, vehicle exhaust
and biomass [26,29].
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and HCHO, a negative correlation was observed with r = −0.75.

For PM2.5 and VOCs, it was observed that the Pearson correlation coefficient (r) was 0.39. There
was a moderate Pearson correlation coefficient between PM2.5 and VOCs which can be seen in
Figure 2B. For PM2.5 and HCHO, a negative correlation was observed between the indicators of PM2.5

and HCHO concentration, the Pearson correlation coefficient (r) was −0.75 (25% shy of a perfect
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negative correlation) this indicates a rather strong relationship between the PM2.5 and HCHO as shown
in Figure 2C scatterplot.

3.4. Source Appointment—Backward Air Flow Trajectory

Using the hybrid single particle Lagrangian integrated trajectory (HYSPLIT) model to analyze the
top four (4) most-polluted locations, namely location (10, 14, 17 and 18) for PM2.5 as seen in Table 2.
Backward trajectories could identify the air mass movements and according to Perrone et al. 2013,
short trajectories were indicatives of slow moving air masses while long trajectories usual have a fast
spend flows and may be unfavorable for the deposition of particles based on dynamic principles which
has a difference in direct implications for air quality however, the air flow trajectory length means
the capacity of deposition of PM2.5 particles while different source regions means different kinds of
components in PM2.5 [30].

Figure 3 shows the backwards trajectories of location (10, 14, 17 and 18) being the top four (4)
most-polluted locations for PM2.5 using three (3) different heights (100 m, 500 m and 1000 m). It can be
seen that the air flow into the city of Abuja originated from the Atlantic Ocean as Nigeria is bordered
to the south by the Atlantic Ocean [31]. The air flow passes through the over populated Lagos sea port
also through some Niger Delta oil producing regions. Study shows that Lagos sea port area generates
many emissions due to its activities (trucks, cars, heavy sea port machines and generators) [32]. It will
be recalled that the backwards trajectories can only be used to identify the movements of air flow or
masses from a potential source however, based on the air flow pathway from Niger Delta and sea port
area in Lagos some assumption about potential sources of pollutants could be derived. The air flows
from the ocean through to the nation’s capital Abuja may be carrying many pollutants as a result of
their transport pathways.

The Niger delta area of Nigeria is known for oil and gas production owing to the huge deposits
of crude oil. Furthermore, country analysis brief reported Nigeria as the seventh proved reserves of
natural gas with about 182 trillion cubic meter and also ranked fifth globally for gas-flaring over half a
century [33,34]. Similar research also highlights how flared gas (FG) contribute to global warming,
climate change and also sources of black carbon, particulate matter (PM), volatile organic chemicals
(VOCs), greenhouse gases and polycyclic aromatic hydrocarbon (PAH) among others that pollutes the
air, soil and water [35,36]. Flared gas contains over 250 toxins such benzene, sulfur dioxide, nitrogen
dioxides, xylene, hydrogen sulfide, toluene, etc. The few studies conducted at some of the communities
showed that the ambient level of some pollutant like PM, CO2, SO2, NO2 were all higher that the
recommend values. The need for clean air cannot be over-emphasized as clean air will reduce the risk
of respiratory diseases and other diseases associated with air pollution [37,38].

Furthermore, the health implications and longtime exposure to gas-flaring and particulate matter.
Some of the findings includes respiratory difficulty, eye and skin irritation, asthma, cough and other
related health risks. From the above studies and references, it can be presumed that air flow through
the Lagos sea port and the Niger delta gas-flaring regions to the survey area may go along with few
of the known pollutants like particulate matter PM2.5, among others. We intend to do air pollutant
analysis in the nearest future to determine various pollutant available at the survey area [39–41].

The backward trajectories analysis of air flows in different heights (100 m, 500 m and 1000 m)
has different effect on the study population area. Comparing the flow trajectories results at 100 m,
500 m and 1000 m, it could be stated that air flows in lower heights moving over a source area can
carry more pollutants than in the higher height (above 1000 m) as air flows in the 100 m and 500 m
boundary layers may have the largest influence of the particulate matter (PM2.5) concentration, also
height 1000 m contributes to the long range transportation of PM2.5. However, all the height categories
considers in this model analysis as shown in Figure 3 has the same airflow pathway which indicates
that the important potential source region was the south Atlantic ocean passing through the Niger
Delta oil producing region.



Atmosphere 2020, 11, 817 9 of 15
Atmosphere 2020, 11, x 9 of 15 

 

  
(A) Location 10, 1 p.m., 13 August 2018 (B) Location 14, 12 noon, 15 August 2018 

  
(C) Location 18, 12 noon, 15 August 2018 (D) Location 17, 12 noon, 4 September 2018 

Figure 3. (A–D)100-, 500- and 1000-m backward trajectories in the top 4 polluted during 13th, 15th 
August and 4th September air assessment survey in Abuja. 

The backward trajectories analysis of air flows in different heights (100 m, 500 m and 1000 m) 
has different effect on the study population area. Comparing the flow trajectories results at 100 m, 
500 m and 1000 m, it could be stated that air flows in lower heights moving over a source area can 
carry more pollutants than in the higher height (above 1000 m) as air flows in the 100 m and 500 m 
boundary layers may have the largest influence of the particulate matter (PM2.5) concentration, also 
height 1000 m contributes to the long range transportation of PM2.5. However, all the height categories 
considers in this model analysis as shown in Figure 3 has the same airflow pathway which indicates 
that the important potential source region was the south Atlantic ocean passing through the Niger 
Delta oil producing region. 

Risk analysis by air quality index (AQI). Results of the particulate matter computed in Table 2 
shows that: 

i. PM2.5 has the lowest mean value of 15.30 µg/m3 and 70.20 µg/m3 as the highest value. However, 
going by the WHO standard of 25 µg/m3 24 h mean, 12 of the 20 location had a mean value 
higher than the standard with 8 having values lower than the standard; 

ii. PM10– of the 20 locations, 16 location were below the 50 µg/m3 WHO standard 24 hours mean 
value while 4 locations were higher than the standards. The highest mean value was 77.50 µg/m3 
with 16.30 µg/m3 as the lowest; 

Figure 3. (A–D)100-, 500- and 1000-m backward trajectories in the top 4 polluted during 13th, 15th
August and 4th September air assessment survey in Abuja.

Risk analysis by air quality index (AQI). Results of the particulate matter computed in Table 2
shows that:

i. PM2.5 has the lowest mean value of 15.30 µg/m3 and 70.20 µg/m3 as the highest value. However,
going by the WHO standard of 25 µg/m3 24 h mean, 12 of the 20 location had a mean value
higher than the standard with 8 having values lower than the standard;

ii. PM10– of the 20 locations, 16 location were below the 50 µg/m3 WHO standard 24 h mean value
while 4 locations were higher than the standards. The highest mean value was 77.50 µg/m3

with 16.30 µg/m3 as the lowest;

Using Equation (1) above (air quality index pollutant equation), the AQI pollutant value were
calculated using the mean monitoring reading in Table 2 as pollutant concentration and WHO standard.
The calculated PM2.5 AQI values for all 20 locations was then used to plot a graph of location against
PM2.5 as shown in Figure 4 below.
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Figure 4. Air quality index (AQI) for PM2.5 in all 20 locations and corresponding AQI color code.

Figure 4 above is used to highlight the specific pollutant range and color index for all 20 locations
based on computed values. Locations 10 (with 280.8 index) showed highest level of fine particulate
matter pollutant and very unhealthy for the population within that location. It can be seen that for
PM2.5 most of the location fall under moderate (yellow), unhealthy for sensitive people (orange) while
4 (four) locations fall under Very unhealthy conditions. Air pollution Level 5 (very unhealthy) as seen
in Figure 4 was observed to be from the business district (see Table 2), this is of great concern as most
population within this district are exposed and PM2.5 pose the greatest health problems because of
its size. Unhealthy air quality can get deep into the lungs and sometimes even the bloodstream and
longtime exposure can lead to; increased respiratory problems, asthma and premature death as a result
of heart and lung disease.

Exposure to fine particulate matter results in substantial numbers of respiratory health effects and
risks. Growing epidemiologic studies has shown that inhalation and exposure to PM2.5 is associated
with increase in respiratory health outcomes such as chronic obstructive pulmonary disease (COPD),
asthma, lung cancer, etc. [42,43]. A study of the relationship between fine particulate matter and
emergency room visits for asthma in the metropolitan Seattle shows strong evidence that exposure
to air pollution aggravate respiratory disease especially asthma [44]. Particulate matter is a major
contributor to respiratory mortality and morbidity according to many cohort studies [45,46].

Inhalation is the primary exposure mechanism to particulate matters and other particle [42].
Generally, fine particles smaller than 2.5 µm in diameter can easily penetrate the alveoli portion of the
lung. These particles can pass directly into the blood in the alveolar capillaries if they are soluble in
water and they can be retained deep on the lungs for in they are insoluble in water [47].

Significant aggravation of heart or lung disease and premature mortality in persons with
cardiopulmonary disease and the elderly; significant increase in respiratory effects in general population.
People with respiratory or heart disease, the elderly and children are the groups most at risk. Based on
the monitoring, it was observed that the major source of air pollution within Abuja metropolis are
mainly Vehicle emission and fumes from business/commercial district generators.
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Similarly, for PM10, the calculated values for AQI pollution index in all 20 location was used to plot
the graph as seen in Figure 5 below using Equation (1) above, the AQI pollutant value were calculated
using the mean monitoring reading in Table 2 as pollutant concentration and WHO standard.
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Figure 5. Air quality index (AQI) for PM10 in all 20 locations and corresponding AQI color code.

Figure 5 above is used to highlight the specific pollutant range and color index. It can be deduced
that the health effect of PM10 is reduced compare to Figure 4 as we can see most location falls under
good and moderate condition except for location 10 with the very unhealthy status and three other
locations with unhealthy for sensitive groups. However, long time exposure to particulate matter may
lead to reduction in life expectancy.

It can also be seen that for PM10 most of the location fell under good (green), moderate (yellow),
unhealthy for sensitive people (orange) while Location 10 fell under unhealthy (red) conditions.

4. Relative Humidity, Temperature, Volatile Organic Compounds (VOCs) and
Formaldehyde (HCHO)

The relative humidity of the study area as shown in Table 2 is between the ranges of 66% to 97%,
the highest recorded at one of the mixed use (commercial/business) areas. The ambient air temperature
(◦C) is also shown in Table 2, the highest was 28 ◦C while the lowest was 22 ◦C it was observed that
these recorded temperatures were as a result of the monitoring season which happens to be rainy
season. Atmospheric pressure ranged from 101.20 kPa to 101.80 kPa.

Volatile organic compounds (VOCs) are emitted as gases from certain liquids and solids, this
compounds may have short and long term adverse health effects depending on the exposure level.
According to US EPA 2017, the concentration of VOCs is higher in indoors (ten times higher) than
in outdoors as most of the ingredients used for household products are from organic chemicals [48].
Some of the household sources are; paints, solvents, cleansers, disinfectants, pesticide among others
while others product includes; furnishings, building materials, offices equipment, etc. Health effects of
VOCs varies greatly with exposure with organic chemicals that are highly toxic, and this depends on
many factors which includes level of exposure and duration of exposures [49]. Some of the health
effects are:

• Short term exposure (hours to days): eye, nose and throat irritation, headaches, nausea/vomiting,
dizziness, visual disorders and memory impairment, worsening of asthma symptoms;
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• Chronic exposure (years to a lifetime): cancer, liver and kidney damage, central nervous
system damage.

Based on monitoring reading obtained and computed in Table 2, it can be observed that VOCs has
1.66 mg/m3 as the lowest and 9.98 mg/m3 as the highest. Taking location 17 with the highest VOC
reading falls on >3 mg/m3 range in Table 3 above, also from table it can be seen that most of the high
level of concentration takes place at the commercial, transport, markets and officers. From the level
of health concern in Table 3, most of this location may pose some harmful effects to the population
as some may experience headache, irritation and discomfort or no health effects to the population
depending on the exposure level and VOCs components toxicity.

Table 3. Volatile organic compounds concentration level mg/m3 [50].

VOCs Conc. (mg/m3) Level of Health Concern

<0.3 No irritation or discomfort
0.3–0.5 Irritation and discomfort possible if other exposures interact
0.5–1.0 Exposure effect and probable headache possible if other exposure interact
1.0–3.0 Headache and additional neurotoxic effects may occur

>3 Irritation and discomfort are very possible

From Table 2, the formaldehyde (HCHO) in this monitoring exercise could be from byproduct of
combustion and other process like emission from cars, fuel burning and cigarette smoking. Exposure to
formaldehyde may cause adverse health effects like irritation of the skin, eyes, nose and throat. However,
the main concerns are usually associated with long term exposure by inhalation. The monitoring
results showed 0.08 mg/m3 as the lowest and 0.78 mg/m3 as the highest value.

5. Conclusions

The assessment results reveal that the concentration of PM2.5 and PM10 of some locations were
above air quality index (AQI) limits set by WHO especially at the business district. This results from
the assessment indicates that most the population leaving around the business district are exposure
to high level of pollution. The research outcome demonstrates that the particulate matter pollution
situation is not favorable in the study area as there exhibit a wide gap between assessment result of
particulate matter concentration and the WHO set standards. The health risk indicates locations 10, 14,
17 and 18 are unsafe for sensitive, unhealthy and very unhealthy groups.

Based on the above, it can be recommended that the regulatory and enforcement agency needs to
reexamine current regulation on air quality monitoring as well as develop a more robust monitoring
mechanism, regulations and enforcement to determine the most effective and efficient way to improve
the air quality. There is also a need for a national drive for renewable energy, clean energy for
business/commercial district to help reduce fumes from generators and form a cleaner air initiatives,
as well as ensure a safe environment to live in and to reduce particulate matters in the city. It is also
recommended that more research carried out to determine the types of VOCs components available in
some of the locations.
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