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Abstract
Studies were carried out to investigate the outdoor air pollution levels in vehicular traffic junctions in the major cities of Nsukka, Enugu and semi-urban
area of Awgu all in Enugu State, Nigeria using standard analytical procedures.
PM2.5 was collected using Envirotech air sampler, APM 550 and analyzed gravimetrically. Other determined air pollutant gases such as SO2, NO2, O3 and
CO were analyzed using colorimetric techniques. The mean hourly traffic
density in the vehicular traffic junctions in Nsukka metropolis, Enugu metropolis and Awgu were 2015, 2873 and 587 respectively. The mean range of
values of PM2.5, NO2, SO2, O3 and CO in vehicular traffic junctions within the
investigated environments were 1.67 - 12.16 µg/m3, 3.72 - 23.83 µg/m3, 2.96 30.09 µg/m3, 5.45 - 66.54 µg/m3 and 1.18 - 15.17 ppm respectively. The mean
levels of the determined air pollutants in the air around vehicular traffic junctions in Nsukka metropolis, Enugu metropolis and Awgu semi-urban area
differed significantly. The mean levels of PM2.5, and CO in the air around vehicular traffic junctions in Enugu metropolis and CO in the air around traffic
junctions in Nsukka metropolis were above the recommended permissible
limits. Traffic density was therefore seen as the single most important factor
contributing to the varying air pollution levels observed in the investigated
environments.
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1. Introduction
Traffic related sources of air pollution are drawing increasing concerns from interested exposure assessors, epidemiologists, as well as toxicologists [1]. Air pollution and its public health impacts are drawing increasing concern from the environmental health research community, environmental regulatory agencies,
industries, as well as the public.
Outdoor air pollution is a major environmental health problem affecting everyone in low, middle and high income countries of the world [2].
People living in low and middle income countries disproportionately experience
the burden of outdoor air pollution with the greatest burden in South-East, Asia
and Africa [3].
Air pollution is the introduction of chemicals, particulate matter or biological
materials into the air that cause harm and discomfort to humans and other living organisms within such an environment [4].
The association of air pollution with human health is widely known as there
are many health risks associated with air polluted environment.
According to [5], in many urban environments, there has been a continuous
deterioration of ambient air and human health with the increase in population,
industrialization, and urbanization.
[6], stated that the emissions of toxic pollutants such as particulate matter
(PM2.5 and PM10) and gases like ozone, sulphur IV oxide, carbon monoxide and
nitrogen oxides (NOx) through anthropogenic activities have significantly aggravated health challenges related to air pollution.
Air pollution in urban centers’ has increased rapidly due to high population
density, increased number of motor vehicles, use of fuels with poor environmental performance, poorly maintained transportation systems and above all
ineffective environmental regulations and policies [7].
Studies have indicated that vehicles are the major source of air pollution in
most cities across the world [8]. [9] stated that the major reasons for the high
level of vehicular emission are the large number of vehicles on congested streets,
poor quality vehicles, poor quality fuels usage, maintenance systems and ineffective transport management and the use of two-smoke engine vehicles on the
road.
The most common air-pollutants associated with vehicular emission in the
urban environment include, sulphur IV oxide (SO2), nitrogen IV dioxide (NO2)
and nitrogen II oxide (NO), carbon monoxide, (CO), volatile organic compounds
(VOCs), ozone (O3), suspended particulate matter (SPM) and lead (Pb) [10].
According to [11], air pollution is believed to kill more people worldwide than
AIDS, malaria, breast cancer or tuberculosis.
Research has shown that children and elderly are particularly vulnerable to the
health impacts of air pollutants such as O3, particulate matter and other air-borne
pollutants while exposure to high concentrations of NO2, SO2, and CO is associated with adverse health impacts [9]. All the particulate matters of varying sizDOI: 10.4236/ojap.2020.94007
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es in combination with other air pollutants (gases, aromatic hydrocarbons and
metals etc.) have been found associated with health problems including aggravated asthma long cancer, chronic obstructive pulmonary disease (COPD), cardiovascular diseases and premature death [12].
Deteriorating air quality and air pollution has been found to be associated
with chronic morbidity, mortality and impacts on birth outcomes especially traffic related pollution releasing noxious gases into the atmosphere [5]. The elderly,
the young and those with cardio-pulmonary disease, or severe bronchitis, are the
most vulnerable to air pollution exposure with children at a greater risk. Air
pollution can cause coughing, burning eyes and breathing problems while in the
long run may even contribute to life-threatening diseases such as cancer [5].
A 2013 assessment by international agency for research on cancer concluded
that outdoor air pollution is carcinogenic to humans with the particulate matter
component of air pollution most closely associated with increased cancer incidence, especially lung cancer [13].
Ambient (outdoor) air pollution in both cities and rural areas was estimated
to cause 4.2 million premature deaths worldwide in 2016 [14]. Nsukka and
Enugu are two major metropolitan cities in Enugu State, Nigeria, with high flow
of vehicular activities as a result of increased economic activities and government offices owing to the peaceful nature of the state while Awgu is a semi-urban
area located on the outskirts of Enugu capital.
Increased vehicular activities have been observed in these three environments (Nsukka, Awgu and Enugu) in recent times due primarily to urbanization, job transfer, occupational change, life style and economic exigency. Despite the installation of traffic light at strategic junctions in the studied environments, motorists often violate the traffic light rule leading to long periods
of gridlock and snarls especially during morning and evening period on each
day.
Although the state government has floated an agency to manage the road use
and traffic control in these environments, the violations of road use and traffic
control by motorists are common occurrence, coupled with the fact that vehicles
at different physical conditions and age still ply the roads unchecked.
Vehicular emission during rush hours in the morning period when school,
civil service and other economic activities are commencing and in the evening
period at close of economic activities often results in long hours of traffic snarl, a
common site in the three studied environments. With the rise in respiratory related illnesses in major cities in developing economics such as Nigeria, studies
was therefore carried out to assess the outdoor air pollution levels in vehicular
traffic junctions in Nsukka, Enugu and Awgu environments in Enugu State, Nigeria.

2. Materials and Methods
The sampling locations for each of the three studied environments (Nsukka,
Awgu and Enugu) were purposely selected based on location features such as
DOI: 10.4236/ojap.2020.94007
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intersections, nearness to market or school and proximity to human and economic activity. Awgu served as the control environment in this study. Analysis
of the ambient air pollutants, were carried out as approved by [15] for specific
parameters. The relative humidity was measured using a logger fitted with relative humidity probe (Testo 450) hydrogrometer. PM2.5 was measured using Envirotech air sampler APM550. The APM 550 Envirotech air sample is a micro
processor-controlled low volume sampler which measures logs flow rates and
meteorological parameters. Ambient air passes through a PM2.5 sampling head
were particles were collected and analyzed gravimetrically. The mass of particulate matter (PM2.5) was calculated and expressed in microgram per cubic meter
of air (µg/m3).
The sampling of SO2, NO2, O3 and CO from air was carried out using the absorption train technique as described by [9]. The technique involves the absorption of pollutant gas from air into a reagent solution. Sampling was conducted
twice a day (once in the morning, 8-11 am and once in the evening, 5-7 pm) for
six weeks.
The absorption train consists of various components which include, a set of
flow rate calibrated orifices and impingers containing absorbing solutions for
SO2, NO2, O3 and CO separately. The absorbing solutions were sodium tetrachloromercurate for SO2, a mixture of N-(1-napthyl)-ethylene diamine dihydrochloride and sulphamic acid in glacial acetic acid for NO2, silica gel imprignated
with ammonium molybdate for CO and buffered potassium iodide for O3.
Air was bubbled with the air pump through an impinger containing the absorbing solution designed to react with each of the air pollutant studied. Each air
pollutant was collected in this way and appropriate laboratory analysis of the
resulting solutions was followed using colorimetric technique.
The technique involves using modified West-Graeke method for SO2, GriessSeltzman method for NO2, alkali method for O3 and reduction of the ammonium
molybdate for CO.

3. Results and Discussion
PM2.5
Among common ambient air pollutants, particulate matter is currently under
intensive epidemiological and toxicological investigation, especially PM2.5, as increasing evidence links it to various respiratory and cardiac effects and cardio
pulmonary malfunctioning [17].
Results of Table 1 show that the mean levels of PM2.5 in the air around the vehicular traffic junctions within Nsukka metropolis, Enugu metropolis and Awgu
semi-urban area were, 7.88 ± 1.06, 12.16 ± 0.31 and 1.67 ± 0.11 µg/m3 respectively. The levels of PM2.5 in the three environments differed significantly. This
was attributed to the varying levels of vehicular flow and traffic in the studied
areas. The studied environments contained mean levels of PM2.5 in the air
around the investigated traffic junctions in the following decreasing order; Enugu > Nsukka > Awgu as shown in Figure 1. The mean hourly vehicular traffic
DOI: 10.4236/ojap.2020.94007
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Figure 1. Bar chart representation of the mean levels of PM2.5 in the air around vehicular
traffic junctions in Nsukka, Awgu, Enugu environments.
Table 1. Mean levels of outdoor-air pollutants in vehicular traffic junctions in Nsukka
and Enugu Metropolis and Awgu semi-urban area.
Parameter
City/
Semi-urban

Traffic
density

PM2.5
(µg/m3)

NO2
(µg/m3)

SO2
(µg/m3)

O3
µg/m3

CO
(ppm)

Enugu

2873

12.16 ± 0.31 23.83 ± 2.40 30.09 ± 1.22 66.54 ± 2.67 15.17 ± 0.86

Nsukka

2015

7.88 ± 1.06

15.40 ± 0.77 21.92 ± 0.84 80.31 ± 3.03 10.31 ± 0.65

Awgu
(control)

587

1.67 ± 0.11

3.72 ± 0.43

2.96 ± 0.22

5.45 ± 1.24

1.18 ± 0.09

0.01

0.01

0.01

0.00

0.01

10

40

50

100

10

F test P value
[16]
permissible
limits

0

Traffic density = number of vehicles per hour.

density within Enugu metropolis was 2873, while 2015 was for Nsukka metropolis and 587 was for Awgu semi-urban area thus giving credence to the varying
PM2.5 levels in the studied environments.
The mean levels of PM2.5 in the investigated heavy-traffic junctions within Enugu metropolis was above the recommended permissible limits. Considering the
health severity of exposure to this air pollutant, the health impact at consistent
exposure to road users and the inhabitants living around the traffic junctions
portends great danger.
[5] reported a higher mean value of 143.8 ± 9.81 µg/m3 for PM2.5 in heavy traffic intersections in the commercial city of Jodhpur, India than what this study
reported for PM2.5 in the investigated environments. PM2.5 can penetrate the lung
barrier and enter the blood system.
Chronic exposure to particles contributes to the risk of developing cardiovascular and respiratory diseases, as well as lung cancer [17].
NO2
Results of Table 1 show that the mean levels of NO2 in the air around vehicuDOI: 10.4236/ojap.2020.94007
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lar traffic junctions in Nsukka metropolis, Enugu metropolis and Awgu semi-urban
area were, 15.40 ± 0.77, 23.83 ± 2.40 and 3.72 ± 0.43 µg/m3 respectively. The
mean level of NO2 in the air around the traffic junctions within Enugu metropolis was found to be significantly higher than it was in vehicular traffic junctions
within Nsukka metropolis and Awgu semi-urban area. The studied environments contained mean levels of NO2 in the air around the investigated vehicular
traffic junctions in the following decreasing order; Enugu > Nsukka > Awgu as
shown in Figure 2.
The mean levels of NO2 in air around the vehicular traffic junctions in the
studied environment were within the recommended permissible limits.
[9] reported a higher mean value of 35.9 ± 0.51 µg/m3 for NO2 in major heavy
traffic roads in the commercial city of Ibadan, Nigeria than what was obtained
for NO2 in this study. According to [9], vehicular emission is one of the major
sources of SO2 and NO2 contributing to air pollution in many cities in developing countries of the world.
Short term exposure to NO2 may cause air way responsiveness and lung injury
while long term exposure have been associated with reduced immunity and respiratory diseases [1].
Equally, [18] reported that epidemiological studies have shown that symptoms
of bronchitis in asthmatic children increase as a result of long term exposure to
NO2. The levels of NO2 in the air around the vehicular traffic junctions in the
studied environments were statistically significant.
SO2
Results of Table 1 show that the mean levels of SO2 in the air around the vehicular traffic junctions within Nsukka, metropolis, Enugu metropolis and Awgu
semi-urban area were, 21.92 ± 0.84, 30.09 ± 1.22 and 2.06 ± 0.22 µg/m3 respectively. The mean levels of SO2 in the air around the vehicular traffic junctions
within Enugu metropolis were statistically higher than it was in the air around
vehicular traffic junctions within Nsukka metropolis and Awgu semi-urban area
respectively. The studied environments contained mean levels of SO2 in the air
around the investigated vehicular traffic junctions in the following decreasing
order; Enugu > Nsukka > Awgu as shown in Figure 3.

Figure 2. Bar chart representation of the mean levels of NO2 in air around the vehicular
traffic junctions in Nsukka, Awgu and Enugu environments.
DOI: 10.4236/ojap.2020.94007
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Figure 3. Bar chart representation of the mean levels of SO2 in air around vehicular traffic
junctions in Nsukka, Awgu and Enugu environments.

As stated earlier, the differences in traffic density in addition to the use of vehicles at varying physical and mechanical conditions and fuel usage of varying
quality could have significantly contributed to the varying mean levels of SO2 in
the air around traffic junctions in the three studied environment.
The mean levels of SO2 in the air around the vehicular traffic junctions in the
three studied environments were within permissible limits.
[5] reported a lower mean value of 16.4 ± 1.50 µg/m3 for SO2 in the air around
traffic inter sections in the commercial city of Jodhpur, India than what this
study obtained for SO2 in the investigated environments. According to [1], consistent exposure to high levels of SO2 causes inflammation of the respiratory
tract which ultimately leads to prolonged coughing, mucus secretion, aggravation of asthma and chronic bronchitis.
O3
Results of Table 1 show that the mean levels of O3 in the air around the vehicular traffic junctions in Nsukka, Awgu and Enugu environments were, 80.31 ±
3.03, 5.45 ± 1.24 and 66.34 ± 2.67 µg/m3 respectively. The mean levels of O3 in
the air around vehicular traffic junctions in Nsukka environment were significantly higher than it was in Enugu metropolis, and Awgu semi-urban area respectively.
The mean levels of O3 in the air around the vehicular traffic junction in the
three studied environments were within the WHO recommended permissible
limits of the pollutant in the air. The studied environments contained mean levels of O3 in the air around the investigated vehicular traffic junctions in the following decreasing order; Nsukka > Enugu > Awgu as shown in Figure 4.
The levels of O3 in the air around vehicular traffic junctions in Awgu was significantly lower compared to the levels of the air pollutant in the other studied
environments probably because of decreased vehicular flow (traffic density)
which gave to rise to fewer air pollutant emission.
[5] reported a mean value of 82.9 µg/m3 for O3 in traffic inter sections in the
commercial city of Jodhpur, India which compared very well with what was obtained in this study for O3 in the air around vehicular traffic junctions in Nsukka
metropolis. Excessive ozone in the air can have a marked effect on human
health.
[1] reported that excessive exposure to O3 by people causes breathing probDOI: 10.4236/ojap.2020.94007
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lems, triggers asthma, reduces lung function which ultimately leads to lung diseases and equally damage to the brain.
CO
In traffic related exposure studies and epidemiological investigations, another
important pollutant is carbon monoxide (CO), which results from the incomplete combustion of natural gas, diesel or gasoline in traffic engines.
According to [19], high concentrations of CO generally occur in areas with
heavy traffic intensity and congestion.
Results of Table 1 show that the mean levels of CO in the air around vehicular
traffic junctions in Enugu, Nsukka and Awgu environments were, 15.17 ± 0.86,
11.31 ± 0.65 and 1.18 ± 0.09 ppm respectively.
The mean levels of CO in the air around traffic junction in Enugu and Nsukka
metropolitan environments were above that WHO recommended permissible
limits of the air pollutant in the air. The studied environments contained mean
levels of CO in the air around the investigated vehicular traffic junctions in the
following decreasing order; Enugu > Nsukka > Awgu as shown in Figure 5.
The levels of CO in the air around vehicular traffic junctions in the three studied environments differed significantly.
The mean values obtained in this study for CO in the air around traffic junctions in Enugu and Nsukka metropolitan environments was in agreement with
12.00 pm and 10.00 pm reported by [20] for CO in vehicular intersections in the
cities of Kosole and Ikorodu respectively in Lagos State.

Figure 4. Bar chart representation of mean levels of O3 in the air around vehicular traffic
junctions in Nsukka, Awgu and Enugu environments.

Figure 5. Bar chart representation of the mean levels of CO in the air around vehicular
traffic junctions in Enugu, Nsukka and Awgu environments.
DOI: 10.4236/ojap.2020.94007
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After inhalation by the lungs, CO is absorbed by the blood and inhibits oxygen transport by competing with oxygen for combination with haemoglobin and
thus leads to hypoxia.
Like many other air pollutants, CO levels in urban regions are highly influenced by such factors as traffic density, traffic congestion and meteorological
conditions [1].

4. Conclusions
The study observed that traffic density was the most important factor influencing the levels of the investigated air pollutants in the air around vehicular traffic
junctions in Nsukka, Enugu and Awgu environments. The investigated air pollutants were statistically significant in the air around the vehicular traffic junctions in the studied environments. The mean levels of PM2.5, NO2, SO2, O3 and
CO were very significantly higher in the air around vehicular traffic junctions in
Enugu and Nsukka metropolitan environments than in Awgu environment.
Further buttressing literature reports that areas with high traffic density and
traffic congestion usually witness high level of air pollution arising from vehicular emissions compared to a rural or semi-urban environment with low traffic
density and congestion.
The mean levels of PM2.5 and CO in the air around vehicular traffic junctions
within Enugu metropolis as well as CO in the air around vehicular traffic junctions within Nsukka metropolis were above the recommended permissible limits
of air quality. Apart from high traffic density, other factors that could have accounted for the high levels of the determined air pollutants in the air around
traffic junctions in Nsukka and Enugu metropolis were the usage of poor quality
fuel, preponderance of poorly maintained vehicles on the road and non-adherence
to traffic light commands by motorists. It is very important that the government
of Nigeria at all levels should look critically into the physical and mechanical
states of vehicles plying on the roads in major Nigerian cities, quality of fuel dispensed to motorists and impose strict penalties on those who drive old, rickety
and poorly maintained vehicles and those that subvert traffic rules, in order to
drastically stem the levels of emission of toxic air pollutants on the environment
through vehicular activities.
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