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Abstract: This paper reports the results of the investigation of air pollution from automobiles at intersections
on some selected major roads in Ogbomoso, South Western, Nigeria. Four sampling routes were considered
with ten sampling points (SP1 — SP10) placed 2.0m away from the edge of the road. Priority parameters: SO,,
NO, CO were monitored. The results of SO,, NO, CO were in the range of 0.02 — 0.09ppm, 0.009-0.039ppm,
1.79-51.38ppm respectively. The concentration of SO, was highest at SP 6 with value 0.5103ppm. Emission
concentration for NO, was found to be highest at SP 6 where traffic congestion and traffic intersection is
observed. The highest level obtained for the air pollution indicator of CO was at: SP 9, 6, 3and 10 due to traffic
congestion and traffic intersection, where long waiting time for vehicles was observed. All the three monitored
air pollutants when compared with AQI level (Air quality index) were in the range of: SO, — was from very poor
to good, NO,- from good to very good, CO — very good to moderate and moderate to poor in different locations.
The study concludes that, it has become quite important to understand the role of mobile source emissions on
air quality through well-designed studies. This information can provide important input for the formulation of
effective air quality management strategies.

l. Introduction

Air is a universal gas, without which existence of humans and other forms of life is possible. Air
quality is very essential to sustain life. Air pollution due to human activities is an abuse to the environment
thereby degrading the air quality. Air pollutants associated with traffic-related emissions such as nitrogen
oxides (NO,), carbon monoxide (CO) and particulates (PM,o) have been recognized to have significant impact
on human health with evidence suggesting causal associations between elevated PMq and mortality, due to air
pollution problem has been well documented in Europe and United States with motor vehicles being the main
contributors. In UK the average concentration of NO, was found to increase by 35% from 1986 to 1991 due to
increase in vehicular emission CEC, (1992).

In specific studies relating to the Nigerian experience, attention has been focused more on general
industrial pollution or pollution in the oil industry (Faboya, 1997; lyoha, 2000; Magbagbeola, 2001, and Orubu
et al., 2002), while in other studies, only casual references are made to the gravity of the problem of pollution
from mobile transportation sources (World Bank, 1995; Garba and Garba, 2001).

Vehicular pollution arises mainly from inefficient combustion of hydrocarbon fuels. Hydrocarbon
gases easily unite with oxides of nitrogen (NOXx) through photochemical reactions in sunlight to produce smog.
NOx can combine with other organic substances in the atmosphere to create ozone, with devastating effects on
vegetation and climatic stability. Hydrocarbon fuels also contain varying amounts of sulphur. The combustion
of hydrocarbon (HC) fuels therefore has the potential of producing oxides of sulphur, which can combine with
water in the atmosphere to form acids of sulphur. Carbon monoxide (CO), produced as a result of inefficient
combustion of hydrocarbon fuels and is highly toxic even at small levels of concentration, and has been known
to decrease human efficiency. In effect, cities, which rely on a large number of vehicles for the bulk of daily
commuting transportation, and offering few efficient public mass transportation modes, may suffer from
extreme CO and other transportation-related emissions.

Today, mobile source emissions have tended to be the largest contributor to urban emission inventories
in many locations.

There has been no legislative framework for air quality in Nigeria prior to 1988 due to constant long
history of military dictatorship. After the discovery of an Italian ship in May 1988 of some imported toxic
chemical wastes, discussions geared towards more environmental legislation. Federal Military Government
under Decree 58 of 30 December 1988 established the Federal Environmental Protection Agency with statutory
responsibility for overall protection of the environment and setting and enforcing ambient and emission
standards for air, water and noise pollution. The Environmental Impact Assessment reaffirmed the powers of the
FEPA and defined the minimum requirements for an EIA. A study of the impacts of urban road transportation
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on the ambient air was conducted by Koku and Osuntogun, (2007) in three cities of Nigeria: Lagos, Ibadan and
Ado — EKiti all in South-west region of Nigeria.

In Lagos, air quality indicators namely CO, SO,, NO,, and total suspended particulates (TSP) were
determined. The highest levels obtained for the air pollution indicators were CO - 233ppm at Idumota, SO, -
2.9ppm at Idumota, NO, - 1.5ppm at lyana—Ipaja and total particulates 852cpm at Oshodi bustop. At Ibadan, the
CO and SO, levels at 271 and 1.44ppm were highest at Mokola round about while NO,, at 1.0ppm was highest
at Bere round about. In Ado-EKkiti the highest level obtained were CO - 317ppm at Oke Isha, NO, -0.6ppm at
ljigbo Junction and SO, - 0.8ppm at Old Garage Junction. The obtained results of CO, SO,, NO,, and particulate
were found to be higher than FEPA limits (FEPA Limits are CO - 10ppm, SO, - 0.01ppm, NO, - 0.04 to
0.06ppm. The noise level in all the locations were found to be higher than FEPA limit of 90dB and the WHO
limit of 70dB — 75dB (WHO, 2000). Conclusions of this investigation show a growing risk of traffic-related
problems in Nigeria cities and demand for serious air quality measures. Orubu, (2001) stated that comparative
figures of Lagos and the Niger Delta area can be used to make some deductions on the intensity of pollution
from automobile sources in different cities and zones in Nigeria. Lagos, Nigeria’s former capital city has a
population of about 14 million people, and remains the largest urban commercial and industrial centre in the
country, on the other hand, Port-Harcourt and Warri are two major cities in the Niger Delta area with fairly large
populations and industrial establishments.

A similar study of the investigation of vehicular emissions in selected areas in Calabar, Nigeria (Abam
and Unachukwu, 2009), indicated that the results of CO, NO,, SO,, PMy, and noise level were in the range of
3.3-8.7ppm, 0.02 — 0.09ppm, 0.04 — 0.15ppm, 170 - 260p g/m3 and 58.5 -72.4dB respectively. Using the United
State Environmental Protection Agency (USEPA) Air Quality Index level (AQI) Table 1. All the five monitored
air pollutants when compared with Air Quality Index level (AQI) Table 1.

Table 1: Air quality index for priority pollutants

AQI PM10 u CO NO2
AQI Category rating g/m3 (ppm) (ppm) SO2 (ppm)

Very good (0 -15) A 0-15 0-2 0-0.02 0-0.02
Good (16 -31) B 51-75 2.1-4.0 0.02-0.03 0.02-0.03
Moderate (32 — 49) C 76 — 100 4.1-6.0 0.03-0.04 0.03-0.04
Poor (50 —99) D 101 - 150 6.1-9.0 0.04-0.06 0.03-0.04
Very Poor(100 or

over) E >150 >9.0 >(.06 >0.06

Source: USEPA 2000

The results were in the range of: CO — poor to moderate and moderate to poor in different locations.
SO, — was from very poor to poor, NO,- from very poor to poor, PMy,and noise level was poor at all locations.
The overall comparison of data shows that the concentration of pollutants is high due to the volume of traffic
and pollution.

The overall levels of vehicular related air pollution in Nigeria from all the studies conducted show an
increasing trend and indeed significant with possible severe health consequences.

It is not out of place to state that the concentration of these pollutants must have increased
tremendously in the past ten years of democratic rule in Nigeria due to the influx of old and fairly used vehicles
into the country following changes in government policy.Over 60 percent of all activities are carried out using
motor vehicles supported greatly by the use of two-stroke engine motor-cycles (“okada”) for public transport
throughout our cities. At least half a million motor-cycles ply the nooks and crannies of our cities. The problem
has been exacerbated by the relatively high numbers of old and poorly maintained vehicles, which were
imported into the country as fairly used cars popularly known as “tokunbo cars”.

The impact and complexity of traffic-related air pollution in Nigeria today, alongside concurrent
emissions from industrial and domestic sources therefore necessitates a new approach to the mitigation and
management of air pollution. An assessment of the potential for increased vehicular pollution requires some
basic information relating to traffic volume and the intensity of pollutant emissions on road corridors. This
research work is intended to investigate the level of vehicular emission and air quality standard in Ogbomoso,
South Western Nigeria. The knowledge from this investigation will assist appropriate authorities in planning
adequate pollution control measures. It is equally hoped that the study will generate interest on further research
on the impact of vehicle emission on air quality and health implications in Nigeria in general for effective air
quality control and management.

1. The Study Area
Ogbomoso is situated in South-Western Nigeria (4° 16' 0" East; 8° 8' 0" North). It has two distinct
seasons; dry (October — March) and wet (April — September). Temperature ranges are small and constant
throughout the year. It’s hottest month records 28 °C (82.4 °F) and its coolest month 26 °C (78.8 °F) with the
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temperature range of not more than 2 °C (5 °F). Being located along Ibadan — Oyo — llorin route, Ogbomoso has
witnessed positive growth in road traffic.
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e Maitt ROBG
——— Socondary road

Figure 1: Map of Study area, indicating the sampling points

M. Materials and Methods
Major roads along Ogbomoso North and South Local Government areas were considered due to high
traffic volume always experienced on this roads and the location of commercial activities along these roads.
Four sampling routes were considered with ten sampling points (SP1 — SP10) placed 2.0m away from the edge
of the road. In addition, slow movement of vehicles at some locations along these roads was a considerable
factor in the collection of air samples so as to determine the concentration of the pollutants being inhaled by the
pedestrians and residents of the vicinity. The sampling routes, points and locations are as shown in Table 2

below.
Table 2: Sample Routes/Sampling points/GPS/Traffic Count Section

Sampling GPS Sampling locations
S/NO | Sampling Routes points
1 General Hospital - SP1 N08°09.020" | General Junction
Starlight E004°15.171"

SP2 N08°08.500" | Starlight Junction
E004°14.762
Orita Naira - Isale Ora SP3 N08°08.422" | Orita Naira Junction
E004°15.117'
SP4 N08°07.664" | Isale Ora Junction
E004°15.092'
SP5 N08°07.916" | Oke-Elerin Junction
E004°14.608’
3 Takie — Caretaker SP6 N08°08.167" | Takie Junction
E004°14.261"
SP7 N08°07.941" | Seminary Junction

to

E004°13.998’

SP8 N08°07.609" | Caretaker Junction
E004°13.940°

4 Ora'gada - SP9 N08°07.032" | Ora'gada Junction
Arowomole E004°14.637"

SP10 N08°06.991" | Arowomole Junction
E004°14.324'
The method adopted for the collection of air samples was the use of a locally made air sampler which consisted
of aspirator bottle (20-23 litre capacity), cork, retort stand, glass tubes, boiling tube and Teflon tube.

Figure 2: A Simple Air Sampling Apparatus

The aspirator bottle contained clean water with an outlet (valve) at the bottom. It has a drilled rubber
cork at its top through which a glass tube siphons air from the atmosphere into the aspirator through a Teflon
tube. The Teflon tube is connected to a boiling tube containing absorbent (absorbing reagent) depending on the
type of pollutant intended to be investigated. The boiling tube mounted on a retort stand carried a rubber cork
with two glass tubes. The first glass tube was connected to the Teflon tube while the second had its end exposed
through which air was passed into the boiling tube.
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V. Experimental Procedure

The aspirator bottle was filled with water up to the upper limit with the cork in place. As the valve at
the bottom of the aspirator was opened, a partial vacuum was created in the aspirator thus forcing air to flow
into the aspirator through the Teflon tube connecting both the boiling tube and aspirator. This was as a result of
air bubbled into the absorbent through the exposed glass tube while the excess air in the boiling tube was passed
to the aspirator to offset the partial vacuum created by the running water. A constant flow rate was maintained
S0 as to ensure that the absorbent absorbed the needed pollutants from air effectively. Priority parameters: CO,
NO,, SO, were monitored. These pollutants were collected using different absorbing reagents Hydrogen
Peroxide for SO, Sodium Nitrite for NO,, Distilled water for CO. The duration of sampling at individual
sampling points was 5 days on a 12 hours basis. The CO, SO, and NO, were determined using standard method
in compliance with USEPA method. The results of the mean values of ambient air measurement in Ogbomoso
obtained are tabulated in Table 3. Using USEPA AQI for the mean values obtained for the different mean values
of SO,, NO,, NO and CO the results are as shown in Table 4

Table 3: Results of Mean Values of Ambient Air Measurement in Ogbomoso

Mean Values (ppm)
Sampling
Sampling Routes points Sampling Locations SO, NO, NO CcO
General Hospital - Starlight SP1 General Junction 0.0609 0.025 0.016 1.79
SP2 Starlight Junction 0.0439 0.028 0.018 2.23
Orita Naira - Isale Ora SP3 Orita Naira Junction 0.0504 0.013 0.009 16.98
SP 4 Isale Ora Junction 0.0278 0.027 0.017 4.92
SP5 Oke-Elerin Junction 0.0251 0.027 0.018 7.59
Takie - Caretaker SP 6 Takie Junction 0.5103 0.039 0.025 17.87

SP7 Seminary Junction 0.0126 0.017 0.011 4.47
SP 8 Caretaker Junction 0.0323 0.026 0.017 3.02
Ora'gada - Arowomole SP9 Ora'gada Junction 0.0493 0.025 0.016 51.38
SP 10 Arowomole Junction  0.0126 0.029 0.019 14.29

Table 4: Results of AQI rating for ambient air quality from study

Sampling AQI
Sampling Routes points SO, NO, NO CcO

General Hospital -

Starlight SP1 E B A A
SP 2 C B A B

Orita Naira - Isale Ora SP 3 E A A E
SP4 B B A C
SP 5 B B A D

Takie - Caretaker SP 6 E C B E
SP7 A A A C
SP 8 C B A B

Ora'gada - Arowomole SP9 E B A E
SP 10 A B A E

V. Results And Discussion

It was observed from Table 3, that sampling point SP 6 had the highest level of SO, concentration, the
least level of this pollutant were observed at sampling points SP 7 and SP 10. The concentration of SO, was
found in the range of 0.0126-0.5103 ppm, at some locations the emission values were within the limit of USEPA
ambient air quality standards, while at other locations they were above the USEPA limits. The concentration of
NO, was found in the range of 0.009-0.039ppm, the highest value was found at SP 6. The reason for this high
value could be due to traffic congestion and traffic intersection, where long waiting time for vehicles is
observed. The NO, concentration at all the stations was within the boundary of USEPA ambient air quality
standards. The reason could be low traffic level which may transfer pollutants away from station point of high
concentration. In terms of AQI rating, the air quality for NOy at all the locations is from moderate to very good.
The results of CO were in the range of 1.79-51.38ppm which was above the permissible limit of USEPA
ambient air quality standards. Comparing the values of CO, the highest values are seen at SP 9, 6, 3and 10 due
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to traffic congestion and traffic intersection, where long waiting time for vehicles was observed. In terms of Air
Quality Index (AQI) as in Table 4, the CO varies from E to D (very poor to poor) at SP 10, SP 9, SP 6and SP 3,
C to D (moderate to poor) at SP 4, SP 5and SP 7 while three locations are at A to B (good to very good). The
AQI level (Air quality index) of SO, were in the range — very poor to good, NOy- from good to very good in
different locations. The limit set by the Federal Ministry of Environment, Nigeria are Carbon monoxide 10 ppm,
Sulphur dioxide 0.01 ppm, Nitrogen dioxide 0.04-0.6 ppm (Anonymous, 1991). The mean concentration of CO,
SO,, NO, pollutants were found to be much higher when compared with the Federal Ministry of Environment
limit. The mean concentration of CO obtained when compared with the results obtained for heavy traffic points
in Lagos, Ibadan and Ado Ekiti (Koku and Osuntogun, 2007) were much lower. Mobile source emissions
would continue to be the largest contributor to the urban emission inventories. The numerous benefits of motor
vehicles transportation would also continue to be offset partially by the air pollution generated by motor
vehicles with the attendant health risk and hazards. Consequently, it has become quite important to understand
the role of mobile source emissions on air quality through well-designed studies. This information can provide
important input for the formulation of effective air quality management strategies.
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