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Abstract
This study was carried out to ascertain the level of urban pollution caused by automobile exhaust gases in
three (3) selected major towns of Benue State. It involves the analysis of exhaust gases which were
collected from traffic congested areas of Makurdi, Gboko and Otukpo. The exhaust gases were trapped
using gas sampler and analyzed for the concentration of carbon monoxide (CO

2
)

,
 nitrogen oxides (NO

2
),

Sulphur oxides (SO
2
), hydrocarbons (HCs), and particular matters (PM - both solids and liquids) employing

the UV/vis spectrophotometer using the methods of Hemby extraction/calorimetry. The result obtained
from these locations shows that the presence of these gases in the air is higher than those recommended for
clean air. The study also shows an increasing motor vehicles and motor cycles in these locations which are
the major contributor to the increased pollution of the gases. The data obtained from the Vehicle Licensing
Office in Makurdi from 2005 to 2008 indicated that the volume of vehicles tripled within the study years
hence under the proportion of increment, the level of pollution may triple by 2011. The information contained
in this work will help to create awareness on the danger of vehicular pollution.
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 duce high levels of carbon monoxides (CO) and
major source of hydrocarbons (HCs) and nitrogen
oxides (NOx), whereas, fuel combustion in
stationary sources is the dominant source of sulphur
dioxide (SO

2
) (Miller, 1989). Coppalle et al.,

(2001) has stated that motor vehicles cause most of
the air pollution, except during cooler months when
wood fires contribute significantly.

Fossil fuel consumption, particularly as it occurs in
automobiles, which have been identified as the largest
contributor to air pollution in the world occurs in
two ways, exhaust emissions which include
dangerous gases such as carbon monoxide, oxides
of nitrogen, hydro-carbons and particulates and
evaporative emissions such as vapours of fuel which
are released into the atmosphere, without being burnt
(Coppalle et al., 2001). For some pollutants, such
as lead and carbon monoxide, the transport sector
is often a major contributor, while for fine particulate
matter; the transport sector is typically one of several
sources of emissions. In her publication, Rachael
(1959) also reported that combustion of fossil fuels
produces extremely high levels of air pollution and
is widely recognized as one of the most important
‘target’ areas for reduction and control of environ-

1.0 Introduction

The industrialization of society, the introduction of
motorized vehicles, and the explosion of population
are factors contributing towards the growing air
pollution problem. Pollution in Benue State is mainly
due to automobile activities. The growing use of old,
poorly maintained passenger cars and the use of
diesel fuels have dramatically worsened air quality
in the state.

The primary air pollutants in most urban areas are
carbon monoxide, nitrogen oxides, sulphur oxides,
hydrocarbons and particulate matter (both solids and
liquids). These pollutants are dispersed throughout
the world’s atmosphere in concentrations high
enough to gradually cause serious health problems
(Avid and Manish, 1987).

Some commercial activities that are inherently
associated with environmental (air) pollution arises
from two main sources of pollutants in urban areas
are transportation (predominantly automobiles) and
fuel combustion in stationary sources, including
residential, commercial, industrial heating and cooling
and coal-burning power plants. Motor vehicles pro-



mental pollution. Some of the most important air
pollutants are sulphur dioxide, nitrogen dioxide,
carbon monoxide, volatile organic compounds
(VOCs) and air-borne particles, with radioactive
pollutants probably among the most destructive ones
(specially when produced by nuclear explosions).

The industrial revolution of the 19th century with its
associated technological breakthrough and the
discovery of oil, constitute a major source of pollution
today.

In order to design effective approaches to pollution
management from mobile sources, it is important to
diagnose urban air pollution problems, determine the
impact of mobile sources, and identify affordable
and sustainable solutions. Urban vehicle emissions
are emitted near ground level where people live and
work, hence urban pollution merits the attention. Our
country Nigeria lack database on environmental and
related issues. This work therefore presents results
of tests and analysis that have been carried out on
exhaust gases in some selected local government
headquarters (Makurdi, Otukpo and Gboko) which
encompass the three zones of Benue State.

2.0 Materials and Methods

The samples used in this work were collected from
traffic congested areas of three different local
government areas of Benue State by the aid of an
atmospheric gas sampler. Four locations in Makurdi
(labelled Z

1, 
Z

2
, Z

3
 and Z

4
); two locations in Gboko

(labelled Y
1 
and Y

2
); and Otukpo (labelled X

1
 and

X
2
). The trapped exhaust gases were analyzed using

the ultraviolet visible (UV/Vis) spectrophotometer
to determine the type of gases and their
concentrations in parts per million of air (ppm). The
gas sampler was made up of a funnel with cartridges
and hydrogen peroxide, H

2
O

2
. The hydrocarbon,

HC content was obtained using extract solution
(exhaust gas plus H

2
O

2
) methylene chloride,

aluminium chloride, AlCl, and a curvette.

The hydrogen sulphur dioxide, H
2
S, content was

obtained using extract solution, test tube containing
solution which is a mixture of Cenadium Sulphur
dioxide (CdSO

4
), sodium hydroxide (NaOH), iron

(III) chloride (FeCl
3
), N’ –N’ –diethyphenylene

diamine.

The sulphur oxide (SO
2
 – SO

2
) content was

obtained using extract solution, sodium chloride,
NaCl, magnesium chloride, MgCl, para rosanaline,
formaldehyde.
The nitrogen-oxide (NO –NOx) content was
obtained using extract solution, curvette, solution of
sodium hydroxide, NaOH, trimethanolamine
sulphanilic acid, glacial acetic acid, N- (naphyl)
ethylene diamine hydrochloric acid (NEDA).

The carbon oxides (CO – CO
2
) content was

obtained using extract solution, curvette, silica,
ammonium molybdate, tetraoxo-sulphate (IV) acid,
H

2
SO

4
.

2.1 Experimental Procedure
The exhaust gas samples were trapped from the
locations stated above in a funnel-cartridge soaked
with hydrogen peroxide, H

2
O

2.
 The extracted

solutions were the analyzed for the gas pollutants
using Cecil model (1000 Series) UV/Vis
spectrophotometer.
(a) Procedure used for analyzing Hydro-
Carbons (HC)

Hamby Extraction/Colorimetric method was used.
4ml of gas extracted solution was taken and reacted
with the reagent methylene chloride for two minutes,
then drained into a curvette. 2 grams of Aluminium
Chloride (which served as a catalyst material) was
added to the curvette. This was then covered with
its peflon cap and the mixture was shaken vigorously
and scanned for the optimum concentration (in ppm)
of this pollutant over a range of 350 – 600nm.
(b) Procedure used for analyzing hydrogen
sulphide (H

2
S)

Ethylene Blue was used. 4 ml of the exhaust gas
extracted solution was put into a test-tube containing
a mixture of Cenadium Sulphuric acid, CdSO

4
,

Sodium hydroxide, NaOH, and Iron (III) Chloride,
FeCl

3
, (this is known as the absorbing solution). A

dye ethylene blue colouration is formed by the
interaction of FeCl

3
 and N’ – N’ – diethylphenylene

diamine. This is then scanned on the
spectrophotometer for concentration (in ppm)
measured at 670nm.
(c) Procedure used for analyzing Sulphur-
Oxides (SO

2
 – SOx)

PRA – Para rosanaline and Formaldehyde
(Leucobase) was used. 4ml of the exhaust gas ex-
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tracted solution was put in a curvette containing a
solution of sodium chloride and mercury chloride
which is then reacted with Para rosanaline
(Leucobase) in formaldehyde. This gives a ed-violet
colour of Para rosanaline methyl sulphuric acid,
showing a strong absorbance concentration (ppm)
on the spectrophotometer measured at 560nm.
(d) Procedure used for analyzing nitrogen
oxides (NO – Nox)

Saltzman method was used. 4ml of the exhaust gas
extracted solution was put in curvette containing
absorbing solutions of sodium hydroxide NaOH,
triethanolamine sulphanilic acid, glacial acetic acid
and N’- (naphyl) ethylene diamine hydrochloric acid
(NEDA). A colour is developed instantaneously due
to dye formation. This was measured at 550nm using
spectrophotometer.
(e) Procedure used for analyzing carbon oxides
(CO – COx)

Molybdenum Blue was used. 4ml of the exhaust gas
extracted was put in a curvette silica gel impregnated
by ammonium molybdate in sulphuric acid, H

2
SO

4
;

this reacted with carbon monoxide, CO to give a
blue solution with absorption maxima on the
spectrophotometer measured at 660nm. The blue
colour development was instantaneous.

Gases Sample Sites 

X1 X2 X Y1 Y2 Y Z1 Z2 Z3 Z4 Z 

HC 2.22 3.02 2.62 5.00 5.10 5.05 7.40 9.11 2.10 4.06 5.67 

H2S 0.60 0.66 0.63 0.67 0.72 0.72 0.88 0.95 0.66 0.77 0.82 

SO2 - SOx 4.71 4.84 4.78 7.07 7.35 7.21 9.00 9.99 4.71 8.60 8.08 

NO2 - NOx 4.20 4.40 4.30 7.20 7.16 7.18 7.77 8.89 4.25 7.06 6.99 

CO2 – CO 9.55 9.68 9.62 11.04 12.24 11.64 13.16 15.00 9.05 11.41 12.16 

Town 

Year Total 

2005 2006 2007 2008   

MV MC MV MC MV MC MV MC MV MC 

Makurdi 450 900 800 1600 1300 2600 1450 2900 4000 8000

Gboko 300 850 400 1150 450 2600 550 2900 1700 7500

Otukpo 250 800 300 1100 420 2400 530 2700 1500 7000

Table 1: Result of Exhaust Gas Analysis (ppm) or Concentration Values (ppm) of the Pollutants from the
various Towns

HC = Hydrocarbons; H
2 
=Hydrogen Sulphide; SO

2
- SOx = Sulphur dioxide/oxides;

NO
2
 - NOx = Nitrogen dioxide/oxides; and CO

2
 – CO = Carbon dioxide/monoxide.

Table 2: Registered Motor Vehicles in Makurdi, Gboko and Otukpo from 2005 to August, 2008

Source: Benue Revenue Licensing Office, Makurdi.

3.0 Result

The results of the air pollution of the exhaust gas
analyzed in parts per million of air (ppm) from the
three (3) towns in Benue State using the UV/Vis
spectrophotometer Cecil model 1000 is given in
Table 1. Table 2 gives registered motor vehicles from
2005 to August, 2008 in the three (3) towns of study
(Makurdi, Gboko and Otukpo) of Benue State.

3.1 Discussion of Results
The comparison of the data in the tables shows just
a little difference in the values with X

2
 producing

quite a high concentration of CO
2
 – CO (9.68ppm)

and town X
1
 producing the least concentration of

H
2
S (0.60ppm).

Town Z
2
 (Wurukum) contributed the highest amount

of all the pollutants with the concentration of CO
2
 –

CO (15.00ppm) being the most active. Town Z
1

(Wadata) is the second major contributor of these
pollutants to the environment with the concentration
of CO

2
 – CO (13.16ppm) still being the most active

in the study.

Although, the concentration of H
2
S (0.77ppm) and
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SO
2
 – SOx (8.6ppm) in town Z

4
 (High Level) are

higher than the average contribution of the gases H2S
(0.70ppm) and SO

2
 – SOx (7.21ppm) by town Y

(Gboko), town Y is the third major contributor of
these pollutants to the environment, having the
average concentration of CO

2
 – CO (11.64ppm)

as the most active. Table 1 also shows that town Z
4

is the fourth contributor of these pollutants to the
environment with the concentration of CO

2
 – CO

(11.41ppm) being the highest in the column. From
Table 2, it can be seen that the average concentration
of the pollutants in town X is a little higher than of
town Z

3
 thereby, placing town X to be fifth

contributor of these pollutants to the environment.
Town Z

3
 (North Bank) has the lowest concentration

of pollutants with CO
2
 –CO (9.05ppm) being the

least active in the column.

From Table 2, Makurdi contributed the highest
number of all the pollutants with the exception of
NO2 – NOx which was contributed highest by
Gboko. Gboko is the next contributor of these
pollutants. Otukpo is the least contributor of these
pollutants with H

2
S as the least concentration. The

total average concentration values of the three (3)
town’s shows clearly that CO2 –CO is the most
dominant pollutant in the air. The presence of the
other pollutants follows the regression: SO2 – SOx,
NO2 – Nox, HC and H2S respectively.

4.0 Conclusion

It can be deduced from this study that the higher the
number of automobiles found in a particular town,
the higher the concentration of pollutants produced.

This means that as more automobiles are continuously
registered, there will be a continuous increase in the
level of the concentration of pollutants in such an
environment.
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