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ABSTRACT. The level of sulfur(IV) oxide (SO2) in the tropospheric environment of Ilorin is presented using
three urban classes and a control site from 2003-2006 wet and dry seasons. The mean concentrations over the
years during wet and dry seasons were 1.29 ± 0.17 and 7.17 ± 0.87 (ppb), respectively. The wet season
concentration was 15.25% lower than the dry season due to rain attenuation. The mean values at the control site
for two seasons were one order of magnitude lower than those in the urban sites. The overall average
concentration over Ilorin city was 4.23 ± 0.52 ppb. The value is comparable with other cities of the world and is
within the limit of the United State Environmental Protection Agency (USEPA) Guidelines for Air Quality
Standards. SO2 levels were found to varied significantly with vehicular intensity, other anthropogenic activities
also decreased drastically during wet season. There was a significant difference (p = 0.05) between SO2
concentration with high and low traffic flow count; however, there was no difference (p = 0.05) between high
traffic/medium population and medium traffic/high population density areas. The regression analysis indicated a
correlation between SO2 and the hourly traffic volume in almost all the sites.
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INTRODUCTION
Environmental pollution is one of the causes of deteriorating living conditions as the breathing
of safe air is as important as safe water or food, however the human population in developing
countries are compelled to breath polluted air from biomass combustion [1] and other diffused
sources. Sources of air pollution are diverse and it is impossible to discriminate between
domestic and traffic sources often surrounded by industrial or heat sources. Although sulfur
dioxide is not a “greenhouse gas”, its presence in the atmosphere may influence climate [2, 3].
SO2 can react with a variety of photochemically produced oxidants to form sulfate aerosols [4].
The concentrations of these particulates are increasing due to the burning of sulfur containingfossil fuels. Anthropogenic SO2 emissions world-wide amount to 70-80 million tones per year
[5], while the natural emissions have been estimated to be 18-70 million tones per year [6].
More than 80% of anthropogenic SO2 arises from fuel combustion, with three-quarters of this
from coal [5, 7]. The global sulfur cycle have been summarized [4, 8]. The cycle involves
primarily H2S, SO2 and sulfates. About 65 million tons of SO2 is produced per year from
combustion of fossil fuels [3, 4] which accounts for less than 33% for total anthropogenic
activities while the remaining 67% due to volcanic activities and other natural sources over
which there is no control [4]. However, the highest source of sulfur entering the atmosphere is
106 million tons of H2S annually originating from the decay of organic matter and the biological
reduction of sulfates especially by anaerobic bacteria [3, 4]. The H2S is rapidly converted in the
atmosphere to SO2 by the following overall process reaction [4, 9]:
2H2S + 3O2 → 2SO2 + 2H2O

(1)

In the air over the United States between 250 and 300 million was estimated yearly as air
pollutants as a result of human activities while the annual emission estimate for sulfur(IV) is put
at 130 million tones [4, 10]. A statistically significant rise in deaths was found in New York
__________
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City and Mexico with increase levels of SO2 and a corresponding decrease, following washout
of this pollutant by rainfall [11, 12]. During a five-day period marked by temperature inversion
and fog in London in 1952, between 3,500 and 4,000 deaths in excess of normal occurred with
1.3 ppm SO2 level recorded [3, 12].
SO2 is oxidized to SO3 in the atmospheric air by photolytic and catalytic processes involving
ozone, oxides of nitrogen (NOx), and hydrocarbon (HC), giving rise to the formation of
photochemical smog [4]. Under normal conditions of the atmosphere, SO3 reacts with H2O
vapour to produce droplets of H2SO4 aerosol which give rise to the so called ‘acid rain’ causing
damage to vegetation and materials [13, 14]. The tetraoxosulfate(VI) acid and sulfate aerosols
present in the urban air are smaller than 2 µm [4], hence can easily reach the pulmonary region
of the lungs, causing respiratory problem. It has been shown that ammonium sulfates and
ammonium bisulfates are predominant compounds in the light-scattering, sub-micrometer
particulate aerosol encountered around St. Louis [15], however, the potential of sulfate to
induce climate change is high.
In contrast to NO2, SO2 is deleterious to plant life [16, 14]. Air pollution causes the decline
in Eastern Europe [17, 18]. Area with extensive large-scale forest decline correlate with the
areas where SO2 concentration were elevated [19, 14].

If the concentration of SO2 is higher along with other gaseous pollutants in the
troposphere and continues to accumulate over time, the overall concentration can have a
negative effect on health, vegetation and structures [9]. Preliminary data covering the dry
season of 2003 had earlier been reported [20]. This work presents comprehensive data on
the level of SO2 monitored over three years, from 2003-2006 in Ilorin, a city in the Guinea
Savanna Zone of Nigeria. The implication of SO2 trend on the atmospheric photochemistry
of Ilorin air shed was also discussed.
EXPERIMENTAL
Study Area. The Nigerian city of Ilorin is located on latitude 8° 20’N and longitude 4° 35’E,
at an approximate altitude of 306 m above the sea level [9]. It is about 500 km South-West

of Abuja, the Federal Capital City of Nigeria, and is located in the Guinea Savannah belt of
Nigeria. As a result of her location, Ilorin experiences two seasons: the dry and the wet. The
persistence of season is influenced by the fraction of time during an annual cycle that the
line of the Inter-Tropical Convergence Zone (ITCZ) or the Inter-Tropical Discontinuity
(ITD), is below or above her line of latitude. The dry season (under the influence of the
north-east trade winds, when the ITD is south of the city), on the average, starts around the
middle of October and lasts until the middle of April of the following year, though more
pronounced between mid November and mid February. Rains initiated by predominance of
southwest monsoon winds in the area, dominates the remaining six months of the year when
the ITD lies north of the city. The dry season period is characterized, not only by near
absence of rain, but dust haze from the Sahara Desert. The winds are cold because they
form part of the Hadley cell, moving equator-ward from the poles at ground levels, and
pole-ward from the equator at upper levels. The Harmattan period, being wintertime in
Europe, implies that cold air, from Europe through the Sahara, arrives in the sub-region,
carrying the Sahara dusts. The season is characterized by high atmospheric turbidity, which
inhibits the penetration of the solar radiation to the earth’s surface.
The city is semi-industrial with a relatively large urban centre with little presence of large
industries that could qualify as major point sources. Apart from the few industries, the rest of
the city is dominated by mobile sources from the expanse of road network across the city, and
area sources, which are a mix of residential, commercial, medium and small scale industries. As
Bull. Chem. Soc. Ethiop. 2009,
2009 23(3)

Monitoring of SO2 in the Nigeria: Implications of the atmospheric photochemistry

385

for other major cities in the country, no strict demarcation exists between industrial, residential
and commercial areas.
Choice of sampling sites. The sampling locations were selected across the city to reflect the
following categories of interest: (1) medium population density/high traffic volume (MPD-HT)
zones, (2) high population density/medium traffic volume (HPD-MT) zones, (3) industrial
area/low traffic volume (IA-LT) zones, and (4) low population density/very low traffic volume
(LPD-VLT) zone was used as control (CTR).
Sampling. A high volume sampler was used [9]. The vacuum pump draws air from the
atmosphere into sampling solution in a bubbler tube at a flow rate of 1000 mL/min. The volume
of the absorbing solution used was 30 mL to ensure that enough sample dissolved in the
absorbing solution based on their low concentration in the atmosphere. All joints in the
sampling train were airtight using silicon grease. Sampling was undertaken at 60 min intervals;
after which, the bubbler was removed and the absorbent solution transferred into sample bottle
for analysis. The hourly sampling was for ten hours from the early dawn through afternoon to
later part of evening (6:00 AM - 6:00 PM).
SO2 concentration was determined by conductometric method [3, 4]. The results of various
measurements were validated using the LaMotte Air Sampling Pump Model BD (Figure 1) and
Test Reagent Kits supplied [21]. The absorbing solution for trapping SO2 was 0.3 M H2O2
solution buffered at pH 5 ± 0.2 to disallow dissolution of carbon(IV) oxide from the
atmosphere. The standard solution and calibration curve were prepared. The calibration curve
was used as a working curve for the determination of SO2 during the analysis of samples.

Figure 1. LaMotte Air-Sampler.
RESULTS AND DISCUSSION
Establishment of atmospheric concentration. Conductivity measurements were undertaken
using the Hanna Instrument Model E 214 conductivity meter. The molar concentrations of
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H2SO4 formed from SO2 of the samples were read from the calibration curve, the molar
concentrations obtained were converted into part per billion (ppb) using conversion factors.
Equation of reaction for the formation of H2SO4 from SO2 is:
SO2 (g) + H2O2 (aq) → H2SO4 (aq)

(2)

The pollutant concentration range, the mean and the average vehicular volume (Avv) at
various sites during the seasons are as given in Table 1.
Table 1. Average concentrations (ppb) of SO2 at all sites during dry and wet seasons (2003-2006) in Ilorin,
Nigeria.
Site
1
2
3
4

Mean
8.05 ± 1.41
5.69 ± 0.99
13.35 ±1.4
1.58 ± 0.42

Dry season
Range
4.86–11.24
3.44–7.94
10.20–16.51
0.64–2.53

Avv*
2976
2202
474
5

Wet season
Mean
Range
2.23 ± 0.41 1.32–3.15
1.33 ± 0.35 0.54–2.12
0.77 ± 0.14 0.45–1.08
0.83 ± 0.19 0.40–1.27

Avv*
1917
1240
857
1

*

Avv–Average vehicular volume.

Table 2 compares the concentrations of SO2 at different sites in Ilorin during the two
seasons. There were increases in all the pollutants concentration during dry season, however, the
order of pollutant concentrations decreases as follows: 3 > 1 > 2 > 4 during dry season while the
order of decreased in the concentration of the pollutant during the wet season is as follows: 1 >
2 > 4 > 3. Site 3 has the highest during dry season due to the activities within the area
(industries, vehicles, refuse dump). This dump was on fire during the sampling periods,
although the atmospheric conditions (low wind and low level inversion) favour the formation of
H2SO4 through SO2 which is suspected to take part in the smog formation by getting its
concentration reduced while that of ozone increased according to the following equations [4]:
SO2 + hν → SO2

(3)

SO2 + O2 → SO4

(4)

SO4 + O2 → SO3 + O3

(5)

SO3 + H2O → H2SO4

(6)

Table 2. Mean day time concentrations (ppb) of SO2, at urban sites in Ilorin during both seasons (20032006).
Urban site type
HT-MPD
MT-HPD
IA-LT
CTR

Dry
8.05 ± 1.41
5.69 ± 0.99
13.35 ± 1.4
1.58 ± 0.42

Wet
2.23 ± 0.41
1.33 ± 0.35
0.77 ± 0.14
0.83 ± 0.19

However, this photochemical oxidation of SO2 to H2SO4 aerosol is accelerated in the
presence of olefinic hydrocarbon and oxides of nitrogen present in the photochemical smog [4].
Table 3 summarizes the time variation of mean concentrations (ppb) of SO2 during the two
seasons. The observed decrease in concentration pattern noticed from dry to wet season could
be attributed to rain attenuation because of solubility of SO2. However, the daily pattern from
6:00 AM to 6:00 PM of this pollutant is evident of anthropogenic activities occurring in Ilorin
during the two seasons.
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Table 3. Time variation of mean concentrations (ppb) of SO2 during dry and wet seasons.
Sampling time
6:30-7:30 AM
7:45-8:45 AM
9:00-10:00 AM
10:15-11:15 AM
11:30-12:30 PM
12:45-1:45 PM
2:00-3:00 PM
3:15-4:15 PM
4:30-5:30 PM

Dry
7.83
6.54
4.17
4.42
6.27
7.36
8.84
7.62
9.52

Wet
0.68
0.45
1.8
1.07
1.35
1.3
1.69
1.52
1.63

5:45-6:45 PM

9.11

1.41

Figure 2. Time variation of daily average concentration of sulfur(IV) oxides in Ilorin town
during dry season.

Figure 3. Variation of the average traffic count with the time of the day in Ilorin during dry
season.
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As shown in Figures 2-5, the continuous increase and decrease pattern at different time of
the day corresponded to volume of vehicle and other anthropogenic activities occurring. The
effect of man made activities in terms of SO2 contribution is more in urban and industrial
atmosphere. However, this effect is felt more during the dry than the wet season. The SO2 in the
atmosphere at specific point on time depend on automobile exhaust and on other anthropogenic
activities [20, 11] happening at the time of interest and the weather conditions. The role of SO2
depends on the meteorological conditions [22]. Therefore depending on the weather conditions,
SO2 could have a negative or positive role to the ozone (O3) formation. For example the overall
regression results showing constants with ozone as a dependant variable for Ilorin during the
wet and dry seasons in terms of the interaction between and within ozone, oxides of nitrogen
and sulfur(IV) oxide in equation 7 and 8 respectively. Acting in concert rather than alone, SO2
can have detrimental effect on health, structures and plants [9, 23].
[O3] = 30.76 + 1.09[SO2] – 3.11[NOx]

(7)

[O3] = 60.48 - 4.25[NOx] – 2.71[SO2]

(8)

Traffic count per hour
6:
3
7 0
9: :45-7:3
10 00 -8 0
: a
11:15-10 45 m
:3 -11:00 am
12 0- : 1 a
: 4 12 5 m
2: 5- :30 am
0 1
3: 0-3:45 pm
1
4: 5- :00 pm
30 4: p
5: -5 15 m
45 : p
-6 30 m
: 4 pm
5
pm

Figure 4. Time variation of daily average concentration of sulfur(IV) oxide in Ilorin town during
wet season.
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Figure 5. Variation of the average traffic count with the time of the day in Ilorin during wet
season.
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Equation 7 reveals a positive contribution by SO2 and a negative contribution with higher
slope by NOx to the overall concentration of O3 in the ambient air of Ilorin, however similar
observation has been reported [24]. From equation 8, it is clear that SO2 has a negative
contribution with higher slope during dry season to the air shed of Ilorin.
Table 4 compares Ilorin mean SO2 level within the two seasons with some national air
quality standards and measured values. The measured value observed in this study is
comparable and low when compared to another city in Nigeria, e.g. Ibadan [10].
Table 4. Ilorin city sulfur(IV) oxide level (average of the two seasons), compared to some national air
quality guidelines/measured values.
Guide line value, µgm–3 /ppb
125 / 47.5
50 / 19.1
European Union (EU) [26] 100 - 150 / 38.2 - 57.3
40 - 60 / 15.3 - 22.9
USA [27]
364 / 139
78 / 29.8
Nigeria [28]
260 / 99.3
26 / 9.9
Japan [29]
104 / 39.7
UK [30]
266 / 101.6
Central Berlin [30]
120 / 45.8 (mean)
Pakistan [31]
137.42 / 52.5 (mean)
Ibadan [10]
34.1 / 13 (mean)
Ilorin [this study]
11.12 / 4.25 (mean)
Country/organization/city
WHO [25]

Averaging time
24 h
1y
24 h
1y
24 h
1y
1h
24 h
24 h
0.25 h
1y
1h
1h
1h

CONCLUSIONS
With the monitoring done consecutively for 3 years covering the two seasons and the data
generated subjected to spatial and temporal assessments to have the results which provided
estimate of the mean concentrations of sulfur dioxide day time trend over Ilorin air shed. Results
confirmed that the technique could be used to obtain useful information to support air quality
management decisions, as well as in-depth understanding of source strengths and potential
impacts.
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