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ABSTRACT: The study determined some air quality parameters in Zaria and environs by monitoring the level of
carbon monoxide, Sulphur (iv) oxide, Nitrogen (iv) oxide, and Hydrocarbon at five locations within the study area for
eight weeks. The concentration of the gases was measured in part per million (ppm) using automatic hand held Crowcon-
Gasman Detection Instrument (model number EExias IIC T3/T4 and EExia IIC T3/T4 with certificate number Ex 93Y
2078 X and Ex 93C 2069 X respectively) manufactured by Crowcon Detection Instruments Ltd England that employs a
catalytic beard sensor for methane gas and electrochemical sensors for the other gas measurements. The average
concentrations of the gaseous emission were ranged: CO (2.78 — 33.48 ppm) which was recorded to be above the National
Ambient Air Quality Standard (NAAQS) threshold range of 10 — 20 ppm, NO, (0.006 — 0.052 ppm) was found to be
within the NAAQS limit of 0.04 — 0.06 ppm, SO, (0.003 — 0.037 ppm) was within the NAAQS limit of 0.01 — 0.1 ppm
and HC (0.005 — 0.038 ppm) which was found to be lower than the NAAQS limit of 0.05 ppm. The results indicate that

the concentration of gaseous pollutants in the study area do not pose any major threat to the environment and humans.
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The world's urban pollution has risen quicker over the
last 5 centuries (27% per year) than the complete
population (1.8% per year) and is anticipated to
increase to as much as 5 billion by 2030. (Parrish et
al., 2011). The globe now has more urbanity than rural
inhabitants with many evolving environmental
implications for the first time in human history. (Bell
et al., 2007; Crutzen 2004 and Parrish et al., 2011). A
branch of this fast industrialization is the development
of megacities (population > 10 million) with a
combined world population of nearly 300 million.
Megacities are dense centers of the population,
economic activity, and pollutant emissions; this
implies that they are the areas where effective
pollution control strategies could realize maximum
benefit (Chan and Yao 2008; Molina and Molina 2004
and Parrish et al., 2011). The ongoing appraisal from
the World Health Organization that 4.6 million
individuals perish every year because of causes linked
to air pollution raises worldwide worry, as
epidemiologic investigations globally have given
enough bits of knowledge into the relationship
between pollution's due to gases and particulate
matter, and the event of respiratory diseases,
cardiovascular and cardiopulmonary mortality (Gupta
et al., 2004; Koken et al., 2003). The level of air
pollutants is increasing rapidly in many urban areas of
megacities in the developing world. Due to the
increased human activities, air pollution has become
an intense topic of debate at all levels in Nigeria.
(Ghose et al., 2004). There has been a fast rise in
population growth, the number of motor vehicles, and
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the use of fuels with bad environmental performance,
poorly maintained transport systems and inefficient
environmental regulations resulting in increased air
pollution in Nigeria's metropolitan regions (Olajire et
al., 2011). Over the previous decades, Lagos State has
experienced such issues of air pollution in all its
severity, particularly as its metropolitan regions are
linked with elevated industrial density and transport
networks. These pollutants happen in many types, but
can usually be considered as gaseous and particulate
pollutants present in the atmosphere of the earth.

This study was conducted to determine the
concentration of some gaseous pollutants at some
selected location in Zaria metropolis, Kaduna state,
Nigeria. The research aimed at assessing the level of
air pollution in the selected areas in comparison with
maximum allowable limits recommended by the
national ambient air quality standard (NAAQS).

MATERIALS AND METHOD

Sampling Area: Zaria lies on latitude 11°10'N and
longitude 7°35'E (Africa Atlas, 2002). It is located in
the central area of what used to be called the Northern
Region of Nigeria. The average annual rainfall in the
region is between 924.3- and 1543.6 mm. Annual
temperature varies between 29°C-38.6°C (Africa
Atlas, 2002). Zaria is a local government in Kaduna
State.

The regions chosen for this inquiry are high-traffic and
company areas. These areas are busy within the hours
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of 630 — 8.30 am when offices and commercial  barracks junction which has a T-junction and a mini-
activities commence and 4.00 — 7.30 pm in the evening ~ park for motorcycles and tricycles; and Aminu road
at the close of work and market activities. Sabon-gari which has a mini-park for motorcycles and
tricycles and also has boutiques and shops with regular
Four sampling locations were selected and considered  use of generators and other gasoline-powered
for this analysis. The Sites include; Kwangila, which ~ equipment. The sale of building materials is also
is characterized by a minipark for trucks, petroleum  noticed around the site as well as gutter presence. A
dispensing station and runoff from the gutter; Tudun  last location known as Polo field was selected to serve
Wada roundabout, which houses a mini-park for  as control as all the activities associated with the other
vehicles and motorcycles, with shops surrounding the locations are absent here.
site and presence of refuse dump site; Chindict
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Fig 1: Map of Zaria showing the sampling locations

Determination of Gaseous Pollutants Concentration in monoxide, (CO), nitrogen dioxide, (NO3), Sulphur
Air: The levels of carbon (II) oxide (CO), sulphur (IV) dioxide (SO,) and hydrocarbon, (HC)] from vehicular
oxide (SO), nitrogen (IV) oxide (NO;) and  emission and other anthropogenic activities are
hydrocarbons were detected at properly defined  presented in figures 2-5. While table 1 shows the air
position of the selected locations. The ambient  quality guideline for the priority pollutants as provided
temperature around the location was measured and the by National ambient air quality standards (NAAQS).
co-ordinate of the sample point within the period of

monitoring was recorded using Global Positioning Table 1. Air Quality Guideline for the Priority Pollutants
System. The concentration of these gases were POLLUTANTS  NAAQS

measured in part per million (ppm) using an automatic g(())z (1;)0; 300?119 gll)m
hand held Crowcon-Gasman Detection Instrument HC 0.05 ppm
(model number EExias IIC T3/T4 and EExia IIC NO, 0.04 — 0.6 ppm
T3/T4 with certificate number Ex 93Y 2078 X and Ex 40
93C 2069 X respectively) manufactured by Crowcon = MORNING
Detection Instruments Ltd England that employs a % | mevening 321 2548
catalytic beard sensor for methane gas and s0 s73s 27, >
electrochemical sensors for the other gas 2s.
measurements. During the gas measurements the hand 23
held equipment was held at about 1.5 meter above the E .o 19.12
ground level and the readings were recorded within ten = 5.26
seconds. All analyses were calibrated for zero and span 15
before and after reading. Two sets of readings were 10
recorded morning and evening in each month for the .
period of eight weeks. 5 2.78
o
RESULTS AND DISCUSSION TUDUN  SABON KWANGILA CHINDIT POLO
Mean Concentration of Air Pollutants: The WABA SARI JUNCTION JUNCTIoN TIELD
concentrations of gaseous pollutant [Carbon Fig 2: Variations in the lel\\lzirgg OClg at sampling sites in Zaria
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As presented in Figure 2. From these results, the
concentrations of CO during evening peak were higher
than those obtained during their respective morning
periods at all the experimental sites except Chindit
Barracks which had higher concentration during the
morning peak period than evening, this higher
concentration during the evening peak period could be
as a result of residual accumulation from morning and
afternoon. The concentrations of CO at the
experimental sites were higher than the NAAQS
threshold range of 10 — 20 ppm except for Chindit
Junction and Polo field (used as the control site) which
were found to be lower or within the ranges in the
morning and evening hours. Although the results were
found to be higher than the 1.25 — 4.00 ppm range
reported for Tse-Kucha community of Benue State of
Nigeria by Abdulkarim and Chiroma., (2007).
However, the values were lower than a range of 233.0
to 317.0 ppm reported in three cities of Nigeria: Lagos,
Ado-Ekiti and Ibadan (Koku and Osuntogun, 2007). It
is also lower than the range of 60 to 110 ppm in Jos
metropolis as reported by Ola et al., (2013). The
concentrations of CO at all the sites were found to be
higher than Polo Field used as the control site where
little or no vehicular activities were found. high CO
concentration levels were found in Kwangila junction,
Sabon Gari and Tudun Wada sampling sites could be
attributed to other sources of pollution at these
sampling locations apart from vehicular emission such
as be burning of wood for cooking, burning of dump
refuse and expired vehicle tires. Comparing the mean
concentration values of CO across periods at the
sampling locations, the highest value was recorded at
Kwangila in the evening period due to traffic
congestion, commercial congestion, and other
activities. The site is located close to a motor park and
a mini market congested with people who cause traffic
congestion and slow movement of vehicle. It is also
few meters away from refuse dump and serves as
temporary bus stop for most intra-city buses, taxies,
and motorcycles thereby experiencing flux of traffic,
especially during evening hours. This indicated that
Kwangila dwellers and trade hawkers were generally
exposed to the higher levels of carbon monoxide which
is also above the World Health Organization (WHO)
permitted value of less than 9 ppm over 8-hour period.
These results reveal that pollution and activities in
Zaria LGA especially around Tudun wada, Sabon gari
and Kwangila junction resulting to CO emission is
slightly significant with potentially hazardous health
consequences. Figure 3. Shows the concentrations of
NO; during morning peak traffic period were
0.031£0.009, ppm, 0.031+0.009, 0.006+=0.004 ppm,
0.05240.043 ppm and 0.023+£0.006 at Tudun wada,
Sabon gari, Polo field, Kwangila junction, and Chindit
Barracks respectively. The concentrations for evening
peak traffic period were 0.038+0.007 ppm,
0.035+£0.009 ppm, 0.010+0.004 ppm, 0.028+0.007
ppm and 0.02340.004 ppm at Tudun wada, Sabon gari,
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Polo field, Kwangila junction, and Chindit Barracks
respectively.
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Fig 3: Variations in the levels of NO, at sampling sites in Zaria
Metropolis

The highest concentration of 0.052+0.043 ppm for
NO: was found at Kwangila junction during the
morning period. This could also be attributed to the
higher number of heavy-duty vehicles at Kwangila
junction which naturally will emit more NO, than light
vehicles (Tsai et al., 2006; Sawyer, 2010). These
results showed that vehicular emission had contributed
to higher values of NO, concentration in the air at all
the experimental sites when compared to the
concentrations at the control where there were very
few vehicles. The concentrations of NO; as presented
in Figure 4.2 were all within the standard limit range
of 0.04 - 0.06 ppm by NAAQS. the levels of NO,.
when compared with available values reported in the
literature, the mean of NO; was found lower than 35 to
108 ppm reported in Athens by Kalabokas et al.,
(1999), and 0.14 to 1.09 ppm as reported for Kano
metropolis, Nigeria (Okunola, et al., 2012). However,
the values were found to be within the range 0.02 to
0.06 ppm reported for Calabar metropolis, Nigeria by
Okafor et al., (2009). It is quite lower than the standard
value limit set by FEPA, 1991 for NO> which is 0.06
ppm. NO; presence is due to high traffic density and
stationary fuel combustion process emissions from
running of generators, trucks, and tanks (Etiuma and
Ekpok., 2006) which are very common at the
Kwangila sampling site due to erratic power supply,
movement of goods and petroleum products. Nitrogen
(IV) oxide is a greenhouse gas pollutant because of its
role in forming brown haze and photochemical
reaction with ozone and organic compounds to form
photochemical smogs such as peroxy acetyl nitrate
(PAN). As presented in Figure 4. The concentrations
of SO, during morning peak traffic period were 0.032
+ 0.008 ppm, 0.034 + 0.009ppm, 0.003 £ 0.008ppm,
0.030 £ 0.009 and 0.019 + 0.003 ppm at Tudun wada,
Sabon gari, Polo field, Kwangila junction, and Chindit
Barracks respectively.
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Fig 4: Variations in the levels of SO, among sampling sites in Zaria
Metropolis

The concentrations for evening peak traffic period
were 0.035 £+ 0.007 ppm, 0.037 + 0.008 ppm, 0.007 £+
0.004 ppm, 0.035 £ 0.007 ppm and 0.028 + 0.006 ppm
at Tudun wada, Sabon gari, Polo field, Kwangila
junction, and Chindit Barracks respectively. The
concentrations of SO» during evening peak traffic
period were higher than the concentrations obtained
during morning peak traffic SO, concentrations during
peak traffic periods at all experimental sites and were
all within the 0.01 — 0.1 ppm standard range limit by
NAAQS. The average concentration ranges between
0.021 — 0.037 ppm measured at experimental sites
during the evening peak traffic periods is better
compared to the 0.04 — 0.15 ppm range reported by
Abam and Unachukwu (2009) and since this range of
0.021 — 0.037 ppm is within the NAAQS limit range
of 0.01 — 0.1 ppm, it is safe to the environment. The
mean concentration of Sulphur (IV) oxide across
periods along sampling locations indicated that the
highest level was observed in the evening period of
sample collection at Tudun Wada, Sabon Gari, and
Kwangila. When compared with other studies, the
literature concentration of SO, was found to be lower
than range of 3.21 to 5.18 ppm, 7.4 to 15.5 ppm and 16
to 64 ppm reported by Ayodele and Abubakar (2008),
Ettouney et al., (2010) and Kalabokas et al., (1999)
respectively. In term of ambient air quality standard at
all locations, the emission concentrations were also
within average value for 24 hours’ limit of 0.14 ppm
set by United State Environmental Protection Agency
(USEPA, 2009). Sulphur (IV) oxide is recognized
greenhouse gas pollutant because of its role in forming
cold time smog (Hermann, 1991). SO, is an acidic,
irritant gas which in high concentrations can cause
constriction of the airways such as nose, throat, and
lung (Wholf et al., 1975; Ayodele and Abubakar,
2010). From the above results, the concentrations of
SO; in the air of Zaria LGA at all experimental sites
were within safe limit.
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Fig 5: Variations in the levels of HCs among sampling sites in Zaria
Metropolis

As presented in Figure 4.4. The morning peak traffic
levels of HCs were 0.029 £+ 0.009 ppm, 0.027 + 0.006
ppm, 0.005 + 0.004 ppm, 0.029 + 0.010 and 0.012 +
0.003 ppm at Tudun wada, Sabon gari, Polo field,
Kwangila junction, and Chindit Barracks respectively.
The levels for the traffic peak at evening were 0.037 +
0.008ppm, 0.035 + 0.008 ppm, 0.009 + 0.006 ppm,
0.030 £+ 0.006 ppm and 0.018 + 0.005ppm for Tudun
wada, Sabon gari, Polo field, Kwangila junction and
Chindit Barracks respectively. During the evening
peak traffic levels of HCs were greater than those
acquired during their respective morning peak traffic
period as in the event of SO2. This could be attributed
to the high vehicular volume traffic jam, increased
burning of tyres and other anthropogenic activities.
The concentrations of HCs at all experimental
locations during morning and evening peak traffic
were less than the NAAQS limit of 0.05 ppm. When
compared with others studies, the literature
concentration of HC as recorded by Okonkwo et al.,
(2012) who carried out a study in Port Harcout city of
River State, Nigeria, the mean concentration was
found to be lower than 0.6 ppm during the morning
period and 0.53 to 0.58 in the evening.

Correlation between Air Pollutants in the Morning
and Evening: Correlation between Air Pollutants in the
Morning

Table 2. Correlation of Air Pollutant in the Morning

Cco NO, SO, HC
co 1
NO, 835" 1
SO, 798" 757" 1
HC 909" 889" 577 1

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

Table 2. shows that the correlation coefficient
statistical analysis conducted on the air pollutants at 95
% and 99 % confidence level indicates a significant
positive correlation relationship between NO, and CO
(r=0.835), SO, and CO (r = 0.789), SO, and NO; (r =
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0.757), HC and CO (r = 0.909), HC and NO; (r =
0.889) and HC and SO; (r = 0.577). This indicates that
the sources of the air pollutants in the morning hours
is as a result of similar factors i.e vehicular emission,
Garbage dumps, and other similar anthropogenic
activities

Correlation between Air Pollutants in the Evening

Table 3. Correlation of Air Pollutant in the Evening

Co NO, SO, HC
Co 1
NO, 8T 1
SO, .940™ .906™ 1
HC .876™ .974™ .929™ 1

**Correlation is significant at the 0.01 level (2-tailed).

In Table 3, the correlation coefficient statistical
analysis conducted on the air pollutants at 95 %
confidence level indicates a significant positive
correlation relationship in the evening between NO,
and CO (r = 0.787), SO; and CO (r = 0.940), SO, and
NO:z (r=0.906), HC and CO (r = 0.876), HC and NO>
(r = 0.974) and HC and SO2 (r = 0.929). This
relationship indicates the interdependence of these air
pollutant pairs and could be said to be due to the
presence of these air pollutants in similar source (i.e.
vehicular emissions, garbage dumps, and other similar
activities).

Conclusion: The results indicate that the concentration
of gaseous pollutants do not pose any major threat to
the environment and humans, however, it is imperative
that continuous checks are done for the level of
pollutants especially CO which was observed to be
higher than the NAAQS threshold range in some sites.
The study also shows positive significant correlation
at 95 % and 99 % confidence level between the
gaseous air pollutants.
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