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Abstract 
Ambient air around Kaduna metropolis was monitored using continuous analyzers for SO2 NO2, CO2, 
CO, CH4 and PM during wet and dry seasons presented using four urban locations and a control for one 
year from February 2013 to December 2013. The sites are: Industrial area/medium traffic volume, High 
population density/ high traffic volume, Medium population/ high traffic volume, Low population/ 
medium traffic, and Low population/ low traffic volume, as the control. Correlations among pollutants 
concentration and linear regression established. Air pollution index calculated. The overall concentration 
levels for SO2, NO2 CO2, CO, CH4 and PM were 0.34±0.08, 0.32±0.10, 2.70±0.29, 0.32±0.06, 0.29±0.10 
and 39.91±3.33µg/m3 respectively. However the values were within the limit of NAAQS except for NO2 
which recorded 0.32ppm as against 0.1ppm. Strong positive significant correlations were established 
among pollutant concentrations (p≤0.05). API calculated was moderate and showed that none or few may 
likely to be affected. 
 
Keywords: Ambient air, Continuous analyzers, urban sites, Correlation, Linear regression, Air pollution 
index 
 
1. Introduction 
Pollution of the environment is one of the most horrible ecological crises the world is 
subjected to today. The environment (air, land or soil and water) was in the past pure, virgin, 
undisturbed, uncontaminated and basically most hospitable for living organisms but the 
situation is just the reverse today. The environment now has become foul, contaminated, 
undesirable and therefore harmful for the health of living organisms, including man [27]. 
Air pollution has been defined as the presence in the atmosphere of one or more contaminants 
such as dust, fumes, gas mist, odour, smoke or vapour in such quantity, characteristics and 
duration as to make them actually or potentially injurious to human, plant or animal like, or 
property, or which unreasonably interferes with the comfortable enjoyment of life and property 
[1]. Air pollution becomes a problem when they come into contacts with the receptor. The 
primary air pollutants fund in most urban areas are carbon monoxide, nitrogen oxide, sulphur 
oxide, hydrocarbon and particulate matter (both solid and liquid). These pollutants are 
dispersed throughout the world’s atmosphere in concentration high enough to gradually cause 
serious health problems. Serious health problems can occur quickly when air pollutant are 
concentrated such as when massive injections of sulphur dioxide and suspended particulate 
matter are emitted by a large volcanic eruption. 
A substance in the air that can cause harm to humans and the environment is known as an air 
pollutant. Pollutants can be in the form of solid particles, liquid droplets, or gases. In addition, 
they maybe natural or man-made [3]. The atmosphere is a complex dynamic natural gaseous 
system that is essential to support life on planet Earth. Stratospheric ozone depletion due to air 
pollution has long been recognized as a threat to human health as well as to the Earth's 
ecosystems. Indoor air pollution and urban air quality are listed as two of the worlds worst 
pollution problems in the 2008 Blacksmith Institute World's Worst Polluted Places report [3]. 
Emitted pollutants are mainly the products of combustion from space heating, power 
generation or from motor vehicle traffic. They may not only damage near their sources but 
they can travel long distances, chemically reacting in the atmosphere to produce secondary 
pollutants such as acid rain or ozone.  
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Petrol and diesel engine motor vehicles emit a wide variety of 
pollutants, mainly carbon monoxide (CO), oxides of nitrogen 
(NOx); volatile organic compounds (VOCs) and particulates. 
Changes in urban atmosphere composition are caused largely 
by traffic induced pollutants and the problem becomes more 
critical considering its dependence on meteorological 
parameters [5]. Meteorological factors that affect pollutants 
concentration include the atmospheric stability, the 
hydrostatic stability, the wind speed and direction [1] 
Photochemical reactions resulting from the action of sunlight 
on NO2 and VOCs concentrations lead to the formation of 
ozone, O3 a secondary long-range pollutant which may impact 
in areas often far from the original emission sources. Acid 
rain is another long-range event caused by vehicle NOx 
emissions. The major source of NOx is combustion when 
fixation of atmospheric nitrogen occurs under conditions that 
exist in an internal combustion engine at high combustion 
temperature of fossil fuels particularly coal gasoline and 
diesel. NOx is also liberated during the use explosives, 
welding operations and in chemical process involving 
nitration (manufacture of nitrate fertilizers) or the use of nitric 
acid. 
Studies carried out by the Federal Environmental Protection 
Agency 1991 (FEPA) show a moderate-to high concentration 
of pollutants such as carbon monoxide, sulphur dioxide, 
nitrogen oxides, organic acids, particulate matters and 
hydrocarbon in the atmosphere. The majority of these come 
from automotive engines and industries. Since air p pollution 
cause damages to the vegetation and materials on earth apart 
from damaging the human and animal health, a high degree of 
air pollution control is essential. 
Due to environmental policies, the levels of pollutants from 
industrial and domestic sources, together with their impacts 
on air quality tend to be steady-state or diminishing over time 
in urban areas, whereas traffic pollution problems are 
worsening world-wide. The country faces environmental 
challenges from air pollution and desertification, with the 
encroachment of the Sahara desert in North and severe air 
pollution over crowded cities such as Kaduna, Lagos and 
Abuja [15]. The pollution from motor vehicles is of great 

importance in developing countries with problems such as 
increasing vehicle fleets, infrastructural limitations, absence 
of emission control technology of vehicle engines and poor 
maintenance or vehicle regulation. Traffic emissions 
contribute about 50–80% of NO2 and CO concentrations in 
developing countries [12, 14]. 
This study evaluates the concentrations of SO2, NO2, CO2 
CO, CH4 and PM in the atmosphere of five different urban 
sites in the city of Kaduna, Nigeria. The seasonal transition 
between cool to hot and humid to wet seasons will be 
evaluated. Correlations among the pollutants concentration 
will be established. Air pollution index (API) will be 
calculated to ascertain the extent of pollution of the 
atmosphere. Additionally, the concentrations of these 
pollutants will be compared with NAAQS maximum 
permissible limits and the implications to public health will be 
discussed. 
 
2. Materials and Method 
Sturdy Area 
The state is located on the southern end of the high plains of 
Northern Nigeria, bounded by parallels 9A003’N and 
11A032’N and extends from the upper river mariga on 
6A005’E to 8 A084’E on the foot slopes of the scarp of Jos 
Plateau [27]. 
It occupies a landmass of about 70,210 square kilometres on 
the map of Nigeria. Topography is that of an undulating 
plateau that forms part of the rich tourist attractions in areas 
like kufena in Zaria, Kwoi, Gwantuetc (NACD). Kaduna state 
is one of the most densely populated states in Nigeria. This is 
as a result of the liberal nature of its people. It accommodates 
people from all parts of the country. According to 2003 
census population figure, it has more than 6 million people. It 
has two distinct seasons, the dry season last from November 
to mid-April while the rainy season, which is cool and lasts 
between 5 – 6 months starts from mid-April. 
Vegetation is thick and grasses about 3 – 6 meters tall with 
big trees, which grow shorter as one approaches the sudan 
savannah (NACD). 

 

 
 

Fig 1: Map of Sampling Locations 
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The sampling locations shown in Table 1 were selected across  the city to reflect the following categories of interest.
 

Table 1: Sampling locations and Co-Ordinates 
 

 
 

Sampling 
Automatic continuous analyzers (crowcon meters) were used 
to measure the concentrations of NO2, CO, SO2, CH4 and GC 
-2028 for CO2. 
The sampling was carried out for three hours in the morning 
(7am – 10am) and four hours from afternoon to evening (2pm 
-6 pm). In order to determine pollutant variability during the 
day, sampling was done at each location for seven hours for 
any sampling day. A minimum of four hundred and forty-
eight samples were collected at all sites per month for the 
gases monitored. All samplings reported were carried out in 
triplicates. Sampling lasted from early February2013 to 
December 2013. 
 
Statistical Analysis 
The results of the analyses were subjected to statistical 
analysis using Spearman Rank Correlation Coefficient (ρ). 
 
The Pollution Index Method  
API is a type of air quality index, which is a number used to 
provide the public with an easily understandable indicator of 
the pollution level of the atmosphere. [5] 
For better understanding and presentation, the API is broken 
down into six categories, each colour coded with a number 
scale. The six categories of the index express also the 
satisfactory degree of the people and the protection degree of 
human health. 
 
Calculation of API  
Air pollution index is calculated by calculating the sub-index 
for the 6 major air pollutant then the maximum index then 
becomes the Air Pollutant Index.  
According to the PDF, the sub-index for a particular pollutant 
is calculated as follows:- 
 
 Ii= Iij +1 – Iij (Xi – Xij) + Iij 

Xij +1 –Xij 
 
For Xi = observed concentration for the ith pollutant 

Iij = PSI value for the ith pollution and the jth breakpoint 
as given in the table  

Iij + 1 = PSI value for the ith pollutant and the (j + 1)th 
breakpoint as given in the table.  
Xij = Concentration for the ith pollutant and jth breakpoint 
as given in the table.  
Xij + I = concentration for the ith pollutant and the (j+1)th 

breakpoint as given in the table. 
Finally, the overall index is calculated as the maximum of 
sub-indexes. 
The sub-indices for PM10, CO, SO2 and NO2 were calculated 
using the formula above.  
 
3. Results 
 
Table 2: Total mean concentration values in PPM at all sites during 

dry season in 2013 
 

SO2 0.37 + 0.12 
NO2 0.35 + 0.06 
CO2 0.81 + 0.26 
CO 0.36 + 0.05 
CH4 0.31 + 0.10 

PM µg/m3 50.22 + 4.46 
 

Table 3: Total mean concentration values in PPM at all sites during 
rainy season in 2013 

 

SO2 0.30 + 0.09 
NO2 0.29 + 0.26 
CO2 2.58 + 0.32 
CO 0.28 + 0.06 
CH4 0.27 + 0.09 

PM µg/m3 29.61 + 0.21 
 
Table 4: Total mean concentration values in dry and rainy season in 

PPM for 2013 
 

SO2 0.34 + 0.08 
NO2 0.32 + 0.16 
CO2 2.70 + 0.29 
CO 0.32 + 0.06 
CH4 0.29 + 0.10 

PM µg/m3 39.91 + 3.33 
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4. Discussions 
Establishment of Atmospheric Concentrations  
In general, the concentration of gaseous pollutants recorded 
during the dry season was higher than those obtained during 
the rainy season. This trend was also observed in other studies 
[1, 5, 13, 18]. Figure 2-7 show differences in pollution level 

between months. High pollution levels were more frequent in 
the months of December to March. Even though there has 
also been high pollution episodes in the month of November, 
April, July and August which occur occasionally. This could 
be as a result of delay in rainfall in April and August break 
that occur in the month of August. 

 
Mean SO2 Pollutant Concentration Trend 

 

 
 

Fig 2: Monthly Mean Variation of SO2 Concentration at all sites 
 
From the bar chart plots in figure 2, it was observed that SO2 
in site 1 and 3 had very high concentrations in the months of 
November to March and occasionally high concentration in 
August and September. The order of decrease in 
concentration of S02 pollutant in Kaduna metropolis during 
the dry season in 2013 according to location is as follows: 
1>3>2>4>5 with a total concentration value of 0.37ppm and 
the order of decrease in concentration of SO2 pollutants in 
Kaduna metropolis during the rainy season according to 
location is as follows: - 1>3>2>4>5 with a concentration 
value of 0.30ppm. From the result obtained, site 1, being an 
industrial area recorded the highest concentration of SO2. The 
mean value of 0.34 ppm was recorded for both dry and wet 
season. The mean concentration of SO2recorded in this work 
is lower than the ranges of 3.21 -5.18 ppm, 7.4 -15.5 ppm and 
16-64 ppm reported in literature. [4, 10, 17]. Also, the 

concentration value of SO2 reported in this study is lower than 
the value reported in three cities in south western Nigeria [19]. 
The result shows that Lagos and Ibadan recorded the highest 
concentration value of 2.9ppm and 1.44ppm respectively with 
exception of Ado-Ekiti which recorded the lowest 
concentration level of 0.04 – 0.06ppm and was lower than the 
concentration value recorded in this present work. In Kano 
State, Okunola reported highest concentration value of 
0.19ppm for SO2 which is lower compared to the value of 
0.34ppm recorded in this study [22]. In Lagos, SO2 
concentration value reported in non-traffic urban was in the 
range of 0.5 – 43ppm and in traffic zone 20 – 250ppm. [16] In 
Niger Delta oil communities, SO2 concentration ranged from 
7.0 – 97.0ppm and in cities 16.0–300ppm [26]. However, the 
concentration value of 0.34ppm recorded in this study was 
within the National Ambient Air Quality Standard. 

 
Mean NO2 Pollutant Concentration Trend 

 

 
 

Fig 3: Monthly mean Variation of NO2 Concentration at all sites
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In figure3, NO2 has its highest concentration in site 1 and 3 in 
the months of February and March. This could be attributed to 
the fact that site1 is located at an industrial area where a lot of 
production activities go on and site 3 is always prone to traffic 
congestion as it is located at a busy roundabout. 
The order of decrease in NO2 concentration of gaseous 
pollutant in Kaduna metropolis during the dry season in 2013 
according to location is as follows:-1>3>2>4>5 with a 
concentration value of 0.35ppm. From the above order, it is 
clear that site 1 recorded the highest concentration of all the 
pollutants followed by site 3. All other sites had higher 
concentration values of pollutants than site 5. Reason being 
that site 5 is the reference location and therefore had lower 
values of NO2 concentration. The order of decrease in NO2 
concentration of gaseous pollutants in Kaduna metropolis 

during the rainy season according to locations as is as 
follows:- 3>1>2>4>5 with a concentration value of 0.29ppm. 
In this study, total concentration value of 0.32ppm was 
recorded for NO2 in both dry and wet season. This 
concentration value was lower than the concentration values 
of 1.55ppm, 1.0ppm and 0.6ppm reported in literature [19]. In 
Kano a concentration value of 0.43ppm was reported for NO2 
which was higher compared to the value of 0.32 reported in 
this work [22]. Literature also reported seasonal mean of NO2 
to be between 35-108ppm in Athens, Greece [17] and fell 
within 0.20-0.521ppm reported for calabar metropolis, 
Nigeria [21]. The value of 0.32ppm for NO2 in this work for 
was found to be higher when compared to the value of 
0.1ppm for National Ambient Air Quality Standard 
(NAAQS). 

 
Mean CO2 Pollutant Concentration Trend 
 

 
 

Fig 4: Monthly Mean Variation of CO2 Concentration At All Sites 
 
CO2 in figure 4 had its high concentration mainly in site 1, 2 
and 3. This could be explained as a result of industrial, 
commercial and high vehicular traffic that occur in these areas 
respectively. This is most likely due to high density and 
stationary fuel combustion process emissions from running 
generators which is very common within the metropolis due 
to erratic power supply. [9] The order of decrease in 
concentration of CO2 in Kaduna metropolis during the dry 
season in 2013 according to location is as follows:-
1>3>2>4>5 with a concentration value of 2.81ppm and the 
order of decrease in concentration of CO2 during the rainy 
season according to location is as follows:- 3>1>2>4>5 with a 
concentration value of 2.58ppm. In the dry season, the highest 
concentration of CO2 was recorded in site 1 while in the rainy 

season site 3 recorded the highest concentration. This could 
be due to seasonal variation and the sources of pollution at 
these sites at the time of sampling. The main human activity 
that emits CO2 is the combustion of fossil fuels (coal, natural 
gas and oil) for energy and transportation, although certain 
industrial processes and land use changes also emit CO2. 
This study recorded a mean concentration value of 2.70ppm 
for both dry and rainy season which was far lower when 
compared with studies conducted in kaduna, CO2 
concentration ranged from 1780 to 1840 ppm in heavily 
congested areas and from 1160 to 1530ppm in Abuja.2. 
However, the CO2 concentration in this study did not exceed 
the value of National Ambient Air Quality Standard. 

 
Mean CO Pollutant Concentration Trend 
 

 
 

Fig 5: Monthly Mean Variation of CO Concentration at AllSites
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CO shows high concentration values in the months of 
February, March, June and November which was recorded in 
site 1, 2 and 3 as shown in figure 5. The order of decrease in 
concentration of CO in Kaduna metropolis during the dry 
season in 2013 according to location is as follows: 
1>3>2>4>5 with a concentration value of 0.36ppm and the 
order of decrease in concentration of CO in Kaduna 
metropolis during the rainy season in 2013 according to 
location is as follows: 3>1>2>4>5 with a concentration value 
of 0.28ppm. The high concentration of CO at these sites is as 
a result of incomplete combustion of diesel or gasoline 
engines and traffic congestion especially at site 2 which is 
located at a busy market area and site 3 which is at a very 
busy stadium roundabout. The mean value of 0.32ppm for 

both dry and rainy season reported in this work was lower 
than the range of 4.25 - 14.33ppm [22] also lower than the 
range of 0.7 -1.9ppm in Jahara Kuwait [10] and also lower than 
of 233 -317ppm reported in three cities in Nigeria: Lagos, 
Ibadan and Ado- Ekiti [19]. The ambient CO when compared 
with values reported in literature was found to be lower than 
1.6-3.8ppm, an average range of atmospheric concentration of 
urban air pollutant in Athens, Greece [17]. The CO 
concentration value in this work was lower than the range of 
0.5 – 3.9ppm in non-traffic urban zone, 10 – 250ppm in traffic 
zone in Lagos and the range of 5.0 – 61.0ppm in Niger Delta 
oil communities and 1.0 – 52.0ppm in the cities [16]. 
 However, the CO mean concentration value of 0.32ppm did 
not exceed the NAAQS permissible limit of 9ppm. 

 
Mean CH4 Pollutant Concentration Trend 
 

 
 

Fig 6: Monthly Mean Variation of CH4Concentration At All Sites 
 
Figure 6 shows high concentration values of CH4 in sites 1 
and 3 mostly, this could be explained as a result of the fact 
that in site1, (NBL) the discharge of waste water that resulted 
from the production process liberates methane and often gives 
out foul odour around the immediate environment. Site 3 is 
close to a fuel station and when in operation elevates the 
methane concentration in the atmosphere. The high 
concentration of methane in these sites is as a result of the 
activities that takes place in these environments. The order of 
decrease in concentration of CH4 in Kaduna metropolis during 

the dry and rainy season in 2013 according to location is as 
follows:- 1>3>2>4>5 with a concentration value of 0.13ppm 
for dry season and 0.27ppm for rainy season. There was no 
change in the locations during the dry and rainy season. This 
could be attributed to the type of activities that takes place in 
these sites during the sampling period. This study recorded a 
mean value of 0.29ppm for both dry and rainy season which 
was lower than the range of 0.42 -0.83ppm reported in Kano 
metropolis [22]. 

 
PM10 Mass Concentration Trend 
 

 
 

Fig 7: Monthly Mean Variation of Particulate Matter At All Sites
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PM value was highest in the months of November to March 
as shown in figure 7 and the lowest concentrations were 
recorded in the months of April to October. 
The order of decrease in PM concentration during dry season 
in Kaduna metropolis according to locations is 1>3>2>4>5 
with a concentration value of 50µg/m3. The highest 
concentration value was recorded in site 1. This could be 
attributed to the industrial activities in the area. This was 
followed by site 3. This could have been attributed to 
emissions from exhaust of motor vehicles as the site is prone 
to high traffic congestion and also increase in the urban 
pollution due to migration from less developed areas and 
villages, the concentration of fuels used for cooking and 
heating, changes in the form and size of buildings and density 
of city traffic have become the major factors causing air 
pollution in these areas. The order of decrease in the rainy 
season PM concentration according to sites is 3>1>2>4>5 
with the highest value recorded in site 3 with a value of 
29.6µg/m3. 
Generally PM10 concentration was far higher in the dry season 
compared to the rainy season. This trend was also observed in 
other study [8]. High PM10 concentrations are normally 
associated with dry conditions due to increased potential for 
suspension of dust, soil and other particles. This is expected 
because during, rainy season, the suspended particulates in the 
air are being washed down inform of acid rain and the 
atmosphere becomes so humid that particulates could not be 
blown easily by wind [3]. The PM value reported in this study 
was lower when compared to the range of 10-202-230µg/m3 

reported in Calabar [26]. 
The PM10 value of 39.91µg/m3 obtained in this study was 
within the EPA National Ambient Air Quality Standard 2011. 
 
Correlation Analysis 
The relations among the gaseous pollutants and particulate 
matter are shown in figure 8 -15  
 

 
 

Fig 8: Correlation among PM Monthly Mean Concentration and 
Nitrogen dioxide Monthly Mean Concentrations – Regression Line. 

Particulate matter – Nitrogen dioxide, shows a strong 
positive relationship with r value of 0.935 and is statistically 
significant at 0.05 probability level. This pattern was also 
reported with a high correlation coefficient of 0.85 [5] .The 
percentage variability of PM that is directly related to NO2 
variable is 83.1%. 

 

 
 

Fig 9: Correlation among PM Monthly Mean Concentration and SO2 
Monthly Mean Concentrations – Regression Line 

 
Particulate matter – Sulphur dioxide, the r value is 0.866 
andare strongly correlated with a positive relationship. Pm 
and S02 is statistically significant at 0.05 probability level 
with r2 value of 0.750. The percentage of variability between 
PM and SO2 is 75% 
 

 
 

Fig 10: Correlation among PM Monthly Mean Concentration and 
CO Monthly Mean Concentrations – Regression Line 

 
Particulate Matter – Carbon monoxide has a very strong 
positive correlation with r value of 0.913 and r2 value of 0.834 
and is statistically significant at 0.05 probability level. The 
percentage of variability of PM that is directly related to the 
variability of CO is 83,4%. 

 

 
 

Fig 11: Correlation among PM Monthly Mean Concentration and CO2 Monthly Mean Concentrations – Regression Line 
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Particulate matter– Carbon dioxide also shows a strong 
positive correlation and is statistically significant at 0.05 
probability level with r value of 0.888 and r2value of 0.788. 
The percentage variability of PM 0.880 that is directly related 
to the variability of CO2 is 78.8%. Studies in Birmingham 
have, however shown good positive correlation between 
PM10and a number of gaseous pollutants [6]. 
 

 
 

Fig 12: Correlation among CO2 Monthly Mean Concentration and 
NO2 Monthly Mean Concentrations – Regression Line 

 
Carbon dioxide– Nitrogen dioxide shows a strong positive  

relationship and is statistically significant with percentage of 
variability is 88% having r value of 0.938 and r2 value of 0. 
88. 

 

 
 

Fig 13: Correlation among CH4 Monthly Mean Concentration and 
NO2 Monthly Mean Concentrations – Regression Line 

 
Methane – Nitrogen dioxide, r value is 0.966 and r2value is 
0.933 showing strong positive correlation and is statistically 
significant at 0.05% probability level. The percentage of 
variability of CH4 that is directly related to the variability of 
NO2 is 96.3%. 

 

 
 

Fig 14: Correlation Among CH4 Monthly Mean Concentration And SO2 Monthly Mean Concentrations – Regression Line. 
 

Methane – Sulphur dioxide, r value is 0.981 and r2value is 
0.963 showing strong positive correlation and is statistically 
significant at 0.05% confidence level. The percentage of 
variability of CH4 that is directly related to the variability of 
NO2 is 93.3%. 

 

 
 

Fig 15: Correlation among SO2 Monthly Mean Concentration and 
N02 Monthly Mean Concentrations – Regression Line 

Sulphur dioxide – Nitrogen dioxide has r value of 0.966, r2 
value of 0.933 meaning that they are strongly correlated and 
statistically significant. Percentage variability between the 
variables is 93.30%. 
The implication of the above inference is that when one of the 
pollutant decreases, the other decreases while an increase in 
one of the pollutant will consequently lead to an increase in 
the other, indicating a direct relationship between the 
pollutants. 
 
Air Pollution Index 
For PM10 and CO the API description is good meaning that 
none of the population will be affected. But during the months 
of November to March slightly high value of pollution index 
has been registered. This trend was also reported in another 
study in Italy [5]. In their study in Caronte monitoring station 
in Italy, API exceeded the most harmful for human health by 
40% during February. In this study the API value registered is 
moderate meaning that none or few may experience health 
effects. 
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Table 5: National Ambient Air Quality Standards (NAAQS) for Criteria Pollutant as of 2011. 
 

Pollutant (final rule site) Primary/Secondary Averaging 
Time Level form Form 

Carbon monoxide (76FR 54294, 
Aug. 31, 2011 Primary 8 – hour 

1 – hour 
9PPM 

 35PPM not to be exceed more than one perye 

Nitrogen Dioxide (75FR 
647474, Feb. 9, 2010) Primary 1 – hour 0.1 PPM 

100PPb 98th percentile, averaged over 3 years 

(61FR52852 Oct, 8, 1996) Primary & Secondary Annual 53ppb 
0.053PPM Annual mean 

ozone (73FR16436, Mar. 27, 
2008) 

Primary and 
Secondary 8 – hour 0.075PPM Annual fourth hia bust daily max come. 

Average over 3yrs 
Particle PM2.5 pollution Primary Annual 12mg/m3 Annual average over 3yrs 

 Secondary Annual 15mg/m3 Annual average over 3yrs 
 Primary & Secondary 24 – hour 35mg/m3/ 98th percentile are raged over 3yrs 

PM10 Primary/secondary 24 – hour 150mg/m3 Not to be exceeded more the one per yr over 
aged over 3yrs 

Sulphur Duixude (75FR 35520, 
June, 22, 2010) Primary 1 – hour 1 – hour 0.075PPM 

75PPb 
99th percentile of 1 – hr daily maximum 

concentration averaged over 3yrs 
(38FR 25678, Sept. 14, 1973) Secondary 3 – hour 0.5PPM Not to be exceeded more than once per year. 

 
5. Conclusion  
The results and analysis shows that SO2, CO2, CO, 
concentration values were within the NAAQS with exception 
of NO2 which exceeded the maximum permissible limit of 
EPA 2011. Air pollution index recorded in this work was 
moderate indicating that none or few may experience health 
effects. A strong positive correlation occur between 
particulate matter and nitrogen dioxide, particulate matter and 
sulphur dioxide, particulate matter and carbon dioxide, 
particulate matter and methane respectively and strong 
positive correlations also occur among the gaseous pollutants 
themselves. This indicates that an increase in one of the 
pollutants will result in an increase in the other and vice-
versa. From the pattern observed in the pollutant trend 
concentration, high concentration values were obtained 
mostly in those sites that are prone to high traffic congestion 
and industrial activities while the control site had lowers 
values of the pollutants concentration. This indicates that air 
pollution is majorly caused by human activities. The 
concentration values recorded in the present work was 
however lower when compared to past work carried out in the 
same state decades ago [2]. This could probably be due to 
awareness campaign on air pollution reduction, improvement 
in internal combustion of vehicle engines and improvement in 
the quality of fuels. 
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