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Introduction: Hitherto studies have concentrated on the pollution concentra-
tion in an ambient environment not putting into cognizance meteorological 
factors that can determine the fate/trail of the pollutant in the atmosphere. 
Materials and methods: Accordingly, the study monitored ambient topical 
air triplicate day-time concentration of NO2, PM10, SO2, H2S and CO using 
portable digital air pollution detecting device for 30 days in each of the rep-
resentative apex months of dry (April) and wet (August) months of 2018 in 
Kano Metropolis. However, meteorological data were collated from Nigerian 
Meteorological Agency (NiMet). 
Results: The result showed pollution concentration for Bompai and Sabon 
Gari are the highest followed by Dowrawa and school of technology. On the 
other hand Bompai and Sabon Gari had higher concentration in all pollutants 
in dry season followed by school of technology and Dowrawa. Furthermore, 
temperature, relative humidity and precipitation washout or scavenging effect 
on the pollutants were analyzed quantitatively. The result showed concen-
tration of the pollutants in the atmosphere where lower under condition of 
increased precipitation, low temperature and increased humidity level com-
pared to that of the dry season. 
Conclusion: Consequently, the study exposes the influence of meteorological 
parameters on the seasonal variability, concentration and environmental fate 
of pollutant, which could be used in controlling urban air pollution thereby 
sustainably improving environmental quality and protecting human health.
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Introduction
In current scenario, in modern society, the air 
quality remains one of the famous environmental 
issues [1]. The entire human race is affected by 
quality of air as well as plant and animal popula-
tions on the earth. The population growth, eco-
nomic development, growing transportation de-
mand as well as living standards contribute major 

role to polluting the surrounding area and atmo-
sphere [2]. Urban areas release complex gases and 
particulates whose characteristics depend upon a 
wide range of factors such as: population density, 
energy consumption, industrial processes, and 
modes of transportation and usage, which affects 
public health, damage agriculture, weather, and 
climate [3]. At present, urban outdoor air pollu-
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tion causes an estimated 1.3 million mortality per 
year worldwide, according to the World Health 
Organization [4]. 
In recent times, urban areas in Nigeria witness 
unprecedented growth rate of the vehicle popu-
lation. Thus, motor vehicles produce more air 
pollutants than any other single human activity. 
Motor vehicle emissions from roads might be 
viewed as a mobile line source with an emission 
rate per unit length of road. In city centers and 
congested streets, traffic is responsible for 80% 
to 90% of these pollutants and this situation is 
particularly severe in cities of developing coun-
tries [5, 6]. Emissions from motor vehicles with 
spark ignition engines are from the exhaust, en-
gine crankcase, and fuel system. Carbon mon-
oxide (CO) and water vapor (H2O), the main 
products of combustion, are emitted in vehicle 
exhaust [7]. The major pollutants emitted from 
gasoline-fueled vehicles are carbon monoxide 
(CO), Hydrocarbons (HCs), Oxides of Nitrogen 
(NOx) and lead (Pb). Transportation of goods and 
passengers, especially in Nigeria’s urban cities, is 
primarily dependent on road traffic. Because of 
the high traffic density in such areas, the average 
speed within the city is relatively low. Therefore, 
large quantities of CO, H2S, NO2, SO2 and par-
ticulate matter (PM) are emitted regularly from 
motor vehicles. The mobile air toxins such as 
benzene, formaldehyde, acetaldehyde, and lead 
(Pb), along with secondary pollutants can cause 
adverse human health impacts [8].
Similarly, typical results of industrialization have 
indicated many problems arising from urban air 
pollution [9]. In most industrialized countries, 
people who live in urban areas tend to be more af-
fected by allergic respiratory diseases than those 
who live in rural areas. In Nigeria, most large cit-

ies such as Lagos, Porthcourt, Ibadan, Kano, and 
Kaduna are feeling the pinch of air pollution from 
both vehicular and industrial emissions.  
However, since motor vehicles are the fastest 
growing source of carbon monoxide (CO), and 
contribute a significant portion of the emissions 
of carbon monoxide (CO), hydrocarbons (HC), 
nitrogen oxides (NOx) and particulate in urban 
areas [10], emissions from automotive engines 
are considered as a major source of urban air 
pollution [11-13]. Previous research revealed 
that the estimated contribution of these so called 
“mobile sources” to global emission of CO2 var-
ies from 13% to 30%, and accounts for 22% of 
CO2, 87% of CO, 87% of volatile organic com-
pounds (VOC), 57% of NOx and 4% of sulfur 
dioxide (SO2) emissions in the European Union 
[14, 15].  Although mobile sources have signifi-
cant impacts on urban air quality, the behaviour 
and fate of the emitted pollutants are still poorly 
understood, and considerable effort needs to be 
devoted to this issue.
In Nigeria, several research works focused on the 
assessment of the effects of air pollution charac-
teristically dwelled on monitoring the ambient 
concentration of CO, NOx, lead (Pb), particulate 
matter (PM), while studies on pollutants in terms 
of their concentrations and relationship with 
meteorological parameters and/or seasonality is 
lacking despite that air quality and meteorologi-
cal factors are closely linked through atmospheric 
chemical reactions and dynamic processes.
Increased air pollutant concentrations in the ur-
ban environment do not typically result from 
sudden increases in emissions, but rather from 
meteorological conditions that impede dispersion 
in the atmosphere or result in increased pollut-
ant generation [16, 17]. There are many aspects 
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of variations in air pollution that are still diffi-
cult to understand. One of these aspects is the 
estimation of the sensitivity of air pollutants to 
individual meteorological parameters. A combi-
nation of meteorological variables important to 
these conditions includes temperature, winds, ra-
diation, atmospheric moisture, and mixing depth. 
It is well known that concentrations of pollutant 
within local air sheds are affected by meteoro-
logical parameters [16].
Meteorological conditions play a crucial role in 
ambient air pollution by affecting both directly 
and indirectly the emissions, transport, formation, 
and deposition of air pollutants. Several research 
studies pertaining to weather and atmospheric 
pollution effects on humans have established as-
sociations between meteorological conditions 
and parameters to air pollutants. These studies 
have provided evidence that meteorological fac-
tors such as wind velocity and direction, tempera-
ture and relative humidity can significantly affect 
air quality [18].
The most important role of meteorology is in the 
dispersion, transformation and removal of air 
pollutants from atmosphere [19]. Also, in a study 
[20] has been suggested that adverse health con-
sequences of ambient ozone pollution increase 
when temperatures are higher. Aerosol sulfate 
concentrations are influenced by temperature-
dependent oxidation of SO2 in both the gas and 
aqueous phases.  Another research also found that 
the concentrations of oxidants that react with SO2 
to be dependent on temperature and sunlight in-
tensity [21]. Levels of semi-volatile nitrate and 
organic aerosol species are temperature and rela-
tive humidity dependent [22]. 
So, the main purpose of the present work is to 
investigate the relationships between pollutants, 

namely, NO2, CO, SO2, H2S and PM10, and me-
teorological parameters such as temperature, pre-
cipitation, sunlight intensity, and wind speed to 
determine the influence of meteorological condi-
tions on pollutants concentrations and their fate 
in the atmospheric environment. The effect of 
seasonal variability in connection to relationship 
between air pollutants concentration and meteo-
rology was also studied. 

Materials and methods
The study area was Kano metropolis, Nigeria 
(Fig. 1). Kano is the biggest commercial and 
industrial centre in Northern Nigeria. It has 43 
existing market places and over 400 privately 
owned manufacturing industries [23]. The study 
locations used for this research work are Dorawa 
street, SabonGari market, Bompai industrial area 
and school of technology in Kano metropolitan 
area.
Dorawa is located in the heart of Kano munici-
pality within the coordinate of 11o58’17’’N and 
8o33’31’’E and is a residential area that is mod-
erately populated. The area is a high income 
residential area with lots of greenery and serene 
environment.  The area is characterized by good 
road network within the residential area. Sabon 
Gari market is situated between 12o00’45’’N and 
8o32’23’’E, the busiest commercial area in the 
city of Kano. It has in it lots of traders trading 
variety of goods and services from perishables, 
non-perishable and consumables. Sabon Gari is 
densely populated during the day time due to the 
traders that come from far and wide to trade their 
goods and also buyers who come from far places 
also. Bompai is an industrial area with traceable 
coordinate of 12o00’41’’N and 8o33’21’’E, which 
is home to several industries that are involved 
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Fig. 1. Map of Kano municipal area and the sampling locations

Materials and methods 
The study area was Kano metropolis, Nigeria (Fig. 1). Kano is the biggest commercial and 
industrial centre in Northern Nigeria. It has 43 existing market places and over 400 privately 
owned manufacturing industries [23]. The study locations used for this research work are Dorawa 
street, SabonGari market, Bompai industrial area and school of technology in Kano metropolitan 
area. 
 

 
 

Fig. 1. Map of Kano municipal area and the sampling locations 

 
 
 
Dorawa is located in the heart of Kano municipality within the coordinate of 11o58’17’’N and 
8o33’31’’E and is a residential area that is moderately populated. The area is a high income 
residential area with lots of greenery and serene environment.  The area is characterized by good 
road network within the residential area. Sabon Gari market is situated between 12o00'45''N and 
8o32'23''E, the busiest commercial area in the city of Kano. It has in it lots of traders trading 
variety of goods and services from perishables, non-perishable and consumables. Sabon Gari is 
densely populated during the day time due to the traders that come from far and wide to trade their 
goods and also buyers who come from far places also. Bompai is an industrial area with traceable 

Materials and methods 
The study area was Kano metropolis, Nigeria (Fig. 1). Kano is the biggest commercial and 
industrial centre in Northern Nigeria. It has 43 existing market places and over 400 privately 
owned manufacturing industries [23]. The study locations used for this research work are Dorawa 
street, SabonGari market, Bompai industrial area and school of technology in Kano metropolitan 
area. 
 

 
 

Fig. 1. Map of Kano municipal area and the sampling locations 

 
 
 
Dorawa is located in the heart of Kano municipality within the coordinate of 11o58’17’’N and 
8o33’31’’E and is a residential area that is moderately populated. The area is a high income 
residential area with lots of greenery and serene environment.  The area is characterized by good 
road network within the residential area. Sabon Gari market is situated between 12o00'45''N and 
8o32'23''E, the busiest commercial area in the city of Kano. It has in it lots of traders trading 
variety of goods and services from perishables, non-perishable and consumables. Sabon Gari is 
densely populated during the day time due to the traders that come from far and wide to trade their 
goods and also buyers who come from far places also. Bompai is an industrial area with traceable 

with the processing of industrial materials. These 
places are characterized with lots of manufactur-
ing industries with heavy duty machines. How-
ever, school of technology which is an institu-
tional area situated between 11o59’28’’N and 
8o32’28’’E. It is an academic environment char-
acterized with high traffic of people coming in 
and out of the college and thus, considered very 
important to the study.

Study design
The sampling was done at industrial, commer-
cial, residential and institutional locations in 
the study area and the average values for re-
spective parameter readings were recorded at 
each identified sampling point using calibrated 
sampling devices. The assessed parameters in-

cluded carbon monoxide (CO), Sulfur dioxide 
(SO2), Hydrogen sulphide (H2S), nitrogen di-
oxide (NO2) and particulate matter (PM10). All 
measurements were done in one-hour triplicates 
(i.e. repeated three times- morning, afternoon 
and night) per day based on the air pollution 
monitoring guideline set by the United States 
Environmental Protection Agency (USEPA) 
and the Nigerian Federal Ministry of the Envi-
ronment (FMEnv).

Sampling and sampling locations
For the purpose of this study, purposive and 
random sampling techniques were employed 
in the study. The air sampling was performed 
continuously on daily basis throughout April 
and August 2018 (represented apex of dry and 
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wet seasons) in each of the 4 land-use air moni-
toring locations, three times per day (morning, 
afternoon and evening) covering a period of 30 
days in each of the representative apex month 
of dry and wet seasons, respectively. A total of 
60 samples were collected daily covering morn-
ing, afternoon and evening, 15 for each land 
use i.e. industrial, residential, commercial and 
institutional represented by Bompai, Dorawa, 
SabonGari market and school of technology, re-
spectively.

Determination of concentration of CO, SO2, 

H2S, NO2, and PM10 in various landuse
Sampling was done in situ using various cali-
brated handheld devices and each location 
was geo-referenced using a handheld 72H 
GPS device. The average values for each lo-
cations were computed. The individual levels 
of CO, SO2, H2S and NO2 were monitored us-
ing a separate Crowcon Gasman gas-monitor 
for one-hour exposure time, which are all flex-
ible portable gas detectors. Particulate matter 
levels (PM10) were measured using a handheld 
air tester (HT 1001), designed to measure the 
particulate level in the air for 60 s at a flow rate 
of 500 ml.

Seasonal variations influence on pollutants 
concentration
In an attempt to understand the effect of seasonal-
ity on the concentration of pollutants, spatial vari-
ability of the pollutants was carried out. Spatial 
variation plots of the air pollutant concentrations 
were modeled using Surfer 12 and ArcGIS. The 
maps were presented as colored gradients repre-
senting the distribution pattern of the respective 
ranges of the parameters.

Results and discussion
Carbon monoxide (CO) assessment
The mean concentrations of CO in the study areas 
were 51.869±4.022, 50.487±3.838, 37.858±169, 
39.748±6.668 µg/m3 recorded in the topical 
period of dry season, whereas 39.714±4.289, 
37.486±2.708, 30.737±4.577, 31.710±5.006 µg/
m3 represents wet season recorded values for  
Bompai, Sabon Gari, Dowrawa and school of 
technology, respectively. The highest average 
value of 51.869 and 39.714 µg/m3 recorded both 
for dry and wet seasons, respectively appeared 
to be found in Bompai (an industrial area). The 
second-highest CO concentration values corre-
sponded to Sabon Gari (commercial area), while 
the third occurred in school of technology (in-
stitutional area) and least concentration values 
were recorded in Dowrawa (residential area). 
The highest values recorded in Bompai is typi-
cally characterized with high rate of industrial 
activities which ranges from plastic processing, 
manufacturing and production, which may be re-
sponsible in contributing to high pollution level 
of CO in the area. Bompai is among the three ma-
jor industrial layouts in Kano municipal coun-
cil area namely Challawa and Sharada, which 
together constitutes a total of 243 industries in 
Kano municipality. According to a study, the 
main sources of air pollution in this area consid-
ered include products and residues of production 
from tanneries, grain mills, upholstery, plastics, 
textiles and incomplete combustion of gasoline 
from the industries’ power generators [24]. This 
further buttresses, who reported that emission of 
air pollutants and related compounds in Bom-
pai reflects the poor pollution control and waste 
management practices being carried out by the 
industries in the study area and thus, its position 
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as the highest CO polluter is not surprising [25]. 
Sabon Gari (Commercial) was also plaque with 
high concentration of CO with its climax in the 
afternoon values of 52.332and 40.377 µg/m3 for 
dry and wet seasons, respectively. This is how-
ever associated to the high vehicular and traffic 
congestion within the area. This further supports 
the findings of [26], where reported that in the 
afternoon and evening were the period most of 
the customers tripped into the market from far 
distance to trade their goods and services. In ad-
dition, the need to close and return home may 
also be a cause to high vehicular and tricycle 
movement during the afternoon and evening 
times. This phenomenon coupled with poorly 
serviced vehicles used for good and service con-
veyances, as well as fuel inefficient cars exac-
erbate the concentration of the CO during this 
period of time in the area. It is reported that an 
estimated vehicular movement of 793 cars in the 
morning hours also tends to increase as the day 
proceeds climaxing between the hours of 2 and 
4 pm [27]. Also, alternative sources of energy 
to complement the inefficient and insufficient 
power supply bedeviling the area is also con-
sidered as one of the factors responsible for the 
increases in the concentration of CO in the area. 
The alternative sources of energy are used in the 
market by traders to keep perishable goods in 
refrigerating condition to avoid spoilage.
The CO concentration observed in the institu-
tional land-use (school of technology) during the 
peak period of the dry and wet seasons may be 
attributed to the witnessed vehicular movement 
around the school domain, which dominated by 
the conveyance folds of students in and out the 
school. In a similar study, it was concluded that 
institutional area has the least carbon footprint 

because of the use of alternative power sources is 
limited to the school alone in the events of power 
outages [28]. The least CO concentration with the 
minimum average value compared to the other 
study areas is the residential area. The highest 
concentration values of 41.028 and 32.787 µg/
m3 were recorded in the evening hours both in 
the dry and wet seasons, during which household 
wives heavily commence cooking for night meals 
for the family circles, which was in addition to 
turning of power generators to argument the epi-
leptic national power supply.

Sulfur dioxide (SO2) assessment
The mean concentration of SO2 in the areas 
were 0.656±0.123, 0.605±0.082, 0.409±0.125, 
0.301±0.057 µg/m3 and 0.591±0.112, 
0.526±0.135, 0.300±0.052, 0.273±0.070 µg/m3 
for Bompai, Sabon Gari, Dowrawa and school of 
technology for dry and wet season, respectively. 
The study results showed that the average con-
centration of sulfur dioxide recorded in Bompai 
during the dry season was high, which by far ex-
ceeded the WHO recommended minimum out-
door concentration of 0.2 ppm over a one hour 
duration. This is as a result of anthropogenic ac-
tivities carried out in the study area. The use of 
fossil fuel locomotive engines, alternative power 
sources, and high influx of vehicles into the study 
area was a visible cause for this heightened level 
of SO2 air pollution. The concentration was how-
ever higher during the peak of the dry season, as 
SO2 concentration in Bompai reaching an all-time 
high as mostly recorded during the afternoon and 
evening hours of the days of investigation. Al-
though NIOSH recommends a daily limit of 0.5 
ppm for sulfur dioxide, the average concentration 
recorded was therefore found to be above the rec-
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ommended level [29]. 
In Sabon Gari, the attendant concentration was 
found higher than that of the institutional study 
area. The incessant practice of open refuse burn-
ing and high traffic influx of people into the mar-
ket with automobiles can be attributable to this 
high concentration. Therefore, inappropriate 
waste management and peoples’ attitude in the 
environment are deemed to be part of the major 
factor which influence the high concentration of 
SO2 in the study areas. The concentration of SO2 
in the residential area was also above the permis-
sible limit. This is quite worrisome and revealed 
that the concentration of these pollutants requires 
continuous periodical checkup. The lowest aver-
ages were recorded in these areas during the peak 
of the wet season, which may be due to dilution 
effect of rain in the atmosphere. The least con-
centration of SO2 was recorded in the institu-
tional area, a pointer to the fact that the lowest 
recorded concentration of SO2 was in the school 
of technology, which may connected to low pop-
ulation of vehicular movement due to restriction 
imposed on tricycle in this area.

Nitrogen dioxide (NO2) assessment
The calculated mean concentrations for NO2 
were recorded as 0.637±0.091, 0.593±0.082, 
0.395±0.102, 0.456±0.126 µg/m3 and 
0.479±0.114, 0.463±0.102, 0.325±0.117, 
0.314±0.093 µg/m3  for Bompai, Sabon Gari, 
Dowrawa and school of technology for dry and 
wet seasons, respectively. Bompai due to the high 
rate of anthropogenic activities with attached 
economic benefits such as welding, power gener-
ating sets and also improper/incomplete vehicu-
lar fuel combustion may all be possible reasons 
for the high rate of emissions of NO2 in the area. 

The average concentrations of NO2 recorded in 
the area was also found to be above the recom-
mended level between 0.12 and 0.40 ppm on an 
hourly base set by United States standards. Simi-
larly, Sabon Gari as one of the commercial place 
of the selected locations for this study was also 
discovered with NO2 concentration above the 
daily international standards. This conceivably 
related to high human and vehicular traffic con-
gestion that usually characterizes the area. The 
high NO2 concentrations of 0.705 and 0.941 µg/
m3 recorded in the afternoon for both dry and wet 
seasons, respectively corroborates with earlier 
study carried out [30]. The study found out that 
increased formation of NO2 and other compounds 
occur from the reaction of NO- a vehicular ex-
haust gas constituent during the sunny hours in 
the atmospheric environment. An average con-
centration of NO2 was also recorded in the insti-
tution (school of technology), which may be at-
tributed to populous vehicular movement in this 
particular study area than in the residential area. 
The vehicular movement in and out of the insti-
tute could be responsible and accounted for NO2 
concentration higher than the permissible limit in 
the study. Therefore, high levels of NO2 recorded 
in industrial and urban environments is because 
of the burning of fossil fuels [31]. Both CO and 
NO2 are primary pollutants that are mainly emit-
ted from motor vehicles [32]. The exhaust gases 
of cars and trucks are major sources of nitrogen 
oxides, but automobile exhaust has more NO 
than NO2, but once the NO is released into the 
atmosphere it quickly combines with oxygen and 
NO2 are formed during high-temperature com-
bustion in the atmosphere [33]. This therefore 
supports the reason for an elevated level of NO2 
in all the study locations during the sunny hours 
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of this investigation.  
The least concentrations of NO2 was recorded in 
Dowrawa, which emanated from the use of alter-
native power generating and diesel power sourc-
es. Interestingly, all the study locations displayed 
the same pattern of low concentrations of NO2 in 
the topical period of wet season compared with 
the concentrations recorded for the dry season. 
This is because during wet season episode, the 
gaseous pollutants from the point of emission 
travel/disperse restrictively due to a scavenging 
effect of meteorological elements. 

Hydrogen sulfide (H2S) assessment
The result of mean concentrations of H2S 
were  0.474,0.317±0.057  ,0.435±0.046  ,0.113± 
0.290±0.088 µg/m3 and 0.487±0.080, 
0.469±0.086, 0.339±0.058, 0.323±0.027 µg/m3 

for Bompai,  Sabon Gari, Dowrawa and school 
of technology for wet and dry seasons, respec-
tively. The average concentration recorded for 
the dry season shows that Bompai had the high-
est concentrations of H2S amongst all the other 
study areas and also likewise in the wet season. 
This is due to influx of vehicles and the artisanal 
activities that is taking place in the study area. 
This further agrees with results reported by other 
researchers, who examined the concentration of 
air pollutants in Imo state and found out that the 
mean concentrations of H2S in the industrial ar-
eas was higher than residential and commercial 
areas [34]. 
The concentration of H2S in Sabon Gari could be 
attributed to the microbial anaerobic oxidation of 
dumped organic wastes that are day-in and- out 
being generated and heighted the level within the 
area. The institutional study area (school of tech-
nology) had one of the least concentration of H2S, 

which was the lower than Sabon Gari and Bompai 
during the wet and dry seasons. This level can be 
due to the incomplete combustion engines that are 
been used in and around the study area. Finally, the 
study area had the least concentration of H2S in all 
the study areas was the residential area, where the 
mean average of H2S recorded was higher in the 
dry season than in the wet season. This is an indi-
cation that among the other land uses the one that 
had the smallest concentration was the residential 
areas. This is in agreement with the earlier result 
reported in the literature [35], who opined that the 
major contributor of residential H2S is from power 
generators and vehicles which are often limited in 
the residential area.

Particulate matter (PM10) assessment
The results of the concentrations of PM10 are pre-
sented in Table 1 and 2, which were 7.392±0.702, 
6.875±0.694, 5.497±0.560, 5.714±0.418 µg/m3 
and 11.456±7.938, 11.0±1.081, 5.585±0.436, 
6.501±0.447 µg/m3 for Bompai, SabonGari, 
Dowrawa and school of technology for wet and 
dry seasons, respectively. The results indicated 
that generally higher PM10 values were observed 
in the dry season than in the wet season with 
Sabon Gari showing the highest mean value as 
shown in Table 1.
The highest dry seasonal mean obtained in this 
study is above that reported in related studies 
conducted in Nigeria [36]. The elevated levels of 
PM10 in the afternoon in Sabon Gari was due to 
dust re-suspension from human and vehicle traf-
fic in the park, fugitive dust suspension and other 
anthropogenic PM sources in the market that usu-
ally peak at the afternoon. There was a sharp re-
duction in the concentration of PM10 during the 
wet season in Sabon Gari, however still showing 
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Table 1. Mean concentrations of CO, SO2, NO2, H2S and PM10 in dry season 2018
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Table 1. Mean concentrations of CO, SO2, NO2, H2S and PM10 in dry season 2018 
Pollutant Concentrations (ppm)/( μg/m3) 

CO Bompai Sabon Gari Dowrawa street School of technology 
Morning 51.205±1.303 48.950±2.661 32.128±1.153 36.784±4.397 

Afternoon 52.571±2.495 52.332±2.348 40.418±3.825 41.728±6.466 
Evening 51.832±8.270 50.181±6.507 41.028±4.529 40.732±9.141 

Mean 51.869±4.022 50.487±3.838 37.858±3.169 39.748±6.668 
SO2 Bompai Sabon Gari Dowrawa street School of technology 

Morning 0.675±0.106 0.574±0.068 0.341±0.109 0.264±0.045 
Afternoon 0.675±0.125 0.647±0.091 0.410±0.136 0.280±0.055 
Evening 0.620±0.138 0.595±0.088 0.477±0.130 0.358±0.071 

Mean 0.656±0.123 0.605±0.082 0.409±0.125 0.301±0.057 
NO2 Bompai Sabon Gari Dowrawa street School of technology 

Morning 0.538±0.056 0.504±0.053 0.280±0.043 0.354±0.083 
Afternoon 0.630±0.093 0.705±0.137 0.372±0.1 0.461±0.117 
Evening 0.745±0.125 0.572±0.057 0.534±0.163 0.555±0.178 

Mean 0.637±0.091 0.593±0.082 0.395±0.102 0.456±0.126 
H2S Bompai Sabon Gari Dowrawa street School of technology 

Morning 0.508±0.040 0.375±0.075 0.365±0.025 0.210±0.018 
Afternoon 0.521±0.084 0.478±0.104 0.347±0.079 0.328±0.040 
Evening 0.432±0.117 0.555±0.079 0.305±0.070 0.431±0.024 

Mean 0.487±0.080 0.469±0.086 0.339±0.058 0.323±0.027 
PM10 Bompai Sabon Gari Dowrawa street School of technology 

Morning 8.070±0.573 7.395±0.803 5.296±0.606 6.309±0.469 
Afternoon 10.635±0.997 16.413±1.274 5.729±0.576 6.697±0.523 
Evening 15.664±22.244 9.192±1.168 5.467±0.5 6.499±0.349 

Mean 11.456±7.938 110±1.081 5.497±0.560 6.501±0.447 
 

 

 

 

 

 

trend of a peak period concentration in the after-
noon hours. Pollutants proximity, source strength, 
topography, local meteorology and atmospheric 
reactivity have been reported to influence pollut-
ant concentration in an area [37-39]. Likewise, 
Bompai experienced higher concentration of 
PM10 in the dry season than in the wet season. 
Although its concentration was found to be less 

compared with Sabon Gari, but higher than that 
of school of technology. Surprisingly, the school 
of technology had a mean concentration less than 
the level found in Bompai study locations. This 
may be connected with the availability of po-
tential wind breakers and high-rise buildings in 
and around the area, which could be responsible 
dust basins that led to witness low concentration 
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Table 2.  Mean concentration of CO, SO2, NO2, H2S and PM10 in Wet Season 2018Table 2.  Mean concentration of CO, SO2, NO2, H2S and PM10 in Wet Season 2018 
Pollutant Concentrations (ppm)/( μg/ m3) 

CO Bompai Sabon Gari Dowrawa street School of technology 
Morning 34.382±1.957 31.817±0.916 28.138±3.757 28.397±2.996 

Afternoon 41.375±4.529 40.377±1.961 31.287±4.765 32.807±6.457 
Evening 43.384±6.382 40.264±5.247 32.787±5.210 33.943±5.564 

Mean 39.714±4.289 37.486±2.708 30.737±4.577 31.710±5.006 
SO2 Bompai Sabon Gari Dowrawa street School of technology 

Morning 0.594±0.075 0.518±0.069 0.212±0.018 0.201±0.066 
Afternoon 0.588±0.085 0.525±0.140 0.302±0.060 0.274±0.056 
Evening 0.592±0.177 0.534±0.196 0.387±0.078 0.345±0.087 

Mean 0.591±0.112 0.526±0.135 0.300±0.052 0.273±0.070 
NO2 Bompai Sabon Gari Dowrawa street School of technology 

Morning 0.444±0.110 0.450±0.125 0.315±0.094 0.295±0.121 
Afternoon 0.498±0.104 0.491±0.096 0.337±0.131 0.338±0.095 
Evening 0.495±0.129 0.448±0.085 0.322±0.127 0.310±0.062 

Mean 0.479±0.114 0.463±0.102 0.325±0.117 0.314±0.093 
H2S Bompai Sabon Gari Dowrawa street School of technology 

Morning 0.364±0.062 0.438±0.034 0.245±0.052 0.307±0.040 
Afternoon 0.494±0.130 0.480±0.032 0.337±0.064 0.288±0.090 
Evening 0.565±0.148 0.387±0.072 0.37±0.055 0.275±0.134 

Mean 0.474±0.113 0.435±0.046 0.317±0.057 0.290±0.088 
PM10 Bompai Sabon Gari Dowrawa street School of technology 

Morning 6.124±0.311 6.159±0.623 4.730±0.357 5.254±0.459 
Afternoon 9.213±1.257 8.025±0.925 6.438±0.521 6.156±0.385 
Evening 6.839±0.538 6.440±0.533 5.586±0.429 5.733±0.411 

Mean 7.392±0.702 6.875±0.694 5.585±0.436 5.714±0.418 
 

 
 
 The highest dry seasonal mean obtained in this study is above that reported in related studies 
conducted in Nigeria [36]. The elevated levels of PM10 in the afternoon in Sabon Gari was due to 
dust re-suspension from human and vehicle traffic in the park, fugitive dust suspension and other 
anthropogenic PM sources in the market that usually peak at the afternoon. There was a sharp 
reduction in the concentration of PM10 during the wet season in Sabon Gari, however still showing 
trend of a peak period concentration in the afternoon hours. Pollutants proximity, source strength, 
topography, local meteorology and atmospheric reactivity have been reported to influence 
pollutant concentration in an area [37-39]. Likewise, Bompai experienced higher concentration of 
PM10 in the dry season than in the wet season. Although its concentration was found to be less 
compared with Sabon Gari, but higher than that of school of technology. Surprisingly, the school 
of technology had a mean concentration less than the level found in Bompai study locations. This 
may be connected with the availability of potential wind breakers and high-rise buildings in and 
around the area, which could be responsible dust basins that led to witness low concentration in the 
area. The land use with the least recorded concentration was Dowrawa, a residential area 

in the area. The land use with the least recorded 
concentration was Dowrawa, a residential area 
characterized with beautiful scenery topography, 
covered by green vegetation due to tree planting 
and artificially created micro-climate that pre-
conditioned the meteorology of the area, all of 
which could be responsible for the least levels of 
PM10 recorded in this residential area. This how-
ever further supported by the study carried out 

on the levels of pollution concentration in indoor 
and outdoor pollution of Particulate matter [40].

Influence of temperature on concentration of 
pollutants
Fig. 2 demonstrates the temperature profile re-
corded in the study area, which ranged between 
33.2°C and 35°C during the topical period of wet 
season and 43.4°C and 49.8°C during climax pe-
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riod of dry season. 
The predominant characteristic of atmosphere 
is its unceasing change, of which temperature 
contributes. So as it is, the vertical distribution 
of temperature in the atmosphere varies with 
season and location in latitude and longitude, as 
well as from day to night. The temperature varia-
tions and its influence on concentrations of CO, 
SO2, H2S, NO2, andPM10 in the ambient air were 
analysed for the climax period of wet and dry 
seasons. The atmospheric temperature near the 
earth surface experienced maximum during the 
dry season and thus, enhanced the vertical mix-
ing and increase of the mixing height that account 

characterized with beautiful scenery topography, covered by green vegetation due to tree planting 
and artificially created micro-climate that pre-conditioned the meteorology of the area, all of which 
could be responsible for the least levels of PM10 recorded in this residential area. This however 
further supported by the study carried out on the levels of pollution concentration in indoor and 
outdoor pollution of Particulate matter [40]. 
 
Influence of temperature on concentration of pollutants 
Fig. 2 demonstrates the temperature profile recorded in the study area, which ranged between 
33.2°C and 35°C during the topical period of wet season and 43.4°C and 49.8°C during climax 
period of dry season.  
 
 

 
Fig. 2. Temperature profile for the months of April and August, 2018 

 
The predominant characteristic of atmosphere is its unceasing change, of which temperature 
contributes. So as it is, the vertical distribution of temperature in the atmosphere varies with season 
and location in latitude and longitude, as well as from day to night. The temperature variations and 
its influence on concentrations of CO, SO2, H2S, NO2, andPM10 in the ambient air were analysed 
for the climax period of wet and dry seasons. The atmospheric temperature near the earth surface 
experienced maximum during the dry season and thus, enhanced the vertical mixing and increase 
of the mixing height that account the high concentration of the pollutants recorded during the 
season. The uneven heating of land and sea during day time of the dry season occurs quicker, than 
that of wet season, that responsible for of higher temperature range recorded than in the other 
season. As Kano metropolitan area is not located in a coastal area, the land breeze flew inwards the 
domain ward-sides of the study locations in the afternoon hours, exacerbate the temperature of the 
locations, and maximise the vertical mixing, resulted in higher concentrations of CO, SO2, H2S, 
NO2 and PM10during dry season than the levels recorded for the wet season. However, the lower 
temperature range during the peak period of wet season reduces the vertical mixing and lowering 

Fig. 2. Temperature profile for the months of April and August, 2018

the high concentration of the pollutants recorded 
during the season. The uneven heating of land 
and sea during day time of the dry season occurs 
quicker, than that of wet season, that responsible 
for of higher temperature range recorded than 
in the other season. As Kano metropolitan area 
is not located in a coastal area, the land breeze 
flew inwards the domain ward-sides of the study 
locations in the afternoon hours, exacerbate the 
temperature of the locations, and maximise the 
vertical mixing, resulted in higher concentrations 
of CO, SO2, H2S, NO2 and PM10during dry season 
than the levels recorded for the wet season. How-
ever, the lower temperature range during the peak 
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period of wet season reduces the vertical mixing 
and lowering the mixing height and thus, resulted 
in decrease in the examined pollutants concentra-
tion significantly. Another study have studied the 
annual variation of mixed layer characteristics at 
New Delhi and found that the mixing height is 
very low during cold season due to very low val-
ue of surface sensible heat flux and higher during 
hot season due to large sensible heat flux from 
the surface [41]. Consequently, heating of earth 
by the sun induces thermal turbulence during hot 
season, largely determined by the rate of change 
of air temperature with altitude and increases the 
mixing height. The heat from the solar radiation 
is absorbed by the air, resulting in minimizing 
atmospheric temperature nearer to the surface of 
the earth. The air layer nearer to the surface of the 
earth becomes colder than the upper layers, thus 
reducing the up going air currents and leading to 
the increase of pollutant concentrations. In effect, 
temperature over the land space at lower altitude 
discourages the dispersion and dilution of pollut-
ants. The same explanation has been reported in 
the literature [18]. Therefore, this establishes the 
reason for higher levels of the pollutants recorded 
in dry season than in the wet season. This obvi-
ously indicates that seasonal temperature helps 
determine the ability of the atmosphere to dilute 
emissions; hence, it is crucial to air quality.

Influence of precipitation on concentration of 
pollutants
To further investigate the pollutants dependen-
cies on the seasonal component, the study carried 
another cross-dependence analysis between pre-
cipitation and examined pollutants concentration 
profiles. Fig. 3 shows the precipitation distribu-
tion under varied seasonal conditions at the study 

area.
 The amount of precipitation recorded ranged be-
tween 63 and 70 mm during the topical period 
of wet season and 0 and 5 mm during climax pe-
riod of dry season. Lower pollutants concentra-
tion was observed during the high-intensity fall 
of precipitation during wet season than the levels 
recorded for dry season. The enhancement of low 
pollutants concentration during wet season could 
have been due to an increase in the amount of 
precipitation in the atmospheric environment and 
possibly imposed scavenging effect on the pol-
lutants. The observed impact due to rainfall on 
pollutants concentration in dry season was gener-
ally low, which indicates that decrease of amount 
of water in the atmospheric environment always 
elevate the ambient pollutants level. Thus, rain 
acts as natural scrubber during wet season and 
brought down the pollutants levels, as the concen-
tration of pollutants in the atmosphere decreased 
due to erosion and diffusion dilution caused by 
rain. This suggests that that removal of pollutants 
process takes place and affects deposition in the 
atmospheric environment to a great extent during 
wet season than the dry season. In addition, ow-
ing to the fact that during wet season the atmo-
sphere is less stable as compared to dry period re-
sulting inmore pollutants dispersion [18] and as a 
result, low pollutants concentration was recorded 
during the apex period of wet season compared to 
the levels found for dry season.

Influence of relative humidity on concentration 
of pollutants
Fig. 4 displays relative humidity, which ranged 
between 54 and 70 % during wet season, 24 and 
27 % during dry season. Thus, the minimum rela-
tive humidity of 24 %was recorded in dry and 
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Fig. 3. Precipitation profile for the months of April and August, 2018.

the mixing height and thus, resulted in decrease in the examined pollutants concentration 
significantly. Another study have studied the annual variation of mixed layer characteristics at 
New Delhi and found that the mixing height is very low during cold season due to very low value 
of surface sensible heat flux and higher during hot season due to large sensible heat flux from the 
surface [41]. Consequently, heating of earth by the sun induces thermal turbulence during hot 
season, largely determined by the rate of change of air temperature with altitude and increases the 
mixing height. The heat from the solar radiation is absorbed by the air, resulting in minimizing 
atmospheric temperature nearer to the surface of the earth. The air layer nearer to the surface of the 
earth becomes colder than the upper layers, thus reducing the up going air currents and leading to 
the increase of pollutant concentrations. In effect, temperature over the land space at lower altitude 
discourages the dispersion and dilution of pollutants. The same explanation has been reported in 
the literature [18]. Therefore, this establishes the reason for higher levels of the pollutants recorded 
in dry season than in the wet season. This obviously indicates that seasonal temperature helps 
determine the ability of the atmosphere to dilute emissions; hence, it is crucial to air quality. 
 
Influence of precipitation on concentration of pollutants 
To further investigate the pollutants dependencies on the seasonal component, the study carried 
another cross-dependence analysis between precipitation and examined pollutants concentration 
profiles. Fig. 3 shows the precipitation distribution under varied seasonal conditions at the study 
area. 
 

 
 

Fig. 3. Precipitation profile for the months of April and August, 2018. 

 
 
 
 

Fig. 4. Relative humidity profile for the months of April and August, 2018

 The amount of precipitation recorded ranged between 63 and 70 mm during the topical period of 
wet season and 0 and 5 mm during climax period of dry season. Lower pollutants concentration 
was observed during the high-intensity fall of precipitation during wet season than the levels 
recorded for dry season. The enhancement of low pollutants concentration during wet season could 
have been due to an increase in the amount of precipitation in the atmospheric environment and 
possibly imposed scavenging effect on the pollutants. The observed impact due to rainfall on 
pollutants concentration in dry season was generally low, which indicates that decrease of amount 
of water in the atmospheric environment always elevate the ambient pollutants level. Thus, rain 
acts as natural scrubber during wet season and brought down the pollutants levels, as the 
concentration of pollutants in the atmosphere decreased due to erosion and diffusion dilution 
caused by rain. This suggests that that removal of pollutants process takes place and affects 
deposition in the atmospheric environment to a great extent during wet season than the dry season. 
In addition, owing to the fact that during wet season the atmosphere is less stable as compared to 
dry period resulting inmore pollutants dispersion [18] and as a result, low pollutants concentration 
was recorded during the apex period of wet season compared to the levels found for dry season. 
 
Influence of relative humidity on concentration of pollutants 
Fig. 4 displays relative humidity, which ranged between 54 and 70 % during wet season, 24 and 27 
% during dry season. Thus, the minimum relative humidity of 24 %was recorded in dry and 
maximum of 70 % during wet season.  
 

 
 

Fig. 4. Relative humidity profile for the months of April and August, 2018 

 
With this variation, the season wise variations of humidity and its influence on the concentration of 
CO, SO2, H2S, NO2 and PM10 were analysed. It is obvious that the increase of humidity in the 
atmosphere reduces the amount of solar radiation reaching the earth’s surface and therefore, 
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maximum of 70 % during wet season. 
With this variation, the season wise variations of 
humidity and its influence on the concentration 
of CO, SO2, H2S, NO2 and PM10 were analysed. 
It is obvious that the increase of humidity in the 
atmosphere reduces the amount of solar radiation 
reaching the earth’s surface and therefore, lead-
ing to an increase of rate of absorption of pol-
lutant in the atmosphere [18]. This explains the 
low pollutants concentration recorded during wet 
season, while effective pollutants discharge into 
the atmosphere hardly control with low relative 
humidity and eventually the air quality remains 
worst in dry season. Therefore, the influence of 
humidity and rain on pollutants concentration 
found to be high during wet season and are impor-
tant factors that affect seasonal variations in pol-
lutant concentrations. Another research examined 
the effect of humidity on pollutants concentration 
and found that the pollutants concentration was 

the lowest in wet season compared to dry season, 
because the accumulative and capturing effect of 
air is relatively higher in wet season due to raised 
humidity than that of dry periods [42]. This is fur-
ther corroborated with the postulation,  that high 
temperature and low humidity reduce the rate 
of dispersion of air pollutants, thus increasing 
ground concentration of same pollutants and vice 
versa [43]. Hence, meteorological factors which 
influence the dispersion and dilution of pollutants 
include atmospheric temperature, precipitation 
and relative humidity. These explained seasonal 
differences in concentration of pollutants.
In Kano, dry seasons are characterised by high 
temperatures and low humidity, as evidenced by 
Figs 2 and 4, while the reverse is the case for wet 
seasons. This explains why higher readings were 
recorded for all pollutants during the peak month 
of dry season, when compared with lower read-
ings recorded during the apex month of rainy sea-

 
 
 

Fig. 5. Spatial distributions of seasonal average concentrations of CO between topical periods of dry and 
wet seasons 

 
Despite the increase number of vehicular and human traffic, the CO concentrations during wet 
season stayed relatively tolerable. This may be explained by a combination of washout effect of 
precipitation from the atmosphere during wet season [46, 47]. In addition, low CO production 
caused by reduction of photochemical reactions during rainfall reduces the concentration of 
pollutant during the wet season [48]. Relative humidity is generally higher during the wet season, 
which in turn high relative humidity results to lower atmospheric temperature, and consequently 
high rate of pollutant plume ascent, and vice versa [49, 50]. 
 
Fig. 5 shows the spatial plots of carbon monoxide (CO) in dry and wet season. The results showed 
an attendant increased levels depicting higher pollution concentration in Bompai, Sabon Gari, 
school of technology and Dowrawa. The percentage increases were Bompai 30.6%, Sabon Gari 
34.68%, Dowrawa 23.16% and school of technology 25.34% from wet to dry season.   The result 
thus corroborates the postulation made by Jacobson that high temperature and low humidity reduce 
the rate of dispersion of CO and thus, increasing ground concentration of the pollutant. Also, 
higher concentration of CO pollution observed during the dry season is as a result of higher 
ambient temperatures, leading to downward movement of pollutants and consequently high ground 
level concentrations. If temperature of pollutant gases is higher than the surrounding air, the 
plumes will tend to rise [38, 39, 43]. 
 
Furthermore, when CO is release from vehicles, power plants and attendant refuse burning it does 
not rise enough or is not transported horizontally for long enough periods to become diluted. With 
no rain the dry periods worsens the problem because pollutants remain suspended in the air for 
extended periods which is further exacerbated by increased anthropogenic activities [51]. 
Fig. 6 presents the spatial plots of NO2 in the topical periods of dry and wet seasons, respectively. 
The color schemes depicted shows the dry season in heavy shades of red and wet season shows tint 
of brighter hues. The variation in percentage increase from the wet season to the dry season shows 
Bompai 32.99%, Sabon Gari 28.07%, school of technology 45.22% and Dowrawa increased with 

Fig. 5. Spatial distributions of seasonal average concentrations of CO between 
topical periods of dry and wet seasons
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son.
Seasonal variability of air pollutants concentra-
tions of CO, SO2, H2S, NO2, PM10

Meteorological parameters such as temperature, 
precipitation, relative humidity and wind speed 
play a pivotal role in air pollutants dynamics and 
spatial distribution in many different ways [44]. 
The study investigated the spatial distribution of 
the CO, SO2, H2S, NO2 and PM10 in consideration 
of seasonal variability, which was influenced by 
the corresponding meteorological parameters, 
namely, temperature, precipitation and relative 
humidity over the topical periods of dry and wet 
seasons in 2018. The local meteorological con-
ditions affect the seasonal variability in both the 
levels of pollution and the long-term trends of air 
pollutants in the environment, where specifically 
temperature, precipitation and relative humidity 
are deemed to be the major contributors in sea-
sonal variability of atmospheric pollutant con-
centrations [45].
Spatial distributions of seasonal average concen-
trations of CO between topical periods of dry and 
wet seasons are displayed in Fig. 5, which shows 
that the air quality in terms of CO concentration 
was modest, as there was not much amount for 
inhalation from the atmospheric environment 
when compared with the trend of distribution 
during the dry season period. The spatial varia-
tion of seasonal average CO concentrations in 
wet season were bearable and air quality over the 
non-heating period was good. This is evidently 
demonstrated that most of the study locations are 
covered by light colouration that shows minimum 
concentrations of CO and thus, were found most 
not affected by CO pollution. 
Despite the increase number of vehicular and hu-
man traffic, the CO concentrations during wet 

season stayed relatively tolerable. This may be ex-
plained by a combination of washout effect of pre-
cipitation from the atmosphere during wet season 
[46, 47]. In addition, low CO production caused by 
reduction of photochemical reactions during rain-
fall reduces the concentration of pollutant during 
the wet season [48]. Relative humidity is generally 
higher during the wet season, which in turn high 
relative humidity results to lower atmospheric 
temperature, and consequently high rate of pollut-
ant plume ascent, and vice versa [49, 50].
Fig. 5 shows the spatial plots of carbon monoxide 
(CO) in dry and wet season. The results showed 
an attendant increased levels depicting higher 
pollution concentration in Bompai, Sabon Gari, 
school of technology and Dowrawa. The percent-
age increases were Bompai 30.6%, Sabon Gari 
34.68%, Dowrawa 23.16% and school of tech-
nology 25.34% from wet to dry season.   The 
result thus corroborates the postulation made by 
Jacobson that high temperature and low humid-
ity reduce the rate of dispersion of CO and thus, 
increasing ground concentration of the pollut-
ant. Also, higher concentration of CO pollution 
observed during the dry season is as a result of 
higher ambient temperatures, leading to down-
ward movement of pollutants and consequently 
high ground level concentrations. If temperature 
of pollutant gases is higher than the surrounding 
air, the plumes will tend to rise [38, 39, 43].
Furthermore, when CO is release from vehicles, 
power plants and attendant refuse burning it does 
not rise enough or is not transported horizontally 
for long enough periods to become diluted. With 
no rain the dry periods worsens the problem be-
cause pollutants remain suspended in the air for 
extended periods which is further exacerbated by 
increased anthropogenic activities [51].
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21.54% in concentration. Increased atmospheric concentrations of anthropogenic pollutants have 
also been observed during the winter, a decrease in concentrations during the wet season can be 
explained by heavy rains and a well-developed mixing layer [52]. The pollutant concentrations in 
the atmosphere increase in dry season, which is caused by a combination of subsidence inversion, 
weak winds, and intensive solar radiation [53, 54].  
 
 

 
 

Fig. 6. The spatial plots of NO2 in the topical periods of dry and wet seasons 
 
 
 
 
Fig. 7 presents the spatial plots of SO2 in the study locations for dry and wet seasons respectively. 
The result indicates that high concentrations of SO2 were observed at Bompai, Sabon Gari, 
Dowrawa and school of technology in dry season which is depicted by heavy contour coloration 
pattern across the study locations and conversely, light hue coloration in the other depiction 
demonstrates low pollutants’ concentrations in wet season. The SO2 concentrations varied between 
wet and dry seasons by 10.99%, 15.02%, 36.33% and 10.26% for Bompai, Sabon Gari, Dowrara 
and school of technology, respectively. This could result from the fact that the pollutant undergoes 
transformation in the atmosphere to form acidic compounds such as sulfuric acid which are 
washed out and fall out as acid rain during heavy downpours thereby reducing the concentration of 
SO2 in the atmosphere [25]. 

Fig. 6. The spatial plots of NO2 in the topical periods of dry and wet seasons

Fig. 6 presents the spatial plots of NO2 in the topi-
cal periods of dry and wet seasons, respectively. 
The color schemes depicted shows the dry season 
in heavy shades of red and wet season shows tint 
of brighter hues. The variation in percentage in-
crease from the wet season to the dry season shows 

Fig. 7. The spatial plots of SO2 in the study locations for dry and wet seasons

 

 

Fig. 7. The spatial plots of SO2 in the study locations for dry and wet seasons 

 

 

The episodic spatial distribution plots of H2S in the wet and dry seasons, respectively are presented 
in Fig. 8. High concentration of H2S recorded in the dry season is displayed in thick contour tones 
across all the study locations whereas soft variegation representation is earmarked for the wet 
season. The percentage increase for each of the study area from wet to dry season showed that 
Bompai, Sabon Gari, school of technology and Dowrawa had 2.74%, 7.82%, 11.38% and 6.94%, 
respectively. The concentration was found to be high in the dry season, which is evidently 
displayed by thick reddish coloration in the plot. However, the concentration of H2S in wet season 
is characterised by lighter transparent coloration, this perhaps solely attributed to the fact that 
atmospheric instability conditions are more prevalent during wet seasons than the dry seasons [55, 
56]. For unstable atmosphere, the vertical mixing of pollutants resulting in high dispersion rates, 
which in turn reduces pollutants’ concentrations in the air [57, 58]. In effect, this causes dilution of 
the pollutants in the atmosphere due to advection downward and resulting in lower concentrations. 
However, under relatively stable atmosphere, the vertical mixing of pollutants is not vehement 
thereby leading to higher concentrations downward [59, 52]. This atmospheric condition is more in 
dry season than in wet season and hence dry season experienced higher concentration than the 
levels recorded for wet seasons.   
 

Bompai 32.99%, Sabon Gari 28.07%, school of 
technology 45.22% and Dowrawa increased with 
21.54% in concentration. Increased atmospheric 
concentrations of anthropogenic pollutants have 
also been observed during the winter, a decrease 
in concentrations during the wet season can be 
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explained by heavy rains and a well-developed 
mixing layer [52]. The pollutant concentrations 
in the atmosphere increase in dry season, which is 
caused by a combination of subsidence inversion, 
weak winds, and intensive solar radiation [53, 54]. 
Fig. 7 presents the spatial plots of SO2 in the study 
locations for dry and wet seasons respectively. 
The result indicates that high concentrations of 
SO2 were observed at Bompai, Sabon Gari, Dow-
rawa and school of technology in dry season 
which is depicted by heavy contour coloration 
pattern across the study locations and conversely, 
light hue coloration in the other depiction dem-
onstrates low pollutants’ concentrations in wet 
season. The SO2 concentrations varied between 
wet and dry seasons by 10.99%, 15.02%, 36.33% 
and 10.26% for Bompai, Sabon Gari, Dowr-
ara and school of technology, respectively. This 
could result from the fact that the pollutant un-
dergoes transformation in the atmosphere to form 
acidic compounds such as sulfuric acid which are 
washed out and fall out as acid rain during heavy 

Fig. 8. The episodic spatial distribution plots of H2S in the wet and dry seasons

downpours thereby reducing the concentration of 
SO2 in the atmosphere [25].
The episodic spatial distribution plots of H2S in 
the wet and dry seasons, respectively are present-
ed in Fig. 8. High concentration of H2S recorded 
in the dry season is displayed in thick contour 
tones across all the study locations whereas soft 
variegation representation is earmarked for the 
wet season. The percentage increase for each of 
the study area from wet to dry season showed that 
Bompai, Sabon Gari, school of technology and 
Dowrawa had 2.74%, 7.82%, 11.38% and 6.94%, 
respectively. The concentration was found to be 
high in the dry season, which is evidently dis-
played by thick reddish coloration in the plot. 
However, the concentration of H2S in wet season 
is characterised by lighter transparent coloration, 
this perhaps solely attributed to the fact that at-
mospheric instability conditions are more preva-
lent during wet seasons than the dry seasons [55, 
56]. For unstable atmosphere, the vertical mixing 
of pollutants resulting in high dispersion rates, 

 
 
 

Fig. 8. The episodic spatial distribution plots of H2S in the wet and dry seasons 
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which in turn reduces pollutants’ concentrations 
in the air [57, 58]. In effect, this causes dilution of 
the pollutants in the atmosphere due to advection 
downward and resulting in lower concentrations. 
However, under relatively stable atmosphere, 
the vertical mixing of pollutants is not vehement 
thereby leading to higher concentrations down-
ward [59, 52]. This atmospheric condition is 
more in dry season than in wet season and hence 
dry season experienced higher concentration than 
the levels recorded for wet seasons.  
Fig. 9 presents the spatial distribution plots of 
PM10 during the dry and wet seasons, respec-
tively. The reddish pigmentation manifestly 
indicates high concentration recorded during 
the dry season whereas the light contour color-
ation across the study locations during wet sea-
son is attributable to less concentration of the 
pollutants examined. The calculated percent-
age increase in the concentrations of the stud-
ied pollutants from the wet to the dry season 
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for Sabon Gari, Bompai, school of technology 
and Dowrawa were 60%, 54.98%, 13.77% and 
1.6%, respectively. The High concentration of 
PM10 observed during the dry season could be 
a result of higher ambient temperatures, leading 
to downward movement of pollutants and con-
sequently high ground level concentrations [60, 
61]. If temperature of pollutant gases is higher 
than the surrounding air, the plumes will tend to 
rise [53, 49]. On the other hand, if temperature 
of ambient air is higher than that of a pollutant, 
PM10 gases become concentrated at ground lev-
el. Therefore atmospheric temperature is thus an 
important factor for the dispersion of pollutant 
gases, as the larger the difference between cool 
ambient air and plumes, the higher the plume 
rises, so also the rate of dispersion or spread 
of pollutants from its source before it reaches 
ground level [56, 62].
Summary
The aim of this research was to establish the in-
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fluence of meteorological conditions on air pol-
lutants concentration of NO2, CO, H2S, SO2 and 
PM10 and their environmental fate associated 
with seasonal variation for the exposure scenario 
of air pollution in Kano municipal area.
The topical concentration of the air pollutants in 
wet season showed that Bompai had the highest 
concentration for all pollutants identified, fol-
lowed by Sabon Gari. This is owned to the fact 
that Bompai and Sabon Gari is typically charac-
terized by industrial, artisanal and heavily com-
mercial activities which contribute immensely to 
the pollution matrix. Dowrawa had higher con-
centrations over and above school of technology 
in SO2, NO2, H2S, whereas school of technology 
had higher CO and PM10 over and above Dow-
rawa. In contrast Bompai and Sabon Gari had 
higher concentrations in all the pollutants in dry 
season followed by school of technology which 
showed higher concentration in all the pollut-
ants except for SO2 where Dowrawa recorded the 
highest in this work.
In the same vein, the GIS and Surfer 12 map dis-
played that there is a wide variation in the concen-
tration distribution of pollutants in the wet season 
and dry seasons. The dry season was character-
ized by deep hue coloration throughout the period 
for all pollutants branded as high pollution con-
centrations whereas in wet season, spatial varia-
tion maps depict lighter contrast for all pollutants 
portraying minimum concentrations. From the 
study, local meteorological conditions affect the 
seasonal variability in both the levels of pollu-
tion and the long term trends of air pollutants in 
the environment, where specifically temperature, 
precipitation and relative humidity are deemed to 
be the major contributors in seasonal variability 
of atmospheric pollutant concentrations. Despite 

the increase number of commercial, artisanal ac-
tivities, vehicular and human traffic, the concen-
trations during wet season stayed relatively toler-
able. This may be explained by a combination of 
scavenging activities of humidity and wash out 
effect of precipitation from the atmosphere dur-
ing wet season.

Conclusion
In conclusion, this work provides empirical anal-
ysis of the interaction between meteorological 
conditions and how they affect pollution concen-
trations. Thereby, proffering better understand-
ing on the issue of pollution, this would foster 
synergy between State, Federal Ministry of Envi-
ronment and Nigerian Meteorological Agency by 
providing data on local and national air quality 
management planning. 
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