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Abstract:- The air quality levels of Ihiagwa, Ekeonunwa, 

and Amakohia main markets were assessed. The 

objectives of this research were to examine those 

activities that affect air quality, identify the gases 

emitted, measure the concentration, and suggest ways to 

minimize them. The study was carried out within three 

days and readings were taken morning, afternoon, and 

evening in each market. The concentrations of the gases 

emitted in the study area were measured using a haze 

dust particulate monitor, the Crowcon gas man monitor, 

GPS, and MRU AMPRO2000 gas monitor. The 

parameters determined were Carbon monoxide (CO), 

Ammonia (NH3), Nitrogen dioxide (NO2), Sulphur 

dioxide (SO2), particulate matter (PM10), hydrogen 

sulfide (H2S), and Methane (CH4). The values of the data 

generated were compared with the acceptable limits 

given by the Federal Ministry of Environment. The 

result obtained shows that the mean concentration of 

Carbon monoxide (CO), varied from 0.00-28.80 

(7.09±0.60)ppm. Ammonia (NH3) mean concentration 

ranges from 0.00-25.00(1.96±0.40)ppm while nitrogen 

dioxide (NO₂)mean levels varied from 0.02-

0.41(0.17±0.01)ppm. The average values for sulfur 

dioxide (SO₂) were between 0.02-0.83(0.26±0.01) ppm 

while hydrogen sulfide (H₂S) average values were from 

0.00-2.81(0.38±0.040)ppm. The particulate matter 

(PM10) average concentration was 3.48-

36.00(18.9±0.69)mg/m3. The mean concentration of 

flammable gas methane (CH4) was 0.00-

1.50(0.23±0.04)LEL%. It was found that PM10, NO2, and 

SO2 all exceeded the limit given by the Federal Ministry 

of Environment. This study, therefore, recommends 

continuous monitoring of the ambient air quality of the 

market to know the evolution of the concentration levels 

of these gases for the protection of lives and properties 

within the surrounding communities. 

 

Keywords:- Air Quality, Gas Concentration, Particulate 

Matter, and Flammable Gas. 

 

 

 

 

I. INTRODUCTION 

 
In recent years, there has been a tremendous increase 

in solid waste generation, resulting to the heaps of refuse 

along major streets, farmlands, market places, and roads in 

most cities of Nigeria, and other developing countries. One 

of the basic and necessary requirements for our well-being 

human, health and the environment is clean air. 

 

Air pollution is the introduction of chemicals, 

particulate matter or biological materials that cause harm 

and discomfort to humans and other living organisms 

(Bhatia, 2009). The most common air pollutants in the urban 

environment include: sulphur dioxide (SO2); oxides of 
nitrogen (NOx), such as nitrogen oxide (NO) and nitrogen 

dioxide (NO2); carbon monoxide (CO); volatile organic 

compounds (VOCs); ozone (O3); suspended particulate 

matter (SPM) also called particulates; and lead (Pb) 

(Lutgens and Edward, 2000). Air pollutant can be in the 

form of solid particles, liquid droplets, or gases. In addition, 

they may be natural or man-made agricultural residues 

(Akanni, 2010; Komolafe, Adegboyega, Anifowose, 

Akinluyi and Awoniran 2014). 

 

The increasing population in urban and some rural 
areas has actually heightened the pressure on its facilities 

and environment as well as those of markets. Consequent 

upon the volume of activities taking place daily especially in 

leading food stuff markets like Ihiagwa, Amakohia, 

Ekeonunwa, much refuse is generated. The refuse dumps 

remain part of the surroundings of sellers for a long time, 

decomposing with strong stench, blocking the roads and 

preventing ease of movement in and out of the market. In 

many nations of the world today, people, industries and 

local governments have polluted rivers, streams, and lakes 

through dumping of waste materials (Ogunbameru and 

Rotimi, 2006). Consequently, the dumping of refuse on the 
land leads to environmental pollution in form of air, water 

and land pollution. This is because land pollution in form of 

refuse and sewage produces offensive odour and an ugly 

sight. This affects the oxygen from the air and perhaps 

accounts for one reason why air pollution according to the 
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European Public Health Alliance (EPHA, 2009) is one of 

the most common forms of pollution throughout the world.  
 

Urban and rural markets, usually the major work place 

of the teeming urban poor, suffer from the problem of 

environmental pollution which results from dumping of 

sewage, dirt and animal dung. It is often devoid of virtually 

appreciable social amenities. In Nigeria, these markets are 

huge production centers; however, many are unkempt, foul-

smelling, fly breeding, rat –infested and rife with health 

hazards. Now these issues have become more alarming for 

the greater proportion of the poor including traders, 

hawkers, and buyers in the markets including women and 

their hapless children. This is especially so, in the case of 
Ihiagwa, Ekeonunwa and Amakohia markets and therefore 

call for attention. Lack of adequate management of refuse 

dump which has contributed to the increasing pollution of 

the environment is still a clog in the wheel of environmental 

development in Imo state. The consequences of which are 

evident in stench and offensive smell, dirtiness of the 

environment and disease infestation. Also most of the air 

pollution takes place due to the incomplete burning of fossil 

fuels. Gasoline are mostly used in these market places on 

daily basis to carry out various activities like grinding of 

grain, use of generators to produce electricity, etc. Most of 
these Market places uses open burning of garbage as a waste 

disposal method. Open burning of garbage is much more 

harmful to our health and the environment than one may 

think. These pollute the air people breathe and adversely 

affect their health. It is against this back drop that the study 

seeks to examine the phenomenon of air quality levels in 

Ihiagwa, Amakohia and Ekeonunwa markets in Nigeria. 

 

II. STUDY AREA 

 

The study locations are Ihiagwa Market, Amakohia 

Market and Ekeonunwa Market all in Imo State. Like every 
other part of the state, the study locations share similar 

attributes. 

 

Owerri lies within Latitude 505’N and Longitude 

7003’E. Owerri municipal is bounded on the North by 

Amakohia, on the North-East by Uratta, on the East by 

Egbu, on the South-East by Naze, on the South by Nekede, 

and on the North-West by Irete. The project sites (reading 

collection spots) (1.) Ohaji/Egbema LGA (2.) Owerri 
Municipal (3.) Owerri North and (4.) Owerri West. 

 

Imo State lies within the humid tropics and is 

generally characterized by warm temperatures year-round; 

and also fluctuates a little during any given month or year. 

Although more fluctuation occurs in daily temperature than 

in monthly or yearly temperature. The mean minimum 

temperature is 23.5°C and the means maximum temperature 

is 32.1°C (Fidelis, 2014). Two seasons, wet and dry were 

observed in the year. The rainy seasons begin in April and 

last till October. The State experiences climate variations 

following rainfall variability. Imo State has two geological 
regions namely a coastal plain and a plateau portion.  

 

Tropical rainforest is the dominant vegetation in the 

state, although its density has drastically reduced due to 

anthropogenic activities such as urbanization, deforestation 

and agricultural activities. Some other parts consist of 

Guinea savannah due to poor environmental management 

and pollution (Onweremadu and Peter, 2016). Owerri has a 

mean annual rainfall of about 2,250-2,500mm, the mean 

temperature is 25-270C and a relative humidity is 80%. The 

predominant soil in this part of the country is deep-well 
drained sandy soil (Onu, 2011).  

 

The population of the state is about 3, 927, 563 with 

male, 1, 976, 471 and female 1, 951, 092 as reported by 

National Bureau of Statistics (NBS, 2017) cited by Fidelis 

(2014). With only 10% of the population residing in larger 

towns and the capital, agriculture is the main economic 

activity of the inhabitants of the State, engaging 74% of the 

populace. Around 10% of residents of Owerri are engaged 

in wage employment and 27% are self-employed in non-

agricultural areas such as trading, while the remaining 

fraction are farmers who also engage in diverse activities 
including petty trading in rural and semi-urban areas. Owerri 

town and its environs have had a transition in land use over 

time (i.e. land use changes with time), which on average 

have demonstrated much vegetation cover in the 1980s and 

early 1990s transiting to a modest increase in housing and 

agriculture in the late 1990s and early 2000s and thereafter 

to massive urbanization that has continued to present day.  

 

 
Fig 1 Showing Map of the Study Area. 
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III. METHODOLOGY 

 
 Sample Collection and Measurement  

The study areas were visited before data collection 

commenced, in order to get accurate result, the following 

were done; observing the activities carried out in the area, 

observing the waste generation processes, observing the 

procedures used for dumping of refuse and get acquainted 

with it. During this period, operations on and around the 

market areas such as vehicular movements, abattoir and 

other activities were closely monitored. 

 

Readings were taken in the morning, afternoon and 

evening within three (3) days in each market. In each of the 
market, concentrations of parameters were taken in the 

morning, afternoon and night. Four (4) points were mapped 

out to represent the points sampled; the readings were taken 

randomly at a distance of approximately every 140m (0m-

140m, 140m-280m etc.) on and around the sites in the 

direction of the prevailing wind. The wind speed and wind 

direction were measured using a wind vane and a digital 

anemometer, the dew points and relative humidity were also 

measured. This monitoring process is called meteorological 

monitoring. It is important to monitor meteorological 

conditions at the air quality monitoring site. Since weather is 
a significant factor which influences air contaminant 

concentrations. 

 

The ambient atmospheric conditions were determined 

by measuring the concentration levels of gases emitted on 

and around the market with the aid of a sensitive crowcon 

gasman monitor. Gases monitored include: carbon 

monoxide (CO), Ammonia (NH3), Nitrogen dioxide (NO₂), 

Sulphur dioxide (SO₂), particulate matter (PM10), hydrogen 

sulphide (H₂S) and Methane (CH4). All measurements were 

made at and near the study area at distances in the direction 

of the prevailing wind, at abattoirs, points of vehicular 
movements, parks around the market etc. The concentration 

levels of the gaseous parameters were recorded in a field 

work notebook. 

 

The major materials and equipment used in conducting 

the field exercises are: Air quality monitoring meter, 

Writing pad/pen, field notebook, anemometer, pyranometer 

and GPS 60cx. The field exercise includes the identification 

of the point’s location of the respective monitoring stations. 

 

Table 1 Showing the Parameters and Instruments Used in Data Collection 

S/N Parameter Instrument and measurement method 

1 Wind speed and wind direction Digital anemometer and wind gauge 

2 Dew point, relative humidity, and air temperature MRS AMPRO2000 gas monitor 

3 CO, NH3, NO2, SO2, N2S, CH4 Gas man monitor 

4 PM10 Haze dust particulate monitor 

 
Data generated from all analysis were subjected to descriptive statistics, ANOVA, Correlations, analysis of variance and 

means where significant (p ≤ 0.05) using Duncan multiple range test. 

 

IV. RESULT 

 

Table 2 The Mean Concentration of the Parameters 

Levels/concentration Parameters Minimum Maximum Mean STD error FMEnv STD 

Air Temperature (℃) 31.20 39.80 33.93 0.19  

Wind speed (m/s) 0.60 6.20 2.47 0.11  

Dew point (℃) 27.00 35.70 29.99 0.18  

CO (ppm) 0.00 28.80 7.09 0.6 10.0 

NH3 (ppm) 0.00 25.00 1.96 0.40  

NO2 (ppm) 0.02 0.41 0.17 0.01 0.06 

SO2 (ppm) 0.01 0.83 0.26 0.01 0.01 

PM10 (mg/m3) 3.48 36.00 18.91 0.69 0.25 

H2S (ppm) 0.00 2.81 0.38 0.04 10.0 

CH4 (LEL%) 0.00 1.50 0.23 0.04 5.0 

RH (%) 73.90 79.90 76.72 0.21  

STD Error: Standard Error, FMEnv STD: Federal Ministry of Environmental Standard, CO: Carbon monoxide, NH3: Ammonia, 

NO2:Nitrogen dioxide, SO2: Sulphur dioxide, PM10: Particulate Matter, H2S: Hydrogen Sulphide, CH4: Methane, RH: Relative 

Humidity 

 

The descriptive statistics of the air quality parameters show that Mean air temperature, wind speed, and dew point varied 

from 31.20-39.80(33.93±0.19)oC, 0.60-6.20(2.47±0.11)m/s and 27.00-35.70(29.99±0.18)oC respectively. Concentration of 

carbon monoxide varied from 0.00-28.80(7.09±0.60)ppm, Ammonia varied from 0.00-25.00(1.96±0.40)ppm and Nitrogen 

dioxide varied from 0.02-0.41(0.17±0.01)ppm. Levels of Sulphur dioxide, Particulate matter, Hydrogen Sulfide, Methane, and 

Relative humidity varied from 0.02-0.83(0.26±0.01)ppm, 3.48-36.00(18.9±0.69)mg/m3, 0.00-2.81(0.38±0.040)ppm, 0.00-

1.50(0.23±0.04)LEL% and 73.90-79.90(76.72±0.21) respectively. 
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Fig 2 Variations in Daily Mean Air Temperature, Wind Speed, Dew Point and Relative Humidity Around Markets in Owerri 

 

Figure 2. above showed a very high level of Relative Humidity in the days of the fieldwork, this was followed by 

Temperature and Dew point, while Wind speed had the least concentration level. 

 
Variation in mean daily concentration of Carbon monoxide, Ammonia, Hydrogen sulphide and Sulphur dioxide in Day 1 

were 6.92± 1.08ppm, 1.79±0.70ppm, 0.34±0.08ppm and 0.14±0.13ppm. On Day 2, their mean concentration were 

7.16±1.05ppm, 2.03±0.70ppm, 0.39±0.07ppm and 0.27±0.22ppm. On Day 3, they were 7.19±1.01ppm, 2.07±0.68ppm, 

0.40±0.08ppm and 0.28±0.03ppm respectively. 

 

 
Fig 3 Variations in Daily Mean Concentrations of Carbon Monoxide, Ammonia, Hydrogen Sulphide and Sulphur Dioxide Around 

Markets in Owerri 

 

Figure 3. revealed that there were very high levels of CO followed by NH3, H2S from day 1 to day 3 around the markets in 
Owerri, while SO2 had the least concentration level. The daily mean concentration of variation for Nitrogen oxide, Particulate 

matter and Methane in Day1were 0.19±0.02ppm, 18.98±1.23mg/m3, 0.23±o.o7LEL%. On Day 2, their mean concentration were 

0.19±0.01ppm, 18.90±1,18mg/m3,, 0.23±0.07LEL%.On Day 3, they were 2.07±0.68ppm, 18.86±1.21mg/m3, 0.23± 0.07LEL% 

respectively. 
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Fig 4 Variations in Daily Mean Concentrations of Nitrogen (IV) Oxide, Particulate Matter and Methane Around  

Markets in Owerri 

 

Figure 4. Above it can be seen that PM10 was predominant throughout the 3days, with NO2 and CH4 almost at the same 

level. The very high level of PM10 around the Markets can be attributed to the season (dry) of the year, as well as human traffic as 

always the case in Markets located within urban settlement. 

 

Table 3 Mean Separation in the Ambient Air Quality Parameters Using Duncan Multiple Range Test (P<0.05) 

Parameter Day 1 Day 2 Day 3 

Air Temperature oC 34.03a 33.89a 33.87a 

Wind Speed, m/s 2.26a 2.59a 2.55a 

Dew Point, oC 30.04a 30.05a 29.87a 

CO (ppm) 6.92a 7.16a 7.19a 

NH3 (ppm) 1.79a 2.03a 2.07a 

NO2 (ppm) 0.14a 0.19b 0.19b 

SO2 (ppm) 0.25a 0.27a 0.28a 

PM10 (mg/m3) 18.98a 18.90a 18.86a 

H2S (ppm) 0.34a 0.39a 0.40b 

CH4, LEL% 0.23a 0.23a 0.23a 

Relative Humidity 76.58a 76.87a 76.74a 

 

Values with the same superscript along same row are not significantly different at p<0.05. 

 

The one-way analysis of variance revealed that the concentration of Nitrogen dioxide varied significantly across the 

sampling days (significant value of NO2 equals 0.018) at p<0.05. A post-hoc mean separation using Duncan Multiple Range test 

(DMRT) revealed that the observed difference in NO2 was between Day 1 and other Days. 

 

 
Fig 5 Variations in Mean Air Temperature, Wind Speed, Dew Point and Relative Humidity Around Three  

Market Locations in Owerri 
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Figure 5. Above revealed that Relative humidity had almost the same level in the three markets sampled, but slightly higher 

in Ekeonunwa market, followed by Temperature, which was slightly higher in Ihiagwa market, then followed by Dew point; while 
Wind speed had the least concentration. 

 

 
Fig 6 Variations in Mean Concentrations of CO, NH3, SO2, and H2S Around the Three Market Locations in Owerri 

 

Variation in mean daily concentration of Carbon monoxide, Ammonia, Hydrogen sulphide and Sulphur dioxide in Location 1 

were 6.81±1.02ppm, 1.50± .0.15ppm, 0.39±0.02ppm and 0.58±0.12ppm. On Location 2, their mean concentration were 

6.86±0.75ppm, 3.63±1.13ppm, 0.22±0.22ppm and 0.28±0.03ppm. On Location 3, they were 7.60±1.30ppm, 0.76±0.09ppm, 

0.19±0.15ppm and 0.27±0.03ppm respectively. Figure 5. Revealed that CO concentration was higher in all the three markets, 

with Ekeonunwa market recording the highest level. The levels of CO in the sampled markets were all within the tolerable limit of 

FMEnv. Comparing the level of NH3 in the three sampled points, NH3 was higher Amakohia market, followed by Ihiagwa market, 

Ekeonunwa had the least concentration of NH3. 

 

 
Fig 7 Variations in Mean Concentrations of Nitrogen (IV) Oxide, Particulate Matter and Methane Around Three  

Market Locations in Owerri 

 

The mean concentration of variation for Nitrogen oxide, Particulate matter and Methane in Location 1 were 0.17±0.01ppm, 

18.81±1.03mg/m3 and 0.46±0.08LEL%. On Location 2, their mean concentration were 0.18±0.01ppm, 17.87±1.24mg/m3 and 

0.05±0.03LEL%..On Location 3, they were 0.17±0.08ppm, 20.06±1.30mg/m3 and 0.17±0.07LEL%.  respectively. 
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Table 4 Mean Separation in the Ambient Air Quality Parameters Using Duncan Multiple Range Test (P<0.05) 

Parameter Market locations Ihiagwa Amakohia Ekeonunwa 

Air Temperature (oC) 34.63b 34.06b 33.10a 

Wind Speed (m/s) 2.67a 2.35a 2.38a 

Dew Point (oC) 31.01b 29.75a 29.20a 

CO (ppm) 6.81a 6.86a 7.60a 

NH3  (ppm) 1.50a 3.63b 0.76a 

NO2 (ppm) 0.17a 0.18a 0.17a 

SO2 (ppm) 0.39b 0.22a 0.17a 

PM10 (mg/m3) 18.81a 17.87a 20.06a 

H2S (ppm) 0.58b 0.28a 0.27b 

CH4, LEL% 0.46b 0.05a 0.17a 

Relative Humidity 76.04a 76.76ab 77.38b 

 

Values with the same superscript along same row are not significantly different at p<0.05. 

 

The one-way analysis of variance revealed that the concentration of Air temperature, Dew points, NH3, SO2, H2S, CH4 and 
Relative Humidity varied significantly across the Market locations (significant value of Air temperature, Dew points, NH3, SO2, 

H2S, CH4 and Relative Humidity equals 0.003, 0.000, 0.008, 0.000, 0.004, 0.000 and 0.036) at p<0.05 (Appendix 2). A post-hoc 

mean separation using Duncan Multiple Range test (DMRT) revealed that the observed difference in Air temperature was between 

Ekeonunwa Market and other Markets, in Dew points was between Ihiagwa Market and Other Markets, in NH3 was between 

Amakohia Market and other Markets, in SO2was between Ihiagwa Market and other Markets, in H2S was between Ihiagwa 

Market and other Markets, in CH4 was between Ihiagwa Markets and other Markets and in Relative Humidity was between 

Ihiagwa Market and other Markets. 

 

 
Fig 8 Variations in Mean Air Temperature, Wind Speed, Dew Point and Relative Humidity Around  

Markets During the Day's Periods in Owerri 

 

Variations were observed in the ambient air quality parameters measured in the sampling period. 

 
On Period 1 of the sampling period, the mean Air temperature, wind speed, Dew point and relative humidity were 

34.85±0.44℃, 1.74±0.87m/s, 30.96±0.40℃ and 76.40±0.24% respectively. On Period 2, their respective mean value were 

33.75±0.18℃, 2.33±0,16m/s, 29.32±0.18℃ and 74.43±0.06%. 

 

However, on Period 3, they were 33.19±0.25℃, 3.33±0.24m/s, 29.68±0.24℃ and 79.36±0.06%respectively. 
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Fig 9 Variations in Mean Concentrations of Carbon Monoxide, Ammonia, Sulphur Dioxide and Hydrogen Sulphide Around 

Markets During the Day's Periods in Owerri 

 

Variation in mean daily concentration of Carbon monoxide, Ammonia, Hydrogen sulphide and Sulphur dioxide in Period 1 

were 6.08±0.70ppm, 1.30±0.51ppm, 0.23±0.01ppm and 0.27±0.20ppm.. On Period 2, their mean concentration were 

6.84±0.72ppm, 3.76±1.13ppm, 0.29±0.02ppm and 0.40±0.06ppm. On Period 3, they were 8.34±1.50ppm, 0.82±0.18ppm, 

0.28±0.03ppm and 0.45±0.12ppm. Figure 8. Showed that there was a high level of CO in the evening followed by afternoon and 

then morning. NH3 was relatively higher in the afternoon compared to morning and evening. Levels of SO2 were insignificantly 

indifferent, as well as H2S which showed a slight difference in the evening and afternoon. 

 

 
Fig 10 Variations in  Mean Concentrations of Nitrogen Dioxide, Particulate Matter and Methane Around  

Markets During the Day's Periods in Owerri 

 

The daily mean concentration of variation for Nitrogen oxide, Particulate matter and Methane in Period 1 were 

0.24±0.01ppm, 15.59±1.03mg/m3 and 0.13±0.70LEL%. On Period 2, their mean concentration were 0.18±0.01ppm, 

21.94±0.73mg/m3 and 0.34±0.73LEL%. On Period 3, they were 0.10±0.01ppm, 19.20±1.48mg/m3 and 0.21±0.06LEL% 

respectively. 

 

 

 

 

http://www.ijisrt.com/


Volume 8, Issue 1, January – 2023                International Journal of Innovative Science and Research Technology                                                 

                                                      ISSN No:-2456-2165 

 

IJISRT23JAN1565                                                             www.ijisrt.com                                                            2296 

Table 5 Mean Separation in the Ambient Air Quality Parameters Using Duncan Multiple Range Test (P<0.05) 

Parameter Morning Afternoon Evening 

Air Temperature, ℃ 34.83b 33.75a 33.19a 

Wind Speed, m/s 1.74a 2.33a 3.33c 

Dew Point, oC 30.96b 29.32a 29.68a 

CO,ppm 6.08a 6.84a 8.34a 

NH3 ppm 1.30a 3.76b 0.82a 

NO2, ppm 0.24c 0.18b 0.10a 

SO2, ppm 0.23a 0.29a 0.28a 

PM10, mg/m3 15.59a 21.94b 19.20b 

H2S, ppm 0.27a 0.40a 0.45a 

CH4, LEL% 0.13a 0.34b 0.21 

Relative Humidity 76.40b 74.43a 79.36c 

 

Values with the same superscript along same row are not significantly different at p<0.05. 

 

The one-way analysis of variance revealed that the concentration of Air temperature, Wind speed, Dew point, NH3, NO2, 
PM10, and Relative Humidity varied significantly across the Market locations (significant value of Air temperature, Wind speed, 

Dew point, NH3, NO2, PM10, and Relative Humidity equals 0.000, 0.000, 0.004, 0.000, 0.001 and 0.001) at p<0.05 (Appendix 2). 

A post-hoc mean separation using Duncan Multiple Range test (DMRT) revealed that the observed Air temperature varied in the 

Morning period while wind speed varied in the Morning, Afternoon and Evening. Dew point was in the Morning period, NH3 

varied in the Afternoon, in NO2 was Morning, Afternoon and Evening periods, in PM10was in the Morning period, while in 

Relative Humidity varied in the Morning, Afternoon and Evening periods. 

 

Table 6 Pearson’s Correlation Matrix Between the Ambient Air Quality Parameters 

 
∗= significant at p<0.05, ∗∗= significant at p<0.01 

 

V. DISCUSSION 

 

The levels of Nitrogen dioxide varied from 0.02-

0.41ppm with a mean concentration of 0.17±0.01ppm. The 

Federal ministry of Environment recommended standard for 

NO2 is between 0.04-0.06ppm. The variations in daily mean 

for across sampling days were as follows: on Day 1, the 

mean level of NO2 was 0.19±0.02ppm, on Day 2, it was 

0.19±0.01ppm and on Day 3, it was 2.07±0.68ppm. There 

was a significant difference for NO2 equals (0.018 at 

p<0.05) across the sampling days. A post-hoc mean 
separation using Duncan Multiple Range test indicated that 

the observed difference was between Day 1 and other Days. 

The spatial variation of NO2 across sampling locations were: 

in Ihiagwa Market, NO2 mean concentrations was 

0.17±0.01ppm, while in Amakohia Market it was 

0.18±0.01ppm and Ekeonunwa Market was 0.17±0.08ppm. 

Also, there was no significant difference (p<0.05) in NO2 

concentration across sampling locations. Variations in 

average values of NO2 across sampling periods were as 

follows: in the Morning period, the level of NO2 was 

0.24±0.01ppm, in the Afternoon, it was 0.18±0.01ppm and 

in the Evening it was 0.10±0.01ppm. There was a 

significant difference in NO2 equals 0.000 at (p<0.05) 

across sampling periods. Comparing the levels of NO2 with 

FME standard shows that NO2 exceeds the recommended 
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value. This is as a result of burning fossil fuels which 

includes: vehicular movements in market places, power 
plants, industrial emissions and off road constructions.  The 

main health effect of nitrogen dioxide is on the respiratory 

system. The World Health Organization (WHO) reports on 

six major air pollutants, namely particle pollution, ground-

level ozone, carbon monoxide, sulfur oxides, nitrogen 

oxides, and lead. Exposure to air pollutants can affect 

human health in various ways, leading to an increase in 

mortality and morbidity (WHO, 2005). 

 

The descriptive statistics of levels of sulphur dioxide 

varied from 0.02-8.83ppm with a mean concentration of 

(0.26±0.01) ppm. The Federal ministry of Environment 

recommended standard for SO2 is 0.01ppm. The variations 

in mean daily for across sampling days were as follows: on 

Day 1, the mean levels of SO2 was 0.14±0.13ppm, on Day 

2, it was 0.27±0.22ppm and on Day 3, it was 

0.28±0.03ppm. There were no significant differences 

(p<0.05) in SO2 across the sampling days. The spatial 

variation of SO2 across sampling locations were: in Ihiagwa 

Market, SO2 mean concentrations was 0.58±0.12ppm, while 

in Amakohia Market it was 0.28±0.03ppm and Ekeonunwa 

Market was 0.27±0.03ppm. Also, there were significant 

difference (p<0.05) in SO2 (0.000) across sampling 

locations. Using DMRT mean separation technique, it was 

observed that the difference in location of SO2 was between 

Ihiagwa Market and Other Markets.  Variations in average 

values for SO2 across sampling periods were as follows: in 

the Morning, the level of SO2 was 0.27±0.20ppm, in the 

Afternoon, it was between 0.40±0.06ppm and in the 

Evening it was between 0.45±0.12ppm. There were no 

significant differences (p<0.05) in SO2 across sampling 

periods. Comparing the levels of SO2 with FME standard 

shows that SO2 exceeds the required value. This may be as a 

result of fumes from generators, stoves, gas cookers, dryers 

and smoke from tobacco. Clean air is very important for 

human survival, as any alteration in the natural and normal 
constituents of air may have adverse effects on the living 

systems of the environment, especially on humans. 

Anjaneyulu (2005) defined air pollution as the presence of 

toxic chemicals or compounds (including those of biological 

origin) in the air, at levels that pose a health risk. This 

finding is in agreement with Simwela et al. (2018). 

 

The descriptive statistics of levels of Particulate Matter 

varied from 3.48-36.00mg/m3 with a mean concentration of 

18.9±0.69mg/m3. The Federal ministry of Environment 

recommended standard for PM10is 0.25mg/m3. The 
variations in daily mean concentration across sampling days 

were as follows: Day 1, the mean levels of PM10 was 

18.98±1.23mg/m3, Day 2, it was 18.90±1.18mg/m3 and 

Day 3, it was 18.86±1.21mg/m3. There were no significant 

differences (p<0.05) in PM10 across sampling days. The 

spatial variation of PM10 across sampling locations were: in 

Ihiagwa Market, mean PM10 concentrations was 

18.81±1.03mg/m3, while in Amakohia Market it was 

17.87±1.24mg/m3 and Ekeonunwa Market was 

20.06±1.30mg/m3. Also, there were no significant 

differences (p<0.05) in PM10 across sampling locations. 

Variations in average values of PM10 across sampling 

periods were as follows: in the Morning, the level of PM10 

was 15.59±1.03mg/m3, in the Afternoon, it was 

21.94±0.73mg/m3 and in the Evening it was between 

19.20±1.48mg/m3. There were significant differences 

(p<0.05) in PM10 (0.001) across sampling periods. A post-

hoc mean separation method using DMRT revealed that the 

observed difference was in the morning and other periods. 

Comparing the mean values of PM10 against the Federal 

Ministry of Environment Standard indicates that the levels 

of PM10 exceeds its recommended standard as a result of 

burning of waste, most particles form in the atmosphere as a 
result of complex reaction of chemicals such as SO2 and NO 

which are pollutants emitted from power plant, vehicular 

movements, etc. This agrees with the study by Omenikolo et 

al. (2017) that the increase in the number of authorised 

vehicles in Owerri has extensively given rise to the 

vehicular emissions in the State. Pollution from mobile 

sources is exacerbated by inefficient vehicles, disorganized 

road networks, traffic congestion, and fuel adulteration 

(Hopkins et al., 2009; Osuji et al., 2009; Assamoi et al., 

2010). 

 

VI. CONCLUSION AND RECOMMENDATIONS 

 

It can be concluded that Nitrogen dioxide (NO2), 

Sulphur dioxide (SO2) and Particulate Matter (PM10) all 

exceeded the recommended standard by Federal Ministry of 

Environment (FMEnv), thereby posing health and 

Environmental risk to people living around the market areas 

and Imo state in general, this mean that these gases are 

hazardous. The research also revealed the presence of gases 

such as methane, hydrogen sulfide and ammonia in traced 

quantities, and which are gases expected to be present due to 

the activities carried out in the market, the concentration of 
these gases are safe and can accommodate human beings 

without causing harm to health and vegetation.  

 

 Recommendations 

Generally, this research could serve as a vital tool to 

assist in monitoring concentration of Air pollutants. Based 

on the above findings, this research work makes the 

following recommendations: 

 

 This study therefore recommends continuous 

monitoring of the ambient air quality of the market to 
know the evolution of the concentration levels of these 

gases for the protection of lives and properties within 

the surrounding communities. 

 State and local government should actively disseminate 

health warning so that communities can better protect 

themselves from air pollution. 

 The market place is a very important place which 

means the activities carried out in the area cannot be 

prohibited. Therefore, it is highly recommended that 

members of the local population and traders of the 

market should be provided with masks to avoid 
inhalation of pollutant gases. 

 It is highly recommended that there should be proper 

waste disposal method in the disposal of waste, on or 

around the market area. 
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