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ABSTRACT 

Regular measurement of air pollutants is an imperative exercise given the 

importance of clean air to human, plant and the environment. Daily 

measurement of air pollutants is an unavoidable, expensive and herculean task. 

In order to lessen the financial burden of daily or regular air quality 

measurement, a Fixed Box Model (FBM) was applied to predict the 

concentration of particulate matter (PM10) in Ado-Ekiti, Ekiti State in Nigeria. 

The air samples were taken both in rainy and dry seasons for a period of one 

week (Monday to Sunday) in each season, at different times of the day (morning, 

afternoon and evening). Morning readings were taken between 8am-11am, 

afternoon readings between 12pm-3pm and evening readings were taken 

between 4pm-7pm. Due to the influence of land use on air pollution and by 

adopting Australian Standard AS 2922 ‘Ambient Air Guide for the Sitting of 

Sampling Units’, Ado-Ekiti was demarcated into seven areas. The input 

parameters such as wind speed, mixing height and size of area source were 

estimated based on the area source emission inventory results which include 

road, mobile, construction, industry and household domestic sources. The 

calculated results from the model were so close to the results of the field 

measurement which shows the appropriateness of FBM for predicting the 

concentration of PM10.  

 

Keywords: Pollutants, Concentration, Fixed Box Model, Particulate matter, 

Ado-Ekiti  
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INTRODUCTION 

Forecasting air quality has being a very useful public tool in providing air 

quality information with which daily life style decisions can be made to protect 

human health and the environment. The air quality information so provided 

permits the public to take defensive procedure to circumvent exposure to 

unhealthy level of air pollution. Air quality forecast has also being used by 

communities to introduce air quality action days which hunt for members of 

public who will voluntarily participate in pollution reduction and improve local 

air quality (Gary Haq and Dieter Schwela, 2008). 

Particulate matter, no doubt, is one of the pollutant that has great adverse effect 

on human health. Activities that are responsible for the generation of particulate 

matter are on the increase in Africa most especially Nigeria (Awopetu and 

Aribisala, 2019). In a study sponsored by the Health Effects Institute (Kaiser, 

2000), it was estimated that exposure to high levels of particulate matter alone 

is accountable for over 60,000 deaths each year in the United States. Haze from 

car and truck emissions, industrial pollution, and wildfires obscures some of the 

most dramatic vistas in the country and can pose a substantial hazard. 

It is pertinent to note that a system for forecasting future air quality cannot, by 

itself, solve the problems described above. Forecasts, if they are reliable and 

sufficiently accurate, can however play an important role as part of an air quality 

management system working with more traditional emissions-based 

approaches. The applications of air quality forecasts technique such as 

modelling is a very important measure in air pollution monitoring and 

management.  

Air pollution models may serve as very valuable and convenient tools for 

indirect estimation of human exposure. It is pertinent to note that it is not 

possible to carry out monitoring in all the various environments that the 

population meet. Lifetime exposure is another area where air pollution 

monitoring and measurement is of utmost importance and this cannot be 

measured directly, for such study, modeling is the only option. Besides, data 

from air quality models can complement the monitoring data for carrying out 

mapping pollution concentrations in the various environments in which 

monitoring is not performed.  
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For model tools to be beneficial in exposure studies, they need not only to be 

well tested but also need to describe the dominating physical and chemical 

processes in the atmosphere at the given location. Sequel to this, Pham et al, 

(2009) and Kamal et al, (2016) applied Fixed Box Model to predict the 

concentration of particulate matter in Thanh Xuan District, Hanoi Vietnam and 

Al-Kut City, Wasit Province Iraq respectively. The same Fixed Box Model was 

applied in Ado Ekiti to predict the concentration of particulate matter 

 

THE STUDY AREA 

The study area lies approximately between the latitude 7o 331 and 7o 421 North 

of the equator and the longitude 5o111 and 5o201 East on a low-land surrounded 

by several isolated hills and inselbergs (Oyedele and Olayinka, 2012). 

Geologically, the region lies entirely within the pre-Cambrian basement 

complex rock group, which underlies much of Ekiti State (Awosusi and Jegede, 

2013). The temperature of this area is almost uniform throughout the year, with 

little deviation from the mean annual temperature of 27oC. February and March 

are the hottest 28oC and 29oC respectively, while June with temperature of 25oC 

is the coolest (Adebayo, 1993). The mean annual rainfall is 1,367mm with a 

low co-efficient variation of about 10%. Rainfall is highly seasonal with well-

marked wet and dry seasons. The wet season lasts from April to October, with 

a break in August. The town also boasts of the highest number of registered 

motor vehicles in Ekiti. Consequently, this has resulted to increase in vehicle 

fuel consumption. Major pollutants emitted from vehicles are CO, NOx, 

particulate matter and hydrocarbons. Ado Ekiti is the largest municipal solid 

waste producer in Ekiti State 

 

RESEARCH METHOD 

Air Pollution Measurement  

PM10, was measured with the aid of piston hand gas pumps (RAE LP-1200 

model). The air samples were taken both in rainy and dry seasons for a period 

of one week (Monday to Sunday)  in each season, at different times of the day 

(morning, afternoon and evening). Morning readings were taken between 8am-

11am, afternoon readings between 12pm-3pm and evening readings were taken 



 

 

          International Journal of Engineering and Technology Research  

                     Published by Cambridge Research and Publications 

 

                                                                  IJETR ISSN-2329-7309 (Print) 

 

 

44 

Vol. 21 No.5 

June, 2021. 

between 4pm-7pm. Due to the influence of land use on air pollution, Ado Ekiti 

were demarcated into seven areas as follows:  

(i) Dalimore Junction: This serves as an important commuter route within 

Ado - Ekiti which represented heavy-traffic site.  

(ii) Government reserved area (GRA): This represents high economic status 

residential area with low vehicular and pedestrian traffic volume.  

(iii) Ilokun: This represents low economic status residential area where the 

houses are built of mud bricks without plastering and the floors were not 

paved or cemented. A lot of fire wood burning activities were taking 

place.  

(iv) Odo-Ado: This represents medium economic status residential area 

where majority of the residents either use kerosene or cooking gas for 

cooking.  

(v) Old garage: This is characterized by retail shops, market, high vehicle 

and pedestrian traffic; it also serves as transfer point for mini buses and 

taxi linking other towns, urban, peri-urban and rural destinations.  

(vi) Ajilosun: This represents both commercial and residential area.  

(vii) Fajuyi Park: This represents civil engineering construction activity area. 

Meteorological parameters such as wind direction and speed were put into 

consideration. A guide for measuring horizontal wind speed and direction by 

Australian Standard AS 2923 ‘Ambient Air Guide for Measurement of 

Horizontal Wind for Air Quality Applications’ was adopted.  

Fixed Box Model 

This air quality model needs two kinds of input: (i) information about the input 

pollutants found in the air from one or more sources and (ii) information about 

factors that influence the dispersion of pollutants through the air such as wind 

speed and direction. The model uses all of this information to mathematically 

calculate the specific concentrations at specific place. The box model assumes 

that the air pollutants inside the box are homogeneously distributed. To adopt 

box model, the following major simplifying assumptions will be made. 

(i) The city is a rectangle with dimension W and L and one side 

is parallel with wind direction. 

(ii)  Complete atmospheric turbulence is produced and total 

mixing of pollutants up to height H and no mixing above 
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this. 

(iii)  The turbulence is strong enough in the upwind direction 

that the pollutant concentration is uniform in the whole 

volume of air over the city and not higher at downwind side 

than upwind side. 

(iv) The wind blows in x direction with velocity u. This velocity 

is constant and is independent of time, location or elevation 

above the ground (steady state condition).  

(v)  The concentration of pollutant entering the city (at x = 0) is constant 

and is  

 equal to b (background concentration). The units are µg/m³. 

(vi) The air pollution rate of the city is Q (g/s). This is usually 

given as emission rate per unit area, q, g/s.m². The 

conversion can be made by 

       Q = qA        

 (1) 

       Where A is the area (W x L). 

(vii)  No pollutant enters or leaves through the top or side of the box. 

(viii) The pollutant is long-lived in the atmosphere (destruction rate = 

0).  

      Using the general mass balance equation and the assumptions 

highlighted above,  

      then we have equation (2): 

 

𝑃𝑟 = 𝑃𝑖 − 𝑃𝑜 + 𝑃𝑐 −

𝑃𝑑(2)  

   

Where  

Pr = Rate of accumulation of air pollutants 

Pi = Pollutants flow rate in 

Po = Pollutants flow rate out 

Pc = pollutants creation rate  

Pd = Pollutants destruction rate  
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A mass balance also called a material balance is an application of conservation 

of mass. The exact conservation law used in the analysis of any system depends 

on the context of the problem, but all revolve around mass conservation: 

 𝑃𝑐 = 0 (µg/m³) 

 𝑃𝑑 = 0(µg/m³) 

 𝑃𝑟 = 0(µg/m³) 

 

Therefore equation (2) becomes equation (3); 

𝑃𝑖
=𝑃𝑜(3) 

 

The pollutants flow rate in, is of two types, these are shown in equations (5) and 

(6) 

i. Flow rate of the pollutant into the upwind side; 

 

𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒𝑖𝑛 = (𝑢𝑊𝐻)𝑏 = (
𝑣𝑜𝑙𝑢𝑚𝑒

𝑡𝑖𝑚𝑒
) × (

𝑚𝑎𝑠𝑠

𝑣𝑜𝑙𝑢𝑚𝑒
) =

𝑚𝑎𝑠𝑠

𝑡𝑖𝑚𝑒
(4)   

ii. Pollutant emitted by the city into the lower boundary 

 

   𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒𝑖𝑛 = 𝑄 = 𝑞𝑊𝐿𝑜𝑟𝑞𝐴(𝑤ℎ𝑒𝑟𝑒𝐴 =

𝑎𝑟𝑒𝑎)(5)      

 

𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡𝑓𝑙𝑜𝑤𝑟𝑎𝑡𝑒𝑜𝑢𝑡 =

(𝑢𝑊𝐻)𝑐(6)  

 

               Where: 

     q  = emission rate per unit area 

     b  = concentration of pollutant entering the city 

     Q  = air pollutant rate of the city 

     W & L = dimension of the city 

     u  = wind velocity 

     H  = mixing height 
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Substitute equations (4), (5) and (6) into equation (3), will yield equations (7) 

and (8): 

0 = (𝑢𝑊𝐻𝑏 + 𝑞𝑊𝐿)

− 𝑢𝑊𝐻𝑐(7) 

(𝑢𝑊𝐻𝑏 + 𝑞𝑊𝐿) = 𝑢𝑊𝐻𝑐                                                       

(8) 

𝑐

= 𝑏 +
𝑞𝐿

𝑢𝐻
(9) 

 Where c in equation (9) is pollutant concentration to be calculated 

 

RESULTS AND DISCUSSIONS 

Tables 2 - 8 presents the results of Fixed Box Model to predict the concentration 

of PM10 which is one of the air pollutants that mainly frequently affects people's 

health. The input parameters such as; wind speed, mixing height, area source 

capacity of PM10 and size of area source were estimated based on the area source 

emission inventory results including: road source, mobile source, construction 

source, domestic source and point source (Table 1) in GRA, Ado Ekiti.  

The emission sources in the study areas include: 

i. Road sources: These include particulate emissions that occur whenever 

vehicles travel over a paved and unpaved surface such as a road or 

parking lot. Three (3) roads were considered in this case; one paved road 

and two unpaved road. Particulate emissions from paved roads are due 

to direct emissions from vehicles in the form of exhaust, brake wear and 

tire wear emissions and re-suspension of loose material on the road 

surface.   

ii. Mobile sources: This include emission of PM10 from exhaust of vehicle 

plying the three road in the study.   

iii. Construction sources: This is emission from the two civil engineering 

constructions going on in the study are.   

iv. Household domestic cooking activities: This includes the emission of 

PM10 from domestic cooking (18 households) activities. 

v. Point sources: Emission of PM10 from generating set. 
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Table 1: Calculated input parameters of the model based on the real data of 

emission inventory in Ajibade Lane GRA Ado-Ekiti. 

Emission 

sources  

Day of the week 

Mon. Tue. Wed. Thur. Fri. Sat. Sun. 

Roads 3.1814 0.0011 0.0008 3.0615 2.8023 2.1788 2.4646 

Mobile  0.0013 2.5431 3.0174 0.0009 0.0008 0.0006 0.0006 

Construction 4 4 4 4 4 4 4 

Domestic 0.0230 0.0230 0.0230 0.0230 0.0230 0.0230 0.0230 

Point  18.9 18.9 18.9 18.9 18.9 18.9 18.9 

Table 2: Comparison between the calculated result of the model and 

the measured result of PM10 (µg/m3) in Ajibade Lane, GRA, Ado-Ekiti. 

Day Measured 

concentra

tion 

of PM10 

µg/m3 at 

1.5m 

Calculate

d 

concentra

tion of the 

model at 

H0 = 1.5m 
 

Relati

ve 

error 

(%)  
 

Calculate

d 

concentra

tion of the 

model at 

H1 = 5m 

 

Calculate

d 

concentra

tion of the 

model at 

H2 =10m  

 

   

Monday 48.8 48.88 0.16 49.05 49.30 

Tuesday 49.2 49.29 0.18 49.50 49.7 

Wednes

day 

48.5 48.59 0.19 48.80 49.10 

Thursda

y 

48.8 48.59 0.43 48.79 49.08 

Friday 66.4 66.50 0.15 66.71 67.03  

Saturda

y 

58 58.09 0.16 58.10 58.32 

Sunday 52.2 52.61 0.79 52.87 52.86  

Table 3: Comparison between the calculated result of the model and 

the measured result of PM10 (µg/m3) in Old garage, Ado-Ekiti. 

Day Measured 

concentrat

ion of 

Calculated 

concentrat

ion of the 

Relati

ve 

Calculated 

concentrat

ion of the 

Calculated 

concentrat

ion of the 
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PM10 

µg/m3 at 

1.5m 

model at 

H0 = 1.5m 
 

error 

(%)  
 

model at 

H1 = 5m 

 

model at 

H2 =10 m  

 

Monday 706.0 706.4 0.06       707.4 708.8 

Tuesday 755.0       755.6 0.08 756.8 758.6 

Wednesd

ay 

142.4 143.0 0.42 144.2 146.1 

Thursda

y 

691.2        691.7 0.07 693.0 694.2 

Friday 394.1        394.7 0.15       396.1 397.9 

Saturday 188.8        189.4 0.32       190.8 192.8 

Sunday 426.5 427.2 0.16       428.8 431.0 

 

Table 4: Comparison between the calculated result of the model and 

the measured result of PM10 (µg/m3) in Ajilosun, Ado-Ekiti. 

Day Measured 

concentration 

of PM10 µg/m3 

at 1.5m 

Calculated 

concentration 

of the model at 

H0 = 1.5m 
 

Relative 

error 

(%)  
 

Calculated 

concentration 

of the model at 

H1 = 5m 

 

Calculated 

concentration 

of the model at 

H2 =10 m  

 

   

Monday 209.0 209.1 0.19 209.4 209.9 

Tuesday 202.7 202.9 0.49 203.7 203.8 

Wednesday 225.6 225.8 0.09 225.6 226.7 

Thursday 248.3 248.5 0.24 248.9 249.4 

Friday 219.2 219.4 0.27 219.8 220.4  

Saturday 142.5 142.7 0.42 143.1 143.7 

Sunday 243.0 243.2 0.08 243.7 244.5  

 

Table 5: Comparison between the calculated result of the model and 

the measured result of PM10 (µg/m3) Odo Ado, Ado-Ekiti. 

Day Measured 

concentration 

of PM10 µg/m3 

at 1.5m 

Calculated 

concentration 

of the model at 

H0 = 1.5m 
 

Relative 

error 

(%)  
 

Calculated 

concentration 

of the model at 

H1 = 5m 

 

Calculated 

concentration 

of the model at 

H2 =10 m  

 

   

Monday 127.7 127.8 0.08 128.1 128.5 
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Tuesday 149.5 149.6 0.07 150.0 150.5 

Wednesday 272.9 273.1 0.07 273.5 273.9 

Thursday 340.7 340.9 0.06 341.2 341.7 

Friday 320.8 320.9 0.03 321.3 321.8  

Saturday 466.1 466.3 0.04 466.6 467.2 

Sunday 436.3 436.9 0.14 437.0 437.5  

 

Table 6: Comparison between the calculated result of the model and 

the measured result of PM10 (µg/m3) Dallimore, Ado-Ekiti. 

Day Measured 

concentration 

of PM10 µg/m3 

at 1.5m 

Calculated 

concentration 

of the model at 

H0 = 1.5m 
 

Relative 

error 

(%)  
 

Calculated 

concentration 

of the model at 

H1 = 5m 

 

Calculated 

concentration 

of the model at 

H2 =10 m  

 

   

Monday 189.7 190.1 0.21 192 192.1 

Tuesday 197.7 198.2 0.25 199.3 200.9 

Wednesday 187.0 187.5 0.27 188.6 190.2 

Thursday 173.8 174.3 0.29 175.4 176.9 

Friday 136.3 136.5 0.15 136.8 137.3  

Saturday 127.7 128.2 0.39 129.4 131.2 

Sunday 87.3 87.9 0.69 89.3 91.3  

 

Table 7: Comparison between the calculated result of the model and 

the measured result of PM10 (µg/m3) Fajuyi, Ado-Ekiti. 

Day Measured 

concentration 

of PM10 µg/m3 

at 1.5m 

Calculated 

concentration of 

the model at H0 = 

1.5m 
 

Relative 

error 

(%)  
 

Calculated 

concentration of 

the model at H1 = 

5m 

 

Calculated 

concentration of 

the model at H2 

=10 m  

 

  

Monday 1083.3 1083.4 0.01 1083.5 1083.4 

Tuesday 1082.7 1082.8 0.01 1083.0 1083.3 

Wednesday 626.7 626.8 0.02 627.7 627.4 

Thursday 551.9 552 0.02 552.2 552.5 

Friday 727.6 727.7 0.01 728.0 728.3 

Saturday 560.7 560.8 0.02 561.0 561.4 

Sunday 604.4 604.5 0.02 604.8 605.2 
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Table 8: Comparison between the calculated result of the model and 

the measured result of PM10 (µg/m3) Ilokun, Ado-Ekiti. 

Day Measured 

concentration 

of PM10 µg/m3 

at 1.5m 

Calculated 

concentration 

of the model at 

H0 = 1.5m 
 

Relative 

error 

(%)  
 

Calculated 

concentration 

of the model at 

H1 = 5m 

 

Calculated 

concentration 

of the model at 

H2 =10 m  

 

   

Monday 74.8 75.1 0.40 75.8 76.8 

Tuesday 67.0 67.4 0.60 68.2 69.6 

Wednesday 65.8 66.2 0.61 67.1 68.4 

Thursday 68.3 68.7 0.56 69.6 70.8 

Friday 62.1 62.5 0.64 63.5 64.8  

Saturday 51.4 51.8 0.78 52.8 54.2 

Sunday 58.5 58.9 0.68 60.1 61.7  

 

Tables 2 - 8 shows the field measurement (PM10 pollutant concentration) taken 

at 1.5m above the ground level, the fixed box model calculated result at height 

1.5m, 5m and 10m (that is H0, H1 and  H2 respectively) above the ground level. 

The calculated result is closer to the measured result at H0 with relative error 

ranged between 0.01 and 0.79. Values of calculated results of the model 

increases as the mixing height (H) increases, this was in agreement with Pham 

et al., (2009). Therefore, the estimation of mixing height suitable with the actual 

conditions plays an important role.  

The calculated results from the model were bigger than the measured results 

corresponding with the physical significance because the calculated 

concentration (C) is equal to the measured concentration at the monitoring point 

(C0) plus the concentration generated by wind flow (CV), that is (C = Co + Cv), 

of which: (Co) is the calculated concentration of emission from area sources 

(Cv) which takes pollutants from other areas into the box. This element has not 

been considered yet in the research.  

 

CONCLUSION  

Ambient air pollution in the study area was predicted using Fixed Box Model 

with relative error ranged between 0.15 and 0.79 which was found to be 

appropriate. Considering the herculean task of field measurement of air quality, 

it is envisaged that the Fixed Box Model will facilitate day to day prediction of 
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the ambient air pollution which in turn will help in the development of the air 

quality index. 
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