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Introduction
Industrial processes associated with different products and various 

materials compounds, environmental pollutions caused by industrial 
activity, particularly in water and air is necessary. Box models of 
air pollution are used to determine a certain volume of pollution to 
calculate the average concentration of pollution in certain places and 
times which are divided into steady and non-steady states. In steady-
state, concentration of pollution is constant and does not change with 
time while in non-steady state it changes and non-steady state is 
discussed in this article. In previous studies, air pollution problems 
have been investigated using various tools and methods. Chen et 
al.1 studied many developed countries and a few developing Asian 
countries.1 Noorpour et al.2 studied the air pollution caused by the 
cement industry. They studied AERMOD model and according to all 
data in the cement industry centered on the city of Abik was defined.2 
Dally and Zanetti examined studied the use of comprehensive models 
of air quality in 2007.3 Lyons et al.4 studied the air pollution of a city 
in Sao Paulo, Brazil. They were able to gain a strong correlation 
between car kilometers and emissions of greenhouse gases through 
box model.4 Shang et al.5 studied the relationship between air 
pollution and mortality in the short-term periods. They stated that the 
cause of death is the existence of several contaminated gases.5 The 
effect of speed limits for vehicles was evaluated by Bell & Russell6 
in Barcelona metropolitan area.6 Kumar et al.7 investigated the 
mathematical programming method to predict air pollution in a region 
of India and the results showed that in creating NOx contamination, the 
shares of homes, industry and carsis 53%, 7% and 40%, respectively.7 
Carnevale et al.8 evaluated the numerical models predictions of 
pollutants concentration. They were able to achieve effective strategies 
to control and reduce pollution.8 Oketola & Osibanjo9 in a study of 
the estimation of the pollution load in Lagos by the planning system 
of industrial pollution concluded that the estimated accumulated 
pollution load ratings (tons per year) among intermediaries (i.e. air, 

land and water), chemical and pharmaceutical sector had the highest 
pollutants.9 Garg10 studied the local air quality and stated that its 
reason is the increased industrial and environmental pollutions.10 
Misra et al.11 using a meteorological preprocessor called AERMET 
to describe the atmospheric conditions in the planetary boundary 
layer and a land preprocessor called AERMAP used to describe the 
height of the land.11 The study of Capelli12 & Tartakovsky13 is also 
noticeable. In this paper, after collecting the necessary information 
from analyzing the chimneys of an industrial plant located in south 
west of Iran, predictions of the pollution distribution of CO gas was 
analyzed by the air box model. The formula of box model was written 
by Microsoft Excel software in 20 zones and 14 hours, and by entering 
the information, three-dimensional graph height, time and zone were 
obtained.

Materials and methods
For data collection, the data from an active company in the oil 

industry in southwest of Iran have been used. Testo350xl measuring 
instrument from Testo German Company was used and its calibration 
was done and EPA standard methods were used for the measurement. 
Surveillance method was conducted in this way that for measuring 
emissions gasses, the exact sampling location is selected so that it 
would be in accordance with the standards set by the Environmental 
Protection Agency (EPA1 Method).Then output flow rate and also the 
diameter of the chimneys determined. At this stage, three points on 
the chimney at intervals of 16.7, 50, 83.3 of the whole diameter of 
the chimney is determined device’s probe is fixed at each point and 
we wait to the measurement values are constant on the display. If in 
the mentioned stage the results are differed more than 10% from the 
average of all test data, the test should be repeated (PAST-TEST). 
Figure 1 shows the analysis of emissions from the industrial unit 
and Figure 2 shows a picture of how to analysis and measurement 
of pollutants from the chimneys. The studied city was divided with 
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Abstract

Today, air pollution in developing countries, has imposed a significant negative effects 
on public health and the environment. Box model is among the techniques that are used 
for modeling and predicting of air quality. Box model is widely used in modeling of 
air pollution. In this paper, after collecting the necessary information from analyzing 
the chimneys of an industrial plant located in south west of Iran, predictions of the 
pollution distribution of CO gas was analyzed by the air box model. The formula of 
box model was written by Excel 2013 Microsoft software in 20 zones and 14 hours, 
and by entering the information, three-dimensional graph height, time and zone were 
obtained. It should be noted that if the selected times and zones are divided into 
smaller intervals, the accuracy of the estimation of pollution concentration in this 
model increases. The results showed that by the stability of air and reduced the volume 
of element, the accuracy prediction increases and the pollution of the industrial plant 
goes to towards the city. Contamination concentration (CO) after passing through the 
first zone of the city gradually decreases to the boundary that the concentration will 
be the same in all zones.
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the length of each region equal to 1000meters (L). According to the 
working time of the chimneys, the time for the distribution the plume 
was selected in 14hours. Wind speed at a height of 10meters above the 
ground (U) is 1080m per hour, temperature inversion height (H) equal 
to 20meters and input (Ci) and persistent (C0) concentrations in the 
city are 5.4 and 10mg per cubic meter, respectively. The box model in 
which Formula (1) determines how to air pollution emissions from the 
chimney at a certain time on a certain range, is shown.14

Figure 1 Analysis of emissions from the chimneys of industrial unit.

Figure 2 Analysis of exhaust gas.
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Where, L, H, W are the length, height and width, q is mixing the 

air city, U is the rate of emissions per unit area (mg/m2.sec), W is 
the average velocity of air entering and exiting from the city, Ci and 
Co are the concentration of entering and exiting air from the city. In 
general, it is necessary to correct the amounts of gases such as NO, 
NO2, CO, SO2 due to the effects of excess air on their concentrations.15 
The rate of excess air according to the amount of measured oxygen 
in the exhaust gases is determined. The measured Oxygen level along 
with a reference amount of oxygen is used to calculate the amount of 
the corrected gas in formula 2.

The corrected ppm=the measured ppm×
reference oxygen 20.94

measured oxygen 20.94

−

−
 

                                                                                                              
                                                                                                             (2)

The selected city to study the impact of pollution on it was a 
town in the south of Iran with a total area of 423square kilometers 
and a length of 20km in the direction of pollution propagation. The 
industrial plant that is active in the production of petroleum products 
is located on the West side of the city that pollution from the chimneys 
is towards the city and is sent along the wind direction. Figure 3 shows 
the location of industrial plant and the city.

Figure 3 Aerial view of industrial plant positioning and the studied city in 
south of Iran.

Analysis
To increase the accuracy of calculations, the city should be divided 

into smaller elements and each element should be examined at any 
time to obtain the emission of the plume at every hour and in each 
area, and the progress of the plume is determined that finally the city 
was divided into 20 sections and were evaluated in 14hours. The data 
from Figure 2 that are related to the concentration of CO (q) from 
the chimneys of the industrial units were entered in the programming 
formula of number 1 in the Excel 2013 software and for each area per 
hour were evaluated, and its results are presented in Table 1 and its 
three-dimensional graph is presented in Figure 4.

https://doi.org/10.15406/mojce.2017.02.00039


Using box model to estimate the impact of air pollution from an industrial plant 126
Copyright:

©2017 Mehrani et al.

Citation: Mehrani MJ, Filvantorkaman M, Markade FA. Using box model to estimate the impact of air pollution from an industrial plant. MOJ Civil Eng. 
2017;2(4):124‒127. DOI: 10.15406/mojce.2017.02.00039

Table1 The results of chimney analysis in 14 hours and 20 zones of the city

Time

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Zone

1 191 273.3 283.6 284 284 284 284 284 284 284 284 284 284 284

2 194 437.8 547.4 562 562.6 562.6 562.6 562.6 562.6 562.6 562.6 562.6 562.6 562.6

3 194 440.5 705.6 824.4 840.5 841.2 841.2 841.2 841.2 841.2 841.2 841.2 841.2 841.2

4 194 439.5 708.1 980.5 1102.5 1119.1 1119.8 1119.8 1119.8 1119.8 1119.8 1119.8 1119.8 1119.8

5 194 440.5 707.2 983 1257.9 1380.9 1397.7 1398.4 1398.5 1398.5 1398.5 1398.5 1398.5 1398.5

6 194 440.5 708.2 982.1 1260.4 1536.1 1659.5 1676.3 1677.1 1677.1 1677.1 1677.1 1677.1 1677.1

7 194 440.5 708.2 983.1 1259.5 1538.6 1814.6 1938 1954.9 1955.7 1955.7 1955.7 1955.7 1955.7

8 194 440.5 708.2 983.1 1260.4 1537.7 1817 2093.1 2216.7 2233.6 2234.3 2234.3 2234.3 2234.3

9 194 440.5 708.2 983.1 1260.4 1538.6 1816.1 2095.6 2371.7 2495.3 2512.2 2512.9 2512.9 2512.9

10 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2094.7 2374.2 2650.3 2773.9 2790.8 2791.5 2791.5

11 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2928.9 3052.5 3052.5 3052.5

12 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.4 3207.5 3207.5 3207.5

13 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.4 3210 3210 3210

14 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.5 3210 3210 3210

15 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.5 3210.1 3210.1 3210.1

16 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.5 3210.1 3210.1 3210.1

17 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.5 3210.1 3210.1 3210.1

18 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.5 3210.1 3210.1 3210.1

19 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.5 3210.1 3210.1 3210.1

20 194 440.5 708.2 983.1 1260.4 1538.6 1817.1 2095.6 2374.2 2652.8 2931.5 3210.1 3210.1 3210.1

Figure 4 Three-dimensional graph of the concentration of CO in each zone, 
time and height.

Conclusion
Air pollution has become one of the most important problems of 

the world’s metropolises. Industrial cities because of their proximity 
to several factories and refineries are very exposed to air pollution. 
As the smoke from the factories causing air pollution, many factories 
by creating tall chimneys could reduce air pollution around the 
chimney. However, these chimneys reduced the severity of pollution 
in the surrounding area; it also expanded the size of the contaminated 
environment. Air box model to predict and quantify the impact of air 

pollution concentration of CO in the nearby town was examined it. 
In the non-steady state, the concentration is not constant at all points 
and changes with time. According to Figure 4, with stability of the air 
and reducing the volume of element, the accuracy of the prediction 
increased and the pollution of the industrial plant was sent towards the 
city. Pollution concentrations (CO) after passing through the zone 13 
of the city, was gradually fixed until the border that the concentration 
was the same in all zones. The smaller the selected zones and time 
periods, the accuracy of the estimation of pollution concentration 
increases in this model.
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