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ABSTRACT:   

 One way to understand the air pollution phenomenon is by spatial and 
environmental analysis. Accurate knowledge and temporal of spatial investigation 
indicates the situation of the region in each month and seasonal pollutants. Analyzing 
this method also showed the changing trends and situations of air pollution emissions 
that changes spatially. This article investigates four types of pollutants (NO2, SO2, CO, 
PM 2.5) at the year 2014 and tries to find the changes in spatial and temporal 
dimensions by spatial and environmental analysis. In this study, the emissions are 
examined and classified based on the AQI index and situation of the region. The 
results of changes in all four pollutants are separately shown in figures, tables, and 
maps. Among the four pollutants studied, PM 2.5 is known to be the dangerous 
pollutant at Tehran city and is now in unhealthy situation based on AQI index 
significantly. The purpose is to show the direction and trend of spatial changes in the 
amount of the pollutants mentioned above, which are discussed generally and in each 
season. 
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INTRODUCTION  

Nowadays, air pollution in known as the most 

important environmental problem. One of the                         

consequences of development of the cities and                    

industrialization at the current century is air pollution 

phenomenon. According to the research conducted by 

World Health Organization (WHO) and United Nations 

Environment Programme (UNEP) in 50 countries 

around the world, most of the world population today 

live in the cities where the amount of air pollutants is 

higher than the values defined by the World Health   

Organization (EPA Iran, 2009). The atmospheric air at 

more than half of the cities in the whole world contain 

high amounts of carbon dioxide. More than one fifth of 

the world population are exposed to excessive amounts 

of sulfur oxides, particulate matters, and soot. Compre-

hensive investigations showed that the potential effects 

of air pollution on human health, including increased 

deaths; more reference to hospitals; increased changes 

in physiological function of the body, especially respira-

tory and cardiovascular function had a rising trend in 

recent years. Air pollution in general refer to the pres-

ence of one or more pollutants, namely dust, smoke, 

unpleasant odor, etc. in sufficient amounts and with 

certain specifications in the free air, whose continuation 

can endanger human health and environment. 

Air pollution and its effect on life quality 

Air pollution is one of the harms endangering 

the life of human, nature, and all living creatures. PM 

2.5 particles are air pollutants with a diameter of 2.5 

micrometers or less, small enough to invade even the 

smallest airways. These particles generally come from 

activities that burn fossil fuels, such as traffic, smelting, 

and metal processing. Air pollution is one of the prob-

lems that has always threatened human health, from the 

ancient times when humans lived in the cave, kindled 

fire and created pollution by its smoke, Until now, the 

air pollution has increased due to the increased popula-

tion of the cities; the scientists started researching in this 

regard from time immemorial. King Edward I of Eng-

land banned burning coal during his reign, and someone 

named John published the first book about problems 

caused by air pollution and suggested solutions. These 

suggestions included moving the industries out of cities 

and creating green belts around cities to prevent air pol-

lution, but haven’t been implemented yet (Ghiyasuddin, 

2006). Engineers have a common definition for air pol-

lution, according to which, air pollution is the presence 

of one or more pollutants, such as dust, fumes, gases, 

mist, odor, and vapors in the free air in quantities dan-

gerous for life of human, plants, and animals. There are             

standards for air pollution, which are based on the             

concentration of pollutants and the time being exposed 

to them. For example, high concentration of these                 

pollutants results in adverse effects in a short time, 

while their low concentration creates problems for res-

piratory system in long term and resulted in the side 

effects such as dizziness and nausea. Air pollution 

standards are divided into primary and secondary stand-

ards. In primary standards, the concentration of pollu-

tants violate the standard more than once in a year and 

is set in another form in the secondary standard. Both of 

these standards are determined by the World Health 

Organization. Air pollution has different kinds and in-

cludes particulate matters in the form of dispersed mate-

rial in solid and liquid states composed of large and 

small molecules. It is argued that they are originated 

from soot, mist, etc. The largest particulate matters are 

called TPS, and the smallest particulate matters are 

called PMI, which are smaller than 10 microns. 

Particles smaller than 10 microns damage the 

lower parts of the lung and enter the blood. According 

to the researches performed, the side effects of these            

particles cause infection in the upper and lower lung    

system, both of which are directly related to the         

increased concentration of air pollutants, particulate    

matters and SO2. 
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Another component called CFC has various 

applications and is almost non-toxic, doesn’t decompos-

es easily, and remains in the atmosphere up to 150 years 

because of its durability. It damages the ozone layer and 

releases oxygen from the ozone. By the process of CFC 

reaction on ozone the world is now in a great threat as 

the hole on ozone progress due to its continued usage. It 

also gets broken down by the UV radiation of the sun 

and releases a chemical element called chlorine. 

 

MATERIALS AND METHODS 

Parameters influencing air pollution 

Climatic factors influencing air pollution - Wind 

Wind is one of the factors of distribution and 

transmission of pollutants in the air. Horizontal wind 

flow transfers the pollutants from one point to the other. 

Ascending wind flow transfers the pollutants towards 

upper layers and replaces their clean air. In contrast, a 

descending air flow prevents transfer of pollutants to the 

upper layers. Table 1 shows the polluted air distribution 

power at different velocities (Shafipour, 2001). 

Wind velocity is important in dispersion of the 

pollutants in three aspects. First, emission from the 

source gets diluted by a factor proportional to the              

velocity of the wind passing through the source. Second, 

mechanical turbulence causes mixing and dilution of the 

pollutants by the wind. Third, a floating source (hot and 

cold) sooner becomes horizontal in higher velocity 

winds and reaches the ground near the source (Table 1) 

(Ghiyasuddin, 2006). 

Precipitation 

 Precipitation is one of the most effective climat-

ic factors in cleanup and removal of air pollution. Rain 

and snow absorb particulate matters and bring them to 

the ground, and also dissolve the gases soluble in water 

and remove them from the air. 

 Washing power and cleaning level of the precip-

itation depends on the diameter of snowflakes and rain 

drops, as well and the intensity and duration of air clean-

up due to precipitation. Experience has proved that in 

uniform precipitation with the intensity of 1 mm/hr, 28% 

of particulate matters of 0.5 micron diameter and larger             

become washed up during 15 minutes (Ghiyasuddin, 

2006). 
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Wind velocity (km/h) Distribution power 

0-9 Poor 

10-29 Medium 

30-49 Effective 

>49 Very effective 

Table 1. Polluted air distribution power at different 

velocities (Shafipour, 2001). 

Figure 1a. Statistical data for pollutants CO 



However, precipitation has adverse effects as well. When 

the rain separates sulfur dioxide from the air, it might 

react with the air and form sulfurous acid (H2SO3) or 

sulfuric acid (H2SO4). The resulted acidic rain increases 

corrosion rate in the areas where there are air pollutants 

(Likens and Gene, 1976).  

Temperature inversion phenomenon 

 Temperature inversion phenomenon occurs 

when the temperature increases with altitude. The cold 

and heavy air stays at the bottom and the warm and light 

air goes to the top, and the air remain completely stable 

quiet as a result (contrary to the natural situation). In this 

case, the polluting components remain close to the 

ground surface, so their spread in the vertical direction 

becomes prevented (Shafipour, 2001). 

Pressure 

 Pressure is defined as the force applied to unit 

surface. Air pressure at ground surface is maximum at 

any place, which is due to the weight of the whole air 

present above the desired surface. The difference be-

tween atmospheric pressure at different points creates air 

flow from one place to another. Increased pressure at 

ground surface stabilizes the air and increases tempera-

ture inversion (Dehghani, 2005).  

 Because of the ascending air flow in low pres-

sure regions, the clean air replaces the polluted air, so, 

natural ventilation occurs. But due to descending air flow 

in high pressure regions, the pollutants stay put in the 

environment and cannot move upward. Therefore, stay-

ing a high-pressure system for a couple of days at one 

place intensifies the pollution (Khani  and  Yaghmaian, 

2003). 

Fog 

 Fog is one of the factors having a critical role in 

intensifying air pollution because when the relative          

humidity increases in a certain area, the pollutants absorb 

moisture as central cores and create fog. Fog has been 

one of the intensifying factors in occurrence of accidents, 

such as the accident occurred at December 1952. 

(Shafipour, 2001). 

Geographical and topographical factors influencing 

air pollution 

Valley 

 Due to their unique form and status, valleys 

imprison the air inside themselves and prevent spread of 

pollutants. Therefore, valleys are not a good location for 

establishing industries. However, the valleys having con-

stant and intensive air flow due to their unique local and 

meteorological specifications, such as Manjil valley in 

northern Iran and are exempt of this principle (Shafipour,  

2001). 
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Factors 
Amount of  

pollution 

 

Specific effect 
 

S. No 

Precipitation Little Air cleanup 1 

Humidity Much Most of the pollutants get dissolved. 2 

Fog Much Remains quiet. 3 

Wind velocity Much Beginning of oxidation 4 

Sunlight Little- much The amount of pollution decreases, but it  

distributes   faster and more widely. 

5 

Wind direction from source of pollution Much More pollution and Less spread 6 

Temperature and increase  in altitude Much  — 7 

Pressure   Increased pollution and dilution of pollutants 8 

Height of the source of emission Little Breaks down wind power, but there will be much 

mild wind 

9 

Hills and mountains Much The pollutants get trapped. 10 

Valleys Much More spreading 11 

Plain or moor Little Remains quiet. 12 

Distance from the source of pollution Little  — 13 

Table 2. Factors influencing the pollutant distribution in the air (Dehghani, 2005) 



Plain and hillside 

 The wind direction is from the hillside to the 

plain at night and from the plain to the hillside during the 

day. Therefore, if a city is located a plain, like Tehran, 

the breeze from the plain to the hillside and vice versa 

affects its pollution (Shafipour, 2001). 

Sea and land 

 Air flows from the sea to the land during the 

day, and from the land to the sea at night. This phenome-

non can have positive or negative effects on pollution of  

coastal cities, like Los Angles (Shafipour, 2001). Factors 

influencing the pollutant distribution in the air and their 

quantities are presented in Table 2. 

Methods of controlling Tehran air pollution 

 The program of controlling air pollution in Teh-

ran city has been considered since many years ago and 

has been introduced by the study plans or the plans pro-

posed to the organization and executive agencies. One of 

the oldest documents in this regard is the draft action 

plan of the executive agencies of Tehran air pollution 

control and reduction in 1980, which was proposed by 

the Ministry of Health and Medical Education and to the 

Ministry of Interior. 

 Moreover, it is more than a decade that the          

comprehensive plan of Tehran air pollution reduction is 

being implemented by a number of executive and           

management agencies (Tehran Air Quality Control         

Company, 2005). 

 The investigations performed on the quality of 

two major pollutants, i.e., carbon monoxide and                   

particulate matters smaller than 10 microns, in the Teh-

ran City in 2004, 2005, and 2006 showed that not only 

the quality of these pollutants was not controlled, but also 

it increased in some periods of the year. 

 The simplest way to stop air pollution is to                        

remove the process causing this pollution. However, if 

performing the process is necessary and the ways to            

control pollutants must be considered. Installing the 

equipment before formation of the pollutant, for exam-

ple, absorbs it and separates it from other parts, and pre-

vent release of the pollutant by providing conditions in 

which chemical transformations occur (Abbaspour, 

1992). 

 

RESULTS AND DISCUSSION 

The pollutant CO 

 This pollutant was examined using interpola-

tion. But given the number of stations available. GIS and           

mapping software to version 10.4.1 was used. The only 

feasible method was IDW. This method is one of the 

most important methods of interpolating the counts. In 

this, or inverse distance method to determine the value of 

each point, and the adjacent sampled values by taking the           

average of their estimates point value unknown. will. The 

weight of the sample points are expressed on a passive 

basis. Madl below shows how to calculate the weights of 

IDW method (Titidezh, 2011). 

 Therefore, in the first step, the interpolation of 

the pollutant CO was provided according to its                      

concentration in each season, whose maps are shown in 

Figure 1 to 3. An example of statistical data for pollu-

tants CO: Figure 4 to 6 show the interpolation maps of 

the pollutant PM 2.5 according to its concentration in 

each season. Figures 7 to 9 show the interpolation maps 

of the pollutant SO2 according to its concentration in 

each season. Figure 10 to 12 show the interpolation maps 

of the pollutant NO2 according to its concentration in 

each season. The maps shown in Figures 12 to 16 show 

the trend of changes in 2014 in general. It has to be noted 

that the directions shown in the maps are the overall    

average of the average of four seasons. The map of 

changing directions in each season is shown in the          

following. 
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Level of CO in Spring 2014 

Figure 1b. The status of the pollutant CO in spring and summer, 2014 

Level of CO in Summer 2014 
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Level of CO in Autumn 2014 

Figure 2. The status of the pollutant CO in autumn and winter, 2014 

Level of CO in Winter 2014 



 

 Given the fact that the target is the whole Teh-

ran Metropolis, the changing trends shown are very gen-

eral. For more precise investigations, the direction of 

changing trends can be examined and investigated in 

each district. Since work required to provide maps for 22 

districts and 4 pollutants is too much, it was not consid-

ered in this article. 

  Results of study of the spatial distribution when 

the average emissions during the month of December 

(the most severe episodes of air pollution in Tehran and it 

is) 2012 shows  emissions of gas from the south to the 

north and concentration of particulate matter from North 

to South and from East to West increases. Compare maps 

of the distribution of CO emissions during the afternoon 

the gradient will be reduced and more uniform distribu-
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Percentage of the 

area 

Area (m2) AQI classes 

100 610919954.053 0-50 

0 0 51-100 

0 0 101-150 

Table 3. Status of SO2 in spring 

Percentage of the 

area 

Area (m2) AQI classes 

7.01 42812277.116 0-50 

92.99 568106361.407 51-100 

0 0 101-150 

Table 4. Status of NO2 in spring 

Percentage of the 

area 

Area (m2) AQI classes 

1.18 7204698.75782 0-50 

98.82 603716493.853 51-100 

0 0 101-150 

Table 5. Status of NO2 in summer 

Percentage of 

the area 

Area (m2) AQI classes 

0.77 4686401.9337 0-50 

99.23 606234790.677 51-100 

0 0 101-150 

Table 6. Status of NO2 in autumn 

Percentage of the 

area 

Area (m2) AQI classes 

0 0 0-50 

100 610921192 51-100 

0 0 101-150 

Table 7. Status of NO2 in winter 

Percentage of the 

area 

Area (m2) AQI classes 

4.56 7235895.75782 0-50 

95.44 603716493.853 51-100 

0 0 101-150 

Table 8. Status of CO in spring 

Percentage of the 

area 

Area (m2) AQI classes 

7.26 7253214.75782 0-50 

92.74 603425987.853 51-100 

0 0 101-150 

Table 9. Status of CO in summer 

Percentage of 

the area 

Area (m2) AQI classes 

7.79 7242587.1058 0-50 

92.21 603258741.253 51-100 

0 0 101-150 

Table 10. Status of CO in autumn 

Figure 3. Monthly changes of the pollutant CO in 2014 (the average concentration of the stations)  

(http://air.tehran.ir/) 
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Level of PM 2.5 in Spring 2014 

Figure 4. The status of the pollutant PM 2.5 in spring and summer, 2014 

Level of PM 2.5 in Summer 2014 
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Figure 5. The status of the pollutant PM 2.5 in autumn and winter, 2014 

Level of PM 2.5 in Autumn 2014 

Level of PM 2.5 in Winter 2014 



and evening shows that when Zhrgradyan extreme (north

-south) ruling on the values of CO emissions and at 

night, This shows the transmission of gaseous pollutants 

by the wind Nabatyk (plains to the mountains) to the 

north throughout the day and see it at night with the wind 

Katabatyk (mountain plains) mountain is often in this 

area, especially in the cold season, ruling . Boundary 

layer depth (increasing to the south) as well as the distri-

bution is effective. Near the southern deserts and dry in 

terms of increased industrial activity of particulate matter 

provides construction and then distribute them to deter-

mine local excursions. In this study, air pollution data 

from 16 stations in the city of Tehran Air Quality Control 

Company of Tehran Municipality during the years 2011 

to 2013 were used. Map of the distribution of air pollu-

tants Kriging interpolation method in Pro Surfer were 

investigated (Shafipour and Aliakbari, 2014). 

 Ardakani (2006) reported that based on stations 

measuring air pollutants addressed in this year of 261 

days determined by EPA air quality Tehran had exceeded 

the standard  level. 84 percent of  CO was reported . 

 In 2002, Hertel and Lean studied the distribution 

of places polluted air and the effects of air pollutants 

such as (SO2, NO2, CO, NOX, O3 and PM10 (in health in 

terms of pollutants. The results showed that the most          

polluted areas of atmospheric pollutants in places busy 

urban traffic. the model used for this research, advanced 

models like the history of urban and regional scale street 

pollution model. 

The pollutant SO2,  NO2 and CO 

 According to Table 3, the pollutant SO2 is clean 

situation. So, the whole area is clean according to this 

pollutant and AQI index. Tables 4 to 7 show the status of 

NO2 in all seasons. Tables 8 to 11 show the status of CO 

in all   seasons. Generally, it can be argued that the two 

pollutants cum particulate are matters smaller than 2.5       

microns (PM 2.5) and particles in Tehran Metropolis are 

in unfavorable conditions, and all polluted days in 2014  

occurred due to the increased concentration of these two 

pollutants (especially PM 2.5). Concentration of these 

two particles in all pollution monitoring stations is above 

the annual limit. However, the annual changing trend of 

these two pollutants has shown a decreasing trend during 

recent years. These pollutants are mainly produced by                 

combustion processes, especially in motor vehicles, and  
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Percentage of 

the area 

Area (m2) AQI classes 

8.1 7253214.2657 0-50 

91.9 603425987.853 51-100 

0 0 101-150 

Table 11. Status of CO in winter 

Figure 6. Monthly changes of the pollutant PM 2.5 in 2014 (the average concentration of the stations)   

(http://air.tehran.ir/)  
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Figure 7. The status of the pollutant SO2 in spring and summer, 2014 

Level of SO2 in Summer 2014 

Level of SO2 in Summer 2014 



 they will accumulate in the atmosphere if there is no           
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Figure 8. The status of the pollutant SO2 in autumn and winter, 2014 

Level of SO2 in Autumn 2014 

Level of SO2 in Winter 2014 



climatic instability such as wind and rain. As it is clear 

from Figure (17), June had the highest average concen-

tration, following which October had the highest concen-

tration due to increased urban traffic. April shows a   

significant decrease in the concentration of PM 2.5 due to 

increased climatic instability, as well as decreased urban 

traffic. 

 As it can be seen from Figures 18 and 19, the 

pollutant PM 2.5 is above the limit in most of the moni-

toring stations and is in critical condition. Since this   

pollutant has a primary and significant role in Tehran air 

pollution, it is discussed in more details and the plots 

related to other pollutants are neglected in this study. 

 The same investigation can be performed in 

other stations. But this case was investigated in this study 

as an example as it is one of the major and important 

pollutants contributing to Tehran Metropolis air pollu-

tion. The same analysis can also be performed about  

other pollutants. 

 A comparison between the annual concentra-

tions of the particulate pollutants are smaller than 2.5 

microns from 2000 to 2014 and is shown in Figure 20. 

The concentration of PM 2.5 had a decreasing trend from 

2000 to 2014. The average annual concentration of the                  

articulate pollutants are smaller than 2.5 microns and at 

more unfavorable condition in 2000, and more favorable 

condition in 2014, compared to the other years             

investigated. It has to be noted that all the years              

investigated had a relatively unfavorable condition based 

on the annual standard (Tehran Air Quality Control   

Agency). 

 

CONCLUSION 

 Iran is not the only country encountered with the 

problem of air pollution and highly populated city; many 

European and Asian countries had faced this problem  

during industrialization era, and most of them didn't find 

a long-term solution for it, except reducing population            

density, moving the polluting industries away from the 

cities, increasing the tax on fuel consumption and driving 

private cars, imposing traffic restrictions, improving car 

standards, developing public transportation, and               

development of electronic infrastructure, so that people 

would be less forced to come out of their houses.                   

According to such analysis, it is possible to improve 

plans and methods in this regard to help reducing the 

(physical and financial) effects of air pollution. For ex-

ample, the results of the studies conducted in this regard 

can help the patients allergic to a certain type of pollu-

tants by determining the sensitive and risky areas and 

suggesting the safer and healthier areas. Although these 

strategies are not the final solution, but they can be effec-

tive in short-term. 
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Figure 9. Monthly changes of the pollutant SO2 in 2014 (the average concentration of the stations)  

(http://air.tehran.ir/) 

http://air.tehran.ir/
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Figure 10. The status of the pollutant NO2 in spring and summer, 2014 

Level of NO2 in Summer 2014 

Level of NO2 in Summer 2014 
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Figure 11. The status of the pollutant NO2 in autumn and winter, 2014 

Level of NO2 in Autumn 2014 

Level of NO2 in Winter 2014 
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Figure 12. Monthly changes of the pollutant NO2 in 2014 (the average concentration of the stations)  

(http://air.tehran.ir/) 

Figure 13. Direction of changing trend of the pollutant CO 
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Figure 14. Direction of changing trend of the pollutant NO2 

Figure 15. Direction of changing trend of the pollutant PM 2.5 
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Figure 16. Direction of changing trend of the pollutant SO2 

Figure 17. Monthly situation of the pollutant PM 2.5, 2014 (http://air.tehran.ir/)  



 SUGGESTIONS 
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Figure 18. The status of the pollutant PM 2.5 in each station (http://air.tehran.ir/) 

Figure 19. Spatial status of the pollutant PM 2.5 (http://air.tehran.ir/) 



 Some of the proposed solutions for reducing air 

pollution include. This way, energy consumption and 

time will be saved and traffic problems will be solved. 

 State organization can achieve this goal by de-

veloping organizational homes. 

 Another strategy is to use new energies, namely 

the energy of wind, sun, sea waves, and nuclear energy 

instead of fossil fuels. 

 Another strategy is to prevent the pollution 

caused by car manufacturing based on the most recent 

world standards. 

 Modifying consumption patterns is another 

strategy is to counter pollution. 

 Another strategy is public awareness for paying 

attention to meteorological suggestions and associated 

agencies in order to preserve public health and reduce 

unnecessary commutation. 

 Employment outside Tehran and in other           

provinces to encourage people to invest in other cities 

and reverse immigration. 

 Providing proper social welfare platforms in 

other provinces in order to remove the need to visit Teh-

ran for receiving educational, welfare, job, commercial 

cum. services. 
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Figure 20. The average annual concentration of PM 2.5 particles from 2000 to 2014 (http://air.tehran.ir/) 
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