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ABSTRACT 

One of the most important dangers of metropolises in the world is air pollution and acid rains as 

the consequence. Capital of Iran, Tehran, is one of the cities which suffers from air pollution 

during a large portion of the months in the year. In this study we have analysed the spatial 

distribution of acid rain in Tehran. To get information about the amount of acid rain variables of 

rain and pollutant such as CO, NO, NOX, PM2.5 and NO2 were used. Then, by multiplying the 

variables and merging them, their local distribution indexes were extracted and were used as 

probable variables of acid rain. The results showed that in autumn, the city center in Tehran is 

the primary zone for acid rain and the east part of the center is the secondary zone. The west and 

east parts of Tehran have less share of acid rains. 
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INTRODUCTION  

 

Nowadays acid rain is an international issue and all of the nations which struggle with 

problems such as traffic and population density are talking about it and are after solutions to 

control it. From a scientific point of view, rain which contains more than natural of sulfate 

and nitrate pollutants with a PH less than 5.6 is called acid rain. Acid rain is divided into two 

types: wet downfall (rain, fog and snow) and dry downfall (floating acid particles). Acid rain 

could be known as the direct results of the self-filtering of the weather. In other words, 

composing elements of clouds, drops of water, constantly attract floating particles and solute 

gases in water and that is why at the beginning of rain, air pollutants like nitrogen and sulfate 

compounds are washed out and turn into sulfuric acid and nitric acid and are separated from 

the atmosphere and enter lithosphere and hydrosphere. Previously it was assumed that acid 

rain only belonged to the Europe, but today we know that acid rain affect all the industrial 

countries. The USA, Germany, England, and Scandinavia all face this problem in a serious 

way. Some parts of Asia, too, are vulnerable to acid rains. This includes North and South 

Korea, Japan, the mountainous section of China, southwest of India and the center of the city 

Tehran. Acid rain has harmful ecological effects and the existence of acid in the air both 
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harms humans’ health and the plants. During the recent decades the acidity in rain-waters has 

increased in many places of the world and because of this the term acid rain has become so 

common. It is usual for the rainfalls to be rather acidic due to the existence of carbon dioxide 

in the air and as a result the formation of carbonic acid. The PH of non-polluted rainwater is 

about 5.6 and a number less than this would be called as acid rain. In 1987, Mota and Milo 

introduced the main components determining the amount of acidity in rainfalls. Their results 

were that the combination of carbon dioxide and sulfuric oxide in water state becomes nitrate 

and sulfate ions and these ions make rainwater acidic. The density of the pollutants directly 

released into the atmosphere (primary pollutants) and the materials formed by them 

(secondary pollutants) are functions of atmospheric conditions and the process occurring 

during the passage of atmospheric systems (Belas, 1998). The removal of air pollutants by 

falling precipitation remains of  great interest to the scientific community despite many 

theoretical  and experimental studies. Because of the great impact of air pollutants on human 

health and ecological environments, it is important to better understand the wet scavenging of 

air pollutants by rainfall within the complex nonlinear  atmospheric chemistry system. It is 

difficult to completely separate the washout effect (i.e., wet deposition, the removal process 

that  includes precipitation and cloud physics and chemistry) from other  gas-phase processes 

such as dry deposition, atmospheric mixing,  and chemical transformation (Garrett et al., 

2006). Therefore, the correlation analysis between various air pollutants and rainfall could be 

helpful for investigating their interactions and long-term  trends. Most washout effect 

parameterizations in models rely on much  simpler variables such as precipitation rate and 

solubility. Under  well-controlled laboratory conditions the washout effect of air  pollutants 

simply involves physical and chemical interactions between air pollutants and water. These 

can be expressed in terms of  a simple rate such as Henry’s law coefficient or solubility 

(Seinfeld and Pandis, 2006). However, given the sophisticated chemical processes associated 

with heterogeneous chemistry, chemical  compounds, and atmosphere,  more realistic air 

pollution prediction  is possible based on atmospheric chemistry models. In other  words,  as 

these air pollutants interact with various meteorological and  chemical conditions in the real 

world, the washout effect does not  always depend linearly on the solubility as measured by 

the laboratory experiments (e.g., Garrett et al., 2006), and thus in-situ  measurements are 

essential for model validation. A number of previous field studies have investigated the  

washout effect on some of the major air pollutants (among hundreds of others), such as ozone 

(O3), carbon monoxide (CO), nitrogen dioxide (NO2), sulfur dioxide (SO2), and aerosol 

(PM10). The washout mechanism of the SO2and NO2by rainfall has been a main global and 

regional concern in South Korea, since these compounds play an important role in producing 

acid precipitation. The washout  coefficient for NO2 is about 80% of that for SO2 (Martin, 

1984). However, the washout effects on the NO2and SO2concentrations by daily cumulative 

rainfall are comparable over India, resulting in  their reduction (40e45%) (Ravindra et al., 

2003).Huo et al. (2010)  reported that the rainfall amount and duration negatively correlate 

with air pollutants (NO2and SO2) over China.CO and O3are much less soluble than SO2or 

NO2and many  other air pollutants (Gevantman, 1992; Seinfeld and Pandis, 2006).  

Tropospheric O3 is produced during photochemical oxidation of volatile organic carbons and 

CO in the presence of NOx(Wang et al., 2008). However, the O3 concentration also tends to 

increase somewhat under rainy conditions. The increase of O3concentration in rainfall is due 

to the vertical mixing of the stratospheric and  tropospheric O3concentrations during 

convective rain activity and  thunderstorms (Martin, 1984; Jain et al., 2005).Plaude et al. 
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(2012)  reported that there was a significant negative correlation between  monthly averaged 

aerosol concentration and rainfall intensity oversome regions in Russia. Moreover, the 

washout effect is effectiveduring summer (or monsoon) when convective rain prevails,  

compared to other seasons (Kan and Tanner, 2005; Plaude et al., 2012). 

 

 

 

 MATERIALS AND DISCUTAION METHODS  

 

There are two types of data in this study 1. The data for air pollutants from Tehran’s Air 

Quality Control Organization 2. The data of rain measurement stations from two 

organizations (Iran’s Weather Organization and Tehran’s Local Water Organization). Because 

the Weather Organizations did not cover all the city, we used data from rain measurement 

stations of Tehran’s Local Water Organization which in sum include 9 stations. There were 10 

pollution measurement stations as well and the data for pollutants NO2- CO-NOX-PM2.5-NO 

for years 2011 and 2012 were gathered. The average of these pollutants in the autumns of 

these two years were calculated and after adding the data, the monthly average was 

calculated. After that, we calculated the average for all the areas of Tehran using GIS and this 

average finding process was also done for the average autumn rainfall of Tehran during the 

two abovementioned years. Consequently, to find the variable acid rain, the index of 

multiplying the two above variables in GIS program was used and the average-finding map 

was drawn for the whole city, the output of which is created as an acid rain map. 

 

DISCUSSION 

 

Tehran is one of the most polluted cities in the world. (Graedel and Crutzen, 1993). The 

density of primary pollutants in Tehran’s atmosphere is shown in table 1. According to this 

information, carbon monoxide has the highest portion and sulfur has the least portion (about 

17,000 tons). There are numerous reasons for Tehran’s pollution, among which we can 

mention the concentration of point-pollutants such as mills and chemical substances 

workshops located close to the city, heavy traffic and geographical conditions like the natural 

fence around the city. 

 

Table 1. Concentration of Pollutants in Tehran’s Air 

 

Pollutant Carbon 

Monoxide 

Hydrocarbons Aerosols Sulfur Nitrogen 

Oxides 

Density 

(thousand ton) 

1284 116 21 17 104 

 

 

 

    

 

 

Air Pollution in Tehran 
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The monthly averages of important pollutants in Tehran’s air are shown in table 2. According 

to this table, the average of all the pollutants in autumn is higher than that of in the other 

seasons. The concentration of sulfur and nitrogen dioxides is more than health thresholds 

(table 3). The studies have shown that the cold period in Tehran is the pollution period in 

there. Based on the statistics of these two tables, the air in Tehran is polluted in most of the 

months in terms of sulfur and nitrogen dioxides. On particular days the amounts of the 

pollutants are very high, for example on some days the amount of carbon monoxide reaches 

30 units per million and the weight of floating particles reaches 400 micrograms (Alijani, 

2007). 

 

Table 2. Monthly Average of Primary Pollutants in Tehran’s Air (Alijani, 2007) 

 

Month Carbon 

monoxide(PPM) 

Sulfur 

dioxide(PPM) 

NitrogenDioxide 

(PPM) 

Aerosol 

(μg/𝒎𝟑) 

Jan 5.28 0.23 0.23 92 

Feb 7 0.31 0.31 117 

Mar 5.8 0.47 0.43 120 

Apr 8.8 0.62 0.55 142 

May 9.9 0.72 0.68 140 

Jun 6.8 0.87 0.78 145 

Jul 10 1 0.96 148 

Aug 7.2 1.22 1.09 151 

Sep 8.2 1.21 1.09 140 

Oct 6.2 1.46 1.31 143 

Nov 4.15 1.44 1.3 134 

Dec 5.7 1.74 1.55 128 

 

 

 

 

Table 3. Threshold of Important Pollutants in Tehran (Alijani, 2004) 

 

Pollutants Calculation 

Period 

Pollution Threshold 

Carbon monoxide 8 hours 10μg/m3 = 9 ppm 

Sulfur dioxide One day 365 μg/m3 = 0.14 ppm 

Aerosol One day 150μg/m3 

Nitrogen Dioxide One day 94 μg/m3 = 0.05 ppm 

 

 

 

 

Rainfall in Tehran 
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The role of rainfall is more distinct than temperature in Tehran’s pollution. Rainfall is usually 

considered as the purifier of the air. To analyse the role of rainfall in purifying the air pollution, 

days with more than 5 mm rainfall are of more importance, because the threshold of air 

purification by rain is 5 mm and this amount mostly occurs on cold seasons. Based on Table 1 

we can say that we have three days of raining in the cold months. The rains in Tehran start on 

November and continue up to May. As there are most of the pollutants in autumn (Alijani, 2007), 

so autumn rainfalls seem more distinct. 

 

 

 

 
Fig 1. Frequency of Days with More than 5 mm Rainfall in Tehran 

 

 

 
 

Fig 2. The Average Rainfall in Tehran in Five Years 

 

 

Tehran (area: 800 km
2
) is located on the southern hillside of the Alborz mountains and is an 

uneven city. The difference of altitude between the highest (north) and lowest (south) part is 

about 800 meters, and due to the difference in altitude and the large area of the city, there is 

much difference in the rainfall throughout the city. According to Figure 3, the rainfall in the 

northern part is more than anywhere else and generally the rainfalls in the northern half are 

more than in the southern half. The rainfall distribution decreases as we descend from north to 

south. In autumn, the rainfall in the northern part may even reach 260 mm whereas in some 
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parts the autumn rainfall may be 140 mm which shows a lot of difference in spatial 

distribution of the rains in the city. 

 

 

 

 
 

Fig 3. Average Autumn Rainfall in Tehran 

 

 

 

 

Figure 4 shows the spatial distribution of air pollution in Tehran. On the basis of this figure, it 

can be said that the distribution of the pollutants in different parts of the city depends on 

concentration of the population, transportation and topographical status. There are tall mountains 

in northern and eastern part of Tehran and as the common wind type in Tehran is the west wind, 

so these heights prevent the pollutants to escape the city and thus they make the pollutants 

concentrate throughout the city. The wind field and the distribution of atmospheric currents have 

changed comparing to their natural statuses with the development of urban construction. The 

common west wind and the common southwest wind in the city center have changed as the result 

of several stages of urban constructions and have got a shape like vortex. This air current has 

little role in the escape of atmospheric pollutants. Therefore, the cores of air pollution have been 

moved to central and eastern-central parts from the western sections. According to the figure, 

there are some strong pollution centers in the central and eastern-central parts. The central part is 

polluted because of automobiles and population density and the eastern part is highly polluted 

due to pollution transfer by wind current and its blockage caused by the constructions done at the 

center of metropolises. 
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Fig 4. Average of Air Pollution in Tehran in Autumn 

 

Acid raining is the regional danger to metropolises. As these cities develop, the effects of acid 

raining also increase. The most important sources of energy in Tehran are the fossil fuels. These 

fossil fuels are the most important sources of atmospheric pollutants. By producing carbon 

dioxide and releasing it to the atmosphere, they cause air pollution. Inversion is an important 

factor in increasing the number of polluted days. During autumn, the number of polluted days 

increases as the air inversion goes higher. Also, factories, mills and industrial centers on the 

western part of Tehran add to the air pollution of the city. As the beginning of raining at that 

period of time coincides with the peak of the concentration of air pollutants, the occurrence of 

acid rainfall in autumn was studied. On the basis of the results (Figure 5), acid rainfall varies 

throughout the city. At the center and western part, there are two cores prone to acid rains. The 

amount of air pollutants in these two sections is much more than that of in other sections. We do 

not mention the northern part as a center of acid rain due to the high amount of rains there. 

 

 

 
 

Fig 5. Average Acid Rainfall in Tehran in Autumn 
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CONCLUSION 

 

Tehran, as the capital of Iran, faces a lot of immigration from all over the country. Due to this 

reason, the population density in Tehran is more than other cities; and this density in population 

results in traffic, dense transportation and working of many factories inside and outside of the 

city. Tehran is one of the most polluted cities in the world nowadays and every day the amount 

of pollutants in it increases. Therefore, we studied acid rainfalls throughout the city. Two types 

of data were used to gain the variable, acid rain. One of them was the data for rainfalls and the 

other was data for air pollutants. Using the GIS program and the index of multiplying the two 

variables, we made a map of acid raining and concluded that Tehran includes some probable 

cores for acid rain. The city center and east of Tehran are the two cores that face acid rains 

during autumn and the northern, northeastern and northwestern parts are less prone to acid rains.  
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