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Original Research Article 
Determination of sulfur dioxide dispersion in the 

atmosphere from petroleum production Unit No. 9 and 
its proximity to Masjid-I-Suleiman 

Abstract 

Masjid-I-Suleiman became the first petroleum city in Iran and the Middle East and the petroleum 

production unit located nearby, due to its aging installation and technology for petroleum and 

natural gas exploration has now become the largest SO2 polluter among the petroleum producing 

regions in southern provinces. Petroleum production unit No.9, located in the residential area of 

Masjid-I Suleiman, separates gases which are dissolved in petroleum. Every day about seven 

million cubic feet of gas are burnt in the flares. The amount of sulfur compounds in this gas is 

about 7 percent by volume, which after burning are released as SO2 in the air. This research was 

conducted to determine the amount of dispersion of SO2 in the atmosphere in proximity to Masjid-

I Suleiman. In the present study lead peroxide absorbent plates were used to absorb SO2 from air 

for six months. The amount of SO2 was measured using a standard laboratory procedure and 

expressed in units of µg SO2 cm-2 day-1. The minimum and the maximum of SO2 adsorption on 

absorbent plates in six month sampling (summer and autumn) was equal to 0.32and 30.08 µg 

SO2 cm-2day-1 respectively. The average amount for the whole period was 8.74 µg SO2 cm-2day-1. 

 Results of this study were compared with ISO-9223 standard, the Poland research institute, and 

some other petroleum production units. The amount of sulfur dioxide pollution is at a high level in 

the areas studied. Moreover, the influence of meteorological factors such as temperature, relative 

humidity and wind speed on the dispersion of SO2 was investigated. The results of this 

investigation demonstrate an inverse relationship of SO2 concentration with relative humidity, and 

a direct relationship with the temperature and wind speed.                                                       
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1. Introduction 

 

Air pollution is one of the main environmental problems in today's societies.  The petroleum (oil) process 

and related industries may be considered the main causes of this pollution in petroleum and natural gas 

rich regions of the world.  

The most common air pollutants are CO2, SO2, NO2, Hydrocarbons (HC) [1] and particulate matter. A lot 

of gas emissions are released into the atmosphere by the combustion processes and sour gas 

processing [2-3]. These pollutants and secondary compounds which may be produced by some of them 

can cause a number of adverse human health effects and global climate change. Since these pollutants 
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affect human health and environment, some limitation has been legislated for the release of pollutants 

into the atmosphere [4-5]. Because of huge petroleum and natural gas fields in Iran, large amounts of 

gases and petroleum are burned, especially in some areas in the south, creating unfavorable conditions 

which seriously threatening the health of residents[6-7]. Sulfur dioxide (produced by burning sulfur 

containing organic compounds in the air) is a dangerous air pollutant which is hazardous to health [8-9] 

and it causes corrosion in some metals [10-11]. The percentage of sulfur containing compounds is 

relatively high in the remaining gas from oil production unit 9. This unit is located in the residential area of 

Masjid-I-Suleiman. Because of an aging installation the oil fountains and wells leak gaseous 

hydrocarbons into the air. These harmful air pollutants are the source of allergic respiratory diseases in 

the region.   

Data presented in this work can help to determine the most polluted areas in Masjid-I Suleiman. In this 

work much attempt has been made to determine the amount of SO2 present in the air around oil unit No.9 

and other installations operating in the city. In addition, the effect of climatic data has been recorded for 

temperature, relative humidity and wind speed on the distribution of SO2. 

2. Materia and Methods  

The project study area includes a part of Masjid-I-Suleiman where oil production unit No.9, oil fountains 

and oil wells are located. The Masjid-I-Suleiman petroleum field was discovered in 1908 by drilling oil 

wells No.1 which is the first oil well in the Middle East. The size (dimension) of oil field is 31 by 7 KM2. 

Economic production from this field began with a production rate of 500 bbl (barrels) per day in 1908, 

which was increased in 1929 to 120 thousand bbl per day. Later by drilling and commissioning of new 

wells, the oil production reached to its peak (i.e. 127 thousand barrels per day) in 1935. Since 1969 the 

production rate was declined to 10 thousand barrels per day in 1990 (due to excessive brine and gas 

production and reducing oil column thickness). Today oil production is 4.2 thousand bbl per day (Masjid-I- 

Suleiman engineering report (Persian)). 

 

Fig. 1. Geographical Location of Studying Scope 
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The aim of this study is to measure the SO2 concentration in the air at the selected regions. 

Measurements were carried out during the entire summer and fall seasons. The climatic parameters are 

temperature, relative humidity, rainfall and wind speed [12].  These parameters affect the SO2 

concentration in air. The influences of climatic parameters on the SO2 concentration were also studied. 

The results were recorded and the relationship between the climatic parameters was examined. A 

Portable TESTO Xl-350 was used to measure the concentration of hydrogen sulfide (H2S); however, the 

device could not indicate any concentration due to the low amount of pollutants in the air. Instead lead 

peroxide absorbent plates were placed at selected sampling stations for one-month periods, in 

accordance with the standard method of sampling (ASTM D2010) [13].    

In general there are two methods for measuring air pollutants. One is called the laboratory method based 

on laboratory analysis. The samples are taken at the study area and then moved to the laboratory for 

analysis. Although this method is expensive and time consuming, it is most accurate. Another method is 

the use of direct reading instruments to measure air pollutants at any time in the area. These devices 

provide the amount of pollutants in the sampling times. Although the accuracy of this method is less than 

previous one, easy operation and quick results, made it popular and are widely used in measuring air 

pollutants. There are two techniques that can be used for gas and vapor sampling in ambient air 

condition; one is active method and second is passive method [14]. The passive sampling method has 

been chosen for this study (it's based on laboratory analysis in accordance with ASTM D 2010 / D 2010-

98 Reapproved 2004)[13]. To carry out this research, eight sampling stations were selected on the basis 

of oil production unit No.9, other oil and sour gas sources in the Syberenj region, and the abundance of 

oil wells and population density. 

 

3. Experimental procedure 

In the standard procedure, a lead peroxide plate (18 cm2) with UV (sunlight) and chemical reaction 

resistance was placed at an altitude of 1-2 meters higher than the ground level in each station. The SO2 

adsorption time was one month, based on standard procedure. After this period of time, the plates were 

transferred to the laboratory to measure the adsorbed sulfur. Each lead peroxide plate was scraped under 

the hood and the scrapings transferred into the 50mLgraduated cylinder.  20mL of sodium carbonate 

solution (50gr per liter) was added to the graduated cylinder, which was then placed in a shaker for about 

24 hours. After that the solution was put in a hot water steam bath for 30 minutes. The solution was 

filtered; the filtrate was transferred to a volumetric flask. 4mL of 0.1 M HCl solution was added to the flask, 

and then distilled water was added to make the final volume of 50mL.    3.0 gr of barium chloride was 

added to the flask and mixed by a shaker for 1 minute. Finally, a sample of the solution was placed inside 

the spectrophotometer and the absorbance at 394 nm recorded. Using a calibration curve, the value of 

sulfate was obtained. 
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The amount of sulfate represents the total amount of sulfur dioxide absorbed by the lead peroxide plates. 

The amount of sulfur dioxide was calculated in micrograms per cubic meter (per day), based on the 

following relation: 

 

μ g SO2 /cm3/day = µg so2*0.667 / T*A                        (1) 

 

T and A are time and area respectively. The SPSS software was used for data processing and analyzing 

the samples. 

 

4. Results and Discussion 

   Table 1 shows the results of calculated sulfur dioxide concentration (µg SO2 /cm2/day) for a period of six 

months from July to December for eight designated locations. The climatic influence on the accumulation 

of SO2 in the air was investigated. As fig. 2 shows, the amount of SO2 present in air has no direct relation 

with the change of seasons; no linear relation could be found in pollutant concentration. 

A graphical presentation of the average sulfur dioxide concentration is presented in Fig. 3.  Table 2 

demonstrates the average temperature oC, relative humidity in air and wind speed (m/s) in designated 

sampling locations for a period of six months.  

During the time of the research (6 months) the average temperature was 31.2° C; the average relative 

humidity approximately 27.5%, and average wind speed, 8.3 m/s. The results show that the maximum 

concentration of sulfur dioxide is 30.08 (μg/cm²/day) (December- Station No.1) which is close to oil 

production unit. The lowest concentration has been measured around 0.32 (μg/m² on sq. per day). At 

Station No. 5 in the same month (far from oil activity). 

 

 

Table 1. Sulfur dioxide concentration during measurement time (µg SO2 /cm2/day) 

µg 

so2/cm2/day 

 

July 

 

 

August 

 

September

 

October 

 

November 

 

December 

Station 1 22.32 21.6 21.6 13.2 10.72 30.08 

Station 2 16.8 18.16 18.48 9.52 12 14.96 

Station 3 2.72 3.68 3.76 3.6 2.32 3.44 

Station 4 1.92 3.12 3.52 3.76 3.2 1.2 
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 Fig. 2. SO2 concentrations during measurement time in each station 

 

Fig. 3. Average SO2 concentration diagram in designated areas 
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Table 2. Sulfur concentration during measurement time (µg SO4
2- / cm2/ day) 

 

µg 

so2/cm2/day 

 

July 

 

 

August 

 

September 

 

October 

 

November 

 

December 

Station 1 33.48 32.4 32.4 19.8 16.08 45.12 

Station 2 25.2 27.24 27.72 14.28 18 22.44 

Station 3 4.08 5.52 5.64 5.4 3.48 5.16 

Station 4 2.88 4.68 5.28 5.64 4.8 1.8 

Station 5 6.36 4.56 5.16 2.28 2.4 0.48 

Station 6 12.12 11.28 13.68 14.04 12.24 5.28 

Station 7 17.88 12.36 13.2 7.08 5.28 10.08 

Station 8 14.28 20.04 15 20.16 17.52 18 

 

 

 

The table 3 and fig. 3 indicate the average, standard deviation, the minimum and maximum 

concentrations of sulfur dioxide (in μg SO2 /cm2/day) in all eight sampling areas per month. All time 

measurements are the same for the average concentrations of sulfur dioxide except for October and 

November. The reason is oil production unit No. 9 had been shut down (for repair) in these months.    

 

Table 3. Average temperature, relative humidity, and wind speed during measurement time 

 

Meteorological 

factors 

 

July 

 

 

August 

 

September

 

October 

 

November 

 

December 

 

Average 

Average 

Temperature 

(0C) 

 

38.4 

 

39.8 

 

36.5 

 

31.2 

 

24 

 

17.3 

 

31.2 
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Average 

relative 

humidity (%) 

 

21 

 

20 

 

23 

 

26 

 

36 

 

39 

 

27.5 

Average wind 

speed 

(m/s) 

 

10 

 

10 

 

7 

 

7 

 

7 

 

9 

 

8.3 

 

SPSS software was used to study the climatic effects on SO2 concentration. However, any significant 

relationship was not found (P.Value<0.05) among the pollutant concentrations and temperature, relative 

humidity and wind speed. (Table 4) 

 

Table 4. Average, maximum and minimum of sulfur dioxide concentration and standard deviation 

of it during sampling period 

  

  Average  Standard 

deviation  

Minimum  Maximum  Month 

  9.69  7.13462  1.92  22.32  July 

  9.84  7.14340  3.04  21.60  August 

  9.84  6.89142  3.44  21.60  September 

  7.39  4.59663  1.52  13.44  October 

  6.63  4.46803  1.60  12.00  November 

  9.03  9.93698  0.32  30.08  December 

  8.74  6.68797  0.32  30.08  Total mean  

 

The results indicate that given a concentration of 300mg/m3, the highest concentration of sulfur dioxide 

occurred in December and in Station No.1 (the closest place unit No.9).  The result of this study is similar 

to the study conducted by Kazemi in Asaluyeh (Boushehr- Iran). The maximum amount of sulfur dioxide 

was 93 mg/m3 in December [15]. This difference between 30.08 and 93 mg/m3 is because of ambient 

temperature. There is a general trend that SO2 concentration decreases as temperature increases 

because the heat reduces the air density [16]. The highest SO2 concentration was reported in the cold 

season Elâzığ (Kpunar et.al, Turkey).  
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There is no significant relationship observed between temperature and the amount of SO2 in air. This may 

be due to a low temperature difference, during the study period. The analysis of the experimental results 

show that there is an inverse relationship between the amount of SO2 and relative humidity in air, but it 

has a direct relationship to the wind speed. These results are similar to Dmyrychin Study in Trabzan 

(Turkey). Dmyrychin reported that there is a poor correlation between meteorological factors (such as 

wind speed and relative humidity) and the pollutants. There is no generality (P.Value˃0.05) due to the 

lack of relationship among pollutant, and relative humidity, and wind speed.  The inverse relationship 

between humidity and the amount SO2 in air can be explained. In air SO2 molecules absorb water 

molecules after collisions. As SO2 molecules become heavier their mobility decreases and they may 

precipitate as rainfall. Masjid-I-Suleiman is surrounded by mountains and high hills; therefore wind has 

not much effect on SO2 pollutant distribution.  

A comparison of sampling stations (Fig.4) indicates that, stations 1 and 2 have the largest amount of 

pollutants as they are in the vicinity of oil production unit No 9. SO2 concentration at stations 3, 4 and 5 

are diminished gradually by getting distance from the plant. The abundant oil wells (station 8) and oil 

fountains (station 6 and 7) increased the amount of SO2 in air.   

 

 

Fig. 4. Average SO2 concentration diagram in designated areas 

 

5.1. Comparison of the results: 

5.1.1. ISO 9223 Standard 

Comparison of analytical results obtained from the proposed classification based on ISO 9223 standard 

[17], which specifies the key factors in the atmospheric corrosion of metals and alloys. These are the 

temperature-humidity complex, pollution by sulfur dioxide and airborne salinity, indicating that: 

1) The concentration of pollutants is in the level P3 in 62.5% of cases 

2) 12.5% is in the level P2 

3) And 25% is in the level P1 

This indicates that a high level of pollution exists in the region; moreover, there was not any sample in the 

low level P0. 
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5.1.2. Poland research institute 

Comparison of sulfur dioxide values obtained in the study and the Polish report shows that the SO2 are in 

high and extremely high levels in the most of samplings areas (86%). (Fig. 5) 

 

 
Figure 5. Classification of SO2concentrations according to the dangerous pollutant potential 

 

To present further information about SO2 pollutant in the region, we would like to mention part of a study 

conducted by the research institute of petroleum industry in some oil production units in south of Iran 

(table 5). The level of SO2 pollution is high in all over studied areas. 

 

Table 5. Comparing the masjid-I-Suleiman oil production unit with other units in south of Iran ((µg 
SO4

2- / cm2/ day) [18] 

  

  Masjid-I- 

Suleiman  

Ahwaz-2  Maroon-3  Ramshir 

pressure 

boosting 

unit 

Mahshahr 

pressure 

boosting unit  

Station 

No. 

  199.2  90.91  31.18  41.63  37.16  1 

  149.9     2 

     

 

5. Conclusion 

In this study the level of sulfur dioxide in air within the oil production unit No.9 (Masjid-I-Suleiman) was 

measured and analyzed. The results show that: 

 The concentration of SO2 is different in all sampling locations.  
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 The highest concentration of SO2 was observed in the vicinity of the oil production unit. 

  Due to the topography of the area around the Masjid-I-Suleiman which is surrounded by 

mountains, climate parameters do not effectively disperse air pollutants such as sulfur dioxide. 

 The existence of old oil installations, abandoned wells, gas & oil leakage as well as using 

unrefined gas (sour gas) for domestic consumption has increased the pollution levels. 

 

Nomenclature 

 

A                            : Area of the plate 

T                            : Time 

0.667                      : SO2 molecular weight to SO4
- molecular weight ratio 

P values                 : SO2 precipitation on the area according to ISO-9223 standard 

 

 

 

 

 

 

Pd= precipitation rate per unit area 

 

References 

[1] Ahmadiasour, A., Allahabadi, A. 2010. Evaluation of Air Pollutant  in Sabzevar City, Journal of 

Sabzevar Medical Science, Vol. 18, No.2 pp140-147                                                              

[2] Ferry, K. R., Gundappa, M., LaCosse, J. P., Shareef, G. S., Johnson, K. L., & McCarthy, J. M. 

(1997, January 1). Air Toxic Emissions Characterization of Natural Gas Processing Plants. 

Society of Petroleum Engineers. doi:10.2118/37875-MS. 

[3] Noriyati, R. D., Rozaaq, W., Musyafa, A., Seoprianto, A. 2015. Hazard & Operability Study and 

Determining Safety Integrity Level on Sulfur Furnace Unit: A Case Study in Fertilizer Industry. Journal of 

Procedia Manufacturing, V. 4, PP231-236.                                                      

[4] Jitendra, J., et al, 1997. Urban Air Quality Management strategy in Asia (guidebook), the 

World Bank, Washington, D.C.   

[5] Granieri, D., Vita, F., Inguaggiato, S. 2017. Volcanogenic SO2, a natural pollutant: Measurements, 

modeling and hazard assessment at Vulcano Island (Aeolian Archipelago, Italy). Journal of Environmental 

Pollution         

[6] Flair, 2005. Iranian national oil company journal, No. 322, 8-21 (Persian)     

SO2 precipitation on the areaclassification

Pd ≤10 P0 

10˂ Pd ≤ 35 P1 

35 ˂ Pd ≤ 80 P2 

80 ˂ Pd ≤ 200 P3 



11 
 

[7] Marln, C., Verriele, M. , Richard, V. 2017. Quantitative or only qualitative measurements of sulfur 

compounds in ambient air at ppb level? Uncertainties assessment for active sampling with Tenax TA®. 

Journal of Microchemical Volume 132, May 2017, Pages 143-153 

[8] Oemar, S., Lotong, M., Diana, A., 2009. Technical & social issue of H2S environment within 

drilling &operations of oil and gas industry “ case study of job PPEJ Sukowati oil field – Tuban 

block, East Java “ . Petro China East Java, SPE 125208.          

Low Sulphur Dioxide -[9] Kidambi, G., & Chilukuri, P. (2015, November 9). Meeting Ultra

Petroleum Emissions for Projects Based on Sour and Contaminated Gas Reserves. Society of 

                     .MS-Engineers. doi:10.2118/177725  

[10] Patty, G., Clyton, F., 1981. Patty’s industrial hygiene& toxicology. V. 2, 3rd edition, ISBN-13: 978-

0471079439   

[11] Gorka, M., and M. O. Jedrysek. "Solid atmospheric particles and wet precipitations in Wroclaw (SW 

Poland): mineralogical and isotopic preliminary studies." Mineralogical Society of Poland–Special Papers 

24 (2004): 179-182. 

 [12] Bootkin, D., 2005. Environmental problems. Geography, 41:39-51. 

[13] ASTM D2010 / D2010M - 98(2017), Standard Test Methods for Evaluation of Total Sulfation Activity 

in the Atmosphere by the Lead Dioxide Technique 

[14] Bahrami, A.R., 2000. Sampling and analysis of air emission. Hamadan Medical University: Vol.1. 
(Persian)                                                                                                                                   

[15] Kazemi, H., ParvinNia, M., 2009. The rate of chloride precipitation and atmospheric corrosion 

generated by gas and petrochemical industry. Tehran University (Persian)          

[16] Akpinar, Hakan, F., 2008. Evaluation of relationship between meteorological parameters air pollutant 
concentrations during winter season in Elazig, Turkey. Environ Monit Assess146:211-224. 

[17] Khanbabaee, G., 2008. Classification of industrial areas and study of corrosion rate, 

Research institute of polymer science and technology, Research Institute of Petroleum Industry 

(RIPI). (Persian)                                        

[18] The chemical experimental results of Masjid-I- Suleiman Oil Production Unit Company. 200 

 


