
 

 

https://sid.ir/1790
https://sid.ir/1797
https://sid.ir/1798
https://sid.ir/1799
https://sid.ir/1800
https://sid.ir/1788
https://sid.ir/1703
https://sid.ir/1706
https://sid.ir/1708
https://sid.ir/1707
https://sid.ir/1789


Journal of Civil and Environmental Engineering 
Volume 47 (2017), Issue 1 (Spring), 107-114. University of Tabriz 

   
 

 

 

* Corresponding Author 
E-mail addresses: mohammadinahideh@yahoo.com (Nahideh Mohammadi), kh.zoroufchi.b@gmail.com (Khaled Zoroufchi 
Benis), m.shakeri55@gmail.com (Masood Shakeri), shakerkhatibim@tbzmed.ac.ir (Mohammad Shakerkhatibi), 
fatehifar@gmail.com (Esmaeil Fatehifar), amirmahmoudian1990@gmail.com (Amir Mahmoudian). 

  EXTENDED ABSTRACTS    
 
Associations between Surface Ozone and Nitrogen Oxides of 
Ambient Air in Tabriz 
 
Nahideh Mohammadia, Khaled Zoroufchi Benisb, Masood Shakeric, Mohammad 
Shakerkhatibid,*, Esmaeil Fatehifare, Amir Mahmoudianf  
 
a Tabriz University of Medical Sciences 
b Environmental Engineering Research Center, Sahand University of Technology 
c East Azerbaijan Department of Environment 
d Department of Environmental Health Engineering, Tabriz University of Medical Sciences 
e Environmental Engineering Research Center, Sahand University of Technology 
f Department of Environmental Health Engineering, Tabriz University of Medical Sciences 

 
Received:13 September 2015; Accepted: 22 February 2016 

 
 

Keywords:  
Tabriz, Surface ozone, Nitrogen oxides, Air pollution 
 

 
1. Introduction 

Nowadays, air pollution is one of the most concerning environmental problems in major cities all over 
the world. Surface ozone (O3) as one of the most important pollutants in troposphere is one of the major 
components of smog and is formed through a series of photochemical reactions in the presence of volatile 
organic compounds (VOCs) and nitrogen oxides (NOx). High oxidizing potential of ozone can lead to 
respiratory problems. Breathing ground-level ozone can trigger variety of health problems such as chest 
pain, throat and eye irritation, asthma attacks, bronchitis, emphysema and headaches. Also, high ozone 
concentrations deeply affect plants and cells, and impact worldwide crop and forest. In the last decade, a 
number of studies have been done in the case of O3 concentration in urban areas. These studies indicate 
that O3 concentration has increasing trend in major cities (Mohammadi et al., 2016; USEPA, 2013; Im et al., 
2013). 

 
 

2. Methodology 
This study was carried out based on recorded data in three air quality monitoring stations in Tabriz, 

city located in northwest of Iran. Tabriz is the capital city of East Azerbaijan lying at 46.13 east and 38.8 
north with an altitude of 1351 m above the sea level. It has a semi-arid climate with an annual 
precipitation around 380 mm and the mean, maximum and minimum temperatures are 13, 38 and -15°C, 
respectively. 
This study aims to determine the variations of surface ozone and its relationship to the changes of NOx. 
The measurements of O3 and NOx over a 3-year period in the Abresan, Rahahan and Meidan Namaz air 
quality stations (Province Environmental Protection Bureau stations) were used. 
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3. Results and discussion 

3.1. Monthly average of pollutants concentration 
According to Fig. 1, maximum concentration of O3 has been occurred during summer months. 

Adversely, the minimum concentration of NOx has been occurred during the same months, when ozone 
had the maximum concentration. This result reveal the fact that summer times provide sufficient 
condition (proper temperature, solar radiation and sufficient time) for photochemical reactions (Susaya et 
al., 2013). 

 

 

 
Fig. 1. Monthly pollutants concentration in Tabriz over a 3-year period in three monitoring stations (a) O3 (b) 
NOx 

 
3.2. Seasonal and Diurnal variation of Pollutants concentration 

Diurnal variations of O3 and NOx were severely affected by seasonal variations and the location of air 
quality stations so, the values of both O3 and NOx are varied as a function of solar radiation. At all seasons, 
the highest O3 and NOx values were observed with an afternoon maxima of 49.6 ppb (12-19 pm) and a 
maximum concentration of 221.4 ppb at 18-22 pm, respectively. The lowest levels of O3 (4.5 ppb) at 7-9 
am and for NOx (5.5 ppb) at 2-6 am were observed. At all stations, the highest concentrations of O3 and 
NOx were observed throughout the summer and autumn, and the lowest levels of O3 and NOx were 
observed throughout the winter and summer, respectively. The investigation of associations between 
surface ozone and nitrogen oxides (Fig. 2) indicated that NOx levels reach the maximum values when the 
human activities and traffic flow peak and high O3 mixing ratios correspond to lower NOx concentration 
levels. As the day advances and the sunlight intensity increases, the NO oxidation rate also increases. NOx 
shows almost opposite diurnal variation pattern compared to O3, characterized by high concentrations 
during morning and low concentration during noon and afternoon (Nishanth et al., 2012). 
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Fig. 2 Diurnal variation of Pollutants concentration in (a) Abresan (b) Rahahan (c) Meydan namaz 
 

4. Conclusions 
The study of surface ozone concentrations and nitrogen oxides recorded at three air quality 

monitoring stations, in Tabriz city showed that the maximum surface ozone levels and minimum NOx have 
been occurred during summer months. Diurnal profiles of O3 concentration displayed the usual urban 
area features with the afternoon maxima and the nighttime minima, being more pronounced at the traffic 
site. 

Controlling of surface ozone, is a complex task. However, reduction of traffic emission, and 
enforcement of a proper emission standard can be helpful in reduction of O3 pollution in the troposphere. 
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