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Received in revised form: Jrdan expansion has led to changes in land use in cities, which in turn causes changes in landscape
11 April 2025 patterns and severe ecological problems in urban areas. The main objective of this study is to
Accepted: investigate the relationship between different land use patterns and air pollutants (aerosols, carbon
29 April 2025 monoxide, nitrogen dioxide and sulfur dioxide) in Ilam city. In this study, urban land use maps were
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28 May 2026 used to prepare distance and density maps of land uses, and Sentinel-oP satellite images were used to
calculate and evaluate air pollutants. Then, the relationship between the spatial composition and
configuration of urban land uses and air pollutants was calculated using the correlation coefficient.
By applying the algorithm, it was determined that based on the distance index, the spatial
distribution pattern of industrial uses had the greatest impact on the form of aerosol pollution
emissions, nitrogen dioxide pollutants, and carbon monoxide throughout the year for people's health,
and residential uses had a relatively good location in terms of aerosol and carbon monoxide pollution
emissions. Based on the distance index, it was determined that distances close to educational uses
were more effective in producing sulfur dioxide pollutants than other distances from uses. Also,
based on the density criterion, the spatial distribution pattern of industrial uses had the greatest
impact on the form of aerosol, carbon monoxide, and sulfur dioxide pollution emissions, and

E:X(‘j"’ssrgs: residential use was a more effective factor in producing nitrogen dioxide pollution based on the
Airpolluéants density criterion Also, based on the residential use density index, it is a more effective factor in
Spatial distribution, producing nitrogen dioxide pollution. Sulfur dioxide pollutant also has an inverse relationship with
Ilam. distance from educational use and a direct relationship with distance from industrial use.
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1. Introduction

Air pollution is recognized as one of the biggest global sustainability problems in the 21st century. Air pollution
refers to the presence of fine particles, chemicals, or gases in the atmosphere that are harmful to the health of human
populations and other living organisms. Human activities, including traffic, waste incineration, solid fuel
combustion, industrial and agricultural activities, emit high levels of air pollutants. Urban development and its
structure, public facilities, and traffic patterns are the main factors that worsen urban air quality. In other words, land
use and transportation modes have changed due to urbanization, such that a significant increase in energy
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consumption and widespread emissions of air pollutants have exacerbated the current air pollution situation. The

most common air pollutants in cities include carbon monoxide, sulfur dioxide, nitrogen oxides, hydrocarbons,
particulate matter, and ozone. Urban land use patterns are usually reflected in the dispersion of air pollutants and air
quality in urban environments. In fact, the distribution of pollutants depends on land use activities. Land use changes
directly or indirectly affect natural land cover levels, thus can affect the transport/dispersion of air pollution. The aim
of this research is to investigate the relationship between different land use patterns and air pollutants and to answer
the question of what relationship exists between spatial patterns of urban land uses and air pollutants?

2. Materials and Methods

The present study is applied in terms of purpose and descriptive-analytical in terms of methodology, based on library
studies and field surveys. In order to investigate the effect of spatial distribution of urban uses on air pollution
factors, first, related research is reviewed and effective models are identified. Then, data related to air pollution
indices including aerosol, carbon monoxide, nitrogen dioxide and sulfur dioxide are prepared along with 1y - -scale

maps of urban uses including residential, commercial, industrial and educational. In the next stage, the spatial
distribution of urban uses is prepared based on spatial analysis methods in the geographic information system in two
ways: distance and density. Also, the spatial distribution of types of pollution is prepared with the help of Sentinel
satellite data and Google Earth Engine system. In this study, spatial and temporal changes of air pollutants were
investigated using Sentinel-oP satellite and its TROPOMI tool on the Google Earth Engine (GEE) platform. Next,

the prepared matrices are examined monthly using the spatial correlation matrix (Band Collection Statistics) and the
relationship between each type of pollutant and each type of urban use is determined during the year v-vyvy.

Accordingly, the main centers of pollutant accumulation in the entire city of Ilam are identified and more dangerous
and less dangerous locations are determined.

3. Results and Discussion

In the study of the pollutants studied with the distance index, only the nitrogen dioxide pollutant had an inverse
relationship with the distance from the land use, in other words, wherever the distance from the land use was large,
the amount of nitrogen dioxide pollution was also low, and the distance close to the industrial land use was an
effective factor in the production of nitrogen dioxide pollutant. The sulfur dioxide pollutant has an inverse
relationship with the distance from the educational land use and a direct relationship with the distance from the
industrial land use, so the distances close to the educational land use were more effective in the production of sulfur
dioxide pollutant than other distances from the land use. In the study of the pollutants studied with the density index,
only the nitrogen dioxide pollutant had a direct relationship with the density of the land use. In other words,
wherever the density was high, the amount of nitrogen dioxide pollution was also high. Also, based on the density
criterion in the production of aerosol pollution, carbon monoxide and sulfur dioxide, industrial use is a more
effective factor in producing pollution, and based on the density criterion, residential use is a more effective factor in
producing nitrogen dioxide pollution.
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4. Conclusion

Considering that vehicles play a major role in air and noise pollution, the increase in the concentration of carbon
monoxide, nitrogen dioxide, and sulfur dioxide pollutants is directly related to the use of vehicles and increased fuel
consumption. Therefore, considering the density of uses such as educational, residential, and commercial, which
draw a large number of people and vehicles from different points to the city during the day, it has caused
environmental instability. In addition to the concentration of uses in the central area of the city, the close distance to
industrial uses is an effective factor in the production of nitrogen dioxide pollutants, and also, based on the
residential use density index, they are a more effective factor in the production of nitrogen dioxide pollution. In the
study of pollutants under study with the density index, only nitrogen dioxide pollutant had a direct relationship with
land use density, in other words, wherever the density was high, the level of nitrogen dioxide pollution was also
high, which based on the density criterion, residential use is a more effective factor in producing nitrogen dioxide
pollution. Also, based on the density criterion in the production of aerosol pollution, carbon monoxide and sulfur
dioxide, industrial use is a more effective factor in producing pollution. Also, the highest level of air pollution
indices was related to the spring and winter seasons, so seasonal and climatic changes also have a significant impact
on the relationship between land use and pollution, and the heterogeneity of land use distribution in different areas of
Ilam Municipality has also caused differences in the level of emission of different pollutants in different parts.
Keywords: Land use, Air pollutants, Spatial distribution, llam.
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