Journal of Environmental Research
Vol. 13, No. 25, Spring &Summer 2022

Journal Homepage: www.iraneiap.ir
Print ISSN: 2008-9597 Online ISSN 2008-9590

Spatial Analysis of Air Pollutants Carbon Monoxide in Mashhad Document Type
Research Paper
g I Received
Reza Esmaili'’, Farrokh Legha Amini 2021/10/17
1 PhD in Climatology, Deputy of Environment and Urban Services of Mashhad Municipality Accepted

Mashhad, Iran 2022/07/11
2 Master of Environmental Science, Department of the Environment Khorasan Razavi
Province,Mashhad, Iran

DOI: 10.22034/eiap.2022.158590

Abstract

In this study, carbon monoxide pollutants in the air of Mashhad in the 6 years (from 2014 to 2020) have been analyzed
by spatial analysis. For this purpose, the monthly average for each station is calculated based on the daily concentration,
and using the interpolation function, 72 monthly distribution maps with cells in the dimensions of 500 * 500 meters (1247
cells in the city of Mashhad) were drawn. Finally, combination of monthly maps for each year, a six-year average map
was obtained. To spatial analysis, geographical distribution, pattern analysis, and cluster analysis have been used. The
results showed that the spatial distribution of CO in Mashhad has a cluster pattern. The results of local Moran index
analysis showed two hot spots separately from each other in Mashhad, that both of them are located in the direction on
the Vakilabad and Khayyam boulevards. The characteristics of statistical components of traffic and transportation in hot
spots are significantly different from other parts of the city (cold spots). The total length of the transportation network is
53%, private cars 73%, motorcycles 83%, and buses and trucks 75% more in the identified hot spots, which can explain
the reason for the formation of these hot spots.
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Expanded Abstract

Introduction

Air pollution is a multifaceted phenomenon that with the growth of population, increasing consumption of
fossil fuels, urban sprawl, agricultural development, industrial development and increasing motor
transportation, etc. in most parts of the world, especially metropolises in developing countries, is a major
environmental problem. According to the World Health Organization (WHO) report, air pollution after
smoking, diet and obesity is the fourth leading cause of premature death in the world (WHO, 2016). Among
air pollutants, CO is one of the most dangerous pollutants. It is a toxic, colorless, odorless, and non-irritating
gaseous pollutant that disrupts the supply of oxygen required by body tissues by reducing the ability of
hemoglobin to carry oxygen, as well as the formation of carboxyhemoglobin, which affects the central nerves
(Ana & Ogunseye, 2015). The results showed that there is a significant positive relationship between mortality
and CO levels in the air and 4.7% of deaths are attributed to this pollutant (Burnett et al., 2011; Kermani et al.,
2016). Recently, there has been a great deal of interest in the use of spatial analysis, especially in the
distribution of environmental variables, including air pollutants, among environmental researchers (Ding et
al., 2015). |In this study, in addition to mapping the CO distribution map using a multi-year statistical period,
for the first time, spatial analysis of this pollutant and also investigating the reasons for the formation of high
CO concentration centers in Mashhad.

Data and Methods

The City Under Study and Data Used

Mashhad city, the capital of Khorasan Razavi province, is located in theNortheastern of Iran, between the
Binalood and Hezar-Masjed mountains.According to the latest population and housing census, it has a
population of 2,987,323, to which should be added 20 to 30 million domestic and foreign pilgrims and tourists
annually. This city has 23 air quality monitoring stations. Data from 1/1/1393 to 1/1/1399 for CO pollutants
have been collected and analyzed by the Environmental Pollutants Monitoring Center of Mashhad.

Spatial Analysis of Data

Spatial analysis is a complex of cartographic, mathematical and statistical methods used to process and analyze
spatial data. The most important feature of spatial analysis is the emphasis on the spatial dimension of data
(Alijani, 2015). In order to comprehend of CO pollutant distribution pattern were used software capabilities
ArcMap software and some functions of the Spatial Statistics Toolbox including geographical distribution
(central feature, directional distribution, central mean and median center), analyzing pattern (high/low
clustering), multi-distance spatial cluster analysis (Ripley K function) and cluster / outlier analysis or Aselin
local Moran (Gummer et al., 2004; Fischer & Getis, 2010; Asgari, 2012).

Research Process

In this research, the capabilities of Geographic Information System (GIS), geostatistical functions, spatial
analysis of geographical processes and subset tools of them to be used to identify the patterns of spatial and
temporal distribution of carbon monoxide in the Mashhad city. CO pollutant data of Mashhad city were
collected from air quality stations in a 6-year statistical period, invalid data ware identified and the accuracy
of the data ware confirmed. Then, using the CO concentration daily, the average of each station was calculated
monthly and using the interpolation function, 72 monthly distribution maps were drawn with cells in the
dimensions of 500 * 500 meters (1247 cells in Mashhad city). Finally, from the combination of monthly maps,
the six-year average CO map of Mashhad was obtained and the desired spatial analysis was performed on 1247
cells. Finally, from the combination of monthly maps, the six-year average CO map of Mashhad was obtained
and the desired spatial analysis was performed on 1247 cells.

Results

According to the 6-year average map (Figure 1), the areas located in the northwest (District 12 of the
municipality) and west (District 9 of the municipality) of Mashhad with an average concentration of 1.19 ppm
have the lowest CO concentration and areas of regions 11, 1 and 2 have the highest average concentration
(2.65 ppm), respectively. In order to identify the pattern of geographical distribution of CO have been used
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central feature, directional distribution, central mean and median center. Based on the directional distribution
(Figure 2), the distribution of CO pollutants from the Northwest to the Southeast of Mashhad and its focus on
the main urban routes (Malek-Abad and Vakil-Abad Boulevards) in districts 1 and 11 of the municipality. The
overlap of the middle, mean, and central feature in district 1 of the municipality show the high concentration
of CO pollutants in the arterial passages of the city (approximately down town).
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Figure (2): Determining the location of central
feature, directional distribution, central mean and
median center CO pollutant distribution in
Mashhad (2014-2020)

Figure (1): Multi-year average map (2014-2020) of
CO concentration distribution in Mashhad.

The high / low clustering test on 1427 points matched with the numerical values of the average annual CO
shows that the studied data have a cluster pattern. The Ripley function is a tool for spatial analysis of data
scattered across points in a geographical area. The amount of K observed is greater than the amount of K
expected for certain intervals Therefore, it can be said that the variable studied in that distance (analysis scale)
has a more clustered pattern than the random distribution. The results and output of the local Moran index
analysis (Figure 3) show three separate clusters in the Western of the city. The middle cluster corresponding
of the concentrated CO core in the annual average map is higher than other parts of the city significantly. In
the hotspot analysis (Getis —Ord-Gi Index), two red cores represent hotspots, one of these cores, which is more
statistically homogeneous, has been formed in the Vakilabad Boulevard and a smaller core is almost in the
Khayyam Boulevard (Figure 4). The surrounding areas and especially the North of this spot are at the level of
95 and 90% statistical reliability.
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Figure (4): Location of hot and cold spots of CO
pollutants in Mashhad city based on Getis-Ord-G;i
index (2014-2020)

Figure (3): Spatial distribution map of local
Moran index CO pollutant in Mashhad
(2014-2020)
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Conclusion

According to the six-year average map, the distribution of CO in Mashhad often follows the transportation
network. So that the highest concentration of this pollutant is seen in the central and high-traffic areas of the
central core route of Mashhad (Vakilabad Boulevard, Malekabad Boulevard, Sanabad, Piroozi, Gharani,
Moalem, Sajad, Kalantari and ...) and the lowest amount is seen in the Northwest and West of Mashhad. The
central core of city and Khayyam Boulevard can be introduced as the most polluted parts of the city to this
pollutant. According to the results of the analysis of the geographical distribution pattern, the mean center,
median center and central feature of this pollutant are located in district 1 of the municipality (high-traffic core
of the city). Also, the elongation of the distribution of CO is oval from Northwest to Southeast of Mashhad, It
seems to correspond to the direction of physical development, the main communication network of the city
and also following the topography of Mashhad plain. The results of distribution pattern analysis done by two
tests of high / low cluster (general G statistic) and Ripley distribution showed that the CO pollutant distribution
in the city has a cluster pattern. Finally, clusters and hotspots of this contaminant were identified using local
Moran test. The results of this analysis showed two separate hot spots, the first core is located in Vakilabad
Boulevard and the second core is formed in Khayyam Boulevard, both of them are part of the busy arteries of
city. According to that the main source of CO emissions is mobile sources( especially the transportation sector
)some of transportation parameters were compared with cold point statistics to investigating of the formation
of hot cores reasons. Based on these results, the average speed of vehicles in hot spots is 45 km / h and in cold
spots is 31 km / h. In addition, the number of private cars 73%, motorcycles 83%, taxis 81%, vans 80% and
buses and trucks 75% are more in hot spots.
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12. Arc Map 21. Multi-Distance Spatial Cluster Analysis (Ripley’s K
13. Spatial Statistic Tools Function)

14. Geographic Distribution 22. Mapping Clusters

15. Central Feature 23. Cluster and Outlier Analysis

16. Directional Distribution 24. Anselin Local Moran

17. Mean Center 25. Hot Spot

18. Median Center 26. Cold Spot

19. Analyzing Pattern 27. Geostatistical

20. High/Low Clustering 28. Geographic Information System (GIS)

29. U.S. Environmental Protection Agency(EPA)
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