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Abstract

Various natural and anthropogenic factors are effective in causing air pollution. The effects of air pollution are more pronounced
on the health of living things, especially on the mental and physical health. Therefore, this issue is important because of the
importance of health and well-being. The purpose of the present study is to investigate the spatial and temporal monitoring and
analysis of air pollution (carbon monoxide, CO) using satellite and remote sensing data in Iran. To do this, Sentinel-5 satellite data
for air pollution (CO) monitoring over a 14-month period (November 2018 to December 2019) and Terra satellite and MODIS
satellite data with LST index for monitoring changes of daily and nocturnal temperatures (Kelvin unit) over a 24-month period
(January 2018 to December 2019) were used. The results showed that the highest amount of air pollution (CO) was obtained in
April 2019 with 0.39 mol/m?. However, the highest amount of air pollution in spatial monitoring of CO was obtained for Tehran
and Guilan provinces with values of 0.51 mol/m? and 0.49 mol/m? respectively, while the lowest amount of CO was 0.19 mol/m?
for December 2019. Northwestern Iran, south and west areas of the central part of Ardebil province, south half and eastern part of
East Azarbaijan province, Sahand mountain range, and western part of the border section of West Azerbaijan province were
exposed to air pollution with average values of 0 to 0.21 mol/m?. Since the highest amounts of air pollution (CO) occur during the
cold months of the year, people who are vulnerable to this phenomenon should travel to the polluted sites with observing hygiene
principles.

Keywords Air quality - Monitoring - Carbon monoxide - Crisis management - Remote sensing - Health - Pollutants

Introduction

Investigating the circadian, seasonal, and annual variations of
various meteorological parameters has various applications,
especially wind and air temperature in the surface layer of
the urban atmosphere. For example, knowing how local wind
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circulation systems are formed and how temperature changes
during the day and in the season will help to identify condi-
tions that lead to acute air pollution events (Vanino et al. 2018;
Omrani et al. 2020; Sager 2019; Sobhani and Safarianzengir
2019a; Sobhani et al. 2019a, b). Investigating changes in the
concentration of air pollutants, especially carbon monoxide
(CO) and aerodynamic particles less than 5 um in diameter
(PM; ), is of particular importance in terms of its impact on
human health and the environment. Identifying the circadian
and seasonal variations of meteorological parameters and the
factors influencing these changes such as topographic struc-
ture, urban heat islands, and large and mid-scale systems
which create and enhance the stability of the air, inversion of
temperature, low wind and changes in solar radiation; air pol-
lutants and their correlation, identifying the sources, condi-
tions and how pollutants are produced and released, and con-
tributing to each of these sources in air pollution, enables the
management of air pollution (Tiwary and Colls 2010; Kurata
et al. 2020; Kristin et al. 2019; Sobhani et al. 2018;
Safarianzengir et al. 2019). Complete and incomplete
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combustion of fuel in vehicles using gasoline and diesel fuel
creates a complex mix of gaseous and particulate pollutants,
many of which are harmful to human health. As the commute
rises, movement and stop and at the beginning of the journey
(the first 2 to 3 km), which the car engine is cold, CO diffusion
increases (Jeniffer etal. 2019; Li et al. 2020; Paola et al. 2019).
The rate of emission of pollutants may be directly related to
meteorological conditions (such as evaporation) or indirectly
(such as increased use of heating devices in the cold months of
the year) (Oanh et al. 2005; Cheung et al. 2020; Kurata et al.
2020; Li et al. 2020; Lu et al. 2019; Miller 2020; Omrani et al.
2020; John and Balmes 2019). Usually, the concentration of
pollutants in direct urban environments is not due to directly
increased pollutant emissions. Rather, it is the result of adverse
weather conditions. These conditions may reduce the ability
of the atmosphere to diffuse contaminants and transfer them
from contamination sources to other areas or be a combination
of the two above (Lalas et al. 1980; Schikowski and Altug
2020; Moon 2019; Safarianzengir and Sobhani 2020; Sobhani
and Safarianzengir 2020). Also, the study of the meteorolog-
ical conditions that caused air pollution over the central Po
(Po) valley showed that in all periods of air pollution, cyclones
were dominant and in the middle troposphere, existed warm
air (Sandro and Pellegrini 2004; Miller 2020; Julia et al.
2019). The issue of air pollution in major cities has been
exacerbated by concerns over the past few decades due to
the presence of numerous polluting sources such as automo-
biles, industries, heating devices, construction, and commer-
cial activities (Ibbetson et al. 2020; Song et al. 2019). The
structure and local characteristics of air pollution in a city,
on the one hand, are influenced by human activities and ener-
gy consumption due to the high density of the urban popula-
tion and on the other hand, are related to the natural system
governing the region, in particular, the physiographic structure
and local and regional atmospheric circulation (Fan et al.
2020; Fouladi et al. 2020; Golbaz et al. 2009; Ibbetson et al.
2020; Rohi et al. 2020; Lu et al. 2019; Sobhani et al. 2020a, c;
Sobhani and Safarianzengir 2019b).

Accordingly, the emergence of air pollution in urban space
and the extent of its location can not only be explained in
terms of citizens’ lifestyle, urban community behavior, and
the type and quality of the human activity but also for any
polluted urban activity center a complex combination such
as natural and anthropogenic factors play a role in determining
the characteristics and structure of local and regional air pol-
Iution (Wu and Lu 2020; Joris and Ommeren 2020; Sobhani
et al. 2020b). In the meantime, the emergence of heavily pol-
luted days associated with critical pollution conditions is of
metropolitan properties, which has a very wide negative im-
pact on the inhabitants of these cities and the urban environ-
ment in general (Fouladi et al. 2020; Fan et al. 2020). The
occurrence of extreme pollution in urban air and the emer-
gence of critical conditions in the concentration of
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atmospheric pollutants is a phenomenon that has occurred in
the metropolitan areas of Iran in recent years and has had wide
negative effects. MODIS sensor data can be used to obtain
much information such as temperature and humidity, pollu-
tions, cloud cover, ice and snow distribution and depth, ocean
color, vegetation indices, land and sea surface temperature,
fire, and natural and anthropogenic burns (Wang et al. 2010;
Govender and Sivakumar 2020). Therefore, with a review of
past research work, the necessity of this research is discussed
here. Nazarian et al. (2007) studied the role of morphological
location in Tehran air quality and concluded that the method
used is based on remote sensing thermal optical data that is
possible to map the Tehran metropolitan surface temperature
and the distribution of co-pollutants on it. Ghorbani et al.
(2010) studied the ability of MODIS sensing data to perform
qualitative and quantitative analyses of air quality in urban
areas and found that the data obtained and measured at
ground-based station of pollution monitoring can only be cited
within a limited radius of their surroundings, and the accuracy
of MODIS’s air pollution monitoring data was acceptable.
Ghorbani et al. (2012) carried out a rapid method of estimating
suspended particulate matter concentration using a MODIS’s
sensor in Tehran and concluded that the existence of
dependence between remote sensing calculations and ground
measurements indicates that satellite imagery is applicable to
monitor the status of contaminants in urban areas. Shamsipour
and Amini (2013) simulated the CO distribution pattern and
found that the maximum concentration of contamination in
sections with urban texture density such as Valiasr intersection
and south side of Tehranpars and remote areas especially in
mid-day. Saghafi and Aliakbari (2014) investigated the circa-
dian and seasonal variations of wind, air temperature, and CO
and PM,, pollutants in the surface layer of Tehran’s
atmosphere and concluded that both components of wind
speed and temperature play a role in PM;, transmission.
Soltani et al. (2015) studied the synoptics of highly polluted
days in Mashhad and found that the pattern of simultaneous
formation of low-thickness inversion layers is below 400 hPa.
Mozaffari et al. (2015) analyzed the relationship between syn-
optic patterns with particulate matter and carbon monoxide
pollutants in Shiraz and concluded that the trend of carbon
monoxide concentration was decreasing over the period.
Kabolizadeh et al. (2000) studied the application of a combi-
nation of Landsat-8 and Sentinel-2 satellite images in environ-
mental monitoring and found that the highest spatial deviation
in DWT index had a correlation value of 0.47 with the
reference image. Rangzan et al. (2019) modelled and zoned
water quality parameters using Sentinel-2 satellite images and
ANFIS and artificial neural network model and found that
sulfate ANFIS model with relative error and root mean square
error (RMSe) 0.077 and 0.801 had more accuracy than artifi-
cial neural network model with relative error and RMSe 0.158
and 1.247. Due to the importance of the issue of air pollution,



Air Qual Atmos Health

50°0[0"E

L@ Lake Urmia

[ ] ResearchArea
95 water sources Pe
_Topography
Topographic values
- 0-534

& 534.001 - 1,004

| &7 1.094.001-1612
af 15612.001-2,199

30°0[0" N

Km

; z

*c SISR001S0558 0 140 280 560 840 1120 £
S :uuu]u"n 6U°0UE S
g 1 A1 1 1 1 1 1 8

Fig. 1 Geographical location of the study area

many studies in Iran and abroad have been done by re-
searchers. Most of them generally have used ground-based
data for contamination monitoring although these data are
limited to the location of the measuring stations and cannot
adequately address the issue. It also cannot be expanded to
more remote areas, and therefore, remote sensing data and
valid methods and indices were used in this study.
Considering the above issues, the purpose of this study is to
monitor, analyze, and map the temporal and spatial extent of
air pollution in the metropolitan areas of Iran.

Materials and methods
Study area

The purpose of this study was to study air pollution in Iran’s
metropolitan areas. For this purpose, some data were used

including Terra-MODIS and Sentinel-5 satellite data for
Iran. Sentinel-5 satellite data were used to monitor 14-month
pollution changes (November 2018 to December 2019) and
Terra satellite data were used to monitor daily and nocturnal
temperature changes with the Kelvin unit over a 24-month
period (January 2018 to December 2019). The study area is
presented in Fig. 1.

Table 1 Sentinel-5 satellite band specifications

Band name Spectral range (nm)
Ultraviolet 270-320

Visible range 310-500

Near infrared 675-775
Short-wavelength infrared 2305-2385
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Fig. 2 Diagram of carbon monoxide changes in northern Iran over a 14-month period (November 2018 to December 2019)

Research methodology
Sentinel-5 satellite

The Sentinel-5 satellite (Copernicus Sentinel-5), launched on
October 17 of 2017, is part of the Sentinel Fleet mission de-
veloped by the European Space Agency to monitor the
European environment and monitor air pollutants around the
globe. The satellite is tasked with monitoring pollutants such
as carbon and nitrogen dioxide and ozone. The first mission of
the Copernicus program for air pollution control is the con-
struction of the Sentinel-5 sensor (Lesley et al. 2019). This
sensor supports ultraviolet, visible, short infrared, and short-
wavelength infrared bands. This satellite is at an altitude of
824 km and can be useful in detecting ozone, methane, form-
aldehyde, aerosol, carbon monoxide, NO,, and SO,. The char-
acteristics of the Sentinel-5 bands are presented in Table 1
(Rohi et al. 2020; Sager 2019; Song et al. 2019; Purwadi
et al. 2020).

Poor air quality is a serious health issue. Air pollution im-
pacts equally the lives of people in developed and developing
countries. It is estimated that only in Europe about 400,000 die
annually due to poor air quality. The Earth Observation
Programs Director of the European Space Agency (ESA) em-
phasizes that Sentinel-5 mission is a good example of
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cooperation between European countries to benefit their citi-
zens for using these data (Matthias et al. 2020). The Sentinel-
5P satellite is a joint project between the European Space
Agency (ESA) and the Netherlands operated by the Dutch
Space Bureau. The satellite has a Tropospheric Monitoring
Instrument that supports ultraviolet, visible, infrared, and
short-wavelength infrared (Priya et al. 2020). The purpose of
this satellite launch is to measure atmospheric layers with a
very high spatial and temporal resolution that can measure air
quality, atmospheric water pressure, ozone, and ultraviolet
rays. It can also be useful in estimating gases such as sulfur
dioxide, nitrogen dioxide, carbon monoxide, formaldehyde,
and methane (Bart et al. 2020).

LST index

To calculate the LST (ground surface temperature) after pre-
paring the images, the necessary pre-processing including
ground reference MODIS satellite optical and thermal data
with 1 X 1-km resolution, and luminosity temperature estima-
tion for bands 31 and 32, this sensor was done. Because
clouds and water have a low temperature and in the final maps
assigned the minimum temperature, it was necessary to apply
cloud and water removal algorithm to the images to meet the
ground temperature thresholds related to the phenomena.

—— LST_Day_1km
—— LST_Night_1km

M A M J J A s O N D

Image (labeled by system:time_start)

Fig. 3 Diagram of daily and nocturnal temperature changes in northern Iran over a 24-month period (January 2018 to December 2019)
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Fig. 4 Diagram of carbon monoxide changes in northwestern Iran over the 14-month period (November 2018 to December 2019)

Therefore, the cloud and water were removed from the images
and the surface temperature was calculated using the algo-
rithm proposed by Cole and Casillas (Kohavi and Provost
1998). MODIS images are taken daily from the two Aqua
and Terra satellites at the Mahdasht Space Center. The LST
product can be manufactured daily in the country. Due to the
prevailing weather conditions in the country and cloudy
weather in the cold months of the year, preparation of these
maps is limited (Vanino et al. 2018; Wan 1999; Wu and Lu
2020; Susan et al. 2018). Overall accuracy was obtained by

Eq. (1).

TP 4+ TN TP+ TN
TP+TN+FP+FN N

(1)

Overall Accuracy =

Brightness temperature difference index (BTD)

The bands 4 (3.10-3.11 um) and 5 (5.11-5.12 um) of NOA
are in the infrared thermal window range, which the absorp-
tion is negligible by other atmospheric gases. In each of bands
4 and 5, the temperature difference between ground, dust, and
cloud is high, but the dust has a higher temperature in band 5
than in band 4 against other phenomena. Therefore, bands 4
and 5 and the difference in the radiation temperature between
the two bands can be used to detect the phenomenon of air
pollution on the images. Radiation temperature is obtained by
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converting the data of bands 4 and 5 using the Planck equation
inverting (Wan 1999). The luminosity temperature, which is
the temperature corresponding to the radiant energy received
from the surface by the sensor and is calculated regardless of
the emission, differs from the actual temperature and is ob-
tained by inverting the Planck equation. The brightness tem-
perature difference index is calculated by relation (2). This
method was first used by Ackerman to detect dust in
MODIS images, and he concluded that negative values of this
indicator represent dust. In the AVHRR sensor, the indexes are
also separated from the image with negative numerical values
and the cloud with positive numerical values (Tsolmon et al.
2008).

BTDI = Ch4—Ch5 by AVHRR /NOAA (2)

NDSI index

In this method, first, the dual-reflectance criteria (i.e., the re-
flectance value of the pixels in the six-band greater than 11%
and the pixel-reflectance value in band 4 equal to or greater
than 10%) and the condition of NDSI > 0.4 were applied ac-
cording to Eq. 3 (Nolin and Liang 2000; Blosch and Parajka
2008). For the estimation of ground surface temperature
(LST), the method of Sobrinu separate window algorithm
was used. MOSTIS LST temperature map algorithm from
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Fig. 5 Diagram of daily and nocturnal temperature changes in northwestern Iran over the 24-month period (January 2018 to December 2019)
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Fig. 6 Diagram of monoxide carbon changes in northeast of Iran over the 14-month period (November 2018 to December 2019)

bands 4 and 6 of this sensor automatically implemented to
extract the differential thermal index (NDSI) and based on
Eq. (3) was calculated (Emre et al. 2005).

MODISgn44—MODISgands _ green—SWIR

NDSI = =
MODISgangs + MODISgandgs  green + SWIR

(3)

In the above relation, band 4 (0.545-0.665 pum) has a re-
flectance equal to or greater than 10%. Band 6 (0.841-
0.876 um) has a reflectance of more than 11%.

Results and discussion

According to the findings of air pollution in the north of the
study area, the highest amount of carbon monoxide (CO) over
the 14-month period (November 2018 to December 2019) in
the northern region of Iran was obtained in February 2019
with a value of 0.37 mol/m? and in April of 2019 with a value
of 0.39 mol/m* and the lowest amount of carbon monoxide
(CO) in the study period in October 2019 with a value of
0.21 mol/m? and in December 2019 with a value of
0.19 mol/m? (Fig. 2). It is worth noting that due to the impor-
tance of daily temperature in increasing the quality of air pol-
lution, the daily temperature was further discussed. The results
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of monitoring the daily changes in night and daytime temper-
ature over the study period over the 24-month period (January
2018 to December 2019) in the northern region of Iran have
the highest temperature (Kelvin unit) for July with 320 K and
August with 319 K in 2019. The lowest values obtained from
monitoring the daily and nocturnal temperature changes in the
study period in northern Iran were 261 K in January and 262 K
in November, respectively (Fig. 3).

According to the findings in the study area, the highest
amount of air pollution (carbon monoxide) was obtained in
the colder months of the year, mainly due to the phenomenon
of inversion or temperature inversion. Temperature inversion
occurs when a layer of warm air is above the cold air adjacent
to the ground surface. Under such conditions, air stability is
achieved, and instead of decreasing temperature with increas-
ing altitude, it will increase to several hundred meters above
the ground with increasing altitude. The same temperature
inversion plays a key role in air pollution, as it contributes to
the stability of the atmosphere and, consequently, prevents the
vertical movement of the pollutants. On the other hand, it
destroys wind energy and thus prevents vertical and horizontal
dispersion of pollutants. When such sources of air pollutants,
such as cars and factories, continuously inject their pollutants
into the surface layer, the concentration of the pollutants in-
creases sharply and air pollution reaches its highest level when
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Fig. 7 Diagram of daily and nocturnal temperature changes in northeast of Iran over the 24-month period (January 2018 to December 2019)
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Fig. 8 Diagram of carbon monoxide changes in southwestern Iran over the 14-month period (November 2018 to December 2019)

the phenomenon of inversion occurs at low altitude and for
longer periods in the city air, and this, of course, threatens
human health.

According to the findings of air pollution in the northwest
of the study area, the highest amount of carbon monoxide
(CO) in the study period during the 14-month period
(November 2018 to December 2019) in the northwestern re-
gion of Iran in April 2019 was obtained 0.34 mol/m> and in
October 0.33 mol/m? and the lowest carbon monoxide (CO) in
the study period in December was obtained 0.20 mol/m? and
in August 0.21 mol/m? (Fig. 4). The results of monitoring the
daily changes in night and daytime temperature over the 24-
month period (January 2018 to December 2019) in the north-
western region of Iran have the highest temperature (Kelvin
unit) for July with 315 K in 2019 and in August with 314 K in
2019. The lowest values from monitoring the daily and noc-
turnal temperature changes in the study period in the north-
west of Iran were obtained 262 K in January and 263 K in
February (Fig. 5).

According to the findings of air pollution in the northeast of
the study area, the highest amount of carbon monoxide (CO)
in the study period during the 14-month period (November
2018 to December 2019) in the northeast of Iran in January
2019 was obtained 0.35 mol/m? and in February, 0.34 mol/m?
and lowest CO in the study period in October, 0.23 mol/m?
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and in December, 0.2 mol/m? (Fig. 6). The results of monitor-
ing the daily changes in night and daytime temperature over
the study period over the 24-month period (January 2018 to
December 2019) in the northeast of Iran had the highest tem-
perature (Kelvin unit) for June with 325 K in 2019 and for
September 323 K. The lowest values obtained from monitor-
ing the daily and nocturnal temperature changes in the study
period in northeastern Iran were obtained 267 K in 2019 and
268 K in 2019 (Fig. 7).

According to the findings of air pollution in the southwest
of the study area, the highest amount of carbon monoxide
(CO) in the study period during the 14-month period
(November 2018 to December 2019) in the southwestern re-
gion of Iran for April 2019 was obtained 0.38 mol/m? and for
June, 0.36 mol/m?, and the lowest amount of carbon monox-
ide (CO) in the study period in October 2019 was obtained
0.22 mol/m? and in December, 0.21 mol/m> (Fig. 8). The
results of monitoring the daily changes in night and daytime
temperature over the study period over the 24-month period
(January 2018 to December 2019) in the southwestern region
of Iran had the highest temperature (Kelvin unit) for June with
323 K and for July 324 K in 2019. The lowest values from
monitoring the daily and nocturnal temperature changes in the
study period in southwestern Iran were obtained 281 K in
January and 283 K in March 2019, respectively (Fig. 9).
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Fig. 9 Diagram of daily and nocturnal temperature changes in southwestern Iran over the 24-month period (January 2018 to December 2019)
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According to Sentinel-5 satellite maps and satellite data for
the monitoring of air pollution (carbon monoxide) over a 14-
month period (November 2018 to December 2019) in the
north of Iran, the area of Tehran province and Guilan province
had the highest amounts of carbon monoxide with values of
0.51 mol/m? and 0.49 mol/mz, respectively, while in the west-
ern region, Qazvin, Guilan, and Qom; south half of
Mazandaran and northwest of Semnan province had average
values of 0 to 0.24 mol/m> (Fig. 10a). The results of air

pollution in the northwestern parts of Iran indicate that the
central part had a rate of 0.34 mol/m?, and the northern part
of Ardebil province had 0.32 mol/m?, the western part of Lake
Urmia (Urmia city) had the amount of 0.28 mol/m?, north of
West Azerbaijan province had the value of 0.31 mol/m?, and
the semi-border part of North East Azerbaijan with 0.33 mol/
m? had the highest amount of air pollution (carbon monoxide),
while the south and west areas of the central part of Ardebil
province, the southern half and eastern part of the eastern
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Fig. 10 Monitoring and mapping of air pollution (carbon monoxide) of
the study areas over the 14-month period (November 2018 to December
2019). a Pollution mapping of northern Iran. b Pollution mapping of
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Azarbaijan province, the border area of the Sahand mountain,
the western part of the border part of the western Azerbaijan
province had an average, amounts of 0 to 0.21 mol/m?, indi-
cating these parts had lower exposure to air pollution against
the other parts (Fig. 10b). Findings from northeast of Iran
indicate that the northern part had values of 0.30 mol/m” and
the southern part had values of 0.28 mol/m? of North
Khorasan province. The western part with 0.26 mol/m* and
eastern part with 0.30 mol/m? of Khorasan Razavi province
had the highest amount of air pollution. However, the eastern
part of North Khorasan province and the central and northern
part of Khorasan Razavi province with average carbon mon-
oxide values of 0 to 0.23 mol/m” were less polluted compared
with the other areas mentioned (Fig. 10c).

Finally, the results obtained from southwestern Iran indi-
cate that a large part of the west of Khuzestan province with
values of 0.33 mol/mz; sub-coastal Bushehr province with
values 0f 0.32 mol/mz; southwest of Fars province with values
of 29 mol/m?; and a central part with values of 0.33 mol/m?
and northern strip with values of 0.31 mol/m? in Isfahan prov-
ince were more exposed to air pollution (carbon monoxide).
But the west and central part of Isfahan province; wide part of
the northern half of Fars province, north of Chahar Mahal
Bakhtiari province, and northeast part of Kohgiluyeh and
Boyer-Ahmad province with mean carbon monoxide values
of 0 to 0.22 mol/m* were less affected than other areas
(Fig. 10d).

Conclusions

Human health is one of the most important issues globally and
has been the focus of many governments. In recent decades,
air pollution (carbon monoxide) has been one of the phenom-
ena that has attracted much attention due to its destructive
effects. Therefore, this issue is of great importance. The pur-
pose of the present study is to investigate the spatial and tem-
poral monitoring and analysis of air pollution (carbon monox-
ide, CO) in Iran. One of the innovations of the present study is
the use of remote sensing data. The results showed that two
regions of north and southwest of Iran with the following
amounts of carbon monoxide (CO) in the study period over
the 14-month period (November 2018 to December 2019) in
February 2019 with 0.37 mol/m* and in April 0.39 mol/m?
and northern Iran in April 2019 with 0.38 mol/m? and south-
western Iran in June with 0.36 mol/m? had the highest amount
of air pollution. The minimum amount of carbon monoxide
(CO) in the study period in October 2019 was 0.21 mol/m?
and in the north of Iran in December was 0.18 mol/m?. The
temperature data also showed the highest temperature (Kelvin
unit) for June with 325 K and September with 323 K in 2019
in northeastern Iran. The lowest amount was in January with
261 K and in November with 262 K in 2019 in the northern

part of Iran. According to the findings, the most contamination
is in the cold months of the year. According to Sentinel-5
satellite data and zoning maps for the monitoring of air pollu-
tion (carbon dioxide) over a 14-month period (November
2018 to December 2019) in northern parts of Iran, Tehran
and Gilan provinces had the highest amount of carbon mon-
oxide with values of 0.51 mol/m? and 0.49 mol/m>, respec-
tively. In winter, residential areas are the most polluting
source.

In this season, fuels such as diesel and gas are emitted from
factories and homes, which are sources of pollution. It is also
more intense than hot seasons due to the phenomenon of air
inversion. But summer pollutants are far more dangerous to
human health than winter pollutants because nitrogen- and
sulfur-based pollutants that get out of cars are in lower parts
of the atmosphere in summer and affect human health. The
effects of air pollution, which can be mentioned in the study
area, are as below: children with respiratory diseases, as air
pollution increase children with a history of lung disease.
Motor vehicle traffic and home heating systems are the big-
gest contributors to air pollution in cities, so these problems
can be overcome by careful planning by relevant authorities.
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