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carbon monoxide pollutant in the surrounding space of Azadi Stadium in
Tehran during sports competitions.

Methods: Basic data were obtained by laboratory measurements and
inquiries from specialized centers. Modeling was done by Austal View
software, Version 7 and under four scenarios. The prediction of pollutant
concentration was simulated at a height of 5 meters. The modeling area was
considered a circle with a radius of 1 km from the center of the site. The
resulting data were compared with national and international standards. The
initial concentration of the pollutant in the hot and cold seasons of the year
was 1.432 ppm and 2.331 ppm, respectively.

Result: The amount of pollutant emission for the state of "completion of
parking capacity" and "semi-complete state" was 81.45 and 37.5 kg,
respectively. Zoning maps showed that in all four scenarios, the highest
amount of emission was in the east direction. The highest amount of carbon
monoxide production and emission is related to the first scenario (completion
of the parking capacity and the cold season of the year) and the lowest
amount of carbon monoxide pollutant emission is under the fourth scenario
(failure to complete the parking capacity and in the warm season of the year).
Although the condition of this pollutant in Tehran's Azadi sports complex and
during sports competitions has not exceeded the standard.

Conclusion: By using management and engineering solutions such as: not
keeping lights on in place, using exhaust filters, properly designing the
parking space and reducing the duration of stopping, it is possible to avoid
the production and release of a large part of pollutants.
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Extended Abstract

Air pollution is one of the most important factors that affect the quality of human life
and has adverse effects on human health. It is known to be the fourth leading risk
factor for attributable death in the world. Carbon monoxide is a toxic pollutant that,
although it is colorless, odorless, and tasteless, has harmful effects on human
health. One of the main sources of this gas production is motor vehicles. Some
studies have identified large-scale sporting events as one of the sources of air
pollutant production and emission. The aim of this research is to measure and model
the emission of carbon monoxide in the surrounding area of Tehran’s Azadi Stadium
during sports competitions. The study area of this research is the Azadi Sports
Complex and specifically the surrounding areas of the football stadium, which
includes parking lots for cars, buses, and vans. This complex is the largest sports
complex in Iran, with an area of 460 hectares and was built in the west of Tehran.
Parking lots are located on all four sides of the complex and can accommodate
approximately 7,000 cars. In addition, multiple spaces for vans and buses with a
capacity of 300 are located around the stadium. The area of the study area was
approximately 117 hectares. Basic data were obtained by laboratory measurements
and inquiries from specialized centers. The equipment required for sampling
included a sampling pump with a flow rate of up to 5 liters per minute, an impinger,
a rotameter, and detector tubes, which were transported to the sampling locations
and calibrated in the laboratory before being transported, and their performance was
confirmed. For carbon monoxide sampling, NIOSH Method No. 6604 was used.
Modeling was performed using Austal View, Version 7 software under four
scenarios. The pollutant concentration prediction was simulated at a height of 5
meters. The modeling area was considered a circle with a radius of 1 kilometer from
the center of the site. The resulting data were compared with national and
international standards. Then, four scenarios were designed for this study as
follows:

» Scenario 1: Investigating the air pollutant emission model under conditions of
maximum parking capacity in the warm season;

» Second scenario: Investigating the air pollutant emission model under conditions

of maximum parking capacity in the cold season;
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* Third scenario: Investigating the air pollutant emission model under conditions of
normal parking capacity in the warm season;

* Fourth scenario: Investigating the air pollutant emission model under conditions
of normal parking capacity in the cold season.

Then, it was necessary to calculate the amount of carbon monoxide (CO) emissions
from cars and vehicles on the site. For this purpose, the empirical modeling method
was used. It should be noted that city passenger buses are divided into two types:
diesel and gas. In order to calculate the emission of emissions from the activities of
vans, buses, and private cars in the parking lots of the complex, it is first necessary
to review and calculate the emission list of each and the duration of their standstill
(engine on and waiting to enter and exit the complex) in each race. For this purpose,
the bus fleet management software belonging to the Tehran Municipality was used.
The duration of the active presence of vehicles (including the entire time the vehicle
is on and waiting to enter, exit, and park the vehicle) was considered to be an
average of 30 minutes for private vehicles and 60 minutes for public vehicles. Next,
using appropriate emission coefficients, the amount of pollutants emitted by each
vehicle was obtained. The results showed that the initial concentration of the
pollutant in the warm and cold seasons of the year was 1.432 ppm and 2.331 ppm,
respectively. The pollutant emission rate for the "parking capacity completion" and
"partial completion" modes was 81.45 and 37.5 kg, respectively. Zoning maps
showed that in all four scenarios, the highest emission rate was in the east direction.
The highest production and emission of carbon monoxide was related to the first
scenario (parking capacity completion and cold season). In such a way that the
carbon monoxide pollutant has the highest concentration up to about 300 meters
from the east and north of the stadium. On the other hand, the furthest area of
pollutant penetration will be on the eastern side and at a distance of 1000 meters.
While on the west side, the depth of pollutant penetration was up to a distance of
600 meters. Also, the lowest emission rate of carbon monoxide pollutant was under
the fourth scenario (parking capacity not completed and in the warm season).
However, the level of this pollutant in Tehran's Azadi Sports Complex and during

sports competitions did not exceed the standard level.
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The results indicate that in all four scenarios, the pollutant concentration did not
exceed the 8-hour permissible standard for carbon monoxide (4.9 ppm). As can be
seen, in all scenarios, with the exception of the second scenario, a downward trend
in pollutant concentration with increasing distance is visible. Although the modeling
results in the first and second scenarios are close to each other. While in the third
and fourth scenarios, the pollutant concentration is much lower and the change
trend is also dissimilar. Today, and based on the guidelines of specialized and
international organizations such as the International Olympic Committee and the
World Health Organization, measuring environmental quality is one of the
requirements of sports environments. On this basis, the possibility of producing and
releasing various environmental pollutants during sports events, especially large-
scale events that host a large number of users (athletes, spectators, and media).
This study aimed to model the emission of air pollutants (especially carbon
monoxide) during football matches in Tehran's Azadi Stadium. It is important to note
that in this study, the final concentration of carbon monoxide was obtained through
modeling and with the help of specialized software. For this purpose, the pollutant
concentration was measured in baseline conditions (days without matches) and
entered into the software. However, severe air pollution conditions in Tehran, such
as days of weather inversion or pollution related to burning diesel fuel, heavy traffic
on the Tehran-Karaj highway, etc., were not included in this study. Of course, if
Tehran is in an emergency air pollution situation and a football match is also held,
the possibility of higher carbon monoxide concentrations and deviation from
standard conditions is also provided. In summary, it can be concluded that
compliance with environmental standards in sports spaces can lead to improved
environmental quality, and failure to comply with environmental considerations can
lead to physiological damage for athletes, spectators, and other users. The results
of the present study indicate that the parking lots of football stadiums and stadiums,
especially on the days of important matches that will lead to maximum attendance
of spectators or when the parking lot design (entrances and exits) is not suitable,
are considered as one of the important centers of production and emission of air
pollutants in cities. Therefore, by applying management and engineering solutions

and observing environmental considerations such as: not keeping lights on, using
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exhaust filters, properly designing the parking space and reducing the stopping time,
it is possible to avoid the production and emission of a large part of the pollutants.
This issue will contribute significantly to improving the air quality in the desired site
and the surrounding area. Obviously, by applying other effective solutions such as
better vehicle combustion and the use of fuel with a higher standard, the percentage

of air pollutant reduction will be greater.
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