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Abstract

Identifying the effects and assessing the risk of exposure to air pollutants such as nitrogen
dioxide (NO») and sulfur dioxide (SO.) in sports spaces, especially outdoor sports spaces,
is very important in order to reduce the effects of exposure and investigate the
carcinogenic and non-carcinogenic risks of these pollutants. This article aims to identify
the effects and assess the risk of exposure to these pollutants in large-scale outdoor sports
spaces, specifically the Tehran Revolution Club. This research is of an applied type and
the data collection method was library-based and direct data collection through the Tehran
Air Quality Control Company database. The study period was determined for one year
from June 2024 to June 2025. Data related to the concentration of the pollutants under
study were obtained from stations in neighboring areas and adjusted using the
mathematical averaging method. Then, based on the average measured values of nitrogen
dioxide and sulfur dioxide in different seasons of the year, the average daily exposure dose
values of these pollutants were calculated for the two age groups of children and adults
and from the respiratory, digestive and dermal absorption routes. In the next step, based
on the risk assessment formulas provided by the US Environmental Protection Agency
(2014), the non-carcinogenic and carcinogenic risk index for these pollutants was
obtained. The cumulative non-carcinogenic risk index of exposure to nitrogen dioxide was
2.13x107 for children and 2.29x10 for adults. Also, this index was calculated for sulfur
dioxide and for children and 4.01x107° and 2.15x1077 for adults. In the risk assessment for
both age groups of children and adults, the amount of digestive exposure was higher than
respiratory and dermal absorption. Due to the fact that the hazard index and the cumulative
non-carcinogenic hazard index are smaller than one, there is no significant risk from
exposure to nitrogen dioxide and sulfur dioxide. There was no carcinogenic or non-
carcinogenic risk from exposure to sulfur dioxide and nitrogen dioxide pollutants at the
study site.
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Table 3- Mean Values of Average Daily Dose (ADD) of SNO_2$ for Each Route Across Exposure Groups
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Table 4. Values of Non-Carcinogenic Hazard Index (HI), Cumulative Non-Carcinogenic Hazard Index (HIC), and
Carcinogenic Risk from 24-Hour Exposure to NO,
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Table 5- Mean Concentrations of Dispersed SO, Across Different Seasons
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Table 6- Mean values of the daily exposure dose (ADD) of SO: in each pathway for the exposed groups
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Extended Abstract

Introduction: Air pollution is one of the most critical factors affecting human quality of life and has adverse effects
on human health. Air pollution not only jeopardizes the health and increases the mortality of patients but also
negatively impacts the athletic performance of sportspeople. Several studies have shown that the adverse effects of
air pollutants on humans are amplified by increased physical activity, and exposure to air pollutants during exercise
negatively affects pulmonary function and athletic efficiency. According to modern health guidelines, today it is
extremely important to identify the effects and assess the risk of exposure to air pollutants in sports environments,
particularly in open-air sports facilities, in order to mitigate exposure effects and investigate the carcinogenic and non-
carcinogenic risks posed by these pollutants. This article aims to identify the effects and assess the risk of exposure to
nitrogen dioxide (NO;) and sulfur dioxide (SO;) pollutants in large-scale outdoor sports environments, specifically
the Enghelab Sport Complex in Tehran.

Materials and methods: This research is applied in nature. The data collection method included both library research
and direct data retrieval from the database of the Tehran Air Quality Control Company. The study period was set for
one year, from May/June 2024 (Khordad 1403) to May/June 2025 (Khordad 1404). Data concerning the concentration
of the studied pollutants were obtained from stations in adjacent areas and were adjusted using the mathematical
averaging method. Subsequently, based on the average measured values of nitrogen dioxide and sulfur dioxide across
different seasons, the mean daily exposure doses of these pollutants were calculated for two age groups—children and
adults—via the respiratory, ingestion, and dermal absorption routes. In the next stage, the non-carcinogenic and
carcinogenic hazard indices for these pollutants were determined based on the risk assessment formulas provided by
the United States Environmental Protection Agency.

Results: The cumulative non-carcinogenic hazard index for NO, exposure was 2.13x107 for children and 2.29x10¢
for adults. Similarly, this index for SO, was calculated to be 4.01x10° for children and 2.15x1077 for adults. The
results of the exposure risk assessment indicated that, in both age groups, the ingestion exposure dose for both NO,
and SO, was higher than the respiratory and dermal absorption exposure doses. Due to the non-carcinogenic hazard
index and cumulative hazard index being less than one, there is no significant health risk associated with NO; and
SO, exposure.

Discussion and Conclusion: There was no carcinogenic or non-carcinogenic risk observed from exposure to SO, and
NO; pollutants at the study site. Considering that the International Olympic Committee guidelines, since 2006, have
proposed replacing conventional ventilation systems with air filtration systems, this measure is recommended as a
solution for all indoor multi-purpose sports facilities. It is suggested that the complex management install a public
monitor at the entrance to raise user awareness and provide general information, allowing athletes real-time access to
air quality index values and related analyses.

Keywords: Air Pollution, Health Risk Assessment, Sports Environment, Nitrogen Dioxide, Hazard Index.
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