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Abstract

The natural emission of radon gas is an emerging phenomenon that modern lifestyles have
turned into a potential danger to humans. It is a gas that has no physical properties that can
be seen or understood by humans. Therefore, it is much more dangerous than other gaseous
pollutants. This natural gas inside a building is determined by both the terrain on which it is
built and the composition of its constructed materials. Today, the world's developed countries
have prepared Radon atlases in their critical locations and big cities. As the second most
important city in the country, the Mashhad, which is also considered one of the most touristic
cities in Iran, is doubly important. In this study, first, the structural geology condition of the
Mashhad in terms of Radon emission has been investigated, and then Radon has been
measured. Using Arc GIS software, natural Radon emission zoning maps at urban and
geological scales have been prepared. Also, a residential unit in one of the critical areas of
natural Radon emission has been selected. A corrective method has been adopted to reduce
Radon. The methods applied to the structure were able to significantly reduce radon gas by
27 to 50 percent. Given that natural radon emissions from subsurface rocks and fractures are
present in all parts of the world. So identifying critical areas (with high radon emissions) can
provide special control measures at the local and site scale buildings that reduce the risks of

this natural gas.
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Table 1: Comparison of interpolation methods for radon zoning at urban scale
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Introduction

Radon gas is formed naturally as a byproduct of fractures and rocks (Przylibski et al. 2004). Natural
Radon is emitted from the subsurface and is most concentrated in prose media and enclosed spaces (Meyer
2019), so Radon 222 has a half-life of around 3.8 days (Kulal et al. 2018); it can be stored in closed
spaces/structures and remain in the environment/air for many days (Chilingarian et al. 2021). So, residential
rooms and workplaces must be adequately ventilated (Mainardi et al. 2018). Natural elements are
responsible for 3-quarters of the radioactivity in the air (Udovicic et al. 2020). Radon has large quantities
of natural radioactive sources (McGrath and Byrne 2020). So, the public health issue that its
emission/concentration causes both within near-to-surface structures/buildings and drinking water
necessitates consideration for measuring (Alonso et al. 2019). So, the natural emission of radon gas is an
emerging phenomenon that modern lifestyles have turned into a potential danger to humans. It is a gas with
no physical properties that humans can see or understand. Therefore, it is much more dangerous than other
gaseous pollutants. This natural gas inside a building is determined by the terrain on which it is built and
the composition of its constructed materials. Today, the world's developed countries have prepared Radon
atlases in their critical locations and big cities. As the second most important city in the country, Mashhad,

which is also considered one of the most touristic cities in Iran, is doubly important.

Natural Radon data collection in the case study

Data collection/measurement was performed during the three-months and in the fall. The data were taken
from closed places, the temperature and humidity conditions were constant and the same in each
measurements. Temperature ranges from 12-18 (C) degrees, and humidity degrees were very low due to

the climate of the Mashahd region and in the range of 10-17%. There are 145 neighborhoods in the urban
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scale of the Mashahd case study, and we had at least one harvest in each neighborhood. It is considered the

most critical in neighborhoods where 2 or 3 harvest has taken place.

Material and methods

In this study, first, the structural geology condition of the Mashhad region in terms of Radon emission
has been investigated, and then Radon has been measured. Using Arc GIS software and the geostatistical
analysis tool. Kriging, co-kriging, and Areal, IDW (Zhao et al. 2019), natural Radon emission zoning maps
at urban and geological scales have been prepared. Finally, a residential unit in one of the critical areas of

natural Radon emission has been selected. A corrective method has been adopted to reduce Radon.

Results and discussion
Usually, four methods are suggested to reduce radon in buildings:

e Ventilate the trapped radon gas air.

o Reduce the entry of radon gas into the building space.

e The sources of radon gas emissions must be changed.

e Radon and its derivatives must be somehow removed from the environment.
Ventilation methods remove the air filled with radon gas and prevent the accumulation of radon gas by
entering the outside. The quality of the walls and floor also plays an essential role in preventing the entry
of radon gas, so cracks and holes in the walls can be significant in removing the external environment of
radon gas from the enclosure. In addition, the indoor air can be passed through a filter so that radon gas and
its derivatives are absorbed by the said filter and removed from the indoor air.
Based on the mean error values and RMSE, the kriging method was selected as the most optimal method.
In this study, Radon levels were measured in 145 neighborhoods of the city. Then, Radon zoning was
performed by four interpolation methods based on the measured values. As expected, the kriging method
was selected as the most optimal method. The population density map of the city, the zoning map by kriging
method, and the map of places and streets of the study area were used to evaluate the zoning results on an

urban scale.

Conclusion
- Mashhad has areas with high radon levels naturally.

-A corrective method has been adopted to reduce Radon.
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-The methods applied to the structure were able to significantly reduce radon gas by 27 to 50 percent.
- Given that natural radon emissions from subsurface rocks and fractures are present in all parts of the
world. So identifying critical areas (with high radon emissions) can provide special control measures at the

local and site scale buildings that reduce the risks of this natural gas.
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