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Edaphic and meteorological
parameters as determinants
of radon exhalation and its
environmental implication in
Peruvian agroecosystems

B. Pérez:23™ L. C. Stieff%*, R. E. Ponce-Amanca®*, C. J. Guevara-Pillaca®* & D. Palacios*

Radon exhalation is a natural process by which atoms of the radioactive gas radon diffuse in the soil
and then exhale to an indoor and/or outdoor environment. High radon concentration levels, possibly
from high radon exhalation rate levels, can generate an impact on public health and environmental
safety, particularly in agricultural areas where prolonged exposure may affect nearby populations.
While studies have examined radon exhalation, few have focused on modeling its behavior in
agricultural settings or identifying key environmental and soil parameters that influence its variation.
This study addresses this gap by applying Artificial Neural Network (ANN) models and Monte Carlo
methods. Three distinct approaches were developed based on radon exhalation measurements from
four Peruvian agricultural regions, incorporating meteorological and soil physicochemical data. First,
the ANN model determined environmental factors affecting radon exhalation, achieving R? values of
0.7949 (training) and 0.7656 (validation). Second, simulations analyzed radon diffusion under varying
wind conditions, assessing dispersion risks. Third, gamma radiation measurements quantified radon
progeny contributions (2.82 X 10™% 4 1.15 x 10~ efficiency) for soil moisture detection. This
integrated methodology advances understanding of agricultural radon dynamics, supporting improved
radiological safety protocols and soil monitoring techniques.
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Radon (***Rn) is a radioactive noble gas that originates from the decay of 2*®U in the Earth’s crust. A key feature
of the radon gas is its move through porous media such as soil, rock fractures, and building foundations. In
soil, radon migrates primarily via diffusion and advection through pore spaces, with its movement influenced
by soil permeability, porosity and moisture content'2. Once released into the air, it diffuses mainly through
diffusion but can also its movement can be affected by advection (wind) and convection (temperature-driven air
movement) under certain atmospheric conditions’. This makes radon flux—the rate at which radon escapes from
the soil-a useful measure for studying underground geological activity and assessing radiation risk.

Historically, researchers have leveraged radon flux measurements to detect uranium deposits*, map fault
zones®, even predict indoor radon exposure risks®’, and tracing carbon dioxide fluxes®-demonstrating its
versatility as a natural tracer. One notable study by Jinmin Yang in Germany revealed complex interactions
between radon flux and environmental factors such as air and soil temperatures, air pressure, and especially soil
moisture. Their findings showed that low moisture increases radon flux up to a threshold (~10%). At higher soil
wetness (>10%), the flux rate decreases gradually®1°.

These observations align with theoretical expectations, as moisture content modulates radon’s diffusion
pathways. Nonetheless, factors like grain size and porosity also play a role, and their combined effects are still
not fully understood'2. For this reason, further independent, site-specific studies are essential to improve our
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Training: R? = 0.7949 Validation: R? = 0.7656
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