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Themeasurement of pure β-emitting radioactive gases, such as tritium (³H) and krypton-85 (⁸⁵Kr), is critically
important for nuclear safety authorities, particularly for environmental and safety assessments of nuclear
facilities. The demand for these measurements is expected to increase with the global expansion of nuclear
energy production and the growing need for radioactive waste management. Due to the limited penetration
depth of β particles in air, direct detection of gaseous β emitters requires their interaction with radiosensi-
tive materials. Traditionally, these gases are detected through gas-gas mixtures in ionization chambers or
gas-liquid mixtures in liquid scintillation systems. However, these methods are often destructive, especially
in primary measurement techniques such as triple-differential proportional counters. Moreover, they are typ-
ically used to measure high concentrations—on the order of hundreds of Bq·cm⁻³—which are much higher
by about 6 orders of magnitude than the concentrations found in the environment, often around hundreds
of Bq·m⁻³. This leaves a gap in accurate and non-destructive methods for detecting lower concentrations in
everyday environmental scenarios.

In this study, we introduce a novel concept and set of methods designed for non-destructive, direct measure-
ment of radioactive gases at concentrations as low as kBq·m⁻³, withmeasurement times as short as 100 seconds.
This new approach is based on a gas-solid mixture using highly porous inorganic aerogels as scintillators, that
act as the detection medium. These aerogels are specifically designed to emit light when they interact with
ionizing radiation from radioactive gases. The light emitted by the aerogels is detected by a system incorpo-
rating double or triple photomultiplier tubes (PMTs), providing efficient real-time measurement of β-emitting
gases at low concentrations.

The device we developed is compact and designed to be integrated into routine monitoring systems at nu-
clear facilities or environmental sites. The measurement method relies on a simple yet effective coincidence
quenching technique, which we developed within the scope of this study. This technique allows for the ac-
curate detection of low-energy β particles by improving signal clarity through coincidence counting between
multiple PMTs. Additionally, this method supports the measurement of gas mixtures (even pure beta emit-
ters), which is a significant advance over traditional techniques that often struggle with complex mixtures of
multiple radioactive isotopes. We will present the unmixing method developed to separate the signals from
different gases, allowing individual radionuclide identification in mixed samples.

Experimental results from tests performed in a unique radioactive gas mixture chamber will be presented,
showcasing the device’s performance in detecting both ³H and ⁸⁵Kr gases. These tests include a full charac-
terization of the system’s linearity and detection efficiency for each gas, both individually and when com-
bined in mixtures. The system was found to provide accurate measurements over a wide range of concen-
trations, demonstrating its robustness and flexibility in various applications. The ability to efficiently and
non-destructively measure low concentrations of β-emitting gases in real-time represents a significant step
forward for nuclear safety monitoring and environmental protection.

In terms of future applications, this technology has the potential to be scaled and adapted to a wide range
of radioactive gases beyond ³H and ⁸⁵Kr. Its use in conjunction with portable or stationary monitoring sys-
tems could provide valuable insights into atmospheric or industrial contamination, ensuring safer working
conditions and improving compliance with safety regulations.
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