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Low-cost housing construction in developing countries often relies on the use of 
local soil or clay that is compacted and dried to form the walls of dwellings (Fig. 1). 
Depending on the local geological context, the soil and clay building materials may 
contain enough thorium and uranium to produce significant exhalation of radon 
isotopes. Unlike their metallic precursor elements, monoatomic noble gas radon can 
diffuse into the room air where it can be inhaled by humans, dissolve in lymph fluid, 
and pose a radiation health hazard not only due to radon’s own radioactive decay, but 
also due to the subsequent radioactive decay chains of their unstable metallic daughter 
nuclides in the human body (UNSCEAR, 1993; WHO, 2009). 

Utilizing RAD7 and SARAD® RTM2200 instruments, thoron concentrations in 
excess of 1000 Bq m-3 were frequently encountered in room air close to mud surfaces 
of northern Vietnamese mud houses (Fig. 2). Inhabitants often place beds near walls of 
mud houses where thoron concentrations are much higher than elsewhere in rooms. In 
contrast to thoron (220Rn) with its short half-life of ~55 seconds, the longer-lived 222Rn 
with a half-life of ~3.8 days is rarely of concern in mud houses because their typically 
drafty construction allows for fast ventilation of room air. An inhaled atom of 222Rn 
will likely be exhaled over the next day before it decays in a human body. In contrast, 
an inhaled atom of thoron that readily dissolved in the lung’s fluid will almost certainly 
decay in the human body and contribute to radiation damage in tissue. Neither the 
population nor governmental and public health authorities in Vietnam are sufficiently 
aware of the wide-spread thoron geohazard. Enhanced ventilation of rooms is unable to 
significantly decrease the concentration of thoron near mud surfaces.
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A detailed study by Meisenberg et al. (2017) laid the foundation for accurate 
measurements of the 220Rn inhalation hazard in mud houses, yet it seems that no 
feasible remediation strategy has been available to fit the needs of developing countries. 
A promising strategy is a diffusion barrier on inside walls to delay the escape of 220Rn 
until the short half-life of ~55 seconds has caused safe decay within the porous mud 
wall. 

Our group performed numerous practical tests of surface sealing techniques both in 
an authentic mud house in northern Vietnam and using standard-sized artificial mud 
bricks in the laboratory in Hanoi. Abundant deep cracks in most mud walls prevent 
layers of paint to provide an adequate seal. Hung tapestry, sheets of paper, and foil 
pinned to walls also proved to be inadequate. Isolated renovation efforts in historic mud 
houses sealed interior walls and unwittingly remediated the 220Rn problem, but the high 

Figure 1. Traditional mud house in northern Vietnam

Fig. 2. Left: Measurement chamber with optional internal fan is pressed against wall to seal 
a defined volume of air in contact with a standardized surface area of mud; air is recirculated 

at 1 L min-1 through instruments. Right: SARAD® RTM2200 and two RAD7 units 
measuring radon and thoron during daytime in the room air of a northern Vietnamese mud house
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costs of drywall, plastering, wall paper and paint make such approaches unaffordable 
for most inhabitants of mud houses.

In December 2016, our alternative strategy in an authentic mud house reduced 
the thoron concentration in room air close to walls from above 1000 Bq m-3 to below 
detection limit. The applied diffusion barrier is inexpensive, non-toxic, non-flammable, 
resistant to biodegradation, and easily applicable using regionally available materials. 
The final application can be pigmented or include a dye. The material cost to remediate 
an average mud house in northern Vietnam is estimated to US $25. A crew of two low-
skilled workers can remediate an average mud house in two days using simple tools. 
Mud houses are abundant in many parts of the world, and mud-based ‘green’ building 
technologies are gaining acceptance in developed countries. Effective outreach and 
remediation need to be customized for each country.
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