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Foreword

Soil air containing radon that infiltrates buildings is the source of 
about 40 per cent of the Swiss population's average exposure to 
radiation. The latest research indicates that a few per cent of lung 
cancer cases can be traced back to the products of radon. Radon and 
its daughter products are, after smoking, the second leading cause of 
lung cancer. Information on average radon exposure is slight, so that 
while a large proportion of the population is exposed to small radon 
doses, others receive high doses daily. Because our senses cannot per-
ceive radon or the radiation it causes, many of those concerned know 
nothing about their risk. 

Only a few years ago it was recognised that radon appears in various 
regions, and across large tracts of the landscape, as unpredictably as it 
does on individual construction sites - and in concentrations that lead 
to house dwellers receiving an extremely high dose of radiation, if the 
radon-containing soil air infiltrates the building. Science is largely in 
agreement about the danger of radon. The effect on the individual is 
nevertheless difficult to determine: radon cannot be felt and the dama-
ge appears only years or decades later. 

The radon risk can be estimated. Location, geology, and type of con-
struction all give some indications, but only measurement provides 
certainty. Radon can be eliminated by preventive measures in new 
buildings and by additional construction measures in existing ones. 

This handbook shows that knowledge about radon, and appropriate 
measures, are both available to prevent it posing a threat to human 
health. 

The handbook is primarily aimed at construction professionals. It gives 
them the means effectively to eliminate one of the most insidious buil-
ding-related hazards to human health. 

Professor Thomas Zeltner
Director 
Swiss Federal Office of Public Health 

Bern, January 2000



Radon protection – a new task 
for architects?
This handbook is primarily aimed at architects and other professionals 
responsible for constructing new buildings and renovating old ones. 
For them the issue is: does radon protection place just another burden 
on us, and make even higher demands on our specialist knowledge?

The answer is provided by evaluation of the radon hazard:
 People exposed to radon gas have an increased risk of lung can-

cer. The higher the concentration of radon, the higher the risk. There is 
no threshold for harmlessness.

 In about one per cent of buildings, that is in a few thousand buil-
dings in Switzerland, radon contamination presents a disproportionate 
health hazard (exceeding limits), but the occupants are unaware of the 
risk. These buildings must be identified using radon testing, and reme-
dial measures applied. 

For construction specialists it can be concluded that:

1. The radon hazard must be made public and taken seriously. 

2. Possible radon concentration of existing buildings must be iden-
tified. Normally this means measuring the level of radon. Testing is 
cheap and easy to carry out - with the likelihood that the radon con-
centration will be shown to be negligible and no further action need be 
taken. 

3. In new buildings, it is part of the planner's job to find out whether 
the plot is in an identified radon area. If new buildings are erected 
within an area known to be affected by radon, prevention should be 
carried out as specified in this handbook. 

4. Since there is no lower limit to radon's harmful effects, cost-effecti-
ve or cheap measures to increase the level of protection against it are 
always worthwhile.

How to use this handbook 
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 238 decay products Ra-226  Rn-222 decay products Pb-206

Fig. 1.2: Average annual radiation exposure 
of the Swiss population.

1 cosmic rays  0.35 mSv
2 terrestrial radiation  0.45 mSv
3 internal radiation 0.4 mSv
4 radon in dwellings  1.6 mSv
5 medical applications 1.0 mSv
6 other 0.2 mSv
 (atom bomb fallout, 
 Chernobyl accident, 
 industry, hospitals, 
 other sources)

 Total 4.0 mSv
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Fig. 1.1: Decay series of uranium 238.

I.  Radon – what is it?

Radon is a noble gas produced by the decay of radium, which itself is a 
decay product of uranium. Since uranium in different concentrations is 
almost ubiquitous in the earth's crust, radon is also to be found almost 
everywhere in the soil. Even at high concentrations radon is invisible, 
odourless, non-toxic, chemically inert, neither flammable nor explosive, 
and undetectable by smell or taste. It decays with a half-life of about 
four days into radioactive daughter products.

About a quarter of the soil is actually air. This soil air is rich in radon, 
which is emitted by rock or by the individual soil particles after the de-
cay of radium atoms. Radiation is measured in becquerels (Bq). One 
becquerel is equal to the disintegration of one atom per second. 
Average radon concentrations in the soil air produce radioactivity of a 
few 10000 Bq/m3. The limit for premises is 1000 Bq/m3. Only small quan-
tities of soil air are therefore necessary to produce an unacceptable level 
of radon. 

1.1   Effects on human health
Actual damage to human health is not caused by radon itself but by its 
radioactive decay products, isotopes of lead, bismuth and polonium. 
Humans inhale and then exhale radon gas. The radon atoms that decay 
while in the lungs deposit daughter products directly onto the lung tis-
sue. These decay products irradiate the cells in the immediate vicinity. 

Radon causes an average of about 40 per cent of the radiation to which 
the Swiss population is exposed. An additional quarter each comes 
from medical applications (e.g. X-rays) and other kinds of exposure 
(cosmic rays, building materials, etc.). Radon poses a greater health ha-
zard here than the Chernobyl nuclear disaster and all nuclear weapons 
tests carried out so far. 
 
It was only in the 1950s that the link between radon and lung cancer was 
discovered. According to current findings, a few per cent of lung cancer 
cases can be attributed to radon in residential buildings.
Radon and its daughter elements are, after smoking, the second leading 
cause of lung cancer. 

Today, radon is a problem that is known and recognised worldwide. The 
World Health Organization (WHO) notes that radon is a significant health 
problem, that it is carcinogenic to humans, and that uncertainty in risk 
assessment is less than for other carcinogens. 
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As part of preventive healthcare, the Federal Radiological Protection 
Ordinance (StSV/ORaP) in 1994 set limits for the concentration of radon 
gas.
If levels are above 1000 becquerels per cubic metre (Bq/m3) in dwellings, 
or above 3000 Bq/m3 in the workplace, remediation is prescribed.
For new buildings, conversions and remediation, a reference value of 
400 Bq/m3 applies.
The StSV/ORaP places a very clear and defined duty of enforcement on 
the cantons (and therefore the communes as well). Notably, the remedi-
al programmes (Art. 116) envisaged therein require structured enforce-
ment models. 

1.2 Propagation of radon
Radon accumulates in soil air in all layers of soil. Radon migrates from 
the subsoil to the envelope of the house, sometimes through cracks and 
fissures but mostly through permeable soil. 
The more permeable the subsoil, the sooner radon gas will infiltrate the 
house. Radon penetrates dense layers of clay only poorly. The radon 
potential of the soil is thus substantially determined by the permeability 
of the soil and its radium content. In addition, variations in temperature 
and air pressure lead to seasonal and daily fluctuations. 

The radon hazard for residential and recreational premises depends on 
the radon concentration in the surrounding ground, and on supply, i.e. 
the (gas-)permeability of the soil. The permeability plays the more im-
portant role: a little radon in a very permeable soil can sometimes lead 
to higher concentrations of radon gas than a large quantity of radon in 
an impermeable subsoil.

Migration of radon in the soil depends on many factors. The soil air is in 
a state of constant exchange with the outdoor air and is renewed very 
slowly. Often the top layer of soil, 50 cm to 1 m thick, forms a less per-
meable layer than the ground beneath it. Buildings play an active role in 
the dynamics of soil air movements. The building may penetrate the top 
layer of soil and act like a chimney, sucking up soil air within a radius of 
10 to 20 metres. The rate of flow of the soil air is very low, for example 2 
to 3 metres per day. This is why the soil air is able to concentrate radon 
so strongly that even small quantities can raise the radon concentrati-
ons in enclosed spaces to an unacceptable level.

A further transport mechanism for radon is diffusion out of the soil or 
out of building materials. It has been shown, however, that concentra-
tions above the reference value or limit  are not produced by this pro-
cess.
 
In the open air, the gas mixes with air and is significantly diffused. 
Radon concentrations inside houses are substantially higher than in the 
open air, where the natural radon levels near the soil are about 
2–10 Bq/m3.

Fig. 1.3: Deaths in Switzerland 2000.
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Fig. 1.4: Contaminated soil air can infiltrate the building 
from a wide radius around it.
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1.3 Situation in Switzerland 
Based on the detailed documentation of numerous remediation projects 
in Switzerland and abroad, it is now possible to recommend suitable 
procedures for the Swiss building trade and to establish strategies for 
mitigation.
Bearing in mind that there are tens of thousands of buildings, many 
areas with naturally elevated radon levels in the soil can be excluded. 
Only a few of the houses tested so far have been shown to exceed the 
limits. In many places, however, not enough testing has yet been carried 
out to be able to exclude a risk. 
It is estimated that limits are being exceeded in a few thousand buil-
dings in Switzerland.
The average concentration of radon gas in occupied buildings in Swit-
zerland is about 75 Bq/m3. Individual peak values of more than 10 000 
Bq/m3 have been measured. Based on the testing of more than 30 000 
buildings in Switzerland, a radon concentration of <100 Bq/m3 in dwel-
lings is viewed as normal.

1.4 Detecting radon
No two houses are built the same way, stand on exactly the same sub-
soil or are used in the same way. Investigations in Switzerland show 
that even houses with the same construction and standing close to one 
another can show completely different radon values. The spread of ra-
don gas in the ground and its ingress into buildings is a very complex 
process. It is therefore not yet possible to predict concentrations of ra-
don gas in an existing building from its type of construction or the com-
position of the subsoil. There is also no valid procedure for identifying 
buildings with high concentrations of radon gas on the basis of general 
details. Only testing can provide reliable data.
Radon can be measured in various ways - using specialist methods or 
very simple radon dosimeters, small plastic pots. 
The SFOPH recommends a 3-month test period using dosimeters during 
the period when the house is heated. Ideally the residential or recreatio-
nal premises on the lowest occupied floor, and possibly a basement, 
should be tested. Radon dosimeters can be obtained from recognised 
measuring laboratories. 
A dosimeter costs about 60.– CHF. At least two dosimeters are 
recommended for testing a single-family house. 
 
1.5 Radon in drinking water 
The radon content of drinking and washing water is of secondary impor-
tance in Switzerland. The natural radon content of water is a few 1000 
Bq/m3.
The level of radon in the air of inhabited premises in the Mittelland is a 
few becquerel.
In regions with uranium deposits, higher values may appear in buildings 
that use water from private wells. Here the radon concentration may 
reach 30 Bq/m3 in dwellings, through diffusion of the radon out of the 
water.
 
1.6 Collections of radioactive minerals
Radioactive minerals such as pitchblende can lead to elevated concen-
trations of radon in dwellings. In case of doubt, information can be ob-
tained and testing performed.

Based on measurements and extrapolations, 
the following applies in Switzerland: 

 in about 0.5% of all houses 
(i.e. a few thousand buildings) the concen-
trations of radon gas are above the limit of 
1000 Bq/m3,

 in about 1.5% they are between 
400 and 1000 Bq/m3
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II. Building and radon

2.1 New buildings and remediation 
The issue of protecting residential buildings against radon arises in 
three fundamentally different cases: 

 in the planning of new buildings,
 in remediation and renovation projects, and 
 in existing buildings for which no construction interventions are 

actually planned. These become a case for remediation and renovation 
if contamination of more than 1000 Bq/m3 is measured (or if the prop-
rietor decides, even at lower values, to limit radon contamination). 

Radon prevention in new buildings and the remediation of existing 
buildings are both carried out according to the same principles and 
using the same means. But while in new buildings the appropriate pre-
ventive measures can be clearly defined and are reliably successful, in 
remediation a certain weighing-up of alternatives is often unavoidable, 
and the success of a first attempt is uncertain. 

Costs of measures for new buildings can be calculated. They are re-
latively modest even in radon areas or for challenging construction 
projects. For remediation, while simply sealing the existing openings 
may solve the problem, unrecognised peculiarities of the initial condi-
tion may mean that even the incorporation of a fan-driven exhaust gas 
system is not adequate. 

The radon protection measures given in the following chapters dif-
ferentiate between new buildings and remediation. The emphasis is 
nevertheless on remediation. First, because it is more tricky, uncertain 
and often more costly than standard prevention in new buildings. Se-
condly, because remediation of existing buildings is a priority; their oc-
cupants have often been living or working in excessively contaminated 
premises. 

2.2  Limits and reference values
The harmfulness of radon increases with increasing concentration. 
There is no threshold below which radon is useful or desirable from 
a health point of view. But radon can be put into context if we bear 
in mind the natural background radiation and realistic possibilities of 
protection. The Federal Radiological Protection Ordinance of 22 June 
1994 (Appendix C) lays down limits and reference values. Architects 
and other building planners are thus obliged to guarantee appropriate 
radon protection as part of their planning work. 
 
2.3  Radon areas
Geological differences mean that the radon hazard does not have the 
same level of importance everywhere. Although we have a substan-
tial understanding of the links between geological characteristics and 
radon gas, these links are diverse and the local surface geology often 
unknown in detail, so that radon areas cannot be identified from geo-
logical information. Even a single building with excessive levels consti-
tutes a miniature radon area. This mirrors the geological reality, which 
also has locally limited areas of radon contamination. 

Table 2.1: Limits and reference values according to Federal 
Radiological Protection Ordinance (see also Appendix C).

II/1

Area of validity Limit Ref. value
 Bq/m3 Bq/m3

Residential 
and recreational premises   1000  400

Workplaces  3000
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Radon areas are determined by the cantons on the basis of testing 
campaigns. This charting of radon was completed in 2004; other large-
scale measurement campaigns will be undertaken in the radon areas. 
The current situation of large-scale radon areas is shown in Fig. 2.1. 
This map is updated every year. The cantonal radon agencies provide 
information about the latest findings and small-scale details. 

In regions that measurement has determined as non-radon areas, we 
can give the all-clear in terms of radon as a potential problem. In radon 
areas, and in areas that have not yet been tested enough, the geology 
may have very localised structures that lead directly to high radon 
contamination: in gravel layers, embankments or where excavations 
have used blasting. A single house in a district of similar houses can 
show high concentrations of radon gas, while all the neighbouring 
houses are uncontaminated. Expert involvement in evaluating the ra-
don hazard in buildings and in planning therefore remains appropriate 
for areas where high radon contamination is not expected, such as the 
Swiss Mittelland.

Fig. 2.1: Radon map of Switzerland, at December 2006.

Radon Risk 
 High
 Medium
 Low to medium
 Low 

       L+T Geostat 1990

New buildings 

Basic rules for radon-
resistant construction are 
necessary, see Chapter 6.

Basic rules for radon-
resistant construction are 
recommended, 
see Chapter 6.
 
Basic rules for radon-
resistant construction are 
recommended, 
see Chapter 6.

Basic rules for radon-
resistant construction shold 
be consider,  see Chapter 6.

Existing building 

Measurement
necessary 

Measurement
recommended 
 

Measurement
recommended 

 
Measurement
should be consider 

Table 2.2: Action to take against radon in different
radon risk areas.



2.4  Radon protection strategies 
Both for new buildings and for the remediation of existing buildings, 
it is recommended that the strategy given below should be followed. 
The five steps encompass different aspects in each case, raising speci-
fic questions and leading to solutions tailored to the particular situati-
on. The order of the steps nevertheless remains the same. 

 Determine initial condition
Each house has its specific surroundings, and each construction pro-
ject has its particular starting point (radon area, need for remediation, 
groundwater, etc.). A thorough analysis is essential for successful re-
mediation. 

 Planning measures
In the early stages of planning, many decisions are made that could si-
gnificantly lower the radon hazard or even remove it (for example, not 
having inhabited premises on the ground floor without special measu-
res, routing of pipes and cables, etc.)

 Sealing
The ingress of radon can be prevented by dense construction in new 
buildings and, during remediation, by sealing against the soil or 
sealing off from radon-contaminated spaces. 

 Removal of radon
Radon can be extracted from underneath the building using suitable 
vents or pipework, forced out through pressurisation of the building, 
or at least removed from the substructure. 

 Monitoring
Without monitoring there will be no certainty that the measures taken 
have actually been effective.

The following chapters cover the five strategic steps for radon protec-
tion in new and existing buildings.
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III. Determine initial condition

3.1  New buildings
A whole range of conditions and regulations for a planned building 
also influence radon protection measures. In every case, prevention is 
cheaper than subsequent remediation. The following issues must be 
clarified in advance of the actual project planning, to solve the radon 
problem effectively and economically: 

 Is the plot in a radon area?
The local planning authority will provide information. The details avai-
lable depend on the state of the investigations; if necessary, requests 
will be passed on to the cantonal radon agency. The classification of 
the plot substantially influences the extent of the preventive measures.

 Are there problems with radon in the neighbourhood?
The condition of neighbouring houses cannot be adopted indiscrimi-
nately, but they do provide certain indications.

 Will the excavations for the foundations involve rock blasting, or 
do they lie in an area of fill, gravel or sand?
Fissured or otherwise highly permeable foundations hold an increased 
risk of radon, even outside radon areas. 

Will the foundations lie in permanently damp or loamy soil?
Foundations laid in loam are a good precondition for low radon risk. 

3.2  Existing buildings
Remediation of an existing building with excessive radon contamina-
tion is usually significantly more difficult, less reliable and more costly 
than correctly implemented prevention in new buildings. In existing 
buildings, the initial condition is often characterised by very varied, 
sometimes very specialised and often very restrictive characteristics, 
which to a great extent determine the remedial possibilities:

 Is the building in a radon area?
The local planning authority or cantonal radon agency will provide this 
information. Radon testing in areas at risk is always recommended, 
except in proven non-radon areas. 

 Does the building contain rooms at risk of radon?
On the ground floor or in the substructure of residential and recre-
ational buildings, elevated radon contamination can never be ruled 
out. In rooms higher up the building, elevated radon contamination is 
rare. Under particular conditions, such as where there are open stair-
wells into the substructure, or very permeable ceilings (for example, 
wooden beams, hollow stoneware units, precast lightweight concrete 
slabs, etc.), thermal convection can transport radon-containing air 
from the basement into the upper storeys. 
 

 Are the measured values plausible, reliable and meaningful?
Are there further suspect rooms that should be tested?
Radon testing (preparation, placement and packing of the dosimeters) 
is often carried out by the occupants themselves. Errors could be made 
here. Before the occupants carry out costly remedial measures based 
on their own measurements, testing should always be repeated, inclu-
ding testing of several places in the substructure. 
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 What is the initial condition of the building?
The better the knowledge of the building, the more precise the analysis 
of the radon hazard and the more targeted the remediation can be. As 
precise information as possible on the construction, materials, subsoil, 
pipes, etc. should be recorded or obtained and laid down in professio-
nal planning documents. See the Checklist in Appendix B.

 What further remedial measures are necessary, and what plans 
are there for modifications?
More comprehensive remediation in particular should be embedded 
in a higher-level remediation and maintenance timetable. Conversely, 
any conversion or remediation plans should also provide the opportu-
nity to clarify the radon situation. 

 Is there a duty to remediate, and who is affected by it?
If the 1000 Bq/m3 limit is exceeded, the Federal Radiological Protection 
Ordinance prescribes radon remediation. Tenants have a legal right to 
demand remediation.

Knowledge of the starting point forms the basis of plans for appropria-
te radon protection measures. This means that sealing and ventilation 
measures that are feasible, economical and effective will be planned. 
Some factors are often still unknown at the start of construction or re-
mediation. For example, whether the excavations for the foundations 
are very permeable or relatively impermeable to radon will become 
evident only after the start of building, and may influence the choice of 
sealing strategy. But a thorough determination of the radon-related in-
itial condition allows a flexible strategy to be developed that considers 
all eventualities.

III/2



IV. Conceptual radon protection

Many planning decisions will automatically increase or reduce the 
radon hazard, without necessarily demanding specific consideration 
of the problem. Conversely, systematic consideration of how to avoid 
radon is in itself very effective radon protection. In the course of the 
planning and project management of a new building or remediation, 
innumerable decisions are made. To varying extents, many of these 
influence the radon hazard. 
Important and direct correlations are outlined below. The following 
question should be asked in as many projects as possible: does the de-
cision being made influence the radon hazard favourably?

4.1 Room allocation plan
Excessive radon contamination is generally a problem nearer the 
ground, i.e. in substructures or on slopes. However, ground-floor 
apartments above basements or voids are also affected. Every strategy 
that "uncouples" residential premises from the ground therefore redu-
ces the radon issue. Examples:

 Deciding not to convert basements into inhabited premises. 
In new buildings, appropriate prevention will guarantee that there is 
no excessive radon in uninhabited basement premises. Whether the 
basements will be occupied or not is less important. If there is a subse-
quent conversion, precautions will have already been taken. The situ-
ation is quite different in renovations and plans for conversion, where 
there are inhabited premises in the substructure or where they will be 
introduced.

 No open vertical access to basements. 
Building plans with an open stairwell right down into the substructure 
make the whole building accessible to radon migration. It should be 
possible to close off the basement stairs at one point, at least with an 
airtight door. A separate entrance to the basement from the outside is 
even better. 

 Adapt intensity of occupation to radon risk. 
The room allocation plan often designates individual uses with clearly 
lower periods of occupation than normal residential rooms. Rooms at 
risk of radon or with a medium to slightly elevated radon level should 
therefore be designated as a guest room, office, hobby room, etc.

4.2 Thermal insulation and airtightness
One of the core tasks of a building is to provide protection from cold 
and draughts in inhabited areas. An expertly built or remediated buil-
ding should have layers of thermal insulation and airtightness that en-
close the occupied space as a contained unit. Usually, airtightness and 
thermal insulation are linked and are provided by the same structural 
component, such as the external wall or the windows. Sometimes, 
especially in the basement area, the situation is not so clear. The insu-
lating layer might be found on the basement ceiling, but the stair soffit 
and the side walls are uninsulated. An actual airtight layer is rarely 
found in the substructure. 
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Radon remediation provides an opportunity to realise a continuous 
layer of insulation and airtightness between heated and unheated 
rooms. Radon is transported through air. Whatever action is taken 
against excessive radon concentrations, airtightness and radon pro-
tection can often be achieved with the same measures. Neither should 
compromise the efficacy of heat insulation.

4.3 Routing of pipework and cables
Every penetration of the structural components near the ground pre-
sents a potential leak for the ingress of radon, whether the cables are 
gasket sealed or fixed with flexible sealant. 

Water and gas pipes, oil pipes from tanks laid in the ground, etc., 
should if possible enter through the walls and not through the floor. 
Lateral penetrations often provide an opportunity for ventilation from 
above (gravel backfill, seepage plates). Essentially the same applies to 
smaller cable entries, such as electrical or TV cables. Often these ca-
bles run in ducts that have not been sealed. A penetration through the 
wall instead of the floor is no substitute for good sealing. 

Drains should pass through the basement floor at the fewest possible 
places. This has an impact on many aspects, right through to the or-
ganisation of the bathroom units in the upper storeys and the possi-
bilities of bringing the drainpipes together above the basement floor 
without creating drainage problems.
Filling the drain channels with soil uses a great volume of soil and of-
ten effectively forms a radon collection system. The drainage project 
should therefore plan for as few undivided drains as possible beneath 
the building. 

Boreholes for ground-coupled heat pumps are prime radon collectors. 
They should not be located under the foundations, but should be sepa-
rated from the building. Pipe penetrations into the building can then be 
sealed relatively easily and rising radon can be extracted.

4.4 Natural depressurisation 
The air contained in the soil and enriched with radon was once out-
door air. It is continuously exchanged and renewed. It is worth faci-
litating this natural exchange outside the walls and floors that are in 
contact with the soil. If, for example, the (relatively permeable) layer 
under the foundation slab is linked to the equally permeable backfilling 
on the side, the soil air beneath the building is renewed more quickly 
and the radon concentration is reduced.
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V. Radon protection through 
 sealing measures 
Radon enters the house from the ground. Before detailed plans are 
made of which structural components should be protected against 
the ingress of radon using which measures and materials, we need a 
clearer picture of where the sealing layer is located. As with heat pro-
tection, radon protection should create a "container" that is closed off 
from the soil. It can be useful to define, in addition to a primary sealing 
perimeter (for example, along the structures in contact with the soil), a 
secondary sealing perimeter, such as along the components that bor-
der basement and inhabited premises. When thinking about a sealing 
perimeter, both in existing buildings and projected ones, it becomes 
clear that there are gaps that must first be closed or included in the 
planning (open exit to basement, dirt floors in the substructure, etc.).

5.1  Leakage or diffusion?
Radon can infiltrate buildings in two ways:

 as a component of soil air, which can infiltrate through leaks or 
openings in the structures in contact with the soil

 by diffusion of radon atoms through floor and walls.

In terms of practical radon protection in existing buildings and radon 
prevention in new ones, the leakage process is the most significant. 
Radon gas diffusion is a fundamentally different process from leakage. 
The significance of diffusion will be described briefly below, to show 
where it needs to be taken into consideration.
 
Radon gas diffusion is comparable to water vapour diffusion, a pro-
cess familiar to the construction trade. For radon diffusion, however, 
the concern is only the quantity of gas entering, and not the potential 
for damage in terms of building physics, as is the case when excessive 
water vapour diffusion produces condensation. 

Only a few materials are impermeable to gas, for example metal and 
glass. Permeability depends on the density of the material and on the 
properties of the gas, in particular the size of the particles. The steam 
permeability of building materials, sheeting and low-permeability 
membranes is therefore a point of reference, but does not allow a con-
clusive evaluation of radon permeability to be made. 
Radon migration has another peculiarity. If the average diffusion time 
of radon atoms through a structure is longer than a few days, the ra-
dioactive decay takes place mostly within this component. The decay 
products are no longer gases and remain bound to the component and 
are thus harmless. 
The term "radon-tight" is not clearly defined. G. Keller, of the Universi-
ty of Homburg, suggests that a material should be described as radon-
tight if the diffusion distance is less than one-third of the thickness of 
the material. Sheeting and membranes of various materials that are 
radon-tight by this definition are available (see Table 5.1). Radon-tight-
ness is naturally not maintained if a membrane or coating has tears or 
is not tightly affixed. With this in mind great care should be taken with 
relatively dry coatings.

Fig. 5.1: Ingress of radon-containing soil air through leaks 
(left) and diffusion of radon through structural components 
(right).
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Material Thickness Radon- 
  (mm) tight?
sheeting
PEHD foil 1.5 yes
PVC alloy 1 yes
Polymer bitumen 3.8 yes
Paints, coatings 
Plastic paint 0.2 no
Epoxy resin 3 yes
Building materials
Reinforced concrete 100 retards 
  radon
Calcareous sandstone 150 no
Plaster 100 no
Brick 150 no

Tab. 5.1: Radon diffusivity of building materials (in undama-
ged, crack-free condition).

In summary, we can state that:

Radon gas diffusion does not transport major quantities of radon gas 
through structural components. Even at high concentrations of radon 
in soil air (> 20 000 Bq/m3) and good porosity of the soil (gravel), com-
bined with radon-permeable structural components (floors with rubble 
or cement underlay), we can reckon that there is only a small degree of 
contamination through radon diffusion (around a few dozen Bq/m3 at 
most).

Conclusion: Attention should be paid to airtightness.
Only at very high concentrations and availability of radon in the 
ground do the selected sealing elements (structural components, shee-
ting) need to stop radon diffusion effectively. Table 5.1 gives reference 
values for the radon diffusion resistance of various materials.

5.2  Radon paths 
Whether radon-containing soil air can infiltrate a house depends on 
the extent to which the structural components and joints in contact 
with the soil are free of cracks. If these components are not successful-
ly sealed, it may become necessary to seal off the inhabited premises 
against radon-contaminated basements. Leaks may occur through:

 Cracks and joints in floors and walls
 Penetrations for cables (particularly with cable ducts) and pipes
 Drains
 Under-floor voids and inspection chambers
 Light and other shafts in substructure walls
 Chimneys
 Larger weak points, such as natural basement floors of earth, 

gravel or rubble
 Permeable constructions (wooden-beamed ceilings, hollow 

stoneware, rubble, etc.)

The sealing of existing buildings, and the construction of new buil-
dings to be radon-tight, will always use a diversified strategy in order 
to deal with the different types of leak that occur in every building. The 
following measures are possible:

 Sealing off the ground with low-permeability membranes 
 Sheeting and coatings in and upon structural components 
 Sealing joints, cracks, holes and around service entries
 Sealing openings (doors, windows, trapdoors, lids, etc.).

Previous experience has shown that sealing measures are uncertain, 
particularly in remediation. It should always be kept in mind that the 
measures may not be as successful as intended. Sealing measures 
must therefore be planned and implemented with especial care. Often 
they are only successful when combined with ventilation measures. 

Sealing measures alone are adequate only for radon concentrations up 
to 1000 Bq/m3. 
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5.3 Construction and installation of seals 
The constructions shown in the following sections give an overview 
of the structural and technical approaches. A broad range of products 
in this field is available. In each individual case, careful examination is 
required to find the solution that best deals with the radon hazard at 
hand. Because radon is colourless and odourless and, unlike the case 
with humidity barriers, neither damage nor inadequate impermeability 
are immediately noticeable, particular care should be taken with qua-
lity and durability. Low-permeability membranes lying externally, for 
example, must be able to perform for many decades. They should not 
rot, be damaged by compression, or dry out. 

5.3.1 Sealing off the ground with sheeting (for new buildings)
Laying low-permeability membranes in excavations beneath the foun-
dations is a recognised technique for preventing damage due to damp, 
and to prevent the ingress of gases, for example when building over 
landfills. This technique can also be used against the infiltration of ra-
don gas. 

Structural components that are designed to be watertight are also ra-
don-tight. In construction areas with a high groundwater table or on 
hillsides, buildings are generally well protected against radon. In radon 
areas with a high availability of radon (permeable soil structure), we 
can rely on the tried-and-tested sealing technology of groundwater-
tight building. The solutions include both the sealing of surfaces and 
the use of special structural components and constructions for water-
tight pipe penetrations, contraction joints, etc.

Laying extensive, gastight sheeting on the outside of a building is ap-
propriate 

 if the planned building is in a radon area, or 
 if it is not constructed in continuous reinforced concrete.

Outside radon areas, continuous reinforced concrete substructures 
provide sufficient protection against radon from the ground. 
Plastic-modified polymer bitumen or plastic sheeting can be used to 
seal the excavations. For the planning and implementation of sealing 
using membranes, advice should be obtained from experts or sup-
pliers of the various systems. 
The constructional aspects relating to the objective of radon-tightness 
are given below, rather than an overview of the technical possibilities 
of sealing technology. 

External sealing using sheeting 
A sheet is laid in the excavations and continuing up the walls after 
constructing the basement. A gravel filter layer and seepage pipe are 
positioned outside the seal. The substrate on which the sheet is laid 
(topsoil, sand, lean concrete bottom with dividing layers, etc.) and the 
permissible differences in load must be discussed with the suppliers 
of the membranes and the workforce. Slab foundations are preferred 
over strip foundations or individual foundations. In radon areas, only 
slab foundations should be used. For individual or strip foundations, 
care should be taken to see that the sheeting is not damaged, by avoi-
ding components with sharp edges.

Fig. 5.2: External sealing using sheeting under the 
foundation slab (new buildings). 

Fig. 5.3: Correct sealing of penetrations using sheeting; 
here, for example, a water pipe for a washbasin in a utility 
room.
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Insulating the perimeter
External heat insulation in the ground is a tried-and-tested construc-
tion for seamless insulation. The basement can be thought of as a 
heated room or an unheated buffer on the heated side. The usual 
constructions, with a concrete foundation slab laid onto appropriate 
pressure-resistant insulating material (cellular glass or extruded po-
lystyrene), do not increase radon-tightness. In radon areas, a sheet 
should also be laid here, and fastened carefully onto the lateral surface 
layer of the insulation in the external wall of the substructure.

5.3.2 Sealing surfaces internally 
To mitigate radon in existing buildings, surface sealing can usually 
only be applied internally. Usually, however, internal sealing requires 
a significantly greater proportion of connections and joints, such as at 
internal walls, stairwells, etc., which bring increased risks of leaks.  For 
new buildings, therefore, constructions with sealing on the internal si-
de of the wall should be avoided if possible. In addition to low-permea-
bility membranes, there are also liquid or gel sealants to choose from.

Sealing measures alone should be used only at radon concentrations 
below 1000 Bq/m3!

For internal sealing the following applies: what is suitable for damp 
protection is also suitable for radon protection. Dry sealant gels cannot 
bridge settlement cracks, and membranes work only if they are cleanly 
and seamlessly stuck or welded. Conversely, there are possibilities 
for internal radon remediation other than those inspired by protection 
against damp. For heat-insulated structural components adjoining the 
ground, the humidity barrier can also confer radon protection. 

Damp-proof sheeting as radon protection 
Various constructions and systems lay low-permeability membranes to 
stop moisture penetrating the building. They are also suitable for blo-
cking the ingress of radon. The same properties that confer protection 
against penetrating damp are needed in increased measure for radon 
protection: clean adhesion along the joints, seamlessly glued or wel-
ded sheeting and careful connections to penetrating structures of all 
kinds (structural components, cables, etc.).
Sheeting must be lined on the side facing the room. Care should be 
taken that the membranes are not damaged during securing of the 
lining. In addition, there should be a clean join to the basement ceiling, 
which is costly and unreliable, especially for lightweight structures 
(wooden-beam ceilings).

Vapour barriers
Structural components that are heat-insulated from the ground re-
quire, on the warm side of the insulating layer, a vapour barrier or an 
adequate vapour-retarding layer to inhibit the development of conden-
sation in the construction. Vapour-tight or strongly vapour-retarding 
layers (equivalent air layer well in excess of 10 metres) also provide 
adequate barriers to radon, although the conductivities of radon and 
vapour are not identical. Leak-tight assembly of the vapour barrier is 
even more important for radon-tightness than it is for blocking vapour 
diffusion.

Fig. 5.4: Internal sealing using sheeting.

Fig. 5.5: Subsequent thermal insulation of basement floor 
and walls with vapour and radon barrier.
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Sealant coating, paint, etc.
Liquid or plastic sealant paints or gels are often used to prevent the 
penetration of moisture. They also block radon as long as they remain 
undamaged and free of cracks. Monitoring is, however, difficult. Rather 
than becoming moist, so that they can be detected and resealed, leaks 
remain invisible and simply allow the radon concentration in the enc-
losed space to increase. Furthermore, the conditions must be appropri-
ate; for example, there must be a stable base without settlement joints 
or cracks. This also applies to relatively impermeable interior linings, 
such as tiles, paper sheeting (ingrain wallpaper on aluminium foil) or 
gas-retardant coating systems (for example chloro rubber coatings). 
They are nevertheless useful as supporting measures.

Injections, which have been applied to the humidity problems in old 
masonry, have not as yet been successful in radon remediation. 

Concentrations in ceilings above inhabited premises 
If the radon contamination within the basement rooms cannot be lo-
wered to a satisfactory level, the dividing components, in particular the 
basement ceiling beneath the inhabited premises, must be imperme-
able to radon. Reinforced concrete floors can be viewed as having a 
sufficiently radon-tight surface. Old fireproof floors may allow seepage 
via the supports in the masonry, which must be sealed locally. For 
lightweight floors (with beams) careful investigation is needed to de-
termine which layer confers airtightness or radon-tightness, and how 
tight the layer is at connections and joints. 

5.3.3  Sealing service penetrations, holes and cracks
Sealing floors, ceilings and walls is only effective if the many ope-
nings, intended and unintended, are expertly closed. Below are some 
tips on the various possibilities for sealing that are either generally 
applicable or particularly relevant to radon. The wealth of different 
sealing materials available means that a comprehensive overview is 
not possible; in each case, the quality and shelf life are as important as 
their expert application. 

Flexible sealants
Flexible sealant is suitable for sealing cracks, joints (such as the con-
nections of pipe ducts) and small holes, even if slight movement (e.g. 
expansion due to temperature) occurs. Depending on the particular 
situation, different flexible materials may be used (silicon, acrylic, po-
lysulphide, etc.). The sides of the joint should be cleaned and may be 
extended to achieve a lasting adhesion. Sometimes the depth of the 
joint must be filled in to model an optimum size of joint. Depending 
on the initial condition and material, further preparation of the joint 
may be necessary (shaping the edges, undercoat of primer, etc.). If the 
application is carried out correspondingly expertly and carefully, small 
local leaks may be repaired by practised craftsmen.

Fig. 5.6: Render or sealant coating.

Fig. 5.7: Correct design of joints with flexible sealant.

Fig. 5.8: Cable duct for sealed penetration in wall.

Fig. 5.9: Sealing a floor gully.
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Flexible joint and adhesive tapes 
Flexible joint and duct tapes are particularly suitable for the (soil-)air-
tight connection of structural components, such as joining sheeting 
to ceilings, or floor coverings to wall lining panels, etc., as well as for 
bridging contraction joints. 
One-sided adhesive tape is generally not suitable for lasting airtight 
binding. Double-sided tape, such as butyl adhesive tapes, should if 
possible be attached mechanically. Thus, two polyethylene membra-
nes can be stuck together using butyl adhesive tape compressed under 
a batten to form a permanent seal. Adhesive tapes should never be ex-
posed to tensile stresses, not even from the weight of the sheet itself. 

Joint tapes perform very well. They are available in different materials 
and qualities, and are stuck onto the structural components to be joi-
ned using liquid or plastic adhesives.

Routing cables through cable ducts
Entries of pipes or cables can take place through ducts, which are 
joined to the sealing sheeting by welding or adhesives. The cables or 
pipes should be sealed to the cable duct with flexible sealants.

Fig. 5.10: Connection of ceiling sealing.

Fig. 5.11: Bridging of contraction joints.
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5.3.4 Sealing doors, trapdoors, manhole covers, etc. 
If a dirt-floor basement is desired, or the sealing measures have not 
been effective, the dividing components must be sealed off from the 
inhabited premises. This primarily involves the connecting doors. They 
may be basement doors or apartment doors onto stairwells that lead 
down into the substructure. Other openings include manhole covers 
inserted into the basement floor for periodic monitoring of pipework. 
 
The parameter of joint permeability, most commonly applied to win-
dows, can be used to gauge radon-tightness. Thus to enable doors to 
close off radon-contaminated rooms, permeability of a ≤ 0.2 m3/h m 
Pa2/3 can be required. 
 
Increased  soundproofing values for doors indicate good airtightness, 
and thus also radon-tightness. As with noise protection, however, care 
must be taken that installation is carefully and expertly implemented. 
By contrast, fire protection doors are not particularly radon-tight. Fle-
xible gaskets have low fire resistance and are not a component of fire 
protection plans. Increased gastightness is also not very important 
from the point of view of fire protection. 
 
If doors, trapdoors, manhole covers and similar elements are to be ra-
don-tight, the following must be observed:
 
Flexible gaskets
Flexible gaskets (lip sealing rings or hollow sections) are the only 
correct approach to adequately sealing an openable component or 
its joints. The gasket and hinge must fit one another. The seal must 
surround the component without gaps and be expertly adjusted. In 
principle an edge seal is sufficient. A second seal, which would be usu-
al for high noise protection requirements, is generally not needed. If 
high levels of contamination remain in the basement (more than 1000 
Bq/m3) and the door in question is used frequently (main exit door to 
basement), a second hinge seal may be worthwhile.
If existing doors (or trapdoors) are retrofitted with flexible gaskets, 
care must be taken that the gaskets are expertly grooved and that the 
door is stable enough, i.e. no excessive seasonal deformations occur 
that could undermine the seal. 

Two aspects of openable structural components must be particularly 
borne in mind:

 Flexible seals deteriorate over time and should be monitored and 
replaced periodically (every 5 to 8 years).

 Sealed doors only provide a seal if they are closed. An automatic 
door-closing mechanism should therefore be fitted to the more impor-
tant connections (basement doors). 
 
Simple V-seals for retrofitting into window and door hinges can lower 
air-change rates significantly. They are nevertheless unsatisfactory as 
a sealing measure against radon. 

Fig. 5.12: Flexible gaskets, grooved or in surface-fixed metal 
sections.

Fig. 5.13: V-seals for subsequent sealing of windows.
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Fig. 5.14: Doorstep with gaskets, also for retrofitting. 

Fig. 5.15: Compressible fixed threshold sealing.

Fig. 5.16: Smooth and brush seals are not adequate.

Thresholds 
Thresholds of doors that must guarantee high radon-tightness should, 
if possible, be designed as a stop and fitted with a flexible gasket, con-
nected laterally with hinge seals. Smoothed seals made of brushing or 
elastomer-based materials are not adequate. The compressible fixed 
hollow sections seal thresholds relatively well. However, the point at 
which the gasket is set on the ground must be flat and smooth. Special 
care must be taken to ensure that there are no large lateral holes. The 
requirement for good soundproofing provides good protection in this 
respect. 

Keyholes
Basement doors with old locks often have keyholes, which must be 
replaced as part of radon remediation. 
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VI.  Removal of radon
 

 
Radon-containing soil air can infiltrate the building only if there is a 
pressure difference between the ground and the interior of the buil-
ding. This pressure difference has various causes.
 

 Every building has a pressure difference from top to bottom, 
caused by convection. This natural difference in pressure occurs more 
strongly in winter, is effective in each individual storey and over seve-
ral storeys, and can be reinforced by installations such as lift or venti-
lation shafts. 

 Depressurisation is also increased by mechanical installati-
ons such as extractor fans for bathrooms or kitchen, extractors from 
tumble dryers, etc., if not enough openings are available for air intake.

 Stoves, storage heaters and open fireplaces cause a reduction in 
pressure through the chimney if they do not have a separate feed for 
combustion air from the outside. The chimney generally acts like this 
even when no fire is burning, since tightly sealed furnaces or flue val-
ves are rare.

 The influence of wind is strongly dependent on the location of 
the building and the permeability of the building envelope. Wind can 
exacerbate the radon hazard substantially, and is in any case an unreli-
able factor in mitigating the radon situation. 
 
Depending on the temperature difference between inside and outside, 
the winds, and the permeability between the individual storeys, areas 
of buildings near the ground can accumulate a considerable degree of 
underpressure. In a building 5 metres high, with a temperature diffe-
rence between the exterior and interior of 20°C, depressurisation on 
the ground floor can draw several cubic metres of air per second th-
rough a crack one metre long and one millimetre wide. For buildings in 
the Mittelland, interior thermal effects outweigh irregular winds in win-
ter. Depending on location, radon-containing air from the basement 
is sucked into the interior of the building, possibly up to the highest 
storeys. Winds can play a role where they occur strongly and regularly, 
as for example the valley breezes of mountainous areas. 
 
This chapter concerns ways of influencing the pressure relationships 
in and around the building so that radon-containing soil air is not su-
cked into the building at all, bypasses the inhabited spaces, or is redu-
ced or diluted to an acceptable level. For new buildings the goal must 
be to prevent all radon infiltration. In existing buildings with elevated 
radon concentrations, this cannot always be achieved at a reasonable 
cost. 
 
Possible ventilation strategies fall into five categories:

 Eliminating factors that cause underpressure 
 Depressurising the building 
 Creating artificial overpressure in the building 
 Removing radon-containing air from the substructure 
 Removing radon-containing air from inhabited premises

 
Excessive radon levels have been found in both sealed and leaky buil-
dings. Leaks in the building envelope cause increased air change and 
thus tend to dilute radon. But at the same time the pressure situation 
in the substructure can be worsened, so that radon increasingly flows 

Fig. 6.1: Depressurising the bottom of the building through 
convection.

Fig. 6.2: Elements that cause depressurisation, such as ex-
haust air systems, open fires, etc.
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in and the situation is not improved. Much more influential is the pres-
sure situation in the interior of the house, created by the positioning 
and connection of the inhabited premises with the substructure, and 
the permeability of the storeys through unsealed floor constructions, 
open stairwells or shafts, and extractor fans. Insulation at the right 
place, especially in the upper parts of the building, improves the pres-
sure on the lowest levels just as much as duct openings on the ground 
floor. In many cases it is sufficient to make or secure permanent ope-
nings, so that contaminated voids or basement spaces can be reliably 
ventilated. 
 
Active ventilation is provided by fans. If the radon-containing air is 
blown away over the roof, it is sometimes possible to do without a fan 
and leave ventilation to convection. Active systems have two major 
disadvantages:

 They require electricity. A 30 watt fan with continuous output 
uses about 260 kWh per year.

 They must be maintained and have a significantly shorter life-
span than the building itself. The possible breakdown of active sys-
tems must be borne in mind, particularly if their malfunctioning is not 
directly apparent. 
 
Active ventilation systems should always be installed as a second step, 
if passive systems have proved inadequate. Depending on circum-
stances, it may be appropriate in the first phase to leave open the pos-
sibility of retrofitting a fan. 
 
6.1 Eliminating underpressure 
The pressure difference between soil air and basement air is the dri-
ving force for radon infiltration. It therefore follows that the first step 
should be to identify the factors responsible for the underpressure and 
defuse them as far as possible. In projected new buildings this should 
be done at the conceptual stage, and eventually be properly imple-
mented. In existing buildings modification can range from simple ope-
rational measures to larger-scale interventions. 
 
Create above-ground air inlets 
Extractor fans in the toilet and kitchen where there are no air inlets can 
create depressurisation of 20 Pa or more. According to the particular 
situation this depressurisation can be felt right down to the structural 
components in contact with the soil, and can suck out radon-contai-
ning soil air. Although above-ground inlets, vents and penetrations are 
an improvement over extractors without air inlets, they should not be 
used in radon areas since underpressure is needed to open them. In 
radon remediation, the inlets must be generously sized. Use of inlets 
should also be combined with measures to increase radon-tightness 
towards the rooms adjacent to the soil.
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Seal off shafts and flues in the substructure 
In order to defuse the convection effect of shafts and flues that run 
through several storeys and reach down into the substructure, two 
measures can be used alone or in combination:

 Fit shafts and chimneys as tightly as possible in the substructure. 
This is only possible if no pressure valves, open pipes for removing 
condensation, etc. are necessary at the foot of the flue.

 Fit shafts and flues with a direct air feed (with siphon). If this is 
impossible, generous air inlets into the basement chimneys from out-
side will lessen the underpressure relative to the ground. These inlets 
should be led down to the basement floor with a siphon, to avoid ex-
cessive cooling. 

Direct air feed from the outside for furnaces and boilers
For reasons of health and of energy, furnaces (heaters, storage he-
aters, open fireplaces, etc.) and boilers situated in inhabited rooms 
should be fitted with an air feed direct from the outside. Even in the 
other rooms, a direct air feed from the outside into the combustion 
chamber of the furnace is an accepted standard. 

Sealed flue valves 
For safety reasons, flue valves are usually not tightly closable. They 
therefore do not remove the stack effect and the depressurisation it 
causes. The cantonal fire insurance offices permit tightly closing flue 
valves only for furnaces operated for short periods in permanently 
supervised premises. This applies to new and existing open fireplaces 
and single stoves, but not to cookers or central heating boilers. 
In radon areas, tightly closing flue valves should generally be used. Af-
ter consulting the office responsible, open fires and storage heaters in 
radon areas should always be fitted with tightly closing flue valves.

6.2 Depressurising the building
Depressurisation of the building, either passively or actively (with a 
fan), removes radon-contaminated soil air. Two very different procedu-
res are used here: 

 Voids or very permeable fills under the building are ventilated. 
The fresh air flowing inwards sufficiently dilutes the small quantities 
of radon emitted by the subsoil. For this, large enough air inlets are 
required. 

 In voids or in the layers of soil under the building, depressurisati-
on builds up relative to the atmospheric pressure in the basement. He-
re a certain impermeability of the ground is desirable, so that adequate 
depressurisation can be maintained with little power and very small 
flow volumes, to prevent soil air infiltrating the inhabited areas. 

Fig. 6.3: Direct supply of outdoor air for furnaces (the exter-
nal air feed should have the same diameter as the exhaust 
pipe).
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According to the type of use, one or the other procedure will take 
precedence. It may also be that one of the two strategies is planned 
but the other is eventually applied because of the operating data. If, for 
example, the ground or the backfill proves to be so permeable that the 
planned depressurisation cannot be realised efficiently, radon protec-
tion can be obtained by dilution of the radon-air. In many cases a com-
bination of the two methods is effective. 

As with sealing measures, when buildings are being depressurised, 
care must be taken that the whole building is included and not just in-
dividual rooms. Technically, the following situations are distinguished: 

Ventilating voids under the building
Buildings without basements are often erected above a void, because 
this is a proven method of avoiding problems with damp. Normally 
these voids are fitted with air inlets. Enlargement and optimised ar-
rangement of these air inlets may be sufficient for adequate radon 
removal. If not, a simple small fan can be used. In this case, it may be 
possible to omit an inlet and rely on the depressurisation effect alone. 
The fan must work at up to -40 Pa underpressure, energy-efficiently 
and without producing much noise. 
A continuous void may be found under terraced houses, which some-
times provides a crawlspace. In addition to air vents in the houses at 
each end of the terrace, it may be necessary to open the voids from 
the side as well, so that radon cannot accumulate in the uninterrupted 
airflow.

Soil aeration with drainage pipes below the house
Radon-containing soil air is collected using a pipe system (drainage 
pipe or flat duct with perforated underside) and led into the open. In 
contrast to extracting air from voids under buildings, it is not outdoor 
air that is supplied but more radon-contaminated soil air. The effective-
ness of this method therefore depends on whether depressurisation 
can be achieved over the whole area beneath the basement. 
The composition of the soil should confer a degree of air permeability, 
so that the drainage effect is fully effective. It is helpful if gravel can 
be used as a drainage layer. The more dense the soil, the more closely 
must the network of pipes be laid. The pipes can sometimes be intro-
duced by boring. For very permeable soils it may be worth laying a foil 
beneath the pipe system over the whole area. This prevents the soil air 
from flowing in, thus producing depressurisation. 
Another possibility is a combination of horizontal and vertical drainage 
pipes near walls and floors in contact with the soil. This may have ad-
vantages for houses on steep slopes.
By grouting in the drainage pipes, the ground around them is compac-
ted. This can sufficiently reduce permeability so that no continuous 
underpressure is formed in the soil below the house. A suitable soil 
structure is a prerequisite for adequate effectiveness here. 

Fig. 6.4: Removal of air from cavities under buildings.

Fig. 6.5: Soil aeration below the building using a drainage 
system.

For details on air leakage, avoiding 
condensation and sound insulation see 6.6
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Soil aeration with central vent stack
The soil air is collected beneath existing floor constructions in a simple 
shaft and extracted. The procedure is effective if a continuous void 
exists between the soil and the subsoil (for example, wooden floor on 
battens) or if the subsoil exhibits high permeability (e.g. gravel bed). 
The catchment area of a radon shaft depends upon whether it is sunk 
to the right depth, i.e. down to the permeable soil layer. In unfavoura-
ble circumstances, several shafts will need to be laid.

Soil aeration at particular points 
If a building provides enough space for extraction and collection pipes, 
it may be simpler to extract the soil air through several pipes that tra-
verse the cellar floor impermeably.

Soil aeration using two membranes 
(New buildings in radon areas)
When extracting soil air, care must be taken that the floor is as imper-
meable as possible. In new buildings a seal can be established using 
a continuous foil under the floor structure. The points where soil air is 
extracted are situated above the foil. Only small quantities of air are 
involved, which also avoids excessive cooling in winter. 

Soil aeration using a conduit 
A channel collects infiltrating radon-containing soil air using linear 
sites, such as joints. In the channel a ventilator produces slight depres-
surisation and blows the collected soil air into the open through an 
exhaust duct. This method is applicable only at entry points that are 
technically simple to locate, in particular for rigid contraction joints 
between external walls and impermeable floor slabs. 
Failure to take walls adequately into account is a common problem. 

Fig. 6.6: Soil aeration below the building using a vent stack.

Fig. 6.7: Soil aeration below the building using a vacuum at 
particular point.

Fig. 6.8: Creating depressurisation under the floor slab by 
means of an air expulsion duct along the floor slab joint.
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Aeration for hollow floor constructions
In existing buildings it may be simpler to install a new hollow floor 
and extract air from it through depressurisation, rather than collecting 
soil air using drainage pipes or a radon sump. This is possible for both 
substructural inhabited rooms and cellars. A variety of hollow-floor 
constructions exist. Various prefabricated floors are also on the mar-
ket: these are mainly found in offices, where the hollow floor is used as 
a service area. A particularly low erection height is achieved if draina-
ge panels or mats are placed as a sub-floor structure. 

Soil aeration through existing seepage pipes 
In some cases, remediation has used an extraction fan to remove soil 
air from the seepage pipe and thus successfully reduce the infiltration 
of radon into the basement to below the reference value. As a venti-
lation system, the behaviour of seepage pipes is unknown and highly 
variable. In every case siphons are required to prevent air feed from 
the public sewers and roofwater drainpipes. Any remediation should 
attempt aeration (with temporary closing of the connection to the se-
wer), because overall the intervention remains relatively cheap. 

Radon sump outside the building 
Depending on the soil properties, some good results have been obtai-
ned from radon sumps installed outside the building. Thanks to the re-
latively impermeable humus layer, an extended depressurisation zone 
builds up in the ground in the area surrounding the sump, and thus al-
so under the building. Free-standing radon sumps can be a cheap way 
of mitigating the presence of radon, since constructional interventions 
in the building itself are no longer necessary. 

Fig. 6.9: Aeration of existing voids.

Fig. 6.10: Aeration of a retrofitted hollow floor.

Fig. 6.11: Creating depressurisation with the existing 
seepage pipes.
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6.4 Removal of radon-containing air from the substructure 
Since radon in the substructure infiltrates the building, attempts can be 
made to reduce the concentration of radon by increasing ventilation so 
that the basement air is no longer a cause for concern, and significant 
radon transport from the basement into the inhabited premises cannot 
take place. The problem is that ventilation of the basement is reduced 
in winter when it is very cold: windows are shut, fans turned off. This 
approach can therefore only be recommended as an immediate, provi-
sional measure, until more permanent measures can be realised.

Immediate (provisional) measure: open basement windows 

Cross-draughts dilute radon in air and carry it into the open more 
quickly. Underpressure arising in the house may not be effective in the 
basement. If an exhaust fan is used, underpressure may build up in the 
basement, which increases the flow of soil air into the basement. The 
depressurisation, however, also influences the inhabited areas, so that 
the radon is sucked out of them and extracted outdoors. The basement 
becomes colder through intensive ventilation in the winter so it is im-
portant that the structural components adjacent to the heated rooms 
(basement ceiling, staircase walls and undersides, etc.), as well as he-
ating pipes, are well insulated. Ventilating basement rooms is a good 
immediate measure, but is not enough for permanent remediation.

6.5 Controlled air supply to combustion chambers 
A controlled supply of outside air to a boiler reduces depressurisation 
owing to the fan burner and stack effect.
In an open fire or stove, a generous supply of fresh air should prevent 
depressurisation within the basement and soil area bringing contami-
nated air into inhabited premises. 

6.6 Removal of radon-containing air from inhabited premises 
If the ingress of radon cannot be prevented sufficiently, the only remai-
ning option is to dilute the concentration by increased air change. In-
creasing the air change rate lowers the radon level effectively but tran-
siently (for about 1 hour). In winter, increasing air change by opening 
the windows lowers the room temperature and can make the room 
less comfortable, and thus this strategy can only be recommended as 
an interim measure until more permanent remediation takes place.

Installation of a ventilation system with heat recovery is more promi-
sing. Air is collected from rooms that are burdened with odours, and 
exhausted into the open air. A heat exchanger or heat pump is first 
used to remove heat and humidity from the exhaust air and then to he-
at the incoming fresh air. Ventilation systems with heat recovery, even 
in winter, may provide a comfortably high level of air change (for the 
necessary radon dilution) without excessive energy loss. Furthermore, 
the air change is uninterrupted and not dependent on user behaviour. 

Fig. 6.12: Increasing air change rate using a ventilation sys-
tem with heat recovery.
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6.7 Technical notes on the ventilation strategies

Ventilation systems
The following notes should help in planning and implementing ventila-
tion installations. 

Planning air supply for extraction systems 
For air extraction systems, the air supply must be carefully planned 
and must not be left to undefined leaks in the building envelope. This 
applies as a general principle, but is particularly important for radon 
mitigation. Above-ground air inlets, valves and penetrations in buil-
dings with elevated radon levels cannot be sized for the necessarily 
small pressure losses of below 1 Pa. Although an improvement over 
air extraction systems without air supply, the depressurisations of 5-
10 Pa that result from operating air inlets are not ideal. In these cases, 
an air supply fan or supply and extract system (there are appliances 
suitable for rooms) may be used. The design condition for air inlets 
under DIN 1946-6E, according to which a maximum of 4 Pa may not be 
exceeded for furnaces supplied with room air, and 8 Pa for any others, 
is not advised. Air inlets with a filter must be regularly serviced in ac-
cordance with the instructions for use. 

If the airtightness of the building envelope has to be determined or air 
leaks located, an nL50 measurement may help. 

Supply air earth-to-air heat exchangers 
Current knowledge suggests that earth-to-air heat exchangers, which 
pre-warm the supply air for ventilation systems, are not susceptible to 
radon contamination if they are constructed as closed pipes (plastic). 
In both radon and non-radon areas, plastic pipes with gastight joints 
should always be used. The uptake of air through drainage pipes or 
seepage pipes presents a considerable hazard, even in non-radon 
areas, and should therefore be avoided if possible. 

Using convection instead of fans 
If the duct passes upwards through heated rooms, it must have 
enough thermal insulation to prevent condensation.

Operation and maintenance
Every ventilation system should have clear documentation and simple 
operating instructions. The radon hazard and the particular monitoring 
tasks this produces, for example the periodic examination of air flow 
volumes, should be taken into account as much as the periodic measu-
rement of radon in inhabited premises. 
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Fans
If a fan is used, the best product possible should be chosen owing to 
the special requirements. Requirements are:

Long lifetime 
Because it is in use constantly, notice should be taken of the device's 
resistance and lifetime. There are devices for which a minimum life of 
80 000 hours is given. 

 Capability of regulation
For the initial setting up, and for any subsequent regulation, it must be 
possible to change the speed by hand. A simple but effective capability 
exists for d.c. motors (brushless motors). 

 Indicator
Because the radon level rapidly begins to rise again if the system 
breaks down, there must be an operational indicator in a visible place 
(for example, a warning light in the apartment).

 High level of effectiveness
One type of fan can be up to five times as effective as another. It is im-
portant to use the most efficient type possible. 
 

 Performance, quantity of air and energy consumption 
Performance varies markedly from system to system, depending on 
leaks, soil permeability and flow distances. For successful remediation 
(using radon sump, sub-floor depressurisation) average depressurisa-
tion values under the building are of the order of 5 to 10 Pa. The power 
of the fans is between 10 and 100 W for single-family houses.

 Avoid air leakage 
To avoid the risk of air leakage (ingress of radon-containing air into 
the building) care should be taken that the fan is installed outside the 
inhabited premises (so that the ducts on the pressurised side do not 
go through them). The joints of plate ducts must be fitted exclusively 
with rubber lip sealing rings. This achieves impermeability of less than 
50% of permeability class C. For networks with many different forms 
(shapes) or for very high requirements, welded plastic pipes should 
be used. If the desired value of 50% of permeability class C cannot be 
reached, or if the size of the system makes monitoring possible only at 
unreasonable expense, or if the highest requirements apply, the diffe-
rent parts of the plastic ventilation duct are welded together. For safety 
reasons, if the part of the duct on the pressurised side lies inside an 
inhabited room, this part of the duct should be made of plastic.

 Soundproofing
To avoid the nuisance of noise from operating the ventilation system, 
the necessary noise protection measures should be applied (for ex-
ample, soundproofed fans). The fan may be housed in the roof space, 
where it is protected from the weather and well screened in terms of 
noise. Installing it outside the building envelope is even better. For lar-
ge fans, the fixings for the pipes and fan should be flexible, in order to 
prevent structure-borne sound transmission. For small fans, the noise 
level may be a problem. In this case, a space should be reserved for 
fitting soundproofing.
For permanent operation, the design value should lie at least 5 dB(A) 
below the increased requirements of SIA 181.
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 Condensation
When installing ventilation systems with fans, the effects of condensa-
tion formation must be avoided. This can be done using the following 
measures:

 Ducts that pass through the building and roof space should have 
a enough thermal insulation to avoid condensation. 
 Fitting the rising pipe with condensate drainage can prevent conden-
sation infiltrating the fan and possibly the structure of the building.

 Pipes should rise continuously, so that the condensation flows 
away in the shaft.

 The condensate drains may be placed underneath the rising pi-
pes to take up condensation arising in the exhaust pipe.

 Condensation may occur inside uninsulated pipes 
– in a cold basement in winter,
– in an unheated attic in winter.

 on the outside surface of the pipe
– in a cool basement in summer,
– in heated rooms in winter.
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VII. Planning and implementing   
 the measures 
7.1 Procedure
Sealing and ventilation measures must be adapted to one another, 
both in new buildings and for the purposes of remediation, in pa-
ckages of sensible strategies. Planning preventive measures for new 
buildings is of course different from the planning that concerns a buil-
ding in need of remediation. Nevertheless the five basic elements of 
an appropriate procedure are the same in both situations:

 Evaluate radon contamination 
For new buildings this means obtaining information about whether the 
planned building lies in a radon area, and what soil properties (gravel, 
bedrock, clay) can be expected. For existing buildings, the results of 
the radon testing form the basis of the subsequent plan. Evaluating the 
radon contamination determines how much effort should be put into 
radon protection planning, or whether measures are necessary at all. 

 Establish possibilities of alteration 
The early planning phases for new buildings and remediation must 
clarify whether and to what extent the client prefers to "get out of 
the way" when he or she is made aware of the problem. Not having 
inhabited premises in the substructure, providing external basement 
access, etc., can be discussed. These possible alterations are not a ne-
cessity, but serious planning should bring them to the attention of the 
client as an option.

 Use ordered and graduated packages of measures
Depending on the degree of radon contamination or risk, and depen-
ding on the position at the outset in terms of construction, measures 
ordered as described in Chapters 4, 5 and 6 (conceptual measures, 
sealing and ventilation) should be assembled as a package. For reme-
diation it may be more appropriate to start with (possibly provisional) 
immediate measures and plan for further improvements should they 
fail to be as successful as hoped. 

 Supervising the work 
Like other special elements in building, for example layers of insulati-
on, the radon protection measures should be overseen with particular 
care by the site manager and the architect. Interim acceptance of the 
sealing measures carried out must be confirmed before further, co-
vering work can be carried out.

 Monitoring success
Measuring radon after completion of the work is the only accurate in-
dication of the success of the radon protection measures. 

The course of planning is divided into the following phases, according 
to the SIA's Leistungsmodell 95 (table of fees and services):

 Strategic planning 
 Preliminary studies
 Project planning 
 Implementation
 Use 
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The significance of the individual phases depends on the plans at 
hand. Radon protection measures exist at every stage. Conceptual 
measures, however, are found more often in the first two stages, alt-
hough not exclusively. The decision to take pipes into the house th-
rough the side wall instead of through the floor slab is conceptual, but 
the actual measure may be undertaken quite late. 

The course of appropriate radon prevention or remediation, for new or 
existing buildings, is described below in a simplified form, illustrated 
by a summary of typical measures.

7.2 Radon prevention for new buildings
Depending on the situation at the outset, radon prevention may ap-
propriately be carried out with different degrees of effort. Whether no 
particular steps, "standard radon protection" or "increased radon pre-
vention" are indicated will depend primarily on whether the plot has 
been classified as being in a radon area, and what geological proper-
ties have been encountered in the excavations.

Planned building

Increased 
radon prevention

Radon area Gravel, sand, 
fissures?

Standard 
radon protection

No measures

Radon 
>400 Bq/m3?

Improvements

no no

no

yes yes

yes

Fig. 7.1: Diagram of procedure for planning and 
implementing radon protection in new buildings. The following selection of common measures illustrates what radon 

prevention for new buildings may involve. This is a list to select from: 
if, for example, the conceptual measure of not having inhabited pre-
mises in the substructure can be realised, most of the other measures 
will become unnecessary. The most suitable bundle of measures can 
only be put together when the final scheme is known.

Standard radon protection

Strategic planning and preliminary studies 
No open connections from the substructure 
into the ground floor or above.
Plan to close off the stairwell from the sub-
structure.

Preparatory work and final scheme
Choose an impermeable floor structure, for 
example concrete foundation slabs.
Have as few penetrations of the floor by 
cables, shafts, etc. as possible. Consider a 
second layer of sealing: reinforced concrete 
cover over the substructure and closed-
off entrance to the basement. Plan shafts 
(ducts, lifts) and chimneys so that they do 
not become routes to transport radon into 
inhabited rooms (have them close together 
and sealable).  Make room allocation and 
ventilation plans that do not reduce pres-
sure in the ground floor or substructure if 
possible. If exhaust systems are necessary 
on the ground floor/substructure, plan them 
to be a pressurised system. 

Implementation (of the planned measures) 
Separate accepted sealing work carried out.
 

Use
Radon measurement to monitor success. 
Inform the inhabitants or operators, pro-
vide training and documentation for the 
measures installed, particularly technical 
equipment. 

Additional measures for increa-
sed radon prevention

Lay external sheeting (radon dam) under 
the foundations with prepared outlet point 
in the intermediate gravel layer.
Plan secondary sealing perimeter (base-
ment ceiling/stairs) to be continuous. 
Place radon drainage pipes below the 
building, with connection for possible later 
removal of soil air.
Investigate and plan installation of a venti-
lation system with heat recovery.

Commissioning and acceptance of ventila-
tion systems.
Second and periodic testing for monitoring 
at five-year intervals.
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Comprehen-
sive remedi-
ation recom-

mended

No measu-
res

Simple ra-
don remedi-

ation

Compre-
hensive 

remediation 
compulsory

Radon 
measure-

ment

Radon
>1000 Bq/m3?

Improve-
ment com-

pulsory

Radon
>400 Bq/m3?

Improve-
ment recom-

mended

Radon
>1000 Bq/m3?

Radon
>400 Bq/m3? 

Renovation 
planned?

Existing 
building 

No 
measures

Radon
>1000 Bq/m3?

Radon
>400 Bq/m3?

Location
Radon area

no no

n
o

n
o

yes

no no

no

yes yes

yes

yes yes

7.3 Remediation of existing buildings 
As with new buildings, the situation at the outset largely determines 
what measures should be used for radon remediation of existing buil-
dings. However, the term "radon area" becomes less important here, 
because actual levels of radon can be measured in existing buildings. 
A substantial difference in the planning of measures is whether con-
version or remediation is planned in the ground floor and substructu-
re. In a total renovation, much more continuous and consistent radon 
protection measures can be undertaken than when the building is 
being remediated solely because of radon contamination. More than in 
the case of new buildings, it pays to proceed step by step, and to diffe-
rentiate between "simple remediation" and "comprehensive remediati-
on". See also the inspection checklist in Appendix B.

Existing buildings have their own cycles of remediation. Radon re-
mediation is best carried out if the building is being completely re-
novated. Conversely, the situation is particularly difficult if excessive 
radon pollution is discovered shortly after a renovation (or shortly 
after construction of a new building). In existing buildings it may there-
fore be appropriate to defuse the problem for a few months using a 
package of cheap and immediate measures, until definitive measures 
can be taken. With luck, simple immediate measures may work better 
than expected and become definitive solutions. Immediate measures 
encompass all those that do not cost much and do not involve serious 
interventions into the building's structure. 
 

Fig. 7.2: Diagram of procedure for planning and 
implementing radon remediation in existing buildings.
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Typical examples:
 Sealing joints and cracks with sealant.
 Provisional discontinuation of use of rooms in the substructure.
 Targeted ventilation (keep basement window open, basement 

door closed, etc.)
 Disrupting convection up the stairs and from exhaust air systems 

by having air inlets on the ground floor.
 Passive or active ventilation of crawlspaces and sub-floor voids.
 Door sealing and automatic door-closers.

The choice of typical and possible measures for targeted remediation 
of existing buildings that are excessively contaminated with radon 
may include the following:

Simple radon remediation

Strategic planning and preliminary studies
No open connections from substructure to 
ground floor or further up.
Plan to close off the stairwell from the sub-
structure.

Preparatory work and final scheme
Establish primary and secondary sealing 
perimeter.
Select type of sealing (sheeting, coatings, 
joint sealant, etc.).
Plan measures to relieve underpressure in 
the substructure (air inlets for exhaust sys-
tems, convection in the stairwell, etc.).

Implementation (of the planned measures)
Install direct air feed for furnaces.
Direct air feed for single stoves (heaters, 
open fires). 
Sealed flue valves for single stoves, if per-
mitted.
Seal off penetrations, joints and cracks 
in structural components adjacent to the 
ground (primary sealing perimeter). Depen-
ding on the initial situation, use joint seal-
ants (putty, duct tapes) or surface sealing 
(sheeting, coatings).
Seal walls, ceilings and doors between 
inhabited and basement rooms (secondary 
sealing perimeter). 
Sealing and/or direct air feed from the 
outside to the substructure for shafts over 
several storeys.

Use
Radon measurement to monitor success. 
Inform the inhabitants or operators, pro-
vide training and documentation for the 
measures installed, particularly technical 
equipment. 
Commissioning and acceptance of ventila-
tion systems.
Second and periodic testing for monitoring 
at five-year intervals.

Comprehensive remediation

Premises in the substructure to be inhabi-
ted only with special measures.
Basement door to the outside.
No dirt floor to the cellar without special 
measures.

Investigate and plan possibilities for de-
pressurisation (shaft, heating coil). Possibly 
try a seepage pipe.
Investigate and plan installation of ventilati-
on system with heat recovery. 

Install planned ventilation system and carry 
out specific measures during remediation. 

Standing order with a radon measuring 
company for periodic measurements, or at 
least periodic reminders.
Maintenance contract with ventilation 
company for periodic monitoring of the 
ventilation system, especially with regard 
to overpressure. 
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7.4 Synergies and conflicts 
Radon prevention for new buildings and the remediation of existing 
buildings are construction tasks that have only recently been seriously 
included in planning. Previous experience has shown that satisfactory 
radon protection need not cause marked additional cost, if planning is 
approached systematically and competently. It has also been shown 
that radon protection rarely conflicts with other planning objectives; 
more often, synergies can be created. A few notes about this:

Heat insulation
From the viewpoint of optimum insulation it is desirable (or even ne-
cessary under the Heat Insulation Ordinance) to define and insulate a 
clear perimeter between heated and unheated rooms. This helps radon 
protection, since the perimeter generally coincides with the primary or 
secondary level of sealing against radon. Although layers of insulation 
are not automatically radon-tight, these two concerns can easily be 
linked.

Airtightness
Air change in modern buildings and old buildings renovated to a mo-
dern standard should no longer take place through undefined leaks 
in the building envelope. The fresh air feed should pass through ope-
nings planned for this purpose, or possibly air-conditioning plants, and 
the origin of the fresh air should be as clearly defined as the flow of ex-
haust air. The heated rooms should thus be surrounded by an airtight 
layer, which forms a closed geometric body. This is precisely what is 
required for effective radon protection. 

Damp and groundwater protection
Securing building components against penetration by damp parallels 
the concerns of radonprotection. The difference is mostly that in damp 
protection, leaks can be easily and rapidly located and repaired. Radon 
leaks are much more difficult to find. Acute attention to detail is thus a 
good preventative. 

Soundproofing
Sound bridges appear to work in a similar way to radon leaks. Even 
small holes and openings substantially reduce the protection offered 
by a given measure. Tried-and-tested soundproofing elements are 
therefore similarly radon-tight, for example soundproof doors between 
substructure and inhabited premises.

Odours, hygiene, health  
Bad smells are a consequence of damp or insufficient air change, or 
both together. A bad smell is also an indicator of the possible presence 
of radon in an enclosed space. Conversely, appropriate radon reme-
diation can solve problems of damp and air change and thus tends to 
reduce unhealthy odours, damp internal climate and the associated 
microbial hazards. 
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Fireproofing
Fireproofing also uses sealing measures. Normal fire hazards, howe-
ver, do not require openings to be gastight. Flexible gaskets, although 
desirable for radon protection, may be flammable and thus cancel 
out fire precautions. But real conflicts do not arise. The situation is 
more tricky for flue and chimney valves, which may be designed to 
close tightly only if the furnace is operated for a short period and is 
under constant supervision (information from the Swiss Public Fire 
Insurances, SPFI). This leaves only the external air feed to counter the 
depressurisation effect of heaters and open fireplaces, which is often 
inadequate in existing installations. 

The list could be extended to all the other fields that must be pro-
cessed in the course of planning, from architecture to civil defence. 
None of them is limited by the requirements of radon protection. 
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8.1 Building with crawlspace

General:
a)  Ensure good ventilation of the crawlspace. 
b)  Improve natural ventilation.
c)  If a and b are insufficient, extract air using a fan 
 (depressurise, only one opening).
d)  Exhaust vent in a sheltered place (snow, rain), at least 2 metres 

away from windows and doors, so that the severely contaminated 
air does not reinfiltrate the interior. 

Note: If the crawlspace consists of several parts, they must either be 
linked or ventilated separately. 

Additional measure: If the crawlspace is accessible, sealing it with a 
foil may improve the situation. The foil, at least 0.5 mm thick, is laid on 
the soil, welded and sealed off from the walls.

Ventilation according to c can also be applied in basements. This de-
pressurises the basement, which prevents transport of the basement 
air into the upper storeys. This works without loss of energy only if 
there are no large openings between the basement and the upper 
storey. 

Additional information: Chapters 2.4, 3.2, 5.1, 6.2, 8.8
Axial fan, 10 to 100 W with variable frequency controls.
When a fan is used, the radon concentration in the basement or crawl-
space generally increases. If the fan is inadequate it may worsen the 
situation. 

Bq/m3 Example b (without fan)
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b)

c) with fan

Results: Radon level in inhabited premises.

VIII. Examples of remediation
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8.2 Building with existing drainage system

General:
The opening should be made at the most accessible place, at least 2 
metres away from windows and doors, so that the severely contami-
nated air does not reinfiltrate the interior. 

Air is extracted from the drainage system by a fan. If the soil is very 
permeable the effect extends under the house. 

Install a sealed valve at each exit of the drainage system. A sufficient 
quantity of water opens the valve against underpressure from the fan. 

Additional information: Chapter 2.4, 3.2, 6.2
Tube axial fan 10 to 100 W with variable frequency controls.Sealed valve

Bq/m3 without fan with fan
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Results: Radon level in inhabited premises.
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8.3  Installation of a floating floor
 
General:
The radon that infiltrates the space (about 1 cm) inside the floating 
floor is transported to the outside by slight depressurisation from 
a small fan. The exhaust vent should be sheltered (snow, rain) and 
should be at least 2 metres away from windows and doors. The upper 
layer of the floating floor should be fitted as tightly as possible, so that 
warm air is not extracted. 

Permeable walls in contact with the soil can also be remediated in this 
way, which simultaneously improves thermal insulation at a small 
cost. 
 
Additional measure: Thermal insulation can be improved at the same 
time at little cost. 

Additional information: Chapters 2.4, 3.2, 6.2 
Tube axial fan 10 to 100 W with variable frequency controls.

Bq/m3 before after
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Results: Radon level in inhabited premises.
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Bq/m3 before after
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8.4 Extraction of soil air from under a new floor 

General:
This system is ideal for house conversion. The soil air is extracted th-
rough perforated drainage pipes. The pipes are laid in coarse gravel at 
a distance of about 1.5 m apart and have a diameter of about 10 cm. If 
the exhaust vent is placed high enough above the roof, a fan may not 
be necessary. Otherwise, the exhaust vent should be sheltered (snow, 
rain) and be at least 2 metres away from windows and doors. 

Additional measure: A gastight foil at least 0.5 mm thick may be laid 
beneath the pipes. 
     
Additional information: Chapter 2.4, 3.2, 5.1, 6.2
Tube axial fan 10 to 100 W with variable frequency controls.

Results: Radon level in inhabited premises.
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8.5  Internal radon sump

General:
The soil air is extracted under the floor. The pipe entry must be fit-
ted tightly. According to the properties of the soil and the size of the 
building, one extract point may be enough, or several may have to be 
installed. If the exhaust vent is placed high enough above the roof, a 
fan may not be necessary. Otherwise, the exhaust vent should be shel-
tered (snow, rain) and be at least 2 metres away from windows and 
doors.

Improvement: 
The largest possible cavity is created around the pipe, by hand or 
using a vacuum cleaner.
    
Additional information: Chapter 2.4, 3.2, 6.2 
Tube axial fan 10 to 100 W with variable frequency controls.

Results: Radon level in inhabited premises.

Bq/m3 fan off fan on
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8.5bis Alternative to internal radon sump

General:
The soil air is extracted under the floor. The pipe entry must be fit-
ted tightly. According to the properties of the soil and the size of the 
building, one extract point may be enough, or several may have to be 
installed. The exhaust vent should be sheltered (snow, rain) and be at 
least 2 metres away from windows and doors.

Improvement: 
The largest possible cavity is created around the pipe, by hand or 
using a vacuum cleaner.
    
Additional information: Chapter 2.4, 3.2, 6.2  
Tube axial fan 10 to 100 W with variable frequency controls.

Results: Radon level in inhabited premises.
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8.6  External radon sump

General:
The soil air is extracted using a fan. If the exhaust vent is placed high 
enough above the roof, a fan may not be necessary. Otherwise, the 
exhaust vent should be sheltered (snow, rain) and be at least 2 metres 
away from windows and doors, so that the severely contaminated air 
does not reinfiltrate the interior. Care should be taken that the air is not 
blown directly onto a terrace, play area or other much-used place. 

Additional measures: Depending on the properties of the soil and the 
size of the building, one vacuum point may be enough, or several may 
have to be installed.
     
Additional information: Chapters 2.4, 3.2, 6.2 
Tube axial fan 10 to 100 W with variable frequency controls.

Results: Radon level in inhabited premises.
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8.7  Controlled ventilation

General:
This system renews room air in a controlled way and mixes it with 
fresh air. If the quantity of air is doubled, the pollutants in the room air 
are reduced by a factor of 2. 
There is also a change in the pressures inside the house. If the quantity 
of supply air is slightly greater than the quantity of exhaust air, there 
is less underpressure compared with that of the soil and less radon is 
transported into the house. 

This system is installed in the lowest inhabited storey and automatical-
ly reduces the radon concentration of higher storeys. Radon concen-
trations in the next storey up are generally 15% lower.
    
Additional information: Chapters 2.4, 3.2, 6.3 

Results: Radon level in inhabited premises

Bq/m3 ventilation off ventilaton on
  light overpressure 1–2 Pa

8000

7000

6000

5000

4000

3000

2000

1000

   0

VIII/7



8.8  Ventilation of uninhabited premises 

General:
If the basement ceiling is made of permeable material such as wood, 
hollow clay blocks, etc., the basement air is sucked through the ceiling 
into the spaces above. This natural underpressure can be balanced by 
extracting air from the basement. 

There should be no large openings between basement and inhabited 
premises or the outside, so that a small fan is sufficient and there are 
no great heat losses. 

NB: If there is a boiler or furnace in the basement in question, there is 
a risk of poor combustion and thus carbon monoxide poisoning. This 
should be carefully checked; it may be necessary to use a CO detector. 
   
Additional information: Chapters 2.4, 3.2, 6.2, 8.1
Axial fan 10 to 150 W with variable frequency controls.

Results: Radon level in inhabited premises.
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Appendices
 

A.1 The SFOPH's Radon Technical and Information Centre and 
 the cantonal radon agencies

The Federal Radon Technical and Information Centre
The Swiss Federal Office of Public Health (SFOPH) is responsible for all 
radon measures at national level. For this purpose it has established a 
Radon Technical and Information Centre, which

 gives advice on measurements, remediation and the planning of 
new buildings,

 provides public information about the radon hazard in Switzer-
land, and

 co-ordinates radon activities in Switzerland. 

Swiss Federal Office of Public Health
Radiologic Risk Section 
3003 Bern
Telephone 031 324 68 80
Fax 031 322 83 83
E-mail: radon@bag.admin.ch
www.ch-radon.ch

Cantonal radon agencies 
The introduction of the Federal Radiological Protection Ordinance 
(StSV) has given the cantonal authorities the following tasks: 

 To ensure that a sufficient number of measurements are made 
throughout their territory, to determine areas with elevated radon gas 
concentrations.

 To determine which areas should be classified as radon areas on 
the basis of the measured data.

 To issue building regulations so that limit and reference values 
are not exceeded.

 To order measurements or remedial work upon request from the 
persons concerned.

 To perform their own measurements and remedial work in 
public buildings.

 Upon completion of the building work, to take random samples 
to establish whether the limit has been met.

 To ensure that charts of areas with elevated radon gas concentra-
tions are available for public consultation.

 To provide information about the radon situation within 
the canton. 

Appendix A Contacts and documents 
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A.2 Printed materials and exhibitions 

Medium Title Ordering

Printed materials Swiss Radon Handbook BBL
 in German, French  311.346. d/f/i 
 or Italian 25.–

 Radon Informationen BBL
 General information  311.341.d/f/i
 on radon in German,  free
 French or Italian  

 Radioaktivität  BBL
 und Strahlenschutz 311.322.d/f  
 Information on radiation  free
 and radiological protection, 
 in German or French
      
Exhibition Travelling exhibition  Can be hired 
  from SFOPH 

Other Models  can be hired 
  from the SFOPH

Ordering address
BBL, Verkauf Bundespublikationen
CH-3003 Bern
Telephone 031 325 50 50
Fax 031 325 50 58
E-mail: www.bbl.admin.ch/bundespublikationen
E-mail: verkauf.zivil@bbl.admin.ch

Swiss Federal Office of Public Health
3003 Bern
Telephone 031 324 68 80 
Fax 031 322 83 83
E-mail: radon@bag.admin.ch
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Buildings with proven or suspected high levels of radon should be 
systematically examined in order to start successful remediation. The 
inspection checklist below provides an aid for recording and analysis. 
The inspection is intended to indicate the possible points of ingress 
and through-flow of radon gas, and the possible causes. It is very im-
portant for the planning of the remedial steps that the transport routes 
of radon gas are accurately detected and, if necessary, measured. 

Appendix B House inspection checklist

Structural component
building element

Boundaries

Basement

Inhabited premises

Floor of lowest storey

Basement walls in contact 
with the soil

Basement walls adjacent to 
inhabited premises

Basement window

Monitoring/Examination 

What structural components 
are adjacent to the soil? 
Are all surfaces known and 
recorded? What structural 
components divide the 
inhabited rooms from the 
basement? 

Odour and damp in the 
basement. Bad smells and 
high humidity indicate in-
sufficient air change and/or 
damp leaks.

Odour and damp in inhabi-
ted rooms.

What is the floor construc-
tion of the individual ba-
sement: dirt floor, boards, 
stones, continuous floor 
slab? Have cracks or holes 
been noticed? 

What is the wall construc-
tion of the individual ba-
sement (rubble, reinforced 
concrete)? Can the foun-
dations be closed off? Are 
cracks or holes visible? In 
what condition are the con-
necting joints to the ceiling 
and the floor?

What materials are the walls 
made of, and what condition 
are they in? How do the 
surrounding connections 
appear?

What materials are the con-
nections made of, and what 
condition are they in? Do 
the windows lead directly to 
the outside or do they open 
onto a light shaft? Are they 
up-to-date? Are they found 
open or closed?

Possible consequences

For sealing measures, it is 
necessary to imagine the 
surfaces as a closed peri-
meter. 

Both causes of a damp 
smell mask the danger of 
radon accumulation in the 
basement.

For inhabited premises 
directly above the soil, the 
same considerations apply 
as for basements. But in 
ground floor rooms the 
smell of damp may be an 
indication of infiltrating 
basement air, possibly con-
taminated with radon. 

It is important to identify 
surface or linear weaknes-
ses or weak points as pos-
sible leakage zones. Their 
condition should be exami-
ned carefully. The quality of 
the seal should be evalua-
ted, including external base-
ment walls or walls adjacent 
to inhabited premises. What 
about the possibilities of soil 
aeration?

It is important to find sur-
face or linear weaknesses 
or weak points as possible 
leakage zones. Their con-
dition should be examined 
carefully. 

The upper joint of a connec-
ting wall is often permeable; 
for wooden post structures, 
this often applies to the 
whole wall.
 
Both possibilities of ventila-
tion, and the actual situati-
on, should be noted precise-
ly. Windows that open onto 
a light shaft may be a path 
of radon ingress. 
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Ducts

Heating

Crawlspace

Basement ceiling

Floor of inhabited room

Basement door

Basement stairs

Ventilation system

Cables/pipes to the outside:
Electricity mains, TV cable, 
gas main, telephone, water, 
oil pipe from underground 
tank, sewer, ventilation 
pipe from earth-to-air heat 
exchanger, pipe from bore-
hole, outside sensors, floor 
drains in utility room, etc.

Cables/pipes inside the 
building:
Electricity mains, drain-
pipes, cold, warm and hot 
water circulation, telephone, 
gas, TV cable, flues, heating 
pipes. 

How is combustion air 
supplied? What valves and 
vents does the chimney ha-
ve? Is the chimney's explosi-
on valve closed?

In what condition is the 
crawlspace? Is it ventilated? 

What is the ceiling construc-
tion in the separate ba-
sement (wooden beams, 
hollow clay blocks, mason-
ry-filled steel supports, rein-
forced concrete)? Are cracks 
or holes visible? Is the 
ceiling construction visible 
in all basement rooms? In 
what condition are the con-
nection joints to the walls? 
What are the properties of 
the joints? Can a draught be 
felt with the naked hand? 
What is the floor construc-
tion, and connections to the 
premises on both sides? 

Is the substructure acces-
sible through a single door? 
Does it directly border 
inhabited premises? What 
are the properties of the 
door? Does it fit tightly, 
including to the doorstep? 
Can it be fitted with conti-
nuous sealing? How is the 
doorframe fixed? Can it be 
subsequently sealed? 

Are there inhabited rooms 
directly beyond it? In what 
condition and of what 
material is the stair soffit? 
How is it connected to the 
side wall of the stairs? What 
is the construction of the 
wall? In what condition are 
joints and connections? Can 
sealing be carried out at re-
asonable expense? 

Does the cellar have doors 
and stairs to the outside? 
Can the interior stair be 
closed? 

Are there exhaust fans in the 
basement (for example in 
the utility room)? Are there 
fans in the inhabited rooms, 
for example in the kitchen 
or bath / WC? How is the air 
supply secured? 

Cables can be found in 
practically every basement. 
Cables from the outside can 
come into contact with great 
volumes of soil and carry 
substantial amounts of 
radon into the building. 

Cable penetrations or shafts 
in the interior of the building 
can transport substantial 
amounts of radon from 
basements to inhabited 
premises.

Causes of underpressure 
in the basement should be 
eliminated.

Closed crawlspaces, or cavi-
ties beneath the house, may 
contain high radon levels. 

The main radon path may 
lead through or along the 
joints from the basement to 
the inhabited premises. In 
particular, lightweight inter-
mediate floors (for example, 
wooden-beamed floors) are 
very permeable. 

Depending on the situation, 
the basement door should 
be given particular attenti-
on. For example, substantial 
amounts of radon could en-
ter through a bit keyhole.

A tight basement door is 
ineffective if the basement 
entrance is permeable.

Depending on the situation, 
this may be a promising 
alternative.

Causes of depressurisation 
in the basement and inhabi-
ted storeys should be elimi-
nated.  
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General pressure situation, 
air flows inside the building 

Is natural convection effec-
tive over several storeys? 
How do you judge the 
general permeability of the 
building? Are there other 
depressurising elements 
such as shafts, open fire-
places, boilers, etc.?

Where does the combustion 
air for single stoves, open 
fireplaces, etc. come from?

It is difficult to acquire a 
true picture of the pressure 
situation in a building (at 
different times of day or 
by season!). Nevertheless, 
models are useful in the 
planning of measures. 
It should be possible to seal 
off the combustion cham-
bers of furnaces and open 
fireplaces from the room, 
while the air for combustion 
should be supplied from the 
outside in generously sized 
pipes.
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The Federal Radiological Protection Ordinance
Since 1994 the new Federal Radiological Protection Ordinance (StSV, 
SR 814.501) has applied in Switzerland. This regulates and limits the 
radiation to which the population should be exposed at home or in 
the workplace. In the case of radon, the Ordinance aims to safeguard 
people against excessive radiation from radon in interior spaces. This 
applies both to proprietors and to tenants of apartments and houses 
and to the situation at the workplace, in schools or other recreational 
premises. The Ordinance therefore has an impact on large parts of the 
property business, especially architects, property owners and planning 
authorities.

Extract from the Ordinance of 22 June 1994 on Radiological Protection

Section 3: Elevated Radon Concentrations
Article 110 Limits and Tolerance Values
1 The applicable value for radon in residential and recreational pre-

mises shall be a limit of 1000 becquerels per cubic metre (Bq/m3) 
measured as a mean in the course of one year.

2  The applicable value for radon at the workplace shall be a limit of 
3000 Bq/m3 measured as a mean during the monthly working time.

3  Where an occupationally exposed person is additionally exposed 
to radon gas concentrations in excess of 1000 Bq/m3, then the ad-
ditional accumulated dose due to radon shall also be taken into 
consideration for the calculation of the permitted annual dose in 
accordance with Article 35.

4  For new and refurbished buildings (Article 114) as well as ones 
where remedial work is carried out (Article 113), a guideline value 
of 400 Bq/m3 shall apply, provided it can be attained with simple 
building measures.

Article 111 Measurements
1 The radon gas concentration shall be calculated by a recognised 

measuring laboratory.
2  It shall be possible for measurements to be performed at the insti-

gation of the proprietor or any other person concerned.
3  When a measurement is not carried out in accordance with para-

graph 2, then it shall be ordered by the Cantons upon request from 
the person concerned. The Cantons shall ensure that the results of 
the measurement are communicated to the person concerned.

4  Persons concerned shall be considered to be those for whom there 
are initial grounds for believing that the limits may have been ex-
ceeded as a result of spending time in rooms and areas defined in 
Article 110. This shall apply in particular to persons spending time 
in areas with elevated radon concentrations as defined in Article 
115.

5 Persons using buildings shall be required to make rooms accessible 
for measurements.

6  The costs of measurements ordered by the Cantons shall be borne 
by the proprietor.

Article 112 Recognition and Duties of Measuring Laboratories
1 The measuring laboratories shall be recognised by the SFOPH, 

provided the envisaged measuring system meets the state of the 
art and is linked to national or international comparison standards 
(traceability).

2  In individual cases, traceability shall be established by the FOM and 
verified by a body recognised by it.

Appendix C The legal situation
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3  The measuring laboratories shall be required to communicate the 
results of their measurements to the cantonal authorities.

Article 113 Protective Measures
1 If the limit laid down in Article 110 is exceeded, then the proprietor 

shall be required, on request from a person concerned, to carry out 
the necessary remedial work within a period of three years.

2  Should this term expire without the work being done or should the 
proprietor refuse to undertake it, then the Cantons shall order the 
necessary remedial measures to be implemented. They shall set a 
time limit of three years at most for completion of the work, depen-
ding on the urgency of the particular case.

3  The costs of remedial work shall be borne by the proprietor.
4  This Article shall be without prejudice to remedial measures carried 

out by SUVA in accordance with the law on accident prevention of 
20 March 1981.

Article 114 Building Regulations
1 The Cantons shall take the necessary measures to ensure that new 

and reconstructed buildings are erected in such a way as to ensu-
re that the limit of 1000 Bq/m3 is not exceeded. They shall further 
ensure that suitable construction techniques are used to endeavour 
to keep the radon gas concentration below the guideline value 

 of 400 Bq/m3.
2  Upon completion of the building work, the Cantons shall take ran-

dom samples to establish whether the limit has been met.

Article 115 Radon Areas
1 The Cantons shall ensure that a sufficient number of measurements 

are made throughout their territory.
2  They shall determine the areas with elevated radon gas concentra-

tions and shall adjust these continuously on the basis of the measu-
red data.

3  The Cantons shall ensure that in areas with elevated radon gas con-
centrations measurements are made in an adequate number of re-
sidential and recreational premises as well as workplaces in public 
buildings.

4  The charts of areas with elevated radon gas concentrations shall be 
available for public consultation.

Article 116 Remedial Programmes
1 In areas with elevated radon gas concentrations, the Cantons shall 

establish the necessary remedial work for premises in which the 
limit laid down in Article 110 paragraph 1 is exceeded.

2  They shall determine the time limit within which the work shall be 
completed, depending on the urgency of the individual case and 
the tolerability of the economic burden.

3  The remedial work shall have been completed at the latest twenty 
years after this Ordinance comes into force.

4  The costs of remedial work shall be borne by the proprietors.
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Article 117 Information
1 The Cantons shall communicate their chart of radon areas to the 

SFOPH at the latest ten years after this Ordinance comes into force.
2  They shall inform the SFOPH regularly of the progress of remedial 

measures.

Article 118 Radon Technical and Information Centre
1 The SFOPH shall operate a Radon Technical and Information Cen-

tre.
2  It shall have the following functions:
 a. in liaison with the Cantons, it shall make regular recommendati-

ons for measurements and measuring campaigns;
 b. it shall provide advice on radon problems to Cantons, the owners 

of buildings and other interested parties;
 c. it shall provide the public with regular information regarding ra-

don problems in Switzerland;
 d. it shall advise the persons concerned and the public bodies invol-

ved on suitable protective measures;
 e. it shall carry out regular evaluations of the effects of the measu-

res;
 f. it shall be empowered to carry out investigations into the origin 

and effects of radon;
 g. it shall present a regular summary report to the Cantons on the 

radon areas notified to it in accordance with Article 115.
3  The SFOPH shall make the measured data collected prior to this Or-

dinance available to the Cantons at their request.
4  The SFOPH shall be authorised to organise training courses. 

Enforcement of the Radon Articles in the Federal Radiological 
Protection Ordinance and State of Implementation 
The cantonal authorities are also responsible for enforcing the Federal 
Radiological Protection Ordinance. They are obliged to provide infor-
mation about radon areas on their territory, and to introduce the ne-
cessary building regulations to achieve radon protection objectives for 
new buildings and in existing houses, within an appropriate deadline. 
The duty of enforcement at federal level can be clearly recognised in 
the StSV as tasks of support and co-ordination, especially in the duties 
of the Radon Technical and Information Centre (Art. 118). Cantonal 
enforcement tasks are somewhat limited, in that SUVA is responsible 
for the workplace. 

The Radon Articles in the Federal Radiological Protection Ordinance 
are very detailed and describe the cantons' duties relatively precisely. 
Depending on the particular canton, there is a variable need to anchor 
these provisions in its own legislation or possibly to make them more 
specific.

In the first phase of enforcement, now gradually drawing to a close, it 
was important for the public health authorities to undertake measure-
ments within a canton, and thus to provide a basis for defining radon 
areas. The cantonal radon agencies are therefore often housed in the 
Public Health Departments or allocated to Cantonal Doctors. In the 
long term, however, the construction aspects come to the fore. Radon 
agencies are thus increasingly being set up within Offices of Works, 
which organise enforcement of the construction measures for new 
buildings and existing buildings, both technically and legally. 
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Enforcement of building regulations is mainly a task for the commu-
nes, but varies considerably from canton to canton. The communal 
authority is generally responsible for construction that requires plan-
ning permission (new buildings and conversions), and is the first point 
of contact when there is a suspicion of radon in an existing building. 
Some communes have therefore also started to indicate in planning 
permission that the Federal Radiological Protection Ordinance must be 
observed. In addition to establishing radon areas, it will be neither ne-
cessary nor sensible to lay down local construction bylaws that extend 
the Federal Radiological Protection Ordinance or make it more specific. 
The objectives therein are defined quantitatively and are binding. The 
paths to achieving the objectives as part of building legislation can be 
left to the architects and their clients.

Significance for architects, construction firms, clients, 
property owners and tenants 
The architect (or other construction planner) in charge of planning 
must guarantee that his or her task will be accomplished accurately 
and carefully. Expert planning here requires that he or she knows and 
applies the rules of the technology. Since the Federal Radiological Pro-
tection Ordinance came into force in 1994, intensive public information 
work and expert studies have been carried out, notably by the SFOPH's 
Radon Technical and Information Centre. A basic knowledge of the 
necessity for and principles of radon prevention, for new buildings and 
in remediation during planned conversions, therefore forms part of the 
expertise that professional architects are expected to have. The same 
applies to contracts with construction firms. Sloppy implementation or 
deviations from the plans that lead to the radon limits being exceeded 
in inhabited premises will in future increasingly be considered to be a 
flaw in the legal sense, and justify the classic liability for defects. In the 
case of radon protection, the right to improvements will probably be 
applied. 

The client has a financial interest in the property not depreciating th-
rough excessive radon contamination. There is a moral and legal duty 
to ensure that inhabited premises are safe. Nevertheless, for example, 
children in the care of their parents and school authorities are entitled 
to expect protection from exposure to an increased radon hazard. The 
situation becomes more complicated in the case of rented property. 
Tenants doubtless count as "persons concerned", as referred to in Art. 
113 (StSV), and have a legal right to healthy and harmless premises. 
They can therefore demand radon remediation, at the landlord's ex-
pense, if the limits are exceeded. 

The Federal Radiological Protection Ordinance gives the cantons (and 
thus by extension the communes) very clear and defined enforcement 
duties. In particular, the remedial programmes envisaged therein (Art. 
116) call for structural enforcement models. It is thus to be expected 
that in enforcement, the relevant conditions will appear in planning re-
gulations as well as in the associated aids (e.g. forms). 
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Radium is present is almost all types of stone and soil. Radon, a decay 
product of radium, is therefore continually produced in mineral buil-
ding materials, is emitted at their surface, and contributes to radon 
levels in enclosed spaces. The quantity of radon emitted is usually 
minimal. The building materials that surround the space contribute 
an average of 5 to 20 Bq/m3 to the overall contamination. This is small 
compared with the reference value of 400 Bq/m3 or the limit of 1000 
Bq/m3. 

In Switzerland, no building material has yet been discovered which 
could have contributed significantly to radon levels in enclosed spaces. 

The room for manoeuvre to reduce radon contamination through the 
targeted selection of building materials or surfaces is thus one to two 
becquerel per cubic metre at most. To make best use of this, attempts 
can be made to influence the individual factors. The following amounts 
determine the contamination by radon from structural components 
that surround enclosed spaces:

 Radon emission from the building material  
Building materials emit radon to varying degrees. This is expressed as 
a radon emission rate (in Bq/(m2*h). The radon emission rate is itself 
dependent on several factors, such as the radium concentration within 
the material, its porosity and pore structure, and sometimes even its 
humidity. The less permeable a material is, the more radon decays 
into polonium while still inside it; since polonium is not a gas, it thus 
accumulates in the material and is unable to cause any damage. The 
subsequent products of decay are not gases either. Table D1 gives the 
radon emission rates of some building materials. It can be seen that 
values for the common mineral building materials are in the region of 
0.2 to 1.5 Bq/(m2*h).

 The surface-to-volume ratio  
Clearly, the radon concentration depends on how many square metres 
of the emitting surface per cubic metre are effective. For geometric 
reasons this ratio is less favourable in small rooms than in large ones. 
However, only some parts of the room, such as walls or ceiling, are 
made of mineral building materials.

 Surface coating  
Since the radon contamination from structural components is rela-
tively small, non-diffusion-tight coatings such as thick coats of paint, 
carpets with rubber underlay, etc., also act as significant emission 
stops.

 Air change 
Surfaces of building materials that enclose a space provide a constant 
source of radon. Air change thus leads to a direct dilution effect (as 
long as the radon content of the outside air is lower). Radon emission 
from structural components is not noticeably dependent on pressures 
in the building. Other than by infiltration of radon-containing soil air, 
no negative secondary effects need therefore be feared.

Appendix D Radon in building materials

 Radon emission rate
 [Bq/(m2)]

Natural sandstone 1.0

Porphyry 3.3

Calcareous sandstone 0.9

Brick, clinker 0.2

Pumice 1.5

Slag 0.6

Concrete 1.1

Autoclaved aerated concrete 1.0

Pumice cement 0.2

Chemical plaster, apatite 0.4

Chemical plaster, phosphorite  24.1

Table D1: Radon emission rates of selected building 
substances, according to HOH.
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Cases of excessive radon contamination from building materials have 
only rarely been reported in other countries. In addition to concrete 
made of the residues from aluminium production, phosphorite (a spe-
cial industrial cement) has been identified, as have heating systems 
that use stone accumulators. It cannot be ruled out that similar cases 
where radon from building materials plays a role will occur in Switzer-
land.
On the basis of current knowledge, however, planners have no reason 
to link a particular building material with radon contamination. 
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The significance of the radon hazard for architects, construction firms, 
clients, property owners and tenants. 

There have as yet been no legal decisions on the issue of excessive 
radon levels. 

General
The Federal Radiological Protection Ordinance of 22 June 1994 (StSV, 
SR 814.501) sets the tolerance levels of radon in residential and recre-
ational premises with continuous human inhabitation. If these values 
are exceeded, these rooms have a defect, in the sense of Articles 256 
and 259a of the Swiss Civil Code, and the corresponding liability for 
defects applies. 
By 2004, according to the StSV, all radon areas should have been 
recorded. For geographical, geological or other reasons, it may be 
advisable for tenants, house buyers and employees to measure radon 
concentrations before exchanging contracts. 

Sale and purchase of building land
When selling a piece of building land, guarantees are usually only 
available for the assured characteristics, such as already authorised 
construction projects. It is essentially the buyer's responsibility to find 
out whether the plot is designated a radon area, if this is information 
that would affect his or her decision to purchase.

If the buyer demands a guarantee that the plot does not lie in a radon 
area, the seller would have to provide this information and be ans-
werable for it under contract law.

Sale of properties 
When selling a property, the seller is liable for assured characteristics, 
which are expected in good faith. This includes the property not ha-
ving any physical or legal flaws that remove or limit the value of the 
building or its suitability for the planned use. With this in mind, radon 
levels that exceed the limits could be described as causing a clear re-
duction in value. 
In radon areas or where there are obvious weak points in the building 
construction, the radon level should be measured before buying the 
property. Information should also be voluntarily provided on the test 
results and remedial measures. A healthy building with low radon 
values will be more attractive on the property market. The test results 
should be stored safely and documents should be available that detail 
the steps and costs of any radon remediation carried out. This may al-
so be a selling point for a property. 

Constructing or remediating a building 
From a legal point of view, there is a flaw in the building contract if an 
agreed, assured or required characteristic is missing. Under required 
characteristics, the client can expect in good faith that the construction 
will have the normal characteristics, be built with no flaws of handi-
work, and be suitable for use. According to the current level of public 
recognition of the radon hazard, the observance of a particular refe-
rence value or limit may be subsumed under the required characteri-
stics. To be on the safe side, adhering to the limits may be expressly 
agreed in the building contract.

Appendix E 
Sale, purchase, tax relief
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Tenancy agreement
Art. 113 StSV states very clearly that a person concerned may demand 
a remediation if the radon limits are exceeded. Tenants are clearly per-
sons concerned, as meant by the StSV. Tenants can demand defects to 
be repaired within an appropriate deadline. Rent may also be used as 
a deposit. The competent arbitration office or the Mieterverband (Te-
nants' Association) will provide information on procedural details and 
explain legal instruments. The costs of the repairs must be borne by 
the landlord and do not constitute a reason to increase the rent, if they 
do not simultaneously increase the value for the tenants.

Workplaces, schools, etc.
Exceeding radon limits leads to an obligation to remediate in work-
places, schools and similar premises. "Persons concerned", in this case 
employees, schoolchildren and their parents, etc., have the right to 
demand a remediation of the premises in question. 

Tax advantages
The competent tax office will provide information about tax relief in 
connection with construction measures for radon protection or re-
duction. The process and magnitude vary between cantons. Basically, 
a remediation that preserves value may be subtracted from taxable 
income. Remediation that serves only to lower radon levels in buil-
dings definitively preserves value in this sense, because it represents a 
repair of damage. In many cantons, this principle is linked to the length 
of ownership of the property. The shorter the length of ownership, the 
less may be taken off one's taxes, even for expenditure to preserve 
value. As yet no cases or rules are known of financial aids such as gu-
arantees or low-interest loans by the public purse or health insurance 
companies.
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Appendix F
SFOPH recommendations for various radon zones

Normal use of living space 
or rooms in which people 
gather

Conversion of cellars into 
living space or rooms in 
which people gather

Renovation of living space

Change of building 
ownership

Planning and construction

High radon risk
(areas with high radon 
levels)

-  Measurement necessary

-  Measurements necessary 
in affected rooms before 
planning work begins

-  Make appropriate structu-
ral alterations*

-  Control measurements 
necessary after work is 
complete

-  Measurement necessary 
before renovation begins

-  Make appropriate structu-
ral alterations*

-  Measurement necessary 
after renovation is comple-
te

-  Measurement necessary 
before or after change of 
ownership

-  Sale contract must include 
clause on radon

-  State-of-the art preventive 
measures

-  SIA 180 subsec. 3.1.4.**
-  Recommendation: Solid 

concrete slab with per-
forated tube beneath the 
base plate; prepared for 
connection to sub-floor 
ventilation system

-  Perform control measure-
ment upon completion

Medium radon risk

-  Measurement recommen-
ded

-  Measurements recom-
mended in affected rooms 
before planning work be-
gins

-  Make appropriate structu-
ral alterations*

-  Control measurements 
recommended after work 
is complete

-  Measurement recommen-
ded before renovation 
begins

-  Make appropriate structu-
ral alterations*

-  Measurement recommen-
ded after renovation is 
complete

-  Measurement recommen-
ded before or after change 
in proprietor

-  Inclusion of clause on 
radon in sale contract is 
recommended

-  State of the art
-  SIA 180 subsec. 3.1.4.**

Low radon risk

-  Consider measurement

-  Consider measurements 
in affected rooms before 
planning work begins

-  Make appropriate structu-
ral alterations*

-  Consider control measure-
ments after work is com-
plete

-  Consider measurement 
before renovation begins

-  Make appropriate structu-
ral alterations*

-  Consider measurement af-
ter renovation is complete

-  Consider measurement 
before or after change in 
proprietor

-  State of the art

Existing buildings

New buildings

Recommendations apply primarily to single occupancy houses, farmhouses, small apartment buildings (up to 3 storeys), 
day nurseries and schools.

* Measures are described in the „Swiss Radon Handbook“, 311.347e. The handbook can be downloaded as a PDF from  
 www.ch-radon.ch.
** SIA standard 180: Heat and damp insulation in buildings, subsec. 3.1.4.3:
 The seal separating living space from the cellar or the ground must be applied with particular care in areas with 
 high radon levels.

 
 


