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ÅRadon in soil is the most 
important for source

ÅHow is it formed?

ÅWhat factors affect its 
concentrations in soils?

ÅHow does it move from soils to 
indoor air?

ÅWhat factors affect this 
movement?

ÅHow about groundwater?

Radon is a radioactive gas
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Radon

ÅUranium and  thorium were present already 4.6 billion years ago 
when the Earth was formed

ÅDuring the crust-forming cycle U and Thhave been enriched into 
the crust (on average 1.4 mg/kg) 

ÅUranium has a half-life of 4.5 billion years, so its (activity) 
concentration does not really change in our time span

ÅUranium decays into other radionuclides, one of which is radon

Source: wikipedia

file://///upload.wikimedia.org/wikipedia/commons/e/ee/Earth-crust-cutaway-english.svg
file://///upload.wikimedia.org/wikipedia/commons/e/ee/Earth-crust-cutaway-english.svg


S TEILYTURVAKESKUS Å STR¡LS KERHETSCENTRALEN

RADIATION AND NUCLEAR SAFETY AUTHORITY

Radioactive decay 

ÅRadioactive atoms have too much energy in their nucleus

ÅThe excess energy (decay energy) is disposed of when the nucleus 
rearranges into a new isotope  (mother Ą daughter)

ÅIn this process, radiation particle is emitted

ÅOne becquerel(Bq) is one 
decay per second

ÅOne becquerel(Bq) of 
radon equals 18 fg
όмΦу ϊ млς16 g)

ÅThe mass is negligible
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Uranium series

ÅUranium decays into radium via 
thorium, protactinium and 
uranium isotopes

ÅRadium-226 is the radionuclide 
that directly produces radon 
and radon concentrations 
depend on radium 
concentration
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Radioactive equilibrium

ÅWhen all the members of a decay series are in equilibrium they all 
decay at the same rate 

ï The same number of nuclear transformation per time or activity

ÅThe time to reach equilibrium depends on the half-life of the 
daughter nuclide
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Environmental processes affect Ra/U ratio

ÅWeathering

ïPhysical weathering (temperature, pressure)

ïChemical weathering (oxygen, water)

ÅErosion

ïWater, wind, gravity, ice

ÅBiological processes

ïBiological organisms recycle nutrients but also naturally occurring 
radionuclides and heavy metals

Å Radioactive elements of the natural decay series are chemically 
different and they behave differently in these processes

ïSeparation of mother and daughter nuclides

6.12.2011 / TT

RADON IS A GAS!
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Formation of radon in soil

ÅRadium in soil particles produces radon, which receives a recoil 
energy of 86 keVĄ range (0.02ςлΦлт ҡƳύ Ƴŀȅ ǊŜƭŜŀǎŜ ƛǘ ŦǊƻƳ ǘƘŜ 
mineral

ÅEmanation coefficient (f) is the fraction of total amount of radon 
produced by radium that escapes the soil particles and is released 
into soil pores

ï In some soils, radium may be precipitated on the particle Ą high 
emanation coefficient

ïWater in soil pores slows the recoil of radon and prevents radon from 
ŀǘǘŀŎƘƛƴƎ ōŀŎƪ ǘƻ ǘƘŜ ƳƛƴŜǊŀƭΦ CǊƻƳ ǿŀǘŜǊ ƛǘ ǘǊŀƴǎŦŜǊǎ ǘƻ ǎƻƛƭ ŀƛǊ όIŜƴǊȅΩǎ 
law)

ï The previous alpha emissions may have weakened the mineral lattice Ą

radon escapes the mineral easier



S TEILYTURVAKESKUS Å STR¡LS KERHETSCENTRALEN

RADIATION AND NUCLEAR SAFETY AUTHORITY

Formation of radon

Source: IAEA tech. Rep. 
Ser. No. 474
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Moisture increasesemantioncoefficient

Source: IAEA tech. Rep. 
Ser. No. 474
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Radon emanation and production rate

ÅRadon production rate Gm = ˂ Rnf cRa

ÅIf porosity (p) and density of dry matter (́) is known, radon 
production rate per soil air volume can be calculated

Gv = ˂ Rn f cRaˊόм ςp) pς1

ÅDeep in ground dilution of concentration does not happen and 
radon concentration can be calculated

cқ= Gv R˂n
ς1 = f cRaˊόм ςǇύ ʶ

ς1
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Radon transport in soil, diffusion

ÅRadon movement in soils take place with diffusion and convective 
flow

ïDiffusion is more important for radon exhalation from soil to outdoor air

ïConvective flow is more important for transport from soil to indoor air

ÅRadon diffusion in open air is easy to calculate. Soil, however, is 
porous and non-homogenous medium with varying moisture 
content Ą a more difficult task

ïE.g. Rogers and Nielson (1991) suggested radon diffusion coefficient 
taking soil moisture into consideration:

Ὀ ὈὴὩὼὴφὴὙ φὙί

ÅIf no convective flow takes place, radon concentration at depth z
can be calculated

cRn= cқ (1 ςeςz/l), where diffusion length I is

l = (De / R˂n)
1/2
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Diffusion

Source: IAEA tech. Rep. 
Ser. No. 474



S TEILYTURVAKESKUS Å STR¡LS KERHETSCENTRALEN

RADIATION AND NUCLEAR SAFETY AUTHORITY

Soil depth

ÅThe depth where maximum radon concentration is exhibited 
depends on soil type (data from Gundersenand Wanty: Field 
Studies of Radon in Rocks, Soils, and Water, 1993)
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Convective flow into the house

ÅGap between foundation 
wall and base slab

ÅPipe penetrations

200 Bq/m3

50 000 Bq/m3

5 Bq/m3
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Convectiveflow

ÅConvection is movement driven by pressure gradient between air 
spaces

Å/ƻƴǾŜŎǘƛǾŜ Ŧƭƻǿ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ 5ŀǊŎȅΩǎ ƭŀǿ

v = ςƪ ˃ς1 Pɳ
k = permeability (m2)
ҡ Ґ ŘȅƴŀƳƛŎ ǾƛǎŎƻǎƛǘȅ ƻŦ ŀƛǊ όƪƎ Ƴς1 sς1)

Pɳ = pressure gradient (Pa mς1)

ÅIn practise, convective flow it a house depends on soil permeability, 
pressure difference between indoor and soil air and flow resistance 
of gaps in the foundations

ï Flow resistance is important if the gap is < 0.5mm (mostly the gaps are 
much wider)

ïtŜǊƳŜŀōƛƭƛǘȅ  ǾŀǊƛŜǎ ŀ ƭƻǘ όŦǊƻƳ ŎƭŀȅΩǎ млς16ǘƻ ƎǊŀǾŜƭΩǎ млς8 m2).
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Onlya very narrow gaplimits radon 
flow indoors
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Pressure gradient

1. The temperature difference between indoor air and soil air creates 
pressure gradient

ɲP Ғ ʰ όTi
ς1ςTo

ς1)(z ςz0), where

ʰ Ґ опрп tŀ Y Ƴς1, Ti temperature indoors, To temperature outdoors

and z0 height, where pressure is same inside and outside of the 
outer wall. At z=0 m (foundation) 20 K temperature difference 
creates a 2.6 Pa pressure difference

2. On the outer wall facing the wind, the pressure is higher which 
further creates pressure gradient towards the house

3. Ventilation units use fans to force exhaust air from the house and 
further increase the pressure gradient
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Pressure gradient depends on 
temperature difference, ventilation and 
wind

Source: 
Ilmavirtauksetrakennuksessa. 2008. {ƛǎŅƛƭƳŀȅƘŘƛǎǘȅǎ

wind temp.        vent.       total
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Radon transportseasilyin permeablesoil

ƳŜǘǊƛŅ

Rnin soilair, 
Bq/m3

-10 Pa
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Effect of the drainage layer

ωDrainage layer is 20ς60 cm deep
layer of gravel, which increases
radon flow into the house

ĄGravel increases radon entry
into the house even if its own
radon production is low

ωGravel produces radon and depending on its ra-226 ςconcentration 
may be a significant contributor to indoor air concentrations

Gravel
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Korjauskoul
utusLahti

Permeability affects radon entry
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Permeabilities

ÅMoist clay, concrete 10-15  m2

Åfine silt 10-13  m2

ÅMedium compact sand 10-11  m2

ÅFine gravel                      10-9 m2

Åcoarse gravel, light-weight
concrete blocks 10-7 m2

Moisture reduces permeability to air but increases radon emanation 
coefficient and radon hence production rates
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Foundation type is important

ÅSlab-on-ground

ïCommon type in Finland

ïMost challengingregardingradon

ÅReinforced(monlith) slab

ïUniformconstruction

ÅCrawl space foundation

ïRadon concentration dilutes
in crawl space
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Average radon concentration

ÅSlab-on-groundand foundation,
no cellar

ïCastconcrete 109 Bq/m3

ï Light-weightblocks 154 Bq/m3

ÅReinforcedslabfoundation 93 Bq/m3

ïUniformconstruction

ÅCrawl space foundation         61 Bq/m3

ïRadon concentration dilutes
in crawl space
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Houses built on slopes (semi-basement)

ÅHouses built on slope have (with open staircase between floors) 
have the highest average radon concentration: 156 Bq/m3
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Semi-basement Slab-on-grade Crawl space
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ÅSlab-on-ground became popular in the 60s and has maintained the 
popularity

ÅCrawl space has increased popularity during recent years
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Ventilation during past decades
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Radon concentration towards 2000s

1980s 1990s 2000s

>600 Bq/m3
400-600
300-400
200-300
100-200
<100
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Apartment buildings

ÅIn apartment buildings, there may be high Rn-concentration on 
ground floor apartments. It is common that there the negative 
pressure is high (10ς20 Pa)

ÅIn upper floors, radon originates mainly from building materials

ÅVertical pipe ducts may carry radon from ground floor to upper 
floors

Type N         Mean Median Maximum
Bq/m3      Bq/m3     Bq/m3   

Above built space 523 44 36 424
On soil/rock 49           122 79               687
Total 572         51 37               687

Source: National radon survey 2006-2007
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Ground contact flats have the same
mean Rn-concentration as houses
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Rn-concentrations are declining also
in flats
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Seasonal variation

ÅConvective flow from soil to indoor air is the most significant route

ï temperature, ventilation, wind

ÅIn winter, the temperature component is the greatest

Source: {ŅǘŜƛƭȅ ȅƳǇŅǊƛǎǘǀǎǎŅ 
ό{ŅǘŜƛƭȅ- ja ydinturvallisuus 
2.osa, STUK, 2003)
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Exception: eskers

ÅEskershavea high
permeabilityand can
act like chimneys

ÅThe coldsoilair flows
downwardin summer 
and maycause
pressuregradienton 
the bottom of the 
esker

ÅOnlyif the slopeis 
steepand soil is very
permeable

Source: {ŅǘŜƛƭȅ ȅƳǇŅǊƛǎǘǀǎǎŅ 
ό{ŅǘŜƛƭȅ- ja ydinturvallisuus 
2.osa, STUK, 2003)


