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Synopsis

• Nuclear science short course
• Human physiological factors
• Distribution of radon in soils
• Sources of Radon in soils
• Factors affecting the radon content of soils
• Modeling the radon content of soils
• Mapping the radon content of soils
• Needs for further work
• Conclusion
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I just want to get everyone on the same page.



Nuclear Science Short Course

• Nucleus of an atom is composed of protons and 
neutrons

• Atomic number is the number of protons in the 
nucleus (positive charge)

• Atomic mass is the number of protons plus the 
number of neutrons

• Many large atoms (high atomic mass) are unstable
• Decay chain – a series of transformations moving an 

unstable isotope to a stable one
• Alpha particle – two protons and two neutrons, decay 

lowers atomic mass by 4 and atomic number by 2



Nuclear Science Short Course (cont)

• Beta particle – an electron or positron, decay 
increases atomic number by 1 (a neutron is 
converted to a proton by emitting the 
electron)

• Gamma radiation – very short wavelength 
electromagnetic radiation

• Half-life - the period of time it takes for a 
substance undergoing decay to decrease by 
half
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Remember, these transformation occur in the nucleus, the outer electron shell is not what is changing.



Nuclear Science Short Course (cont)
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Note the half lives of radon, polonium-218, lead-214, bismuth-214, and polonium-214 (quite short).
One atom of uranium-238 emits several alpha and beta particles on its way to stable lead-206.



Human physiological factors

• Alpha particles are 
charged, highly ionizing 
and cause chromosome 
damage

• Beta particles can 
penetrate tissue and 
damage the molecules 
they hit

• Gamma rays penetrate 
deeply and cause 
molecular changes (DNA)
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Since alphas do not penetrate, the energy is expended in the immediate cells.
Beta particles go through some tissue 



Distribution of radon in soils
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Distribution of radon in soils
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Sources of Radon in Soils

• Radon is a radioactive noble gas that is 
produced from the radioactive decay of 
radium-226

• The distribution of radon in soils is correlated 
with the distribution of radium-226 and 
uranium in the bedrock and parent material



Sources of Radium in Soils 
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High uranium in particular are black shale (Chattanooga shale) and high phosphate rocks.
But, limestones might lose as much as 90 percent of their mass in carbonate as they dissolve.  Figuring 
90 percent of the uranium remains in the residue, then the residue might have a uranium content in the
ballpark of 80-90ppm.  Ultramafics, like in Hawaii, are quite low in uranium, and so are low in the daughter 
products like radium and radon. 




Factors Affecting Soil Radon: Emanation

• The distance R 
represents how far an 
atom recoils as an 
alpha particle is 
emitted

• Daughter A’ does not 
escape the mineral

• Daughters B’ and D’ 
are shot into the 
adjacent mineral

• Daughter C’ is shot 
into the water film and 
can diffuse away   
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This cartoon gives the basis of a model.  We need to be able to estimate how much radium (the immediate parent of radon) is in the soil and rock at a site.  The grain size is important.  We need to know the porosity of the soil and its transmissivity to gases.  The transmissivity is related to the volumetric water content.



Factors Affecting Soil Radon Content and Transport

• Soil and bedrock 
porosity

• Soil moisture film 
thickness

• Grain size 

• The larger and more 
continuous the pores, 
the more rapid the 
transport

• Water-filled porosity 
slows transport, but 
water is needed to slow 
recoiling atoms

• Smaller, less crystalline 
material allows more 
emanation
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The soil in places where the bedrock is highly fractured have a higher soil radon content.  The Watras home is in a shear zone.  Eskers seem to have high soil radon content, the granite content of the drift is likely a factor.



Factors Affecting Soil Radon Content and Transport

• Organic material 
content

• Iron oxide content 

• Plants seem to 
concentrate radium, 
both a soil and bedrock 
phenomenon

• Redder soils have a 
higher radium content if 
the original parent 
material is a source





Modeling the radon content of soils
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This is a diagram of what the model looks like as of now.  These fuzzy system models in the soil survey transactional database are easily changed and fairly flexible.  

Basically, I am saying that the amount of radon one might find in a soil is the sum of the contributions from the parent material, (meaning bedrock and geogenic soil minerals), pedogenic iron oxides, and pedogenic organic matter, as modified by the effects of moisture on radon emanation.



Moisture Emanation Effects
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Wet soils do not transport radon very well, so even if the soil and rock have a high radium content, the soil radon should be low.  At the other extreme, soils that have very thin water films allow the recoiled radon atoms to embed in adjacent mineral grains, which decreases the efficiency of radon production.  A moist, but not wet, soil should be able to produce and transport radon efficiently.



Parent Material Radon Source
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This subrule examines the sources and transport of radon in the gas phase.

Parent materials are populated in the database so we can get a good handle on the bedrock geology.
Transported materials are referred back to their source rocks.

Balance and weighting of all the variables is tentative. 



Pedogenic Sources
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Organic carbon or organic matter is fairly well populated in the database.

The iron oxides estimate uses color data from an associated pedon and the populated clay
data to calculate an estimate.  This is done because not every soil has lab data for iron chemistry.
So far, the results are well-correlated with soils having known iron oxide contents. 

We can run the model and see how radon might be distributed on the landscape.



Iron Oxides and Color
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An experiment in the relationship between iron oxides, soil color, and clay percentage.  Pedogenic processes concentrate
radium in the oxide fraction.  Up to a point, redder soils have more iron oxides. 




Calculated Risk vs Radium
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This uses data from:
 Greeman, D. J. and Rose, A. W. 1996. Factors controlling the emanation of radon and thoron in soils of the eastern U. S. A. Chemical Geology 129:1-14.
Have not been able yet to go back and tweak the model after these regressions.
The asterisk point is distressing since it is from the Reading Prong, not far from Boyertown. 
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Needs for Further Work

• Identify other sources and/or interactions

• Validate with output from georeferenced 
sources

• Develop lookup table of uranium/radium 
contents of geologic materials 

• Data Need – Component pedons to get the 
color data for estimating iron oxides



Conclusion

• The radon content of soils is a soil related 
issue and should be able to be modeled from 
a soils perspective

• The soil survey database is the logical data to 
use to develop a large scale (SSURGO) map of 
soil radon content
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