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ABSTRACT 

Measurements of the 222 Rn activity concentration profile in the soil and the 222 Rn flux in 
West-Germany are presented. The spatial pattern of the 222Rn flux depends more on soil type 
than on the 226Ra activity of the soil material. The average 222 Rn flux from sandy soils is 
1000-2000 dpm m-2 h- 1 and 4000-6000 dpm m-2 h- 1 from loamy and clayey soils. Weekly 
222 Rn flux measurements during a period of 1 year at a sandy site show no significant 
temporal variations. At a clayey site, the 222Rn flux tends to be higher in summer than in 
winter. The permeability coefficient PRn• obtained from simultaneous 222Rn flux and 
concentration profile measurements in various soils, can be expressed as a function of the soil 
parameters total porosity e0 , soil moisture F, tortuosity k and the molecular diffusion 
coefficient D0 of 222 Rn in air: P = D0 ((e0 - F)/k- const.). The flux of any other gas into or 
out of the soil can thus be calculated from its measured concentration profile in the soil and 
from the 222 Rn permeability coefficient, replacing the molecular diffusion coefficient of 222 Rn 
by that of the specific gas under consideration. As an example, this method of flux 
determination is demonstrated for the soil C02 flux to the atmosphere and for the flux of 
atmospheric CH4 into the soil. 

1. Introduction 

The radioactive noble gas 222Rn (t 112 = 3.8 d) 
is produced by ex-decay of 226Ra (t 112 = 1600 d), a 
trace component of all soils. Only a small fraction 
of totally produced 222 Rn escapes from soil par­
ticles into soil air depending on the specific soil 
particle surface and, thus, on grain size distri­
bution. Gas transport in the unsaturated soil zone 
is by molecular diffusion. The 222Rn flux at the 
soil surface depends on the 226Ra content, grain 
size distribution and on the diffusion resistance 
of the unsaturated soil zone. 

In this paper, we present directly measured 
222 Rn fluxes and soil air concentration profiles in 
West-Germany and discuss the use of 222Rn as 
tracer for gas transport in the unsaturated soil 
zone. To use 222Rn as tracer for soil gas transport 
means to calculate trace gas fluxes at the soil 

surface from their soil air concentration profile 
and the permeability ("diffusion coefficient of 
gas in the soil") obtained from simultaneously 
measured 222 Rn flux and concentration gradient. 
As an example, we discuss the determination of 
the soil C02 flux into the atmosphere and the flux 
of atmospheric methane into aerated soils and 
compare the " 222 Rn calibrated" with directly 
measured fluxes. 

2. Experimental 

Soil air samples were taken by driving 
connectable, stainless steel tubes (1 m long, 6 mm 
outer and 2 mm inner diameter) into a preset 
depth. Soil gas inlet is through 8 holes (0.5 mm 
diameter) just behind the cone tip. For 222 Rn, 
C02 and CH4 measurement, 200-300 ml soil gas 
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