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The present report presents the results of a detailed study of the 210Pb and 226Ra in
undisturbed soil profiles collected from Lääne-Virumaa and Ida-Virumaa County in NE
Estonia. In a few areas of this region, an enhanced natural U/Ra content characterizes surface
soils. In general, maximum U/Ra activity concentrations found in these distinct areas increase
from west to east. These Ra-rich areas are neighbouring with areas characterized by a
significantly lower Ra content. From place to place the range from 25 Bq kg-1 to 350 Bq kg-1

has been determined [1]. At present, data on the detailed geographical distribution of these
areas are rather scarce.

Depth-distributions and inventories of the 210Pb activity have been determined from the
HPGe gamma spectrometric analysis of the 2-3 cm thick slices of soil profiles. In addition, for
the same samples 226Ra content and 222Rn emanation coefficients have also been determined
by using gamma spectrometry. 

Along a typical soil profile, the 226Ra concentration showed a negligible variation, while
the activity concentration of 210Pb demonstrates a considerably more complex behavior with
depth. In upper soil layers two 210Pb fractions exist: the atmospherically deposited
unsupported fraction and the in-situ produced supported fraction fixed to the soil particles. An
attempt has been made to separate the fractions as a function of depth. 
From the determined unsupported fraction inventories in low-Ra soils, 210Pb deposition fluxes
and concentrations in precipitation have been evaluated. In these cases, a depth-dependent
activity concentration of the unsupported fraction has been reasonably well approximated by
an exponential (and for a few cases, by a lognormal) distribution. 

In Ra-rich soils, which serve as efficient sources of radon, the unsupported Pb fraction is
comparable to or even smaller than the supported fraction and an appropriate modelling is
required for separation of the fractions. A simple one-dimensional diffusion model has been
satisfactorily applied. While mean deposition flux value, F, equals to 116 Bq m-2 a-1, the
maximum of 177 Bq m-2 a-1 has been determined. The concentration in precipitation reaches
values up to 260 Bq m-3, using a local long-term annual mean precipitation value of 0.68 m a-

1. The deposition flux shows a tendency for finding higher deposition fluxes at the locations
characterized by higher 226Ra concentration, CRa, in soil. The relevant dependence F vs CRa
with a linear fit is illustrated in Figure, which shows a slight increase in flux, while the Ra
concentration increases. The correlation coefficient is 0.39.

An assumption is drawn about locally enhanced 210Pb (and 222Rn) concentrations in
outdoor air of the NE region in comparison to the worldwide reference value of 0.5 mBq m3

[2].
Preliminary results on the low-energy gamma spectrometric analysis of 210Pb in filter samples
collected by high-volume air samplers in three different locations, Harku, Tõravere and



Narva-Jõesuu, are obtained. The average and extreme 210Pb concentrations in air (mBq m-3) of
these locations are presented in Table.

Figure. 210Pb deposition flux, F, vs 226Ra activity concentration, CRa, in soil, 19 sites in NE
Estonia, 1999-2001. Solid line is a linear fit, F=97+0.15 CRa 

Table. 210Pb concentrations in air for three locations in Estonia, 2001

Concentration in air (mBq m-3)

HARKU N-JÕESUU TÕRAVERE

Arithm. Mean 0.47 0.57 0.55
Geom. Mean 0.37 0.44 0.46

Standard Error 0.08 0.09 0.08
Min - max 0.08 – 1.30 0.12 – 1.60 0.16 – 1.51

The presented air concentration data seem to confirm the above assumption. The mean
concentration values for the seaside station in Narva-Jõesuu (NE Estonia), neighbouring the
high radium areas, are almost equal to those for the inland station in Tõravere (South Estonia).
Additional evidence follows also from the results of a transport modelling study for the
airborne 210Pb [3], where Eastern Estonia is identified among the 210Pb source regions of a
relatively high intensity.

The authors acknowledge the Estonian Radiation Protection Centre for presenting air filter
samples and the ESF for a partial financial support. 
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