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Abstract. In the framework of the second Swiss forest soil inventory, 13"Cs-activity from 172 sites
was measured systematically for the first time in the topmost soil layer (0-5 cm) and represented on
a map. The spatial distribution of '¥7Cs contamination was similar to the pattern observed in 1986
from dose equivalent measurements following the Chernobyl nuclear power plant accident. Forest
soils from regions with high precipitation in 1986 showed a higher '37Cs activity than regions with
low precipitation. At sites with high caesium activities it was possible to discriminate between 137y
originating from global fallout of the fifties and sixties and | 7 Cs from the Chernoby! accident. The
results indicate that radiocaesium persists in the top soil layers and is recycled in forest ecosystems.
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1. Introduction

The nuclear power plant accident in Chernobyl at the end of April 1986 and the
subsequent deposition of radioactive fallout over western Europe required the geo-
graphical delineation of exposure so that dose assessiments of the population could
be made by the corresponding national authorities. In Switzerland, maps were
compiled for the distribution of radiocaesium (1*’Cs) by using dose equivalent
measurements (uR hr™!, 1 m above ground) from permanent surveillance stations
using a Geiger-Miiller counter and by measuring the dose equivalent at single spots
along defined routes and combining them with a few nuclide-specific soil activity
measurements at selected, representative sites (Figure 1, Czamecki et al., 1986;
Wernli, 1987). It became also obvious that the soil deposition was positively corre-
lated with precipitation during the passage of the radioactive cloud (Wernli, 1987).
Contamination of pastures, forage crops and agricultural products were measured
predominantly, while forested areas were not included and the spatial distribution
of soil contamination in natural or semi-natural ecosystems of Switzerland was not
urgently needed.

Many studies have since shown that vertical migration of radiocaesium is slow
in forest soils (e.g., Bergman, 1994; Rithm er al.,, 1996) and up to 90% of the
deposited radiocaesivm is still found in the superficial soil layers (Desmet et al.,
1991), mainly the holorganic horizon (Belli ez al.,, 1994). When the possibility
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arose to obtain soil samples which were systematically collected from 172 sites
during 1993, in the framework of the second forest soil inventory, we took the
opportunity to measure their caesium activity to:

(1) Create a current map of the top soil contamination by caesium in forested soils
of Switzerland,

(2) Compare the current caesium activity in forest top soil layers (0-5 ¢cm) with
the map of ground contamination compiled in 1986;

(3) Relate the measured activities with precipitation in 1986 for 4 regions; and

(4) Differentiate between caesium from global fallout and Chemobyl fallout for
12 sites.

2. Materials and Methods

Soil samples were collected systematically from 172 sites. Sites were selected by
placing an 8 x 8 km grid over a geographic map of Switzerland and choosing the
intersections located in a forested area. All samples were collected in 1993. Ateach
site, one single sample of approximately 1 kg of soil was taken from each horizon,
as well as from predefined depths, and thoroughly mixed to obtain representative
samples. Samples were dried at 60 °C and sieved (2 mm mesh). An aliquot from
each of the 172 top soil samples (generally Ay~-horizon, 05 cm) was placed in a
50 mL polyethylene bottle for determining radiocaesium activity. The total activity
of 13*Cs and '*’Cs was measured by y-spectrometry on a solid state germanjum
detector linked to a multichannel-analyser. The counting time was adjusted so that
the uncertainty for the counting statistics was less than 10% for the majority of
the samples. Activity of samples was decay corrected to July 1, 1993. Differences
between the soil densities of samples, which ranged from 0.4 to 1.2 g cm™ (dry
density), and the calibration standard solution (1 g em™3), were not corrected since
the gamma rays of radiocaesium have high energies and thus sample self absorption
is minimal (Hubbel, 1983). All results are given in Bq per kg soil dry weight. The
homogeneity of one sample was verified by measuring 10 subsamples of the same
horizon and site and determining the standard deviation.

Based on the !3*Cs/""Cs ratio, which was 0.6 for the Chernobyl fallout in
Switzerland in 1986 (Czarnecki et al., 1986), and the half-lives of **Cs and 1*7Cs,
which are 2.1 and 30.2 yr, respectively, the 1**Cs/*'Cs ratio for July 1, 1993 was
calculated. This ratio, and the fact that all the **Cs detected in the samples of
1993 originated from Chernobyl fallout, allowed us to calculate the portion of
137Cs originating from the Chernobyl fallout. The difference between the calculated
and measured '¥7Cs-activity in 1993 corresponded to the '¥’Cs-activity due to the
global fallout.

Within the framework of the Swiss National Forest Inventory, topsoil samples
had been collected at the intersections of a 1 x 1 km grid prior to the Chernobyl
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accident and stored at the Swiss Federal Institute for Forest, Snow and Landscape
Research (WSL). At each sampling point, one sample from the mineral soil layer
(0-20 cm) was taken after removing the litter layer. By choosing intersections
which had the same coordinates in the pre- and post-chernobyl sampling campaigns
the opportunity arose to compare **’Cs activity of soil samples from the same sites
before and after the deposition of the Chernobyl fallout. Sampling points of the
two campaigns were within a radius of 9 to 17 m at the corresponding intersections
which had been marked during the first campaign.

Pre- and post-Chernobyl comparisons were done for four regions of Switzer-
land with different radioactive soil contamination based on the radiation map of
1986 (Figure 1). In each region three sites were selected. All samples were decay
corrected to July 1, 1993.

Precipitation data for the period of the Chernobyl fallout in 1986 were used
from the measuring stations of the Swiss Meteorological Institute, which are most
representative for the four regions.

3. Results and Discussion

Figure 2 shows a map of the radioactive contamination of forest soil in Switzerland
in 1993 resulting from the measurements of the topmost layer (0-5 cm). Based on
our measurements we can define three arbitrary, not geostatistically interpolated
ranges of soil contamination with 1%’Cs and allocate Swiss regions to them:

(1) 0-100 Bq kg™!: forest soil in the Swiss midland, the Rhone valley and the
Canton of Grisons:

(2) 100-500 Bq kg™: forest soil at the north rim of the Jura mountains and South-
west of the Lake of Constance; and

(3) =300 Bq kg™ forest soil in the southern part of Switzerland with some values
exceeding 1000 Bq kg~!.

Although the activities are given in Bq kg™! and are not representing the total
caesium inventory of the corresponding site, the distribution pattern of *’Cs in
forest soils (Figure 2) agrees well with the map of radioactive deposition in Bqm=2
(Figure 1), which was created seven years earlier in the weeks following the Cher-
nobyl nuclear power plant accident. In both figures, regions with a higher caesium
deposition coincide. The use of the topsoil samples for this comparison is justified
because it is generally accepted that the vertical migration of radiocaesium along
the forest soil profile is slow (Calmon ez al., 1996: Tikhomirov and Shcheglov,
1994) and that the activity is confined mainly to the superficial organic layers
(Ritchie et al., 1970, Riihm et al., 1996, Velasco et al., 1993). This view is sup-
ported by the fact that even global fallout caesium can still be detected in our
topsoil samples (cf. Table I} and also was verified at six of our sites by measuring
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the caesium activity over the whole soil profile (Table II). 134Cs-activities in the
soil layers deeper than 5 cm are not included in the tables because the activities
were too small and the counting errors too high to make a conclusive statement.
The good agreement between calculated (1 Csyo/***Cs ratio is 18.9 at July 1,
1993) and measured **Cs-activities in the 1993 samples (Table II) further confirms
that radiocaesium (¥'Cs and '**Cs) of the Chernobyl fallout has not migrated into
deeper soil layers until now. Contrary to agricultural soils with 2 high clay content,
the low clay content in forest soils would suggest 2 high migration rate of caesium.
However, the high fraction of organic matter, as well as temporary immobilisation
and recycling processes of radiocaesivm induced by soil microorganisms in the
topmost soil layer cause the opposite (Bunzl ez al., 1995).

As shown earlier (Wernli, 1987), the ground deposition of Chernobyl fallout
was well correlated with rainfall in wide areas of Switzerland. The increased cae-
sium deposition due to precipitation in 1986 (Figure 1) was still apparent from
soil caesium activity collected in 1993 (Figure 2). In the Rhone valley both the
caesium activity in soil and the ground deposition were low with 12-36 Bq kg1
and <3 kBq m™?, respectively (Table I, sites No. 10-12, Fi gure 2). No precipitation
was registered for this region at the meteorological station of Fey-Nendaz during
the whole period when the radioactive cloud passed (Figure 1). The corresponding
values for the region of southern Switzerland are opposite: 1461-1896 Bq kg™!
and 8 kBq m™2, respectively combined with heavy rainfall registered at Locamo
during the whole period. The sites in the north eastern and north western part of
Switzerland show intermediate values.

In Table I, measured and calculated '*’Cs-activities originating from global fall-
out are compared with each other based on the known 24Cs/137Cs ratio in the 19973
soil samples and the soil samples collected before the Chernobyl accident. The cal-
culated values are generally higher than the measured ones except at the sampling
sites representing the Rhone Valley (No. 10, 11 and 12) where the formation of the
B4Cs/137Cs ratio was not possible (134Cs below detection limit in the samples of
1993). The level of the differences between calculated and measured 37Cs activ-
ities depends on the regions investigated. Differences were most significant in the
southern part of Switzerland (sampling sites No. 7, 8 and 9), lowest in the north-
western part of Switzerland (sampling sites No. 4, 5 and 6) and intermediate in the
north-eastern region of Switzerland (sampling sites No. 1, 2 and 3).

Although the counting errors for the '**Cs measurements are high in some cases
(cf. Table I) it was demonstrated before that the measured *4Cs-activities corre-
spond with the expected values and the Chernobyl caesium still is located in the
top soil layer. The reason for the discrepancies between measured and calculated
activities of the global fallout caesium are difficult to explain and remain subject
of assumptions:
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TABLE II
Vertical distribution of 137Cs {bomb plus Chernobyl fallout) in 6 forest soil profiles
in Switzerland
Depth of Site®
soil layer i 2 3 7 8 9
—(em) — - {BgkgThjawh
0-5 464° 433° 323¢ 1390° 1563° 1042¢
5--8 183¢
5-10 188¢ 136¢ 160°¢ 159 60
10-12 477
10-15 54¢ 22
10-20 8 63° 0
2040 12 0 12 4 4
40-60 0 5 0
60-80 0 0 0
120-140 7 0
130 0

& Cf. Figure 2 for site location,
b Dry weight.
¢ Ay, horizon,

(1) Bomb fallout caesium has migrated into deeper soil layers during the last 20
to 30 yr which is supported by the numbers given in Figure 2 and the fact that
Chernobyl caesium is still located in the A, horizon as shown before.

(ii) Heavy rainfall during the deposition of the Chernobyl fallout may have caused
runoff (Bergman, 1994) at the sampling sites No. 8 and 9 which are situated at
a steep slope. As a consequence the calculated 1*’Cs-activity is too high.

(iii) **"Cs-activity in soil was reduced because of an increasing plant availability
and uptake over the years (Thiry ef al., 1999).

Other reasons may be different sampling techniques used which is less probable
as they would cause a systematic error, or the well-known heterogeneity of the
horizontal contamination which could not be checked in this case as only one
sample was collected per site and horizon. Within samples, 1*’Cs was homogenous
distributed which was verified by the measurement of 10 subsamples of a sample
from site No. 9 in 50 mL polyethylene bottles (30.8+£1.7 Bg/subsample, counting
error <5%).
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