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Summary - Zusammenfassung

The present work deals with a comparison of the vertical distribution of
l37Cs, l34Cs, 1C6Ru, 123Sb, and wSr at two agricultural sites in Styna
(Austria) in the first two years after the Chernobyl fallout. Three months
after deposition the Chernobyl derived radionuclides had their maximum
concentrations in the first cm. Detectable amounts, however, had pene-
trated down to a depth of 12 cm (Stagno-Dystnc Gleysot, site A) and 20
cm (Dystric Cambisol, site B). Significant differences between the two
sites were observed after the first plowing. At site A a new concentration
maximum at 15 to 18 cm depth was observed due to an extreme turnover
effect. Even the second plowing in 1988 did not yield a homogeneous
radionuclide distribution over the tillage depth. At site B the furrow slice
was twisted only 60° against the slope gradient. This resulted in a slight
mixing in the first 12 cm. From this it may be concluded that plowing
does not lead to a thorough mixing in any case. At least two or three
plowing steps may be needed to obtain an uniform nuclidc distribution at
certain sites.

Über den Einfluß des Pflügens auf die
Tiefenverteilung verschiedener Radionuklide
im Boden

Die vorliegende Arbeit beschäftigt sich mit den Tiefenverteilungen von
l37Cs, 134Cs, 1MRu, 125Sb und '"Sr in zwei landwirtschaftlich genutzten
Böden in der Steiermark. Drei Monate nach der Radionukliddcposition,.
die dem Rcaktorunfall in Tschernobyl folgte, zeigten alle genannten Nu-
klide die Maximalkonzcntration im ersten cm. Meßbare Aktivitätskon-
zentrationen waren jedoch bereits bis in 12 cm (Pseudoglcy, Standort A),
bzw. 20 cm (Braunerde, Standort B) vorgedrungen. Deutliche Unterschie-
de zwischen den Standorten ergaben sich nach der ersten Ackerung im
Frühjahr 1987. Am Standort A zeigte sich ein neues Aktivitälsmaximum
in einer Tiefe von 15 bis 18 cm, das auf ein regelrechtes Vergraben der
Radionuklide durch ein nahezu vollständiges Wenden des Erdbalkens
zurückzuführen war. Auch eine zweite Ackerung bewirkte keine vollstän-
dig homogene Verteilung. Am Standort B wurde der Erdbalken hangauf-
wUrts (Hangneigung 25%) um ca. 60° gewendet. Das Ergebnis war eine
nur geringe Einmischung der Radionuklide in tiefere Schichten (bis 12
cm). Aus den vorliegenden Ergebnissen muß geschlossen werden, daß
mindestens zwei oder drei Pflügungen erforderlich sind um eine weitge-,
hend homogene Nuklidvertcilung in der Bearbeitungstiefe zu erzielen.

1 Introduction

The effects of contamination of agricultural areas by
radioactive fallout products or other hazardous substances
deposited on the soil surface depend to a great extent on the
distribution in the soil profile. Most terrestrial food chain
models assume a homogenous radionuclide distribution
within the tillage depth. The radionuclide content of plants
is calculated by plant/soil equilibrium concentration ratios
(Pröhl et al., 1985). Results of Lönsjö (1989), however, in-
dicate that radioactive fallout is nonuniformly distributed
within the tillage depth after one plowing.

The high levels of soil contamination in Europe due to the
Chernobyl accident give the possibility for accurate investi-
gations in this field. Natural migration processes have been
intensively studied (Giani et al., 1987; Bunzl et al., 1989).
This paper deals with a comparison of tilled and unfilled

soil profiles in order to evaluate the effects of natural pro-
cesses and human activities on radionuclide distribution. To
achieve this goal a precise soil sampling method was de-
veloped, which is briefly described elsewhere {Meisel et al.,
1989).

2 Materials and methods

2.1 Sites

Site A is a meadow and an adjacent field in Thai near Graz (Styria), 462
m above sea level. The slope gradient is 6.6%. The soil is classified as a
Stagno-Dystric Gleysol (FAO) and was sampled in August 1986, Septem-
ber 1987 and August 1988.

Site B is located in Deutschlandsbcrg (Styria) at 550 m above sea level,
the slope gradient being 25.6%. The soil is classified as a Dystric Cambisol
(FAO). Profile samples were taken in August 1986 and June 1987.
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2.2 Sampling

An average depth distribution of radionuclides in cultivated soils cannot
be determined by using an auger technique. Roughness of the soil surface, a
possible inhomogenous horizontal radionuclide distribution due to cultiva-
tion and the possible contamination of deeper soil horizons by sample
taking requires a special sampling procedure (Figure 1, Meisel et al„ 1989).
Two parallel ditches with 50 cm distance are digged app. 10 cm below the
desired sampling depth (40 to 100 cm) following the terrain slope leaving a
200 times 50 cm soil monolith undisturbed. Four pedons (size 40 time 40
cm) are sampled with the help of four guiding steel sheets in one to five
centimeter steps according to the required precision.

The geometrical accuracy of this method is 1 mm with regards to thick-
ness of the soil layer and 3 mm with regards to width and length.

3 Results and discussion

Selected soil properties of the two sites are given in Table
1. The total 137Cs-deposition was calculated by using the
measured bulk density profile of the soil layers. The Cher-
nobyl derived l37Cs activity concentrations can be calcu-
lated by multiplying the 134Cs values by 1.97 (valid for
1986/08/01). Thus the 137Cs concentration caused by the
weapons testing could be determined. The 137Cs-activity de-
position due to the Chernobyl accident ranges in Austria
from 740 to 90761 Bq.m'2 (Horak & Gerzabek, 1988). Both
sites are therefore distinctly below 50% of the observed
maximum.

PEDONS
TERRAIN SLOPE

D
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2.3 Procedures

The soil water content and the physical and chemical soil properties were
evaluated according to standard analytical methods {Bliun et a!., 1989).
Concentrations of l34Cs, 137Cs, 106Ru, 125Sb, and^K were determined by
gamma spectrometry using a High-Purity-Germanium semiconductor de-
tector with a PC for the automatic spectrum evaluation, taking into account
all necessary correction procedures. The overall uncertainty of the activity
determination was below 5%.

The Sr-concentrations in the soil samples of site A were determined
according to the standard method (Hermann & Erdelen, 1959).

Table 1: Selected soil properties of the two cultivated sampling sites (0 -
20 cm)
Tabelle 1: Ausgewählte Bodenkenndaten der beiden Ackerstandorte (0 -
20 cm)

parameter

pH (CaCl2)
% humus
% CaCO3

%sand
% silt
%clay
mean bulk density
meq K/100 g (BT)
meq Ca/100 g (BT)
meq Mg/100 g (BT)
meq Na/100 g (BT)
Bq137Cs/m2

Chernobyl
weapons testing
total

A

6.2
1.7
0.6

29
61
10
1.32
0.42
9.7
0.9
0.03

24370
3280

27650

site
B

5.2
4.2

limefree
60
32
8
0.91
0.37
6.6
1.0
0.04

37370
5535

42910

BT: Barium - Triethanolamin - method

I cm LAYERS

2cm LAYERS
3cm LAYERS

5cm LAYERS

Figure 1: The soil sampling method.
Abbildung 1: Die Methode der Bodenbeprobung.

Figure 2 shows the depth distribution of 137Cs in three
different profiles at site A after one plowing. The three
replications demonstrate the high quality of the soil samp-
ling technique with respect to the upper soil layers.

Site A: The measured radionuclide depth distributions in
the cultivated Stagno-Dystric Gleysol in the years 1986,
1987, and (1988) are given in Figure 3. In 1986 all radionu-
clide concentrations of the undisturbed soil layers showed a
sharp decrease at a depth of 0 to 5 cm (except natural 40K).
106Ru and 125Sb quickly dropped below the detection limit.
The 137Cs-concentration decreased from app. 1300 Bq.kg'1

at the top of the profile to app. 20 Bq.kg'1 at 5 cm depth. In
1986 almost 90% of the total 137Cs-content of the soil
profile was therefore bound to the first 5 cm from the top.
Between 5 and 32.5 cm depth the 137Cs-concentrations de-
creased much slower from app. 20 Bq.kg"' to app. 5 Bq.kg'1,
reaching a plateau at 11.5 cm. The depth distribution of
134Cs proves that the Chernobyl derived Cs partly migrated
to a depth of 12 cm from May to August 1986. It may be
assumed that this effect is mainly due to high migration
rates during and shortly after the wet deposition (Schim-
mack et al., 1989). The vertical distribution of 134Cs at the
cultivated field can be described by exponential equations,
which are presented in Table 2.

The ^Sr-concentration reached a plateau of 2 Bq.kg'1 at a
depth of 4 cm. This constant background level of 2 Bq.kg'1

is presumably caused by weapons testing, which in the past
25 years has been already homogeneously distributed by
plowing and migration. Thus the Chernobyl derived ^Sr-
deposition at site A (407 Bq.m'2) amounted to 23% of the
fallout from weapons testing. 134Cs showed a significantly
higher fixation to the soil surface as compared to the Cher-
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1000 Iiq137cs/kg

Figure 2: Vertical distribution of 137Cs in a Stagno-Dystric Gleysol after
one plowing (site A, 1987, three replications).
Abbildung 2: Cs Tiefenverteilung in einem Pseudogley nach einmali-
gem Pflügen im Jahre 1987 (Standort A, drei Wiederholungen).

nobyl derived 90Sr. The 134Cs/90Sr ratio decreased from 3.27
in the first two centimeters to 7.3 in a depth of 3 to 4 cm.

In April 1987 the field was plowed (25 cm), harrowed and
sowed. Thus the vertical distribution of the radionuclides
changed drastically (Figures 2 and 3). All Chernobyl
derived radionuclides showed a new maximum at a depth of
15 to 18 cm due to an extreme "turnover" effect (Schim-
mack & Bunzl, 1986) instead of mixing. The peak concen-
trations decreased only by a factor of 4 to 5. The ratio of the
peak value to the lowest value for 134Cs in the first 25 cm
was greater than 100. Taking into account that most agricul-
tural plants have a nonuniform root depth distribution with a
maximum in the top soil, the calculation of the radionuclide
uptake into plants by using a transfer factor, which is based
on a homogeneous radionuclide distribution over the tillage
depth, may, therefore, lead to an overestimation of the
radionuclide uptake by plants in the first year {Andersen,
1967; Evans and Dekker, 1965).

The second plowing after the Chernobyl accident in spring
1988 led to a more uniform radionuclide distribution over
the tillage depth (Figure 3). The ratio of highest to lowest
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134Cs-concentration in the first 25 cm decreased from more
than 100 in the year 1987 to 3.

The pasture was sampled in 1988. The results are given in
Figure 4. The vertical distribution of 134Cs was charac-
terized by a less pronounced concentration decrease as com-
pared to the cultivated field sampled in August 1986 prior
to any plowing after the Chernobyl accident (Table 2).
From these results it seems to be evident that the main
cesium migration took place in a short period after the
Chernobyl fallout.

90Sr showed a completely different behaviour. The con-
centration ratio of the first to the tenth cm was 2.2. This

Table 2: 134Cs-concentration in different soil layers as a function of depth
Tabelle 2: 134Cs Konzentrationen verschiedener Bodenschichten als Funk-
tion der Tiefe

depth (cm)

A-cultivated Meld
0 - 3
2 - 6
6 - 19

B-cultivated field
0 - 4
3-25

A-pasture
0 - 5
4 - 9
8 - 17

B-pasture
2 - 7
6 - 14

13-27

equation

^,-,,(7.74001-1.25587.3:)

y_e(6.15087-0.53943.z)

y_e(3.01073-0.16729.x)

y_e(7.77308-0.90735.i)

y_c(6.43238-0.24198.l)

y_c(6.09952-0.65379.z)

y_c(4.90179-0.39286.z)

y_e(2.89323-0.14668.x)

y_c(9.10893-0.13217.z)

y_e(6.36770-0.68686.x)

y_e(2.94506-0.19117.i)

R2

99.94
99.10
99.11

99.82
99.84

99.75
99.80
99.74

99.66
99.88
97.46

should be compared to the field samples in 1986 which
showed a value of 6.5. From this, but also from the fact that
a significant concentration increase from the first to the sec-
ond cm is observable (Figure 4) a high mobility of 90Sr may
be deduced. However, a precise calculation of the 90Sr con-
centration derived from the weapons testing for the undis-
turbed pasture is not possible, because the pre-Chernobyl
vertical distribution is not known. Therefore the higher mi-
gration rate from these data cannot be concluded with cer-
tainty.
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Figure 3: Vertical distribution of vari-
ous radionuclides in a cultivated Stagno-
Dystric Gleysol in the years 1986, 1987,
and 1988 (site A, mean values).
Abbildung 3: Tiefenverteilung ver-
schiedener Radionuklide in einem unter
Kultur stehenden Pseudogley in den
Jahren 1986, 1987 und 1988 (Standort
A, Mittelwerte).
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Figure 4: Vertical distribution of various radionuclides in a Stagno-Dystric
Gleysol under pasture in the year 1988 (site A, mean values).
Abbildung 4: Tiefenverteilung verschiedener Radionuklide in einem Pseu-
dogley unter Dauergrünland im Jahre 1988 (Standort A, Mittelwerte).

Site B: The vertical distributions of radionuclides in the
cultivated Dystric Cambisol are given in Figure 5. In the un-
tilled profile all radionuclides except 40K showed a distinct
decrease in their concentrations. The depth distribution of
134Cs can be described by the equations according to Table
2. Comparing the exponents of the site specific equations we
find the migration velocity of Chernobyl derived Cs during
the first months after the fallout to be higher at site B. This
result is also observable for the other investigated radionu-
clides (compare Figures 3 and 5). The reason may be a lower
water retention at site B, due to the extreme soil texture
(60% sand) and the low bulk density (Table 1). Measurable
amounts of Chernobyl derived radionuclides could be de-
tected at least down to 30 cm depth, twice that of site A.

The field was plowed (20 cm), harrowed and sowed in
April 1987. Nevertheless the sampling in June 1987 showed
only a slight change in the vertical distribution of the radio-
nuclides (Figure 5). The Cs-, Ru-, and Sb-isotopes had a

• 137Cs .131Cso106Ru

Figure 6: Vertical distribution of various radionuclides in a Dystric Cambi-
sol under pasture in the year 1987 (site B).
Abbildung 6: Tiefenverteilung verschiedener Radionuklide in einer
Braunerde unter Dauergrünland im Jahre 1987 (Standort B).

new maximum at a depth of 3 to 4 cm. A slight mixing
effect could be detected only between 0 and 12 cm. The
ratio of the highest to lowest 134Cs-concentration at a depth
of 0 to 20 cm decreased from 760 (1986) to 227 (1987). In
this particular case the standard transfer concept may lead to
an underestimation of the radionuclide transfer in the year
1987, especially for plants with shallow root systems (An-
dersen, 1967).

Adjacent to the cultivated field, the pasture at site B, sam-
pled in June 1987, is characterized by an increase of the
radionuclide concentrations from the first to the second cm
in a range of 47% (134Cs) to 90% (125Sb). As a matter of fact
even the natural 40K-content increased significantly (Figure
6). This result gives evidence to the presumption that the
first cm of the pasture profile has an only very low cation
retardation capacity. The model equation proves that the
migration velocity of 134Cs is significantly higher in the top
layers as compared to the unplowed field (Table 2).
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Figure 5: Vertical distribution of vari-
ous radionuclides in a cultivated Dys-
tric Cambisol in the years 1986 and
1987 (site B, mean values).
Abbildung S: Tiefenverteilung ver-
schiedener Radionuklide in einer unter
Kultur stehenden Braunerde in den
Jahren 1986 und 1987 (Standort B. Mit-
telwerte).
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SITE A

SITE ß

Figure 7: Plowing methods at the two studied sites.
Abbildung 7: PflUgemethoden auf den zwei untersuchten Standorten.

4 Conclusions

The great differences between the cultivation effects at
site A and B can be explained by the different plowing
methods used (Figure 7). At site A the furrow slice was
nearly turned upside down. Site B is characterized by an
only 60° turnover against the slope gradient.

It has to be concluded that in both cases plowing does not
lead to a thorough mixing. At least two or three plowing
steps may be needed for an uniform radionuclide distribu-
tion at certain sites. This should be considered using terre-
strial food chain models, especially if well described small
regions are to be taken into account. Quantifying the in-
fluence of the plowing effect on the radionuclide soil to
plant transfer would need further investigations.

Principally, the results obtained here for radionuclides
should be transferable to other hazardous substances with
low mobility deposited during a short time on the soil.
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