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Knowledge on the migration of Sr-90 in soil is not profuse [1, 2, 5, 6, 9,
10, 11, 12] and there are no publications on the displacement of Sr-90
in soils under agricultural cultivation at all in Polish or foreign literature.

It is generally known that the displacement of Sr-90 derived from
radioactive precipitation is neglible in uncultivated soils.

Our investigations have indicated that generally this concerns our
cultivated soils, but in cetrain cases the displacement of Sr-90 deep into
the soil profile can be greater than is generally adopted for uncultivated
soils.

Strontium, as regards its chemical properties, resembles calcium —
the fact that calcium is leached from the surface layers to the deeper ones
[4] is well known, this process being more intensive in arable soils. It
seems that Sr-90 can behave similarly to calcium. The purpose of the
present work was to investigate this phenomenon in arable soils as regards
its typology and kind.

OBJECT AND METHODS OF INVESTIGATIONS

Soil profiles were taken from arable fields from the Lower Silesian
Lands. The total annual precipitation in this territory amounts to 530—

1 The investigations were partly subsidized by the Isotope Agricultural Com-
mision of the Polish Academy of Sciences.
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700 mm?. Soils which differed one from the other as regards typology,
kind and quality were selected for the investigations. The conditions of
their formation and occurence were also taken into consideration in the
selection3. The morphological features investigated in the field and certain
chemical properties and mechanical composition determined in the labora-
tory according to the generally adopted methods enabled to grade them
into the following systematic units:

Profile 1— Complete podsol soil formed of light loamy sand on loose
fluvioglacial sand (Trzebnica county).

Profile 2 — Light podzolic soil formed of light clay sand on Tertiary silt
(Trzebnica county).

Profile 3 — Light incomplete podsol soil formed from light loamy sand
on light boulder ioam (Legnica county).

Profile 4 — Brown soil formed out of slightly loamy sand on loose fluvio-
glacial sand layered with a normal dust sediments (Legnica
county).

Profile 5— Brown soil formed of medium dusty loam — deluvially
weathered from conglomerates, on heavy clays; the profile
was taken from an arable field lying on a slope (Zgbkowice
county).

Profile 6 — Pseudopodzolic soil formed from medium dusty loam — the
profile was taken from a plain at the foot of a slope (Zabko-
wice county).

Profile 7 — Pseudopodzolic soil formed from deluvial loam (Zgbkowice
county).

Profile 8 — Complete pseudopodzolic soil formed of dust sediments of
water origin.

Profile 9 — Brown soil formed of light loam on a sandy-gravel formation
(Jelenia Géra county).

Profile 10 — Deep heavy alluvial soil (Wolow county).

Profile 11 — Chernozem formed of light boulder loam (Woléw county).

Profile 12 — Bog soil — shallow “mursh” on slightly loamy sand (Sroda
Slgska county).

Soil samples for laboratory investigations were taken from the genetic
horizons of each profile, those taken from the humus layer generally being

2 The highest precipitation (620—700 mm per year) occurs in the Zabkowice
and Jelenia Goéra counties (prof. 5, 6, 7, 9). The quantity of precipitation in the form
of snow is slightly higher in this territory than in the remaining ones.

3 All the soils investigated were taken from plains. Exceptions are: profile 5,
which was located on a slope with a gradient of about 10° and profile 6, located
on a plain at the foot of this slope. There were deluvium and alluvium processes
in this one case.
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Fig. 1. Profile distribution of Sr-90 in light incomplete soils
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Fig. 2. Profile distribution of Sr-90 in light
complete soils
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Fig. 3. Profile distribution of Sr-90 in heavy soils
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from two depths (one characterizing the layer always from a depth up to
10 cm from the surface).

Samples of 20>X20X10 cm dimensions were taken for the determina-
tion of Sr-90 pHkc;, sorption capacity, exchangeable Ca, total exchange-
able alkalis and organic C were determined in the samples taken by the
generally used methods.

Sr-90 was determined by the Reissig method [8]. The activity of
the samples in pC was computed by means of the strontium standard made
at the Central Laboratory of Radiological Protection. In view of the relati-
vely low activity of the samples, the error of the radiometric measure-
ments amounted on an average to about 10 percent.

The Sr-90 content in the soils examined and the results of the labora-
tory determinations were presented in Fig. 1—3 and in Tabs 1 and 2.

DISCUSSION OF THE RESULTS

The displacement of Sr-90 in arable soils, observed during our prelimi-
nary observations [7], confirm the results obtained in our work. They con-
form to our hypothesis that Sr-90 can be exchangeable just like calcium
and can be found together with calcium in the deeper layers of the profile.

As issues from the data presented in Figs 1, 2, 3, the arable layer in
all the investigated soils is most strongly contaminated and only in light
soils Sr-90 occurs in the deeper layers (Fig. 1, profiles 2 and 4). This coin-
cides with the results of our previous investigations [7], which we cite for
comparison in Fig. 1 (profile 1a and 3a).

It is difficult to determine in light soils to what depth Sr-90 is displa-
ced. Leached Sr-90 is displaced over a large space in consequence of which
its quantities are lower than the values which could possibily be discove-
red. On the other hand, in light soils (Fig. 1, profiles 2 and 4) where the
layer is more compact and therefore causes the Sr-90 to be leached, its
accumulation enables a quantitative determination in this layer.

In case the compact layer lies very deep (Fig. 2, profile 3) the dispers-
ion of Sr-90 is also large, then the quantities of Sr-90 which can be discove-
red do not reach the bed. Exchangeable Ca, just like Sr-90, is also leached.

Thus, the content of exchangeable Ca in profile 4 (Fig. 1) in a layer
of 0—10 cm amounts to 2 m.e. (100 grams of soil with Sr-90 66 pCi/kg soil.
The exchangeable Ca content increases to 5.5 m.e./100 grams with a Sr-90
content of 46 pCi/kg soil at a depth of 45—55 cm where a more compact
formation occurs. Almost the same picture of displacement of Sr-90 and
exchangeable Ca is in profile 1la, where respective values in the 0—10 cm
layer amount to 9.6 m.e. of exchangeable Ca/100 grams of soil and 107 pCi
Sr-90/1 kg soil and at a depth of 60—70 cm — 7.7 m.e. exchangeable Ca
and 124 pCi Sr-90/1 kg soil.
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There does not occur any distinct displacement of Sr-90 in heavier
soils (Fig. 3, profiles 8 and 10) formed of dust sediments, loams and
clays. The largest quantities of Sr-90 are in surface layers (1—10 cm),
in deeper layers the Sr-90 content diminishes and it falls to zero below
the arable layer about 20—25 cm. A large part of silt and clay, including
colloidal clay, occuring in these soils, causes Sr-90 to remain in its sorption
complex.

The Sr-90 content and certain properties of the soils investigated,
i.e. those which can possibly characterize the behaviour of Sr-90 in the
surface layer, from which it is leached, are given in mCi/sq. km in Tabs
1 and 2. The dimensions of contamination of the soils investigated are
given as:

A — contamination of the layer of 0—10 cm,

B — the total contamination of the layers investigated in which Sr-90
was determined,

C — total contamination of the profile, taking into account the Sr-90
content lying between the layers analysed.

The arithmetic mean of contamination of the neighbouring leyers was
adopted as the contamination of intermediate layers. Such a presentation
of the results of Sr-90 determinations was adopted for the following
reasons. The complete contamination of the entire volume of the soil
in which Sr-90 is found is the most complete characterization of the
contamination of soils. Owing to the character of the investigations,
samples of 10 cm depth were taken from the genetic horizons for the
analyses, in consequence of which the Sr-90 content in the remaining
depths can be judged only by estimation which we had carried out by
means of linear interpolation. The value of the entire contamination,
calculated in this manner, is burdened with a certain error and there-
fore, we also cite the results obtained from direct determinations: con-
tamination calculated from these results is lower than the actual because
it does not take into account probable Sr-90 contents in layers that had
not been analysed.

The numbers obtained for the surface layer (0—10 cm) illustrate the
influence of various natural factors on the behaviour of Sr-90 ions in
the soil. True enough, this influence in arable soils is disturbed by the
action of the anthropogenetic factors but irrespectible of these distur-
bances a certain regularity is to be seen in the behaviour of Sr-90 in
arable soils.

Table 1 contains the results of the determinations for arable complete
soils, which are put into order according to ascending content of silt and
clay in the 0—10 cm layer. Contamination by Sr-90 lies within 13.8—
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Teole 1

Contamination of Complete Arable Soils with Sr - 90
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6 | Pseudopodsolic| 49 | 15 | 5.2 6.8 10.9 9.8 [1.30] 29.1 |4¢.8 |51.0 | at the
soil foot
10 | Alluvial soil | 36 | 19 | 6.5 9.9 18.4 9.7 | 0.92] 41.1 [55.5|69.3 of slope
|

Table 2
Contawination of Incomplete Arable Soils with Sr - 90
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4 Brown soil 10 4 4.9 2.0 4.3 4.9 0.60 9.9 |25.8 |46.4
2 Podsol soil 18 11 4.1 4.7 4.9 6.2 0.63 11.7 |34.5 [42.5

31.1 mCi/sq. km in this layer. This difference is primarily connected
with the kind of soil — the more silt and clay, the greater contamination
of the soil. Profiles 5 and 10 deviate from these dependence. The former,
in spite of the large content of silt and clay, including colloidal clay,
is relatively little contaminated. The profile is, however, located on
a slope. The eluviation process is the cause of this low contamination.
This refers both to the contamination in the 0—10cm layer and to
total contamination. Confirmation of our conclusions can be found in
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the level of contamination in profile 6, which lies at the foot of the
slope. The complete contamination of profile 6 is considerably greater
than the contamination found in the remaining profiles. Profile 10 was
found to be more contamined than profile 6. The high content of colloidal
clay (19 percent) in this profile is caused by the strong bonding of Sr-90
in the surface layer and by the high total contamination.

“Mursh” soil (profile 12) deserves a separate discussion. According
to our investigations which are not cited here, soils of a high content
of organic substances are featured by other physico-chemical properties
than mineral soils and therefore they behave differently in reference
to Sr-90. This is expressed by the relatively low Sr-90 content in this
soil.

Contamination of soils (Tab. 2) in a general approach is also subject
to the relationships presented above. These are light soils and con-
tamination by Sr-90 of the 0—10cm layer is low in them (9.9 and
11.7 mCi/sq. km). The ascertainment of a higher contamination in profile
3 (16.4 mCi/sq. km) does not find a simple explanation, none the less,
attention is drawn to the fact that total contamination of this profile
is low thus, in conformity with the properties of this soil.

High total contamination of profile 2 and 4 is the consequence that
the leaching of Sr-90 is stopped on the deposits of more compact for-
mations. As regards the low total contamination of profile 3, it is also
in conformity with our observations. This results from the deep location
of the bed. Such a deep location of the bed of profile 3 brings the proper-
ties of this soil closer to those of profile 1 (Tab. 1). The contamination in
these soils in the arable layer both total and complete is almost the same.

CONCLUSIONS

The following conclusions can be drawn from the investigation car-
ried out on the distribution of Sr-90 in arable soils as regards their
typology, kind and quality:

1. The surface layer (0—10cm) is most highly contaminated in all
the soils investigated and the Sr-90 content is very differentiated, amo-
unting to 9.9—41.1 mCi/sq. km.

2. The level of contamination of the surface layer depends primarily
on the kind of soil — the more silt and clay the greater contamination.
3. Sr-90 accumulates primarily in the humus horizon (0—20 cm) of
heavy soils. Leaching of Sr-90 to deeper layers is small in these soils.
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This is the consequence of a high sorption capacity of these soils mainly
conditioned by the high content of silt and clay, including colloidal clay.

4. A distinct displacement of Sr-90 to lower horizons is to be observed
in light incomplete soils on clay or on loam.

5. Sr-90 is leached into the depth of the profile of light soils, similarly
to exchangeable Ca and may be found together with calcium in deeper
horizons.

6. When there is a more compact layer that is not very deep in light
soils, the Sr-90 leached is retained and such an accumulation arises that it
enables its quantitative determination.

7. The depth of the displacement of Sr-90 is difficult to grasp in light
soils. The dispersement of Sr-90 in large soil masses makes it impossible
to obtain a quantitative determination even of its trace quantities.

8. There was stated no distinct influence of pH, saturation of the
sorption complex with base cations or quantities of organic C upon the
deeper displacement of Sr-90 into the soil profile.
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E. MALYSOWA, J. BORS, L. SZERSZEN

OBSERVATIONS SUR LA DISPOSITION DU Sr-90 DANS LES SOLS CULTIVES
DE LA BASSE SILESIE

Chair de Chimije Agricole de la Haute Ecole d’Agriculture de Wroctaw

Résumé

On a mené des observations sur le déplacement du Sr-90 provenant des précipi-
tations radioactives dans 12 profils des différents sols arables de la Basse Silésie.

11 résulte de ces observations, que le déplacement du Sr-90 en profondeur du
profil du sol a lieu dans des sols légers, dans les sols légers entier la profondeur
des déplacement du Sr-90 est difficile a constater, tandis que dans les sols légers
nonentiers le Sr-90 lavé est retenu dans une couche plus compacte en quantité
permettant son dosage. Ce proces se passe d’une fagcon semblable comme le lavage
du Ca interchangeable. Dans les sols compactes le Sr-90 s’accumule en premier lieu
dans le niveau de I'humus. Le lavage du Sr-90 en direction des couches plus
profondes dans ces sols est insignifiant.

E. MALYSOWA, J, BORS, L. SZERSZEN

UNTERSUCHUNGEN UBER DIE VERTEILUNG VON Sr-90 IM PROFIL
DER KULTURBODEN NIEDERSCHLESIENS

Lehrstuhl fir Agrochemie der Landwirtschaftlichen Hochschule in Wroclaw

Zusammenfassung

Es wurden Untersuchungen iiber die Verteilung des von den radioaktiven
Niederschligen herstammenden Sr-90 in 12 Bodenprofilen verschiedener Ackerboden
Niederschlesiens durchgefiihrt.

Aus den Untersuchungen geht hervor, dass das Eindringen von Sr-90 in die
Bodenprofiltiefe in leichten Boden stattfindet, in tiefgriindigen leichten Boden ist
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die Eindringungstiefe von Sr-90 schwer feststellbar, in flachgriindigen leichten
Boden dagegen wird das wird das ausgewaschene Sr-90 in bindigeren Schichten
in ihre Bestimmung erlaubenden Mengen aufgehalten. Dieser Vorgang verlduft
dhnlich wie das Auswaschen des austauschbaren Ca. In bindigen Boden sammelt
sich Sr-90 in erster Linie im Humushorizont an. Das Auswaschen von Sr-90 in
tiefere Bodenprofilschichten ist in diesen Boden unwesentlich.

E. MALYSOWA, J, BORS, L. SZERSZEN

BADANIA NAD PROFILOWYM ROZMIESZCZENIEM Sr-90 W GLEBACH
UPRAWNYCH DOLNEGO SLASKA

Katedra Chemii Rolnej WSR, Wroctaw

Streszczenie

Przeprowadzono badania nad przemieszczaniem Sr-90 pochodzgcego z opadéw
promieniotwérczych w 12 profilach réznych gleb ornych Dolnego Slaska.

Z badan tych wynika, ze przemieszczanie Sr-90 w gtgb profilu glebowego za-
chodzi w glebach lekkich; w glebach lekkich catkowitych gleboko$é przemieszczania
Sr-90 jest trudna do stwierdzenia, natomiast w glebach lekkich niecatkowitych
wymywany Sr-90 zostaje zatrzymywany w warstwie zwiezlejszej w iloSciach pozwa-
lajgcych na jego oznaczenie. Proces ten przebiega podobnie jak wymywanie Ca
wymiennego. W glebach zwiezlych Sr-90 gromadzi sie przede wszystkim w poziomie
préochnicznym. Wymywanie Sr-90 do warstw glebszych jest w tych glebach nie-
znaczne,

E. MAJBICOBA, M. BOPC, A. IIEPIIEHD

JVICCIEOOBAHMSA IIO PACIIPEJEJEHMUIO Sr-90 B IIPOPUJE ITAXOTHBIX
IIOYB HMZKHEV CUJIE3UN

Kadenpa Arpoxumuu, Bricuiaa CenbCKOXo3fAlcTBeHHaa IlIkojna, Bpoujnar

PeszwomMme

ViccnemoBanm pacnpegenenye Sr-90 13 pafMOaKTMBHBIX OC3AKOB B 12 mpodmiaax
Pa3IMYHBIX IaXOTHBIX 1mouyB Huzkxelt Cuiesmn.

VI3 wmccaenoBaHmit BBITEKaeT, 4To nepemeuleHme Sr-90 B riIyGMHY IIOYBEHHOTO
npoduiIa MMeeT MeCTO B JIErKMX II0YBaX; B OZHOPOAHLIX JIETKUMX IIOYBAX TPYZHO
YCTaHOBUTEL TrayOuHy mnepeMelueHmsa Sr-90 ogHAKO B JIETKMX HEOAHOPOAHBIX IIOYBAX
BbIMbIBaeMbIi1 Sr-90 zamep:KuBaeTca B 0ojiee IJIOTHOM CJIOE B KOJIMUYECTBE IOCTATOY-
HBIX [OJIs €ro OIpeAelieHMs. DTOT IIpoliecc IIPOTEKAaeT aHAJOTMYHO KaK BBIMBIBAHME
obmennoro Ca. B Gosee cBA3HBIX HouBax Sr-90 HAKONIMBAETCA IIPEMMYILECTBEHHO
B T'yMyCOBOM Tropm3oHTe. B TaKMX NOYBaxX BbIMbIBaeMOCTb Sr-90 B Gojee riyborkue
TOPM30HTHI HEBEeJNMKa.



