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Knowledge on the m igration of Sr-90 in soil is not profuse [1, 2, 5, 6, 9, 
10, 11, 12] and there  are no publications on the displacem ent of Sr-90 
in soils under agricu ltu ral cultivation at all in Polish or foreign literatu re .

It is generally  known th a t the displacem ent of Sr-90 derived from  
radioactive precipitation is neglible in uncultivated  soils.

O ur investigations have indicated th a t generally  this concerns our 
cu ltivated  soils, but in cetrain  cases the displacem ent of Sr-90 deep into 
the soil profile can be g rea ter than  is generally  adopted for uncultivated  
soils.

Strontium , as regards its chemical properties, resem bles calcium  — 
the fact th a t calcium  is leached from  the surface layers to the deeper ones 
[4] is well known, this process being m ore intensive in arable soils. It 
seems th a t Sr-90 can behave sim ilarly  to calcium. The purpose of the 
present work was to investigate this phenom enon in arable soils as regards 
its typology and kind.

OBJECT AND METHODS OF INVESTIG ATIONS

Soil profiles w ere taken from  arable fields from  the Lower Silesian 
Lands. The to ta l annual precipitation in th is te rrito ry  am ounts to 530—

1 The investigations w ere partly subsidized by the Isotope A gricultural Com­
m ision  of the Polish  A cadem y of Sciences.



104 E. M ałysow a, J. Bors, L. Szerszeń

700 m m 2. Soils which differed one from  the other as regards typology, 
k ind and quality  were selected for the investigations. The conditions of 
the ir form ation and occurence w ere also taken into consideration in the 
selection3. The morphological features investigated in the field and certain  
chem ical properties and m echanical composition determ ined in the labora­
to ry  according to the generally  adopted m ethods enabled to grade them  
into the following system atic units:
Profile 1 — Complete podsol soil form ed of light loam y sand on loose 

fluvioglacial sand (Trzebnica county).
Profile 2 — Light podzolic soil form ed of light clay sand on T ertiary  silt 

(Trzebnica county).
Profile 3 — Light incom plete podsol soil form ed from  light loamy sand 

on light boulder loam  (Legnica county).
Profile 4 — Brown soil form ed out of slightly  loamy sand on loose fluvio- 

glacial sand layered w ith  a norm al dust sedim ents (Legnica 
county).

P rofile 5 — Brown soil form ed of m edium  dusty loam — deluvially  
w eathered from  conglom erates, on heavy clays; the profile 
was taken from  an arable field lying on a slope (Ząbkowice 
county).

Profile 6 — Pseudopodzolic soil form ed from  m edium  dusty  loam — the 
profile was taken from  a plain at the  foot of a slope (Ząbko­
wice county).

Profile 7 — Pseudopodzolic soil form ed from  deluvial loam  (Ząbkowice 
county).

Profile 8 — Complete pseudopodzolic soil form ed of dust sedim ents of 
w ater origin.

Profile 9 — Brown soil form ed of light loam on a sandy-gravel form ation 
(Jelenia Góra county).

Profile 10 — Deep heavy alluvial soil (Wołów county).
Profile 11 — Chernozem form ed of light boulder loam (Wołów county). 
P rofile 12 — Bog soil — shallow “m ursh” on slightly  loam y sand (Sroda 

Śląska county).
Soil samples for laboratory  investigations w ere taken from  the genetic 

horizons of each profile, those taken from  the hum us layer generally  being

2 T he hig’hest precip itation  (620—700 mm per year) occurs in the Z ąbkow ice 
and Jelen ia  Góra counties (prof. 5, 6, 7, 9). T he quantity of precipitation in  the form  
of snow  is sligh tly  higher in this territory than in  the rem aining ones.

3 A ll the soils in vestigated  w ere taken from  plains. E xceptions are: profile  5, 
w hich w as located on a slope w ith  a gradient of about 10° and profile  6, located  
on a plain at the foot of this slope. There w ere deluvium  and alluvium  processes 
in this one case.
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Fig. 1. P rofile  d istribution of Sr-90 in  light incom plete soils 

1 —  p C i/k g  o f  s o i l ,  2 —  e x c h a n g e a b le  C a in  m .e . /100 g  s o i l ,  3 — s i l t  a n d  c la y  0.02 m m /in  p e r c e n t

Fig. 3. P rofile  distribution of Sr-90 in heavy soils
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from  two depths (one characterizing the layer alw ays from  a depth up to 
10 cm from  the surface).

Sam ples of 20X 20X 10 cm dim ensions were taken for the determ ina­
tion of Sr-90 pHKcb sorption capacity, exchangeable Ca, to tal exchange­
able alkalis and organic С w ere determ ined in the samples taken  by the 
generally  used methods.

Sr-90 was determ ined by the R e i s s i g  m ethod [8]. The activ ity  of 
the samples in pC was com puted by m eans of the strontium  standard  m ade 
at the C entral Laboratory of Radiological Protection. In view of the re la ti­
vely low activ ity  of the samples, the error of the radiom etric m easure­
m ents am ounted on an average to about 10 percent.

The Sr-90 content in the soils exam ined and the resu lts of the labora­
tory  determ inations w ere presented in Fig. 1—3 and in Tabs 1 and 2.

DISCU SSIO N  OF THE RESULTS

The displacem ent of Sr-90 in arable soils, observed during our prelim i­
nary  observations [7], confirm  the results obtained in our work. They con­
form  to our hypothesis th a t Sr-90 can be exchangeable just like calcium  
and can be found together w ith  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 contam inated and only in light 
soils Sr-90 occurs in the deeper layers (Fig. 1, profiles 2 and 4). This coin­
cides w ith  the resu lts of our previous investigations [7], w hich we cite for 
comparison in Fig. 1 (profile la  and 3a).

It is difficult to determ ine in light soils to w hat 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 w hich could possibily be discove­
red. On the other hand, in light soils (Fig. 1, profiles 2 and 4) w here the 
layer is m ore compact and therefore causes the  Sr-90 to be leached, its 
accum ulation enables a quan tita tive  determ ination 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 w hich 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 am ounts to 2 m.e. (100 gram s of soil w ith  Sr-90 66 pCi/kg soil. 
The exchangeable Ca content increases to 5.5 m.e./100 gram s w ith  a Sr-90 
content of 46 pCi/kg soil at a depth of 45— 55 cm w here a more compact 
form ation occurs. Almost the same picture of displacem ent of Sr-90 and 
exchangeable Ca is in profile la , w here respective values in the 0— 10 cm 
layer am ount to 9.6 m.e. of exchangeable Ca/100 gram s 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 displacem ent of Sr-90 in heavier 
soils (Fig. 3, profiles 8 and 10) form ed of dust sedim ents, loams and 
clays. The largest quantities of Sr-90 are in surface layers (1— 10 cm), 
in deeper layers the Sr-90 content dim inishes 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 rem ain 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 contam ination of the soils investigated are 
given as:

A — contam ination of the layer of 0— 10 cm,
В — the to ta l contam ination of the layers investigated in which Sr-90 

was determ ined,
С — total contam ination of the profile, taking into account the Sr-90 

content lying betw een the layers analysed.
The arithm etic m ean of contam ination of the neighbouring leyers was 

adopted as the  contam ination of in term ediate layers. Such a presentation 
of the resu lts of Sr-90 determ inations was adopted for the following 
reasons. The complete contam ination of the entire  volume of the soil 
in which Sr-90 is found is the  most complete characterization of the 
contam ination of soils. Owing to the character of the investigations, 
samples of 10 cm depth w ere taken  from  the genetic horizons for the 
analyses, in consequence of which the Sr-90 content in the rem aining 
depths can be judged only by estim ation w hich we had carried  out by 
m eans of linear interpolation. The value of the entire  contam ination, 
calculated in this m anner, is burdened w ith  a certain  error and th ere ­
fore, we also cite the resu lts obtained from  direct determ inations: con­
tam ination calculated from  these resu lts is lower than  the actual because 
it does not take into account probable Sr-90 contents in layers tha t had 
not been analysed.

The num bers obtained for the surface layer (0— 10 cm) illustrate  the 
influence of various na tu ra l factors on the behaviour of Sr-90 ions in 
the soil. T rue enough, this influence in arable soils is d isturbed  by the 
action of the anthropogenetic factors bu t irrespectible of these d istu r­
bances a certain  regu larity  is to be seen in the behaviour of Sr-90 in 
arable soils.

Table 1 contains the resu lts of the determ inations for arable complete 
soils, w hich are put into order according to ascending content of silt and 
clay in the 0— 10 cm layer. Contam ination by Sr-90 lies w ith in  13.8—
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T a b l e  1
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T a b l e  2
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31.1 mCi/sq. km  in this layer. This difference is p rim arily  connected 
w ith  the kind of soil — the more silt and clay, the g rea ter contam ination 
of the soil. Profiles 5 and 10 deviate from  these dependence. The form er, 
in spite of the large content of silt and clay, including colloidal clay, 
is rela tively  little  contam inated. The profile is, however, located on 
a slope. The éluviation process is the cause of th is low contam ination. 
This refers both to the contam ination in the  0— 10 cm layer and to 
to ta l contam ination. Confirm ation of our conclusions can be found in
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the level of contam ination in profile 6, w hich lies at the foot of the 
slope. The complete contam ination of profile 6 is considerably greater 
than  the contam ination found in the rem aining profiles. Profile 10 was 
found to be m ore contam ined 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 to ta l contam ination.

“M ursh” 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 featu red  by other physico-chem ical properties 
than  m ineral soils and therefore they  behave d ifferen tly  in reference 
to Sr-90. This is expressed by the relatively  low Sr-90 content in this 
soil.

Contam ination of soils (Tab. 2) in a general approach is also subject 
to the relationships presented above. These are light soils and con­
tam ination by Sr-90 of the 0— 10 cm layer is low in them  (9.9 and
11.7 mCi/sq. km). The ascertainm ent of a higher contam ination in profile 
3 (16.4 mCi/sq. km) does not find a simple explanation, none the less, 
a tten tion  is draw n to the fact th a t to ta l contam ination of this profile 
is low thus, in conform ity w ith  the properties of this soil.

H igh to ta l contam ination of profile 2 and 4 is the consequence th a t 
the leaching of Sr-90 is stopped on the deposits of more compact for­
m ations. As regards the low to tal contam ination of profile 3, it is also 
in conform ity w ith  our observations. This resu lts 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 contam ination in 
these soils in the arable layer both to ta l and complete is alm ost the same.

CONCLUSIONS

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

1. The surface layer (0— 10 cm) is most highly contam inated 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 contam ination of the surface layer depends prim arily  
on the kind of soil — the more silt and clay the greater contam ination.

3. Sr-90 accum ulates p rim arily  in the hum us horizon (0—20 cm) of 
heavy soils. Leaching of Sr-90 to deeper layers is sm all in these soils.
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This is the consequence of a high sorption capacity of these soils m ainly 
conditioned by the high content of silt and clay, including colloidal clay.

4. A distinct displacem ent of Sr-90 to lower horizons is to be observed 
in light incom plete soils on clay or on loam.

5. Sr-90 is leached into the depth of the profile of light soils, sim ilarly 
to exchangeable Ca and m ay be found together w ith calcium in deeper 
horizons.

6. W hen there is a more compact layer th a t is not very  deep in light 
soils, the Sr-90 leached is retained  and such an accum ulation arises th a t it 
enables its quan tita tive  determ ination.

7. The depth of the displacem ent of Sr-90 is difficult to grasp in light 
soils. The dispersem ent of Sr-90 in large soil masses m akes it impossible 
to obtain a quan tita tive  determ ination even of its trace quantities.

8. There was stated  no distinct influence of pH, saturation  of the 
sorption complex w ith  base cations or quantities of organic С upon the 
deeper displacem ent of Sr-90 into the soil profile.
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E . M A Ł Y S O W A , J . B O R S , L . S Z E R S Z E Ń

OBSERVATIONS SUR LA D ISPO SITIO N  DU Sr-90 D AN S LES SOLS CULTIVÉS
DE LA BASSE SILÉSIE

C h a ir  d e  C h im ie  A g r ic o le  d e  la  H a u te  É c o le  d ’A g r ic u l t u r e  d e  W r o c ła w

R é s u m é

On a m ené des observations sur le  déplacem ent du Sr-90 provenant des précip i­
tations radioactives dans 12 profils des différents sols arables de la B asse Silésie.

Il résulte de ces observations, que le déplacem ent du Sr-90 en profondeur du 
profil du sol a lieu  dans des sols légers, dans les sols légers entier la profondeur 
des déplacem ent du Sr-90 est d iffic ile  à constater, tandis que dans les sols légers 
nonentiers le  Sr-90 lavé est retenu dans une couche plus com pacte en quantité 
perm ettant son dosage. Ce procès se passe d’une façon sem blable comm e le  lavage  
du Ca interchangeable. Dans les sols com pactes le  Sr-90 s ’accum ule en prem ier lieu  
dans le n iveau de l ’humus. Le lavage du Sr-90 en direction des couches plus 
profondes dans ces sols est insignifiant.

E . M A Ł Y S O W A , J . B O R S , L . S Z E R S Z E Ń

UNTERSUCHUNGEN ÜBER DIE VERTEILUNG VON Sr-90 IM PROFIL  
DER KULTURBÖDEN NIEDERSCHLESIENS

L e h r s tu h l  fü r  A g r o c h e m ie  d e r  L a n d w ir t s c h a f t l i c h e n  H o c h s c h u le  in  W r o c la w

Z u s a m m e n f a s s u n g

Es w urden U ntersuchungen über die V erteilung des von den radioaktiven  
N iederschlägen herstam m enden Sr-90 in 12 Bodenprofilen verschiedener A ckerböden  
N iedersch lesiens durchgeführt.

Aus den U ntersuchungen geht hervor, dass das Eindringen von Sr-90 in die 
B odenprofiltiefe in le ichten  Böden stattfindet, in tiefgründigen  le ichten  Böden ist
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die E indringungstiefe von Sr-90 schw er feststellbar, in flach gïü n d igen  leichten  
Böden dagegen w ird das w ird das ausgew aschene Sr-90 in b indigeren Schichten  
in ihre B estim m ung erlaubenden M engen aufgehalten . D ieser Vorgang verläuft 
ähnlich w ie  das A usw aschen des austauschbaren Ca. In bindigen Böden sam m elt 
sich Sr-90 in erster L inie im H um ushorizont an. Das A usw aschen  von Sr-90 in  
tiefere B odenprofilschichten  ist in diesen Böden unw esentlich .

E . M A Ł Y S O W A , J . B O R S , L . S Z E R S Z E Ń

BA D A N IA  NAD PROFILOWYM ROZMIESZCZENIEM Sr-90 W GLEBACH  
UPRAW NYCH DOLNEGO ŚLĄSK A

K a te d r a  C h e m ii  R o ln e j  W S R , W r o c ła w  

S t r e s z c z e n i e

Przeprowadzono badania nad przem ieszczaniem  Sr-90 pochodzącego z opadów  
prom ieniotw órczych w  12 profilach różnych gleb ornych D olnego Śląska.

Z badań tych  w ynika, że przem ieszczanie Sr-90 w  głąb profilu  glebow ego za­
chodzi w  glebach lekkich; w  glebach lekkich  całkow itych  głębokość przem ieszczania  
Sr-90 jest trudna do stw ierdzenia, natom iast w  glebach lekk ich  n iecałkow itych  
w ym yw an y Sr-90 zostaje zatrzym yw any w  w arstw ie  zw ięźlejszej w  ilościach pozw a­
lających na jego oznaczenie. Proces ten przebiega podobnie jak w ym yw anie Ca 
w ym iennego. W glebach zw ięzłych  Sr-90 grom adzi się przede w szystk im  w  poziom ie  
próchnicznym . W ym yw anie Sr-90 do w arstw  głębszych jest w  tych glebach n ie ­
znaczne.

E . М А Л Ы С О В А , И . Б О Р С , А . Ш Е Р Ш Е Н Ь

ИССЛЕДОВАНИЯ ПО РАСПРЕДЕЛЕНИЮ  Sr-90 В ПРОФИЛЕ ПАХОТНЫ Х
ПОЧВ НИ Ж Н ЕЙ  СИЛЕЗИИ

К а ф е д р а  А г р о х и м и и , В ы с ш а я  С е л ь с к о х о з я й с т в е н н а я  Ш к о л а , В р о ц л а в

Р е з ю м е

И сследовали распределение Sr-90 и з радиоактивных осадков в 12 проф илях  
различны х пахотны х почв Н иж ней Силезии.

Из исследований вытекает, что перемещ ение Sr-90 в глубину почвенного 
проф иля имеет место в легких почвах; в однородны х легких почвах трудно 
установить глубину перемещ ения Sr-90 однако в легких неоднородны х почвах  
вымываемый Sr-90 задерж ивается  в более плотном слое в количестве достаточ­
ных для его определения. Этот процесс протекает аналогично как вымывание 
обменного Са. В более связны х почвах Sr-90 накопливается преимущ ественно  
в гумусовом горизонте. В таких почвах вымываемость Sr-90 в более глубокие 
горизонты невелика.


