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Abstract 

This paper encioses resu!ts of fluid ests cni-nud ou on twa types of organic soi!s. Actiyities of caesium, 
originating from globa! fallout as weli as from the Chernoby! power plant breakdown, were measured for these 
Iwo soi!s. Radioactiye caesium is present to a depth of 40 and 70 era, in blaek soi! and in pent, respectiyely, 
akhough thc highest actiyity was found in the topmost layers. Caesium originating from me Chernoby! accident 
constitutes about 70% of me tota! actiyity in the 0-10 cm !ayers of me soi!s. The yertica! rnigration rates of 
caesium from both sources were also measured. in the case of peat soil the migration rate of tku Chernoby! 
caesium as weH as that from global fa!!out were found to be simi!ar and amounted to 0.2 cmlyear. In the case of 
b!ack soi! the differences were moru pronounced (0.34 and 0.14 crn/ycar, respectiye!y). 

Resuits of the physicochcmicai analysis of both tested soiis arc a!so inc!uded in this work. 

Keywords: caesium, radioactiyity, soi!, mignation, Chernoby! fai!out. 

Introduction 

Caesium introduced into soi! with a high content of or-
ganic matter behayes in a different way than in soi! nich with 
mineral components (sand, barn, etc.) [1]. An exact mecha-
nism wid factors that cause the retentiori of caesium wid 
resuit in its yertical migration haye not yet been ful!y under-
stood. Howeyer, knowledge of these processes is important 
for seyera! reasons. The amount of „37Cs and its chemica! 
form in which it occurs in soil, especia!ly in the layer con-
taining plant roots, and the change of its radioactiyity with 
tirne are essential for determining caesiurn concentration as-
sirnilated by plarns. Second!y, the yertica! migration rate is 
re!ated directly to the migration time of caesium from soil to 
gnoundwater. Third!y, the contribution of „37Cs to dw exter-
na! dose of radiation receiyed by humans and its change with 
tirne ai-e also strong!y related to the yertical migration rate. 

In a preyious work the authors discussed the behayiour of 
caesium in seyeral types of soils, namely: in si!ty brown soil, 
barny lessiye soil undenlined by suty and swady deposits, 
and in sandy podzo!ic soi! [2]. In the present paper tests 
were carnied ont on two organic soils: bw peat-muck soil 
wid mucky b!ack earth. 

Materials and Methods 

Soils 

The two soi! profiles were taken in April 1995, ten years 
after the Chernobyl nuclear power plant breakdown. Samp-
!ing spots of both profules were !ocalized in the Leczyns-
ko-W!odawskie lake district in the centra!-eastem part of 
Po!and. The bw peat-muck soi! was sampled from a wide-
spread bai-ren whi!e tku black earth samp!es were taken from 
a wet meadow oyengrown with a few bushes in the Summ 
laku yicinity. Both samp!ing stations were oyergrown with 
shont grass and tku sampling areas haye not been farmed for 
oyer 40 yeans. 

Sampling Procedune 

20 x 30 cm biocks were cut out from soi!. Tku samp!ing 
procedure iriyo!yed remoya! of consecutiye soi! !ayers, 5-10 
cm thick. The thickness of the soii honizons was chosen 
anbitrari!y wid did not correspond with the distnibution ofthe 
rnorphoiogical strata. Tku honizons were separated from one 
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another by using speciaiiy designed, 20 x 30 cm scoop, 
sharpened on one side. After samp!ing, the soi! horizons 
were kept in po!yethy!ene bags and then taken to our lab. Ali 
oyerground parts of piants were remoyed frorn the soil sur-
face just before sampling. Profile depth was limited by the 
groundwater leyel and amounted to 70 cm for the bw 
peat-muck soi! and up to 35 cm in b!ack mucky soi!. 

Soil Properties 

The soit profile samples were dried out at 95°C. Jn order 
to remoye any stones and p!ant parts rareby present in the 
sampies, the biack soi! samples were sieyed on a 1 mm 
opening screen according to a procedure recommended by 
lABA [3]. The bw peat-muck soil samples were first put-
yerized in a Fritsch pulyerizer and then screened on a 1 mm 
opening screen. Ptant roots were remoyed manuabby from the 
0-5 and 5-10 soib horizons before pubyerization. 

In order to determine the physicochemica! properties of 
the soiis the following tests were performed: pH was measu-
red using a N-510 Mera-Bbwro pR-meter with a ERH- 110 
combined e!ectrode, organic substance content was assessed 
with the roasting method [4], and organic carbon content 
was determined by Tiurin"s method inodifred by Simakow 
[4]. The anabytica! procedure recommends the determination 
of C0 instead of the percent content of organic matter, 
especia!ly for soils with organic matter content be!ow 20%. 
Exchangeab!e cations were ana!yzed in a buffered IN am-
monium acetate so!ution (pH=7 in case of the peat-muck 
soib, pH=8 for the mucky btack one) according to Scho!!en-
berg"s method [4], exchangeab!e hydrogen was assessed 
with Kappen"s method [4]. Analysis of granulometric com-
position was performed only on the btack soi! using Bouyou-
cos"s method modified by Casagrand and Proszynski E4]. 
This type of anatysis is not performed on peat soi!s. The 
experimenta! results are presented in Tabie 1. 

Tab!e 1. Chemical and physical properties of the examined soi! profi!es. 

Gamma-ray Measurements 

The soi! profile samp!es were weighed and then piaced in 
0.5 dm3 Marinel!i beakers. Measurements of caesium actiyi-
ty were carried out using a Silena gamma ray spectrometer 
with a 4096-channeb ampbitude anaiyzer coupled with a ger-
manium detector produced by Princetton GammaTech. De-
tector resobution was 1.7 keV for the 1.33 Mey peak and its 
efficiency was 15%. Quantitatiye analysis was made with 
the use of a SIMCAS yer. 4.11 computer program. The 
spectrometric measurements were conducted for 20 hours 
for each sampie. 

In order to e!iminate any density and thickness differen-
ces between particu!ar !ayers, actiyities of „37Cs and 34Cs 
were expressed in Bq/m2/cm. The radiocaesium actiyity ex-
pressed in such a way was ca!cubated from the folbowing 
formuba: 

AT = Am / s"! 

where AT - actiyity in [Bq/m2/cm], A - actiyity in [Bq/kg], 
m - total mass of a bayer [kg], s - cross-sectionab area 
- thickness of a layer [cm] [2]. The percent content of „37Cs 

originating from the Chernoby! accident was ca!cu!ated 
based on the actiyity of „34Cs. The sampbing stations are 
locabized in an area where no potentia! sourćes of caesium 
exist. Hence, caesium present in soi! comes either from 
nuciear test explosions or from the damaged reactor in 
Chernoby!. Because of the short half-!ife of 134Cs (2.06 
y [5]), it can be assumed that „34Cs in soi! comes from 
Chernoby! oniy. At the moment of a nuciear expbosion 
a 34Cs /137Cs ratio is 0.528 [6]. Taking into account the law 
of radioactiye decay, this ratio at the tirne of samp!ing, 9 
years after the accident, was 0.03 148. Using this ya!ue the 
actiyities of 37Cs biberated from Chemoby! were simpby 
ca!cubated as fol!ows: 

= Ac,.134 /0.03148 [7]. 

Profile Yie!ds of Size Fractions [%] Ezchangeable Cations [meq/!00 g of soi!i Base H OM 
l-0.! 0.! -0.02 <0.02 c 0,2 Ca4 Mg K Na I-Ib Sorption Deplh (KC!) C05 Satura-

[cm] mm mm mm mm Capacity hon 

bw peat-muck soib 

0-5 - - - - 4.6 - 88 87 2.9 0.8 0.5 85 176 58 
5-bo - - - - 5.4 - 88 128 0.7 0.5 0.3 33 163 79 

!0-b5 - - - - 5.7 - 77 167 0.6 0.5 0.2 25 194 87 
15-20 - - - - 5.7 - 83 140 0.5 0.3 0.2 24 165 85 
20-30 - - - - 5.7 - 87 176 0.4 0.4 0.2 24 201 88 
30-40 - - - - 5.6 - 99 102 0.3 0.3 0.2 27 130 79 
40-50 - - - - 5.4 - 97 128 0.6 02 0.2 3b 161 80 
50-60 - - - - 5.4 - 74 107 0.7 0.4 0.1 30 138 78 
60-70 - - - - 5.4 - 90 140 t.1 0.1 0.2 30 b72 82 

muchy blach earth 

0-5 - - - - 6.9 - 38 67 Li 0.5 03 8.4 78 89 
5-10 - - - - 7.0 - 27 6! 0.5 02 02 6.6 69 90 

10-15 - - - - 6.3 - 36 55 0.5 0.! 0.2 7.5 64 99 
15-20 63 33 4 2 6,4 7.3 - 32 0.3 0.04 0.1 4.8 38 98 
20-25 - - - - 6.7 - 43 18 0.3 0.04 0.1 4.1 22 81 
25-30 72 19 9 4 6.7 2.0 - 18 0.3 0.03 0,1 2.4 2b 88 
30-35 76 14 10 4 6,7 13 - b4 0.3 0.03 0.1 1.8 b6 88 
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Tobie 2. Actiyities of „37Cs and Cs in particular soi! layers. 

Profile 
Depth 

37Cs 
Total 

actiyity 

MCs 
Chernobyl 

fallout 

°Cs 
Chernobyi 

failout 

„37Cs 
Global 
fallout 

%137 

Chernobyi 
[cm] 

[Bq/m2cm] 
fatlout 

_______ 
_______ 

Mucky black earth 

0- 5 508.8 10.62 337.4 171.4 66 

5-10 160.1 2.69 85.42 74.68 53 

10-15 30.5 - - 30.5 - 

15-20 16.0 - - 16.0 - 

20-25 6.9 - - 6.9 - 

25-30 2.3 - - 2.3 - 

30-40 1.4 - - 1.4 - 

Low peat-muck soli 

0- 5 2050.2 50.5 1604.2 446.0 78 

5-10 1851 3.76 119.6 61.1 64 

10-15 111.1 - - 111.1 - 

15-20 156.6 - - 156.6 - 

20-30 49.5 - - 49.5 - 

30-40 10.2 - - 10.2 - 

40-50 8.7 - - 8.7 - 

50-60 5.1 - - 5.1 - 

60-70 4.6 - - 4.6 - 

Obtained resuits arc summarized in Tabie 2. 

yaiues of ayerage and maximum yerticai migration rates of 
caesium were caicuited as foiiows: 

yme,. = d1/t aud Vmax = dniaxjt 

where: d112 - thickness of the top soli iayer containing half of 
the totai actiyity of caesium from Chemobyl or global fal-
but in soli profile [cm], dmax - maximum radiocaesium 
detection range [cm], t - time of migration. 

The totai actiyity of caesium was caiculated by summing 
up the actiyity yalues of ali measured layers taking into 
account their thickness. 

Results and Discussion 

The performed tests took place 9 years after the Cher-
nobyi accident. After such a long time 95.16% of 134Cs had 
aiready decayed. Its bw actiyity aud siow yertical migration 
in the deeper soli layers ®elow 10 cm) make the deter-
mination of the exact percent contribution of the Chernobyl 
caesium almost impossible. Since caesium tends to cumuiate 
in t]ie upper soli layers (0-10 cm) the experimental error of 
the spectrornetric measurements is not iarge (about 5%). 
Tabie 2 aiso presents totab 137Cs actiyities in particolar iayers 
of the solI profiles, the percent contribution of the Chemobyi 
caesium aud the actiyities of 34Cs. The resuits indicate that 
preyaiiing actiyity of Cs comes (rom the topmost horlzon 
(O-10 cm). Ja the peat-muck soli this contribution is 85%, 
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while in the black mucky soli the 0-10 cm bayer contains 
92% of total caesium actiyity. 

yaiues of the yertical migration rate of caesium in the 
tested profiies are presented in Tabie 3. In case of the btack 
solI containing 60-70% of organie matter, Chernobyi cae-
sium migrates substantiatty faster than caesium originating 
Erom gtobat fatlout. The migration rates arc 0.34 cnty aud 
0.14 cm/y for the Chernobyi and the giobai fallout respec-
tiyeiy. One may suppose that such a large difference between 
the migration rates resuits Erom a high content of minerai 
substances. Similar trends were obseryed in eariier studies 
carried out on a typicai minerai solI, i.e. silty brown soli, in 
which Carg was about 1% [2]. Loamy minerais reyeai high 
sorption capacities of monoyalent ions, je. Cst Rbt, Kt Na 
(Cs> Rb"> K > Na) [8], that are bonded in a less or more 
reyersible manner depending on type aud composition of the 
minerals. Loamy minerais exhibit a stratifled structure aud 
ions can be bonded between the strata. The immobilization 
process of ions inside a mineral occurs as a resuit of siow 
diffusion and it is probably responsibie for the difference in 
the migration rates of the Chemobyi and the gbobal caesium 
[9, 10]. For the dozen or 80 years that haye passed since 
giobai faliout, „37Cs originating Erom test nuciear expiosions 
has probabty been bonded permanentiy, to some extent, in 
the interlayer spaces of the ioamy minerals. In Chemobyi 
caesium, most of this isotope is weakiy bonded and therefore 
stili able to moye freeiy through soi! horizons. 

We did not obserye this type of behayiour in the 
peat-muck soli in which the organie matter content is about 
90%. The ayerage yerticai migration rates of caesium ongi-
nating Erom Chemobyi and from globai faiiout arc 0.29 and 
0.2 cm/y, respectiyeiy. The retention of caesium in soii, (at 
yery bw content of minera] substances), has to be caused by 
other processes that do not lead to differences in the caesium 
migration rates oniginating from different sources. It can be 
inferred that caesium in peat soli occurs at present in simibar 
chemicai forms. Dialysis tests indicate that the interaction of 
caesium with humic acids does not resuit in the formation of 
permanent and stabie chemical associations [11]. The extrac-
tion of humic acids with an NaOH soiution from a soli 
containing iarge amounts of radiocaesium aiso confirms the 
lack of strong interactions. The extracted fraction of humic 
acids contained yery smaii quautities of radiocaesium. Our 
field expeniments indicate that a substantial amount of cae-
sium is present in the deeper iayers of the peat soli reaching 
the groundwater leye!. This nesuits Erom the weak interaction 
of caesium with organie matter. Such a phenomenon can be 
obseryed in peat soli where the maximum depth of the cea-
sium migration probab!y exceeds 70 cm. This trend was not 
found in soiis with a iow content of organie matter. In these 
types of soi!, caesium can migrate up to about 30 cm [2]. 
High content of exchangeabbe cations, especiaiby calcium, is 
possibiy one of the factors that accelerate the migration of 

Tabie 3. Verticai migration rates of radiocaesium in the examined 
organic solI profiles. 

[cmĄ"] 
Mucky bback 

earth 
Low peat-muck 

soti 

Giobal faibout Vrn 0.14 0,20 

Vmax 1.25 >2.18 

Chernobyi 
accident y,,,. 0.34 0,29 



caesium in the peat soil. This cnn be denny seen from Tabie 
1. The exchangeabie cations compete with caesium in sorp-
tion on soli materia!. The competition resuits in an inerease 
of the content of the easiiy migrating caesium in soi! so!u-
tion at the expense of the form strongiy adsorbed on soli 
materia!. 

Strong retention of caesium in the surface !ayer of the 
peat soi! can be expiained in terms of the effect of a smali 
amount of minerał matter frequentty present in this type of 
soi!. As a resuit, such soli always contains organo-minera! 
compounds. Flumates, by forming compiexes with soli mi-
nerais, change their properties and therefore are capable of, 
to some extent, affecting the retention of caesium in soli [1]. 
Some authors suggest that organie matter itseif is able to 
interact with caesium yery strongiy [12]. This conciusion, 
howeyer, was not confirmed by our experiments. 

In the case of a bw minera! matter content, it is yery 
likely that the recycling process of matter can affect the 
migration rates of caesium. The effect of the circuiation 
process should be pronounced in the upper soii horizons, 
nich with p!ants and organie remains, resulting in nn increase 
of cnesium actiyity in the 0-5 cm iayer of peat soii (rabie 2) 
[13]. One of the important processes thnt may affect the 
retention of caesium is the abihty of myceiiai celis, com-
moniy occurring in organie soiis, to assimiiate substantial 
quantities of this element [13, 14]. These processes may be 
of particular importance in tested pent soli. Jt was found in 
tbe physicochemicai aBaiysis that the sorface horizon of this 
soi! reyeaied the iowest pH yaiue (4.6). As pH decreases, 
more and more caesium exists as free Cs ions - a form that 
is easiiy assimiiated by plant roots and myeeliai ceiis [13]. 

Conclusions 

These resuits confirm the faet that substantial amounts of 
caesium ane present in the surface soli iayer regardiess of 
soii type. Aithough, generaliy, the mechanisms of caesium 
retention are different and depend on many faetors. Stronger 
retention takes place in minera! soiis with a bw content of 
organie matter. This confirms the eriticat role of minera! 
1actions. In the absence of the minerał fraetion, biołogical 
processes and the sorption of caesium by organie matter start 
to dominate as it is denny obseryed in organie soiis. 

J. et al. 
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