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Abstract. Experimental data on Sr and Cs transfer to plants of natural and semi-
natural meadows selected in the main CIS region contaminated due to the ChNPP
accident are discussed. The highest TF's in grass stand are obtained for peatlands,
and minimal ones - for dry meadows. l37Cs content in plants decreased after the
accident, on average, by a factor of 2-4. The dynamics of 137Cs uptake by plants
depends on meadow and soil properties. The first half life of 137Cs transfer to plants
change from 2,0 to 2,2 years and the second (slower) period half life change from 4,0
to 12 years for different meadow types. 90Sr TF's are higher than those obtained for
I37Cs. The correlation between soil parameters and TF's are shown. I37Cs TF's in
grass stand depend on meadow type and decrease in the following order: peatlands>
flood plain and wet (lowland) meadows> dry meadows.

1. Introduction

Meadow ecosystems are the main source of radionuclide transfer into animal products. After a
nuclear accident one of the critical pathway of radionuclide transfer in animal products is
consumption of grasses derived from contaminated pastures and natural meadows used for
hay production. Natural and semi-natural ecosystems are characterised by a high variability of
geobotanical composition and soil characteristics. As a result of the ChNPP accident meadows
of different types - dry, flooded, lowland and peaty - were contaminated. The radionuclide
uptake in meadow stand differs up to 2 order of magnitudes [1].

2. Dynamics of transfer factors of 137Cs in plants

The estimation of the dynamics of internal radiation doses during the post-accidental period
requires consideration on the decrease of radionuclide content in food products with time. This
decrease is attributable to the sorption processes of radionuclide in soil components that
decrease the biological availability for uptake by plant [2]. For comparative analysis of
radionuclide bioavailability in food chains it is very reasonable to use the half-life periods of
decrease of radionuclide levels in components of natural ecosystem, including meadows. For 9
regions of Russia, contaminated after Chernobyl accident, a data base of coefficients of 137Cs
accumulation in grass stand of meadows of different types was developed. Analysis of the data
show that 137Cs content decreased from 1987 till 1994 on average by a factor of 2-4. The
character of this decrease differs considerably for various meadow types (Fig.l). Two periods
characterised by different velocity of 137Cs decreasing in grass stand can be recognised:

Tec1 represents 137Cs half-life in the first period from 1987 to 1989 when the processes of
radionuclide sorption in soil are more intensively;

TK
2 represents l37Cs half-life in the second period since 1989 when the process of decreasing

137Cs content in grass stand decelerated.
The parameters given above were estimated by trend values using the method of non-linear

regression. The first half-life period for dry meadows on soils with light mechanical
composition was 2,2 years and the second one - 4,0 years. For dry meadow on soils with
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heavy mechanical and for wet (lowland) meadows on peaty soils the first period is shorter and
amounted 2,0 years. The second periods for these meadows are higher up 9 and 12 years,
respectively. The differences in the half-lives are connected with influence of soil properties
and various mechanisms of radionuclide fixation.

These data show that 5 years after the accident the amount of radiocaesium transfer annually
from soil to plant reach a value that after this period show little variation with time.
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Fig. 2 Dynamic of 137Cs TFs for different meadow types. 1 - dry meadows with sandy and loamy sand soils;
2 - dry meadows with heavy loam and clay soils; 3 - wet (lowland) meadows with peaty and peaty-gleyed soils

3. Accumulation 90Sr and 137Cs in grass stand of different type meadows

Experimental data on 90Sr and 137Cs transfer to plants of natural and semi-natural meadows
selected in the main CIS regions, including the 30-km zone, contaminated due to the ChNPP
accident are discussed. Accumulation of 90Sr and 137Cs in grass stand depends on meadow type
and decrease in the following order: peatlands> flood plain meadows and lowland (wet)
meadowsxlry meadows (Table 1). 90Sr transfer factors are higher than those obtained for
I37Cs from 2,1 to 5,2 times. 137Cs TFs for meadows of different types vary in a wide range -
from 0,2 to 58,2. 90Sr TFs vary from 5,4 to 45,1. Maximum TFs are characteristic for grass
stand of meadows on peats and minimum ones for dry meadows which cover is presented by
mineral soils of heavy mechanical composition. The relation between soil parameters and
transfer factors are shown. There is the interaction between mechanical composition of mineral
soils and 137Cs transfer factor (Fig. 2). 90Sr and I37Cs TFs decrease in the following order:
sandy and sandy-loam soils > light loam and middle loam soils > heavy loam soils.

4. Correlation between soils characteristics and 137Cs TF's in grass stand different type
meadows

The effect of soil parameters on the soil-to-plant transfer factors (m2 kg"1) of 137Cs was
assessed using a non-parametric method (relative comparison method). The parameters
considered are: soil pH; soil physical clay content (particle size<0.001mm); soil organic Carbon
content; Calcium content; cationic exchange capacity; K content in soil. The main results are:
pH, in the range considered (from 3.9 to 7.5), does not influence uptake from vegetation; soils
with low content of clay (peaty and sandy soils) have a relative transfer factor 5 times higher
than those with higher content of physical clay (more than 20%); the analysis discriminate
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mineral soils from organic soils giving a relative transfer factor two times higher for soil with
high organic Carbon content than for mineral soils.

Table 1. Transfer factors of 90Sr and 137Cs in grass stand of different meadow types, 1993-1994

Soil type Mechanical composition TF. Bq/kg plant
kBq/m2 soil

137Cs
average min max

90Sr
average min max

DRY MEADOW
Mineral Sandy, loamy sand

Light loam, middle loam
Heavy loam

4.9
3.0
0.5

0.4
0.2
0.3

10.1
14.4

0.7

25.6 5.4 45.1

FLOOD PLAIN MEADOW
Mineral

Organic

Sandy, loamy sand
Light loam, middle loam
Peaty

5.1
4.4
17.3

0.9
0.4

10.1
11.9

-

11.7 5.8 22.9

LOWLAND (WET) MEADOW
Mineral

Organic

Sandy, loamy sand
Light loam, middle loam
Peaty, peaty gleyed

7.2
6.4
8.7

2.6
1.7
3.4

11.1
11.0
23.6 18.7 9.8 42.0

PEATLAND
Organic | Peaty 32.7 14.3 58.2

Fig. 2 Median relative TF's values (with 10-90% interval) as a function of soil clay content

5. Accumulation 137Cs in different plant species

Content of 137Cs in feed which was received from natural meadows in depending mainly on
plant species composition of grass stand. Species composition of grass stand depends on
meadow type. Radiocaesium concentrations, measured in different species, show high
variability between individual plant species. It was shown that for different species (in the same
meadows) the transfer factors range from 6,5 to 115. Differences in 137Cs accumulation by the
same species of plants on different meadow types are from 1,7 (Trifolium pratensis) to 57,8
(Poa pratensis).
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Table 2.137Cs transfer factor for different plant species on different meadow type, (Bq/kg)/(kBq/m
PLANT

SPECIES

Agropyron repens (L.)
Beauv.
Agrostis gigantea Roth.
Achillea millifolium L.
Carex acula, caespitosa L.
Dactylis glomerata L.
Deshampsia caespitosa (L.)
Beauv.
Erigeron danadensis Ster.
Festuca pratensis Huds.
Hypericum perforatum L.
Poa pratensis L.
Potentilla anserina,
argentea, L.
Phleum pratense L.
Stellaria graminea L.
Taraxacum officinale Wigg.
Trifolium pratensis L.

% 1993-1994
MEADOW TYPE

Dry Lowland (wet) Flood
plain

Peatland

Soil type
Mineral

Sandy, loamy
sand, light loam,
middle loam

1.9

17.7
6.8
1.1
3.3

1.8
1.2
1.7
5.2
14.9

1.6
8.5
6.4
14.8

Heavy
loam

0.75

2.6

0.07

0.09
0.49

0.42

Mineral

10.0

34.4
2.8

1.4
1.1
0.3
3.5
6.1

8.7

Organic

42.4

22.0
34.8

6.1

4.9
8.3

7.8
7.1

Mineral

3.0
1.3

8.4

4.9

Organic

6.6
29.6
46.9

44.6

6. Conclusion

For meadow ecosystems a wide variety of soil conditions, species composition of stand is
characteristic what determines differences in contamination of fodder for animal breeding on
meadows of various types. The results obtained allow the conclusion that behaviour 90Sr and
137Cs depend on meadow type and soil properties. The analysis of received data shows, that the
type of meadow influence to speed of migration. The maximum significance TFs of 137Cs are
determined for grass stand of meadow on transient peat, in 5-8 times higher accumulation on
flood plain and wet meadows. The minimum accumulation 137Cs is marked on dry meadow
where soil cover is submitted heavy soils. 137Cs content decreased from 1987 till 1994 years on
average by a factor of 2-4 as a result of sorption its by soil. The first half life period was 2-2,2
years and the second one 4-12 years for the different type meadows.
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