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Summary. Main regularities of the behaviour of ChNPP release radionuclides in com-
ponents of meadow ecosystems are considered. Developed mathematical model of radi-
onuclide migration in components of meadow ecosystems is discussed. Radioecological
classification of meadow ecosystems is proposed. Effectiveness of countermeasures
application in meadow ecosystems is estimated.

1. INTRODUCTION

Natural and semi-natural meadow ecosystems represent critical systems determining the
major contribution to the exposure dose of population after a radiation accident. One of the criti-
cal chains of radionuclide uptake by animal products is the consumption of fodder when the
animals are grazed on meadows.

As a result of the ChNNP accident the different meadows types such as dry, flood plain,
low land (wet) and peatland were contaminated. The soil cover of these meadows is presented by
a wide set of soils. These soils are characterised by significant variety which defines the differ-
ences in the intensity of radionuclide migration.

2. MATERIALS AND METHODS

In 1991-1994 the research was carried out on the territory of Russia, Ukraine and Belarus,
contaminated with radionuclides after the accident on ChNPP.

Samples of soil and meadow plants were taken in 40 sampling points inside 30-km
ChNPP zone and outside it: 12 sampling sites in Russia, 9 - in Belarus and 19 - in Ukraine. These
sites include the most typical types of meadows of radioactive contamination zone, and, respec-
tively, the most typical meadow soils - soddy-podzolic (of various mechanical composition) and
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peaty. Sampling of soil and plants and measurement of radionuclides content in the samples was
carried out by the standard techniques. Extracted radionucliudes species were identifier by the
techniques of Tesser at al (1) and F.Pavlotskaya (2).

3. DYNAMICS OF RADIONUCLIDE IN MEADOW ECOSYSTEMS

3.1. RADIONUCLIDES MOBILITY IN SOILS

Mobility of Chernobyl radionuclides in soils is predetermined by some groups of factors,
including: i) physical-chemical forms of fallout; ii) physical-chemical properties as well as
granulometric and mineralogical composition of soils; iii) water regime of soils etc. .The content
of some extractable forms of radionuclides in soils is used usually as a criteria of radionuclides
mobility in soils.

Results of sequential extraction procedures by Tessier et al method have shown the fol-
lowing distribution of radiocaesium between the extractable fraction (% from the total content) -
mineral soils: Fl (readily exchangeable): 0.5-17.3; F4 (persistently bound): 12.6-60.0; F5
(residual): 10.0-78.7; organic soils: Fl: 0.3-2.2; F2: 0.4-1.7; F3): 4.4-16.6; F4: 16.5-33.7; F5:
50.7-70.5. Thus, the dominant activity of radiocaesium is represented by persistently bound and
fixed fraction in soils. It general, one should note the significantly low level of radiocaesium ex-
changeable forms in organic soils in comparison with the mineral soils.

Results of sequential extraction procedures by F.Pavlotskaya method have been shown the
following distribution of radiocaesium between the extractable fraction (% from the total content)
- mineral soils: PI (soluble in distilled water): 0.07-2.8; P2 (exchangeable): 0.5-15.7; P3 (soluble
in IN HC1): 0.55-10.2; organic soils: PI: 0.05-3.5; P2: 0.22-8.5.

Dynamics of the content of radiocaesium exchangeable forms in soils depends on above-
mentioned factors (Fig.l). In general, content of Cs exchangeable forms in soils is decreasing
with time, different decrease rate is noted for conditions, characterised by different soils condi-
tions as well as various initial forms of fallout (ratio of fuel component of fallout to condensed
one). Significantly lower content of radiocaesium exchangeable forms as well as higher intensity
of its decrease is noted for groups of hydromorphous soils (Fig.l, groups of soils III and IV),
characterised by higher value of CEC and higher content of clay minerals. However, this phe-
nomena is not an absolute one and has some exceptions. Increase of the content of 137Cs ex-
changeable forms in soils of some meadows in 30-km since 1990-1991 and its further decrease
have been observed (Fig.l, soil VI). It should be noted also that less content of radiocaesium in
soils of ChNPP immediate zone is connected not with high content of fuel component in fallout
only, but with high sorption by solid phase of hydromorphous soils also.

The association processes between dissolved soil organic matter and radionuclides will
have effects on the behaviour of radionuclides in soils. For a better understanding of the radi-
onuclides mobility in soils and for reliable predictions, gel filtration of the soil solution could be
applied increasingly in the future. Data, obtained in the framework of the project, show that not
only Pu, Am and Sr, but radiocaesium also is associated to a considerable extent with dissolved
soil organic matter.

Migration ability of Chernobyl radionuclides in soil profiles is governed by mentioned
above groups of factors also (i.e. physical-chemical forms of fallout; soils properties etc.): most
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intensive vertical migration of Caesium radioisotopes is noted for hydromorphous organic soils,
the least intensive vertical transfer - for automorphous mineral soils, characterised by heavy
granulo-

Figurel DYNAMICS of the CONTENT of Caesium-137
EXCHANGEABLE FORMS in SOILS

(% of the total content)
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D1986 • 1987 • 1988 • 1989 H1990 • 1991 B1992 a 1993 • 1994 • 1995

SOILS GROUPS AND SOILS:
1 - automorphous mineral soils, R=2-15 km; II- automorphous mineral soils, R=15-50 km;

III - hydromorphous soils, R=2-15 km; IV - hydromorphous soils, R = 15-50 km;
V - peaty-swamped soils, R=15-50 km; VI - soddy-podsolic sandy soil, R=3-4 km;
VII - peaty-podsolic soil, R=3-4 km; VIII - soddy-podsolic sandy soil, R = 4-5 km

metric composition. In general,9 Sr is characterised by more intensive vertical migration in soils
in comparison with Caesium radioisotopes. The highest migration rate of Sr is noted for mineral
soils with ligth granulometric composition (weakly-humous sand and sandy soils). Migration
ability of Plutonium isitopes in soils profile is more closed to ability of Caesium radioisotopes. It
should be also noted that migartion rate of 90Sr and Plutonium isitopes in soils profile depends on
fraction of fuel component in fallout as well as on the destruction intensity of fuel particles in
soils. The quantitative characteristics of 137Cs vertical transfer in soils of different meadows types
are presented below ( Chapter 4. MODEL OF RADIONUCLIDE MIGRATION ...).

3.2. RADIONUCLIDES TRANSFER TO MEADOWS PLANTS

Investigation of 137Cs transfer from soils to the vegetation of natural meadows in 1988-
1994 demonstrated that the dynamics of TF change is specific and is determined by the type of
meadow, which takes into account the soil type and its water regime. The role of soil type as one
of the main factors which determines the mobility of l37Cs in soil-plant system is examined in the
previous chapter of the report. The role of meadow water regime is of similar importance, espe-
cially in the regions with dominating lowland meadows on organogenic soils.
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In the conditions of water regime, optimal for meadow plants, the values of TF have de-
creased by 20-25 times within 5 years. Nevertheless, considerable decrease of TF in the condi-
tions of deficient of redundant moisturising of meadow soils was not found in these years (Fig. 2)

Figure 2. DYNAMICS 137Cs TF from SOILS to MEADOWS
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• 1989
• 1990
• 1991
• 1992
• 1993
• 1994

MEADOWS TYPES
1 - Absolute dry meadow on soddy-podsolic sandy soil; 2 - medium-floodland meadow on
soddy-podsolic loamy-sand soil; 3 - dried meadow on peaty-gley soil; 4 - lowland meadow
on peaty-gley soil

4. MODEL OF RADIONUCLIDE MIGRATION IN COMPONENTS OF MEADOW
ECOSYSTEMS

Model of radionuclide migration in the components of meadow ecosystems has been de-
veloped by RIARAE. The schematic representation of the model is shown in Fig.3. The follow-
ing processes were considered in the model:
• 137Cs transfer in the forms of easily soluble aerosols and coarse dispersed particles and fuel
ones to sod and soil;
• destruction of fuel particles in soil and sod followed by the change of Cs state to the form
available for plant uptake;
• decomposition of sod and 7Cs leaching from it into root-inhabited soil layer;
• Cs redistribution between different soil fractions;
• plant uptake of Cs from soil and sod;
• 137Cs removal from root-inhabited soil layer.

The processes which determine radionuclide content in the components of meadow eco-
systems in the first period after the fallout (initial interception, weathering and others) were not
considered in the model because the objective was to predict l37Cs bioavailability for long-term
period after the deposition. Each land unit is represented in the model by 10 state variables,
which indicate the quantity of radionuclide (Bq/m2) in specific compartments.
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Values of 137Cs residence half-time (Te - ecological half-time, Teff - effective half-time) in
root-habitated soil layers of different meadow types are presented in Table 1. These data are
shown obviously the principal dif-ferences on the intensity of radionuclide vertical trans-fer in
meadows soils according to landscape-geo-chemicaql conditions.

Analysis of the results, obtained with use of described model, allows to make the follow-
ing conclusions:
• Half-lives of Cs in vegetation as well as its residence times in soils in exchangeable and

mobile forms are rather close for peatlands of various types;
Dynamics of Cs content decrease in the root layer of soil for peatlands of various types differs
both in the quantity and in the quality, so, for the some types ofpeatlands the first residence time

exceeds the second
whichFigure3 CONCEPTUAL SCHEME OF THE MODEL

OF RADIONUCLIDE MIGRATION IN THE COMPONENTS
OF MEADOW ECOSYSTEMS
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• The average half-lives
of 137Cs in plants dur-
ing the period for
which the calculations
were carried out (1-50
years after the fallout)
depend on the decrease
of both the total radio-
caesium in the root
layer of soil and con-
tent of exchangeable
and mobile forms of

Cs in soil.
Thus, the main

conclusion can be drawn,
based on the analysis of
results presented in this
chapter, that the change of
radionuclide bioavailabil-
ity in meadow ecosystems
is governed by numerous
factors. The role of these
factors and its contribution
to the decrease of Cs

content in meadow plants depend on the time lapsed after the deposition and is greatly variable.
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The results of the comparison of experimental data with the model predicted are shown
that the model based on the assumptions which were made above, fits the experimental data quite
well.

RADIOECOLOGICAL CLASSIFICATION OF MEADOW ECOSYSTEMS

The meadows of Polessye zone of Ukraine, Belarus and Russia, subjected to radioactive
contamination after the accident on Chernobyl NPP, are the secondary formations, as they are
formed on after-forest lands. The meadows occupy about 10% of the territory and are divided into
Table 1. Caesium-137 residence half-time in root-habitated soil layers of different

meadow types
Meadow type

Dry meadow
Dry meadow
Dry meadow
Wet meadow

Wet meadow, low peatland
Wet meadow, transient

peatland

Soil type

Soddy-podzolic loamy sand
Leached chernozem

Dark grey forest
Soddy-podzolic low gleyed, loamy sand

Peaty
Peaty

T
years
110
306
163
48
27
9,2

Teff, years

23,5
27,3
25,3
18,5
14,2
7,1

two types: mainland and floodland. The main part of the meadows is located in river floodlands.
Mainland meadows include waterless meadows, located on upland parts of the relief, and lowland
meadows. Existing waterless and lowland meadows were preserved only on small areas. They are
located on the plots, unfit both for agriculture and forestry.

Waterless meadows occupy up to 25% of the whole meadows area. They are character-
ised by unhomogenious water regime, lack of moister, as subsoil waters lie on considerable depth
(more than 3 m). Rain water and water from melted snow are fully use by the plants due to the
quick flow. The dominant soil types here are soddy-podzolic sandy and sandy-loamy; the defi-
ciency of organic matter is evident, which can be explained by the intensive leaching of soils by
atmospheric precipitation. If these lands are not constantly used for fanning, brushwood of trees
and shrubs are formed on them, and later - forest caenoses. Considerable areas of waterless
meadows are ploughed at present, but partially they are again used as grasslands. Therefore on
them sown meadows are formed regularly. Waterless meadows are subdivided into absolute wa-
terless and waterless of redundant (temporarily redundant) moisturising.

Absolute waterless meadows are located on upland plots of the relief (hills, hillocks, up-
per parts of slopes). Rainwater and waters from melted snow are not retained here, the soils are
poor, depleted in nutrition elements, and, as a rule, acid.. Vegetation is presented by sparse low
herbage , where the following species are dominant: Festuca ovina L, Nardus stricta L, Agrostis
sp. In summer the grass is often burned by the sun and after cutting and feeding to animals grows
very badly. The yield of dry mass is 200-400 kg/ha. On more fertile (e.g. carbonate ) soils the
yield is higher (400-700 kg/ha), hay is of better quality, as the dominant grass species are
Agrostis, Poa pratensis L., Anthoxanthum odoratum L. and Achillea millefolium L. As a rule,
absolute dry meadows are used as pastures. Radical improvement is recommended on them.
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Normal waterless meadows are located in watershed valleys and in the middle part of the
slopes. Soils are of medium moisture content, they better retain precipitation, content of organic
matter is not very high. Cereals grow on these meadows - Agrostis vulgaris With., Anthoxanthum
odoratum L, Nardus stricta L., on more fertile loamy soils dominant species are: Phleum prat-
ense L, Poa pratensis L, Dactylus glomerata L, Bromopsis inermis Leyss., as well as legumi-
nous, Trifolium pratense L, Lathyrus pratensis L., and grass mixtures - Centaurea jacea L, Po-
tentilla anserina L. The yield of hay on normal waterless meadows is 600-1500 kg/ha, they are
used as hayfields and pastures. The most important measures on their improvement are optimum
application of mineral fertilisers and overhead irrigation during summer grazing period.

Waterless meadow of redundant (temporary redundant) moisturising are located in the
valleys and slightly lowered parts of watersheds with seasonal stagnation of surface waters, es-
pecially in spring and autumn. The soils here are soddy-podzolic, swampy in some places. On
these meadows the dominant species are: Poa trivialis L, Poa pratensis L.Deschampsia caespi-
tosa L.,Agrostis alba L., Agrostis canina L., Carex, Potentilla anserina L. The yield of hay of
medium quality is 1000-2000 kg/ha. Such meadows, if not very intensively used for farming, are
overgrown with grasses of low value (Deschampsia caespitosa L. Holcus lanatus L.), radical
improvement is recommended for them.

Lowland meadows are very widely spread in Polessye. They are located on the terraces,
low valleys, flat depressions with stagnant waters, slight flowless depressions on watersheds.
They are characterised by the supply with atmospheric, flowing and ground moisturising, which
becomes excessive sometimes. These meadows are flooded in spring due to accumulation of
flowing waters and rise of subsoil waters. Soil cover is presented by soddy soils with various
podzol and gley content, meadow and silty-swampy soils, as well as peaty-gley and peaty soils.
The vegetation is presented by water-loving cereals , carex , Juncus, Eriophorum, grass mixtures.
Lowland meadows are fertile and after draining can be used for sowing new grasses or growing
various agricultural crops.

Floodland meadows are located in the valleys (floodlands), which are annually flooded
with waters from melted snow in spring and sometimes with rainwater in summer. After flooding
alluviums or silt, containing many nutritious elements, remain on the surface, which, together
with regular moisturising, create favourable conditions for the development of grass. The soils are
mainly of alluvial origin (silty-swampy, soddy-gley and peaty), their mechanical composition
depends on the particles brought with flooding. Soils with great amount of brought sand are less
fertile and get very dry in summer. Floodland meadows provide higher and more stable yields as
compared to mainland meadows, hay and pasture grass are of higher quality, as there are many
valuable cereals in the herbage {Alopecurus pratensis L, Festuca pratensis Huds., Phleum prat-
ense L, Poa pratensis L.) with admixture of Trifolium, and grass mixtures. However, not all
grasses can survive durable flooding, and in this case water-loving plants (carex with admixture
of Poa palustris, Phalaroides, Glyceria fluitanus L. etc.) appear instead of valuable cereals and
leguminous. By the duration of flooding or depending on the height of location above the river-
bed floodland meadows are subdivided into shortly flooded or dry (on high level), medium-
flooded or humid (on medium level) and long flooded or swampy (on low level).

Shortly flooded meadows are flooded during up to 15 days a year and not annually. They
are located in the floodlands of Polessye small rivers and upper elements of relief in the flood-
lands of big rivers (the Dnieper, the Pripyat, etc.). On these meadows soddy and podzolled soils
with sandy-loamy and sandy mechanical composition prevail.. They vary greatly in floral com-
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position and character. Main areas of shortly flooded meadows are hayfields and pastures of a
good quality. The yield on these meadows is 800-1500 kg/ha.

Medium flooded meadows are flooded during 15-25 days a year, they are located mainly
in the floodlands of big rivers. As a rule the soils are soddy sandy-loamy and loamy. These
meadows are very good hayfields and pastures. Valuable cereals and leguminous are dominant in
the herbage. On such meadows 2 cuts of grass is done, the yield is 2000-3000 kg/ha.

Long flooded meadows are flooded during not less than 25 days a year and are located in
the floodlands of big rivers. Most of them are used as hayfields and pastures of good quality, but
durable flooding causes the formation of hydrophilic carex groups with small amount of cereals
and grass mixtures (leguminous are rare). The yield is 1000-2000 kg/ha.

In this connection the accumulation of radionuclides in meadow grass differ up to 2 orders
of magnitude. The investigation of radioecological characteristics of natural meadows allows to
range the natural ecosystems. The main factors, determining the radioecological evaluation at
meadows are the following : soil properties (especially mechanical composition), moisture re-
gime and geobotanical composition. The problem of differentiation approach when determining
intervention levels for different types of meadow ecosystems is not solved.

The main aim of this classification consists in the separation of meadow ecosystems with
different rates of radiation safety, the radioecological meadow classification should be based on
the typical practice classification using in agriculture. Specific peculiarities of meadow eco-
systems should be taken into account for prognostication at radiation situation after the accident
as well.

Three radioecological parameters were used for the elaboration of radioecological
meadow classification (Table 2). Content of exchangeable forms of
Table 2. Radioecological classification of meadow ecosystem

137Cs and transfer factors are

Meadow type

Waterless

Floodland

Lowland

Soils groups

Sandy, loamy sand

Light loam, middle loam

Heavy loam, clay

Sandy, loamy sand

Light loam, middle loam

Peaty

Sandy, loamy sand

Light loam, middle loam

Peaty

Transient peat

Top peat

Content of "'Cs
exchangeable form
in soils, %

5-20

1-15

0,5-5

1-15

0,5 -10

0,3 -10

0,6 -10

0,3-8

1,3-10

. 5-12

8-20

Tc ,years

50-100

100

110-140

40-90

110

80

40-90

60

40-90

16-21

18

TFof I37Cs

1 -20

0,2-15

0,1 - 0,7

1-40

0,5 -15

17 -45

3-20

2-10

10-50

15-30

50 - 90*
* - to 200 for Ukraine
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important parameters for biological availability. Ecological half-life of 137Cs in root zone (0-10
cm) is an integral parameter of migration intensity. This parameter depends on model, used for
calculation, but regularities of 137Cs migration on meadow type do not change. These parameters
of l37Cs migration are given in previous chapters.We would like to underline, that preceding
classification cannot be consider as absolute one, since it is practically impossible to take into
account the numerous factors and conditions that influence the TF, change dynamic of which
could not be forecasting. Nevertheless our classification is enough universal for practical use
on the area of middle part of Europe.
6. APPLICATION OF COUNTERMEASURES IN MEADOW ECOSYSTEMS

Use of natural fodder on contaminated areas should be intensified by conduction of
agroameliorative measures. Measures providing decrease of radionuclides transfer in grass stand
of meadows include agrotechnical treatment of vegetative layer and tillage, selection of grass
species with minimum rates of radionuclide accumulation, application of fertilisers and agroame-
liorants. Preliminary deaqation and area levelling is carried out. Two methods of meadow regress-
ing - surface and radical are recognised. On flooded meadows as well as in the chernozem zone
where erosion processes are developed the surface resting is used which include damage of
vegetative layer, seedling growth of perennial grasses and application of fertilisers and agroame-
liorants. In meadow management two methods of radical resting are distinguished: the common
method with preliminary cultivation (1-3 years) of annual grasses and rapid one with seedling of
perennial grasses immediately after the cultivation of vegetative layer.

A large volume of research before and after the ChNPP accident showed that by grassing
of meadows on contaminated areas the use of methods of the type such as liming, application of
Table 3. Countermeasures effectiveness on the natural meadows

Countermeasure

Deaquation

Disking or rotary cultivation

Ploughing

Ploughing with turn-over upper

layer on depth 35-40 cm

Liming

Reduction factor, time
Mineral soils

(sandy, loamy sand)

-

1,2-1,5

1,8-2,5

8-12

1,3-1,8

Organic soils
(peaty)

2 - 4

1,8-3,5

2,0 - 3,2

10-16

1,5-2,0

Mineral fertilisers:

N

K60-K240

NPK (1:1,5:2)

Surface improvement

Radical improvement

-(1,1 -3,0) (Increased factor)

1,5-3,0

1,2-2,0

1,6-2,9

3,0 -12

-

1,5-3,0

1,5-2,0

1,8-14

4,0-16
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increased doses of phosphoric and potassium fertilisers and organic fertilisers, zeolites and clay
minerals is effective for the decrease of radionuclide transfer into grass stand.

Based on the common regularities of radionuclide migration in soil-plant system the ef-
fectiveness of ameliorants is to be defined by their effect on soil properties. According to this
fact, the maximum effectiveness from application of ameliorants on low-productive acid soils of
light mechanical composition is observed. Application of lime is the usual practice for the im-
provement of meadows on acid soils. Long-term investigations demonstrated that the decrease of
radionuclides transfer to plants becomes more resistant by limiting in the dose of 1.5-2 norms
calculated by hydrolytic acidity. Application of lime causes reduction in Cs transfer to grass
stand by a factor of 1.2-2.4, while the transfer coefficients of 137Cs into grass stand decrease un-
der the influence of increased doses of phosphoric and potassium fertilisers within the range from
1.1 to 2.0 times. Application of zeolites as ameliorants affects ambiguously 137Cs transfer to grass
stand - at times no effect is noted and the other times - redite acts as lime. As a rule, the most ef-
fective practice is combined application of ameliorant and fertilisers.

Considerable variability of countermeasures efficiency is determined by the variability of soil
characteristics, climate conditions and technological amelioration. The countermeasures effi-
ciency (Table 3) should be taken into account for the determining of intervention levels after the
accident.

The table illustrates the efficiency of countermeasures implemented on the contaminated
areas in Belarus, Russia and Ukraine.
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