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ABSTRACT

The uptake of Chernobyl fallout radiocaesium (137cs) frOm forest soils with low nutrients,
high organic matter content, and acidic pH were examined in pot experiments. Results of
sheep's fescue (Festuca ovina) two harvests after growing period of 13 weeks each, showed a
slight variation in the l ^ C s uptake. Transfer factor (TF) for ^Cs based upon soil-to-plant
relationships calculated, (Bqkg"1 plant DW/Bqkg"1 soil DW). The ranges were from 0.03 to
3.43 with a mean of 0.34 ± 0.31 for first cut and from 0.03 to 2.28 with a mean of 0.36 ± 0.33
for second cut. Variation in the uptake of ^Cs by sheep's fescue grass might be due to the
influence of soil pH and OM % in conjunction with soil moisture.
The effect of potassium (K+), stable caesium (Cs+), and ammonium (NH4+) that were added
as chlorides on l-^Cs uptake by sheep's fescue were also tested in pot experiment under the
same conditions of previous set-up. Results from three harvests after growing period of 13
weeks each, demonstrated that K+ reduced the uptake of l ^Cs . i n contrast the addition of
both stable Cs+ and NH4+ found to enhance l ^ C s uptake by sheep's fescue.
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INTRODUCTION

Subsequent to Chernobyl nuclear accident on 1986 a substantial amount of radionuclides as
fallout deposited over Sweden. The deposited radiocaesium that has been detected in the
vicinity of coniferous forest (study area) was more than 35 KBq m"2. The phenomenon
controlling uptake, transfer, absorption, distribution, and behaviour of fallout radionuclides and
fission products in coniferous forest ecosystem in relation with different soil parameters were
very complex and required a better understanding (Fressil, 1993; Desmet, 1991). Therefore,
two pot experiments, on the uptake of l-^Cs by sheep's fescue were conducted. In the first one
sheep's fescue used as a test plant for radiocaesium uptake from a contaminated air-dried
coniferous forest soil. In the second experiment the authors intend to test the influence of
Potassium (K+), stable Caesium (Cs+), and ammonium (NH4"1"), that were added as chlorides
on the uptake of l-^Cs by sheep's fescue. The aim of these experiments was to evaluate and
investigate with laboratory pot experiments the behaviour of radiocaesium in connection with
different forest soil parameters, and to test the influence of K+, stable Cs+, and NH4+ cations
on 137cs uptake by Sheep's fescue on the bases of soil-to-plant relationships.

MATERIAL AND METHODS

SOIL SAMPLING AND TREATMENTS

Soil samples (n = 121) were collected from many locations that were randomly selected within
the study area (20 km^) of a coniferous forest located at Harbo 35 km Northwest of Uppsala.
The soil samples were obtained by a spade, from the upper 5.0 cm of a thin humic soil layer,
that support the growth of dominant plants, and carpeting the coniferous forest floor. Samples
were taken in a form of a circular core, with a diameter of 25 cm approximately. Samples fresh
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weight ranged from 5.0 to 7.0 kg depending upon the compaction of the humic soil layer and
the amount of moisture content at the time of sampling. Soil samples were air-dried in the
laboratory, hand mixed after removal of large stones and large dead plant fragments and fresh
plant roots. The air-dried hand mixed soil samples weighed between 2.3 and 4.8 kg, and were
sieved through 2 mm mesh to produce a homogeneous well mixed soil samples. A small portion
of air-dried soil samples were transferred into polyethylene vials for soil ^ C s gamma activity
measurements. The rest of air-dried soil were used for determination of different soil
parameters, and ^^Cs uptake studies by sheep's fescue in pots.

SOIL PHYSICAL AND CHEMICAL PARAMETERS

Soil physical and chemical parameters including, soil pH, percentage of organic matter (OM%)
by weight loss on ignition at 600 °C, soil bulk density, soil cation exchange capacity (CEC)
for selected samples (n = 20) due to the cost of analysis, extractable cations of potassium (K+),
calcium (Ca2+), Magnesium (Mg2+), and phosphorous (P) as (P2O5) were determined in
accordance with standard methods, according to (Egn6r et al., 1960 ; Allen 1989; Murphy &
Riley, 1962). Soil distribution coefficient (Kd) was determined in accordance with a method
used by (Shenber and Eriksonn, 1993). More details related to soil parameters available in
(Fawaris and Johanson, 1994a).

POT EXPERIMENTS

Plastic pots (n = 121) were used to study ^ 7 Q S uptake by Sheep's fescue from the air-dried
hand mixed soil samples. Soil dry weight per pot ranged from 100 to 300 g depending upon the
OM % in the soil samples. Pots were sowed with 300 seeds of Sheep's fescue each, and were
placed in a climate room equipped with a controlled temperature (20 ± 1 °C), and an
automatic illumination system to produce a cool white light for 12 h daily during the entire
experimental periods. Irrigation of pots occurred at 48 h interval. The amount of deionized
water added at each occasion was 100 ml per pot, and always introduced in a form of a soft
spray from the top in order to avoid contamination.

The effects of K+, stable Cs+ and NH4+ cations on the uptake of ^C& by sheep's fescue
were tested independently in four sets of plastic pots containing soils from 15 different
locations within the area of studies (i.e. n = 4 xl5). The first set of pots were sowed with 300
seeds of sheep's fescue each and used as a control, thereafter these pots were irrigated with
deionized water only until the termination of the experiment (after 39 week). The second set of
pots (K+ treated) were sowed also with 300 seeds of sheep's fescue each and irrigated at the
beginning of the experiment (once during the entire experimental period) with 100 ml of KC1
deionized water solution with a concentration of 2310 ppm of K+. The third set of pots(Cs+

treated) were also sowed with 300 seeds of sheep's fescue each, and irrigated also once during
the entire experimental period at the beginning of the experiment with 100 ml of stable CsCl
deionized water solution with a concentration of 528 ppm of stable Cs+. The fourth set of pots
(NH4+ treated) were also sowed with 300 seeds of sheep's fescue each and irrigated once
during the entire experimental period with 100 ml of NH4CI deionized water solution with a
concentration of 2816 ppm +

Thereafter, all experimental pots were placed in a climate room under same condition of
elumination and temperature (20 ± 1 °C), and irrigated with deionized water at the same
irrigation intervals as before (i.e. 100 ml of deionized water once every 48 h). Three grass
harvests (excluding basal materials) at height of one cm above soil detachment were obtained
by cropping of sheep's fescue grass after being grown for 13 week each. The grass samples
were dried at 105°C for 48 h, then mounted in clean plastic containers for ^Cs gamma
activity measurement.
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RADIOMETRY AND DATA HANDLING

Radiocaesium gamma activity Bqkg"! DW from both soil and harvested grass samples
were obtained by high resolution gamma spectroscopy system consist of three hyper-
pure germanium detectors, well calibrated for ^ ' C s analysis (Mascansoni, 1987).
Counting errors were less than 5% standard diviation at 95% confidence interval. Soil
parameters data (n= 121) classified according to soil pH (H2O) values and the OM%
"with 5% as a class limit" to reduce high range of OM% variability. Results were
presented in figure 1 as means.

RESULTS

SOIL PARAMETERS

Soil parameters were presented in Table la, which elucidated that, the soils that were used
were acidic and characterized by presence of very low extractable and total K+, Ca2+ , Mg2+ ,
and P. The extractable cations as mg g"* air-dried soil ranged from 0.11 to 1.68 mg g~l with a
mean of 0.55 ± 0.27 mg g^for K+, from 0.22 to 4.46 mg g"1 with a mean of 1.57 ± 0.87 mg
g"1 for Ca2 + , from 0.10 to 0.98 mg g"1 with a mean of 0.45 ± 0.13 mg g^for Mg2 + , and from
0.04 to 0.49 mg g"1 with a mean of 0.17 ± 0.09 mg g" ifor P. These mean values of extractable
cations were approximately correspond to 68% of total K+, 66% of total Ca2+, 60% of total
Mg2 + , and 15% of total P. The pH of the tested soil samples in H2O and 0.1 M KC1 solutions
ranged from 3.8 to 6.1 with a mean value of 4.13 ± 0.38 and from 2.8 to 5.0 with a mean of
3.22 ± 0.3 respectively. Soil OM% ranged from 10 to 94% with a mean value of 68 ± 19%.
Soil distribution coefficient (Kd) Bq g"* solid phase / Bq ml'1 liquid phase ranged from 6 to
530 with a mean of 98 ± 124 (Table-la). Soil CEC (n = 20) ranged from 28.6 to 157.9
meq/100 g soil DW with a mean of 90.7 ±41.17 meq/100 g soil DW.

RADIOCAESIUM (137Cs) UPTAKE

Sheep's fescue seeds start sprouting after 5 days however, the sprouting in some pots took
longer (9 days). The uptake of l-^Cs by Sheep's fescue grass accompanied by a high
variation, ranging from 123 to 3849 Bqkg"1 grass DW in the two harvests. Sheep's fescue
transfer factor (TF) calculated when sheep's fescue grass ^^Cs activity concentrations divided
by soil 137£s activity where sheep's fescue grown (i.e. Bqkg"1 grass DW/ Bqkg"* soil DW).
A slight fluctuation in the obtained TFs values observed, the ranges were from 0.03 to 3.43
with a mean value of 0.34 ± 0.31 for sheep's fescue grass first cut, and from 0.03 to 2.28 with
a mean of 0.36 ± 0.33 for second cut. Sheep's fescue ^ 7 ^ s TFS in the two harvests seems to
follow same pattern (Table lb).

The most distinguished soil parameters that seems to contribute to l^Cs uptake by sheep's
fescue in conjunction with soil moisture were, soil OM%, and soil pH. Assuming that the
effect of OM% is at most as the soil physical and chemical parameters such as; soil pH, bulk
density, and distribution coefficient were inversely proportional to the increase of soil OM%
(Fig. 1). Soil CEC and soil OM%, however, showed a linear relation (Fawaris & Johanson,
1994b) even though the coniferous forest soil has low extractable and total cations (Table-la).

EFFECTS OF K+, STABLE Cs+, AND NH4
+ ON ]37Cs UPTAKE

Addition of a small amounts of K+, stable Cs+, and NH4+ once during the entire experimental
period (39 week) in the beginning of the experiment were found to affect the uptake of l-^Cs
by sheep's fescue when compared with control(Table-lc). These effects were summarised as
follows; the addition of 100 ml per pot of K+ solution containing 2310 ppm showed a
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Table la: Summary of coniferous forest soil parameters that were related to
pot experiments.

Parameter

Soil pH in (H2O)
SoU pH in (KC1)
Soil OM % (LOI)
SoilKcKBqg-VBqmr1)
Soil Bd (g cm"3)
Soil 137Cs activity (Bq kg^DW)
Ground deposition 137Cs (Bq m"2)
Extracted K+ (mg g"1)
Extracted Ca 2 + (mg g"1)
Extracted Mg 2 + (mg g"1)
Extracted P as (P2O5) (mg g"1)
CEC meq/lOOg soil DW

n

121
121
121
121
121
121
92

121
121
121
121
*20

Max

6.1
5.0
94

530
1.15

8204
44985

1.68
4.46
0.98
0.52
28.6

Min

3.8
2.8
10
6

0.28
544

6428
0.11
0.22
0.10
0.04

157.9

Mean

4.1
3.2
68
98

0.60
3607

26871
0.55
1.57
0.48
0.46
90.7

SD

0.40
0.20

19
119

0.20
1634
8525
0.27
0.86
0.15
0.14

41.17

(*) Twenty samples analysed for CEC due to cost of analysis, however; the selected
samples cover the range of variability in all soil sampled (10-94%) organic matter

Table lb: Sheep's fescue 1 3 7Cs transfer factors (Bq kg-*grass DW/Bq kg'1 soil DW)
and the grass height in cm in two harvests grown for 13 week each in plastic pots
containing contaminated soils from coniferous forest.

Parameter n Max Min Mean SD

Sheep's fescue TF (first cut) 121
Sheep's fescue (first cut) height in cm 121
Sheep's fescue TF (second cut) 121
Sheep's fescue (second cut) height in cm 121

3.43
32

2.28
32

0.03
6

0.03
10

0.34
14.42
0.36

20

0.31
12

0.33
7

Table lc: The effects of K+, stable Cs+, and NH4+ on radiocaesium (137Cs) sheep's
fescue soil TFs (Bq kg'l grass DW/Bq kg'l soil DW) in three harvests from 15
different soils grown in plastic pots containing contaminated forest soil.

Treatment
GRASS TFs & HARVESTS

n FIRST SECOND THIRD
Mean SD Mean SD Mean SD

Control, no treatments
Potassium treated soils
Stable caesium treated soils
Ammonium treated soils

15
15
15
15

0.24
0.04
0.43
0.30

0.11
0.06
0.10
0.09

0.36
0.01
0.39
0.32

0.18
0.03
0.16
0.11

0.14
0.004
0.19
0.07

0.12
0.01
0.14
0.02
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Figure 1
Relation between three soil parameters and percentage of
soil organic matter, soil pH and soil buik density on Yl axis,

and distribution coeffecient on Y2 axis
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significant decrease in the *37cs uptake when compared with control particularly in the second
and third harvests. The addition of 100 ml per pot of stable Cs+ solution containing 528 ppm
found to enhanced the uptake of l ^ C s by sheep's fescue when compared with control. The
effects of stable Cs+ found contrary to the effects of K+. The addition of 100 ml per pot of

solution containing 2816 ppm showing only a trend of enhancement to the uptake of
by sheep's fescue. This justified with a very little increase of ^ 7 ^ s uptake in the first

cut only when compared to the control(Table lc).

DISCUSSION

Variation in l ^ C s uptake and TF of Sheep's fescue might be related to ^ 7 ^ s availability to
the grass roots and not to the amount of *37cs within the soil in the pots, as grass roots were
the only source of *37cs uptake. The interaaion among soil parameters such as; soil pH, soil
OM%, and the exchangeable cations present seems to affect ^ C s uptake by sheep's fescue
grass. High OM% under regular irrigation with deionized water assumed to make l ^ C s to be
sorbed and liable bound and become less available to the grass roots. Shalhevet, (1973)
reported the uptake of "7C!S increased under stressed condition of soil moisture. Mattsson &
Iiden (1975) reported, high moisture content and high fraction of OM% reduces 1 3 7Cs
mobility in the soil. Nishita, et al., (1960) reported that, chemical and physical properties of
fallout particles determine their biological availability for root uptake, which were very much
dependant upon; the solubility of fallout debris, the chemical reaction of individual radionuclide
in soils, and the absorptive power of plant roots. Coughtrey & Thome (1983) in their reviews
reported, that soil plant relationship of radiocaesium is very complex, and it is almost
impossible to predict the uptake of radiocaesium by a specific plant or crop without referring to
soil OM%, clay content, exchangeable l-^Cs m$ K + SO]± pjj ( moi sture content, plant type
and the growth conditions.

There is a slight and gradual increase in the 137cs yp against the increase of OM%.
Comparison between the two harvests of sheep's fescue on the bases of their soil-to-plant
137cs transfer data predicted that, both harvests generally follow same pattern of ^
uptake, and accompanied with a slight variation (Fig. 2). It is very difficult to predict
uptake mechanism under soil parameters exerted particularly soil pH, OM%, and soil bulk
density which has a high range of variabilities. Therefore; same plant might show considerable
variations in *37cs uptake when grown in different soils with different soil parameters under
same conditions.
The distribution of radiocaesium in the pots soils, where sheep's fescue grown was
homogeneous, and as soil fungal mycelium were absent as the experimental period was not long
enough to allow the fungal spores to germinate and become active in l ^ C s uptake by grass.
These lead to the assumption that bulk density, soil pH, and OM% seems to play a partial role
in 137c;s uptake by sheep's fescue. Ritchie & McHenrry (1977) while studying factors
affecting 1*7Q$ uptake reported, the amount of rain fall and OM% were contribute
significantly to 1 ^ 7 Q S variability in soil besides both soil clay content and particle size. In this
regard the soil within the area of studies was of mor soil type characterised by acidic pH and
high fraction of organic matter compartments with very low or probably no content of clay
minerals. Horrill et. al. (1990) reported, the uptake of *37Cs by grass is dependant upon the
mobility of available radiocaesium in the soil and not to ^ 7 C s original concentration in that
soil, taking these into consideration, variation in ^7(^ s yp between soils does occurred even
though the plant is the same (Fig 2).
It must be understood that in the sheep's fescue pot experiments no fertilisers pretreatments
were occurred and the pots were irrigated with deionized water only assuming that the addition
of such fertilisers will give a different results of ^ 7 C s uptake by sheep's fescue from
contaminated soils of natural coniferous forest. Taking into consideration about 22% of total
soil 1 3 7 Q S inventory would be available for sheep's fescue uptake, and the absence of fungi in
the pots, the results obtained does not reflects the real situation in the forest ecosystem. In this
respect ^ 7 Q S XFs were higher in the field plants than ^ 7 ^ s i p s j n the two harvests of
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Figure 2 Relation between soil OM% and sheep's fescue Cs-137 TFs
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Figure 3:
Effects of K+, stable Cs+ , andNH4+ added as chlorides on sheep's fescue 137Cs TF
(Bqkg" 1 grass DW/ Bqkg" * soil DW) in three harvests.
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sheep's fescue which were grown in pots containing soils from field plant growing sites
(Fawaris & Johanson, 1994b).

The addition of K+ once in the beginning of the experiment reduced uptake of
sheep's fescue. A significant decrees in the uptake of ^ 7 C s (approximately up to 100%)
observed in the third harvest when compared with control (Fig. 3). This might be due to: (i) the
availability of K+ within the pots in higher quantity than the ^ ^ C s ions, (ii) it might be due to
the effect of K+ to caused a dilution of " ^ C s in soil solution in the pots, (iii) the sheep's
fescue roots selectivity of K+ when competing with ^ C s in the same system, and (iv) a better
development of sheep's fescue roots particularly in second and third harvests. Application of
K+ either as a fertiliser or in the form of solution reduced ^ C s uptake particularly in acidic
soils (Evans & Dekker, 1967; Fredriksson, et al., 1957; Ros6n, 1991; Zach, et al. 1989;
Sandalls, 1988; IUR, 1990; IAEA, 1989; Coughtrey et al., 1989). In agricultural land, high
level of K+ and organic matter in soil tend to reduce ^ 7 Q S mobility in soil and uptake by
plants ( Nishita et al. 1960; Sharitz et al. 1975) and that organic matter contributes to 1 3 7Cs
retention in soil (Ritchie & McHenry 1977). Wallace et al. (1983) while studding the influence
of K+ on radiocaesium uptake reported that K and ^^Cs are in no way similar in plant uptake
and transport and it seems that K will not enhance the transport of *3 'Cs.

The addition of stable Cs+ enhanced the uptake of *37Cs by sheep's fescue(Fig 3). This might
be attributed very much to displacement of radioactive caesium by stable one in its soil
exchange sites (complex) and released into soil solution where they became more readily
available for plant roots. Wallace, et al., (1982) reported a small applications of stable Cs to
soil can increased radiocaesium uptake by plants. The addition of stable isotope of radionuclide
to soils would dilute the amount of radionuclide available to plant by mass action effect and
thereby reduced its uptake (Nishita, et al. 1960; Klechkovisky & Gulyakin, 1957).

In the other hand addition of NH4+ found to enhance the 137Cs uptake when compared to
control. Klechkovisky & Gulyakin, (1957) reported that the addition of ammonium nitrate to
soil increased the accumulation of fission products such as ^*Sr and ^ C s . Schulz, (1965)
reported that in modern agricultural practices fertilisers always added in a form of potassium,
nitrogen and phosphorous, and that nitrogen in the form of NH4+ or NC>3', therefore: it would
be expected that both NH4+ or K+ will liberate a considerable amount of bound l3 7Cs into

soil solution were grass grown. Sanchez, et al., (1988) reported at low pH and in the presence
of organic compounds in soil solution, Cs+ and Sr^+ may form organic complexes which can
potentially affect their distribution coefficients and subsequently their uptake by plants.
The effects of Cs+ and NH4+were contrary to the effect of K+on ^ 7 C s uptake by sheep's
fescue, the sequence of enhancing radiocaesium uptake by added stable Cs+ and NH4+ ions
were Cs+ > NH4+. Additionally there were fundamental differences between forest soils and
agricultural soils particularly the differences among the soils physical and chemical properties
and their interaction with other ecosystem parameters, which make a common approach to the
problem of transfer of radioactive pollutants impracticable.
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