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ABSTRACT

Soil-to-plant transfer factors for ('°Co, MNi and WA7; were obtained via pot
experiments with o Drslric Cambisol and a Calcic Chernozem, both from
Lower Austria. Investigated plants were greenrape ('Brassica napus olci-
fera L.j, bean (Phascolus vulgaris L.) and winter wheat (Triticum acsti-
vum L.).

The soil-to-plant transfer factors decreased from 0JNi to MICo and''4' Nh.
Mean values from all experiments ranged from 1-12 (MNi) to 0-0045
('MNh). The transfer values obtained for f'"Co and6JNi are comparable to
literature values, but 'MNb-transfer seems to be lower than previous esti-
mates. All radionuclides showed differences between plant species and plant
organs. Transfer values were also dependent on the soil type.

INTRODUCTION

Advances in fusion research in recent years and its possible utilization in
the future requires the investigation of potential environmental impacts
arising from this new technology. Deuterium-tritium fusion reactors
generate high energy neutrons (~14MeV), which induce radioactivity in
the blanket and first wall. No fission, but a large number of activation
products arc expected to be produced, most of which have short half-lives.
A few activation products however, arc long-lived and may give cause for
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concern with regard to the waste produced and its final storage. The more
important among these are W)Co, <0Ni and 'wNb (Smid et «/.. 1993) with
half-lives of 5-27 years. 100 years and 2-104 years, respectively. In case of
an unforeseen release from a repository, their migration in soil and their
possible uptake via plant roots would be of great significance to a possible
exposure of the population.

Both for soil migration and for soil-to-plant transfer data are scarce for
nickel and niobium, in particular the behaviour of radioactive niobium in
the soil-plant system has not been widely investigated. Both in the IUR-
databank (1UR. 1989) and in a recent data compilation by IAEA (IAEA.
1993) only a limited number of values for these radionuelides are to be
found. Transfer factors reported for Nb in the literature are based on
measurements of the stable element (Ng et ai. 1978) or on the assumption of
a behaviour similar to Zr (Coughtrey & Thome. 1983). The IUR databank
contains no data on Nb. Therefore, efforts were undertaken to improve
experimental data on soil-to-plant transfer of the respective radionuclidcs.

It is well understood that transfer factors obtained in pot experiments
have only limited applicability. First of all. the most careful experimental
design cannot perfectly imitate field conditions. Second, it is suggested
that pot experiments with artificially contaminated soils tend to deliver
unrealistic transfer values (Steffens et (iL, 1984). However, pot experiments
can give information on the magnitude of soil-to-plant transfer and the
influence of plant species and soil properties.

MATERIALS AND METHODS

A series of pot experiments were conducted with two soil types signifi-
cantly different in acidity: a Dystric Cambisol (Zwctll. Lower Austria) and
a Calcic Chernozem (Reisenberg, Lower Austria). Both soils are repre-
sentative of large agricultural areas in Austria and are not known to
behave differently with respect to mobility of elements. Table 1 shows
physical and chemical soil properties, which were determined according to
standard methods (Blum et al.. 1989). The experiments were conducted in
an air-conditioned greenhouse with pots (diameter: 27 cm, height: 27 cm)
containing 10 kg of soil, each one with four replications. Temperature and
day length were maintained comparable to usual field conditions of the
pannonian climate in Scibersdorf, Austria. Winter wheat was kept
outdoors during December, January and February to allow vernalization.
Table 2 gives some information on details of the experiments.

The soils were contaminated by dissolved salts of the radioniiclides, 500 g
of each soil was saturated with a solution of 60Co(NO.02- of 63NiCl2, or of
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TABLE 1
Physical and Chemical Soil Properties

Parameter

Sand (%)
Silt (%)
Clay (%)
pi 1 (CaCI-.)

(H2O)
Humus (%)
CaCOj (%)
CEC(mcq/100g)
K2O(mg/100g)
P2O5(mg/100g)

Dystric Camblsol

61-3
27-5
11 -2
5-8
64
2-0
M
5-8

154
6-8

Calcic Chernozem

60-9
244
14-7
7-5
8-2
1-9

28-0
14-9
31 -2
81-5

y4NbCl5, respectively. The solutions were obtained by irradiation of an
inactive solution at a neutron flux of approximately 6-IOl3ncm~' s"1. The
radioactive solutions, therefore, were not carrier-free, but had specific activ-
ities or 1-9-107 Bq litre"1 for 60Co and 7-4-108 Bq litre"1 for 63Ni. The Nb-
solution had been irradiated more than 10 years ago to let shorter-lived trace
radionuclides decay. Its specific activity amounted to 14-107 Bq litre"1.

The contaminated soil portions were slowly dried (50°C), ground and
added to the original soils by means of a concrete mixer. This resulted in
mean radionuclidc concentrations of 337 kBq 63Ni kg"1, 5-2 kBq, 60Co
kg"1 and 1-7 kBq <J4Nbkg"'. A comparable method of soil contamination
was used in a previous experiment (Gerzabek, 1992). It was demonstrated
that standard deviations between activity concentrations of replicates were
approximately 5%. To minimize the error, the radionuclidc concentration

TABLE 2
Crops, Varieties, Sowing and Harvest Dates

Crop Variety Radiomiclide Sowing Harvest

Grccnrapc Pctranova 6llCo, MNi 26 Oct. 1990 26 Mar. 1991
(Brassica napus <MNb 19 Dec. 1991 19 May 1992
oleifera L.)

Bean Maxi w l Co, H N i 21 May 1991 29 Aug. 1991
U'luiseoltis y4Nb 26 May 1992 5 Aug. 1992
vulgaris L.)

Winter wheat Pcrlo 6(lCo 14 Nov. 1991 29 June 1992
(Tritkum
ucsimun L.)
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in the soil of single pots was separately measured. Before starting the pot
experiments, soils were treated with a complex NPK fertilizer (10% N,
12% P2O5, 18% K2O) at a dose of 0-5gkg"'. No additional fertilizers
were used during the experiments. The soil's humidity was maintained at
60% of the maximum water capacity throughout the experiments by
weighing the pots at intervals of two days.

To determine to ft3Ni contents, the dried samples were ashed at 550°C
and the ash dissolved in concentrated hydrochloric acid. The solution
obtained was measured by liquid scintillation counting on a Packard Tri
Carb 300. The detection limit for the applied method was 1 Bqg"'. By
employing comparatively high 63Ni concentrations in soil the resulting
(l3Ni concentrations in plants were between 3 and 21 kBq kg"1. Therefore,
with liquid scintillation counting measurements the concentrations of
natural radionuclides in the plants, in particular 4()K, could be neglected.
4(1K concentrations in investigated plants arc 0-4-0-8 kBq kg"1 and with a
window setting to max. 156kcV less than 10% of betas from 4()K aic
permitted to be counted. No chemical separation before measurement was
required. 6(1Co and y4Nb concentrations in dried and ground samples were
measured by gamma-spectromctry on a Gc(Li) detector of 35% relative
efficiency. Plant samples were measured for 20 000 s (6l)Co) and 50000 s
(y4Nb). The derived detection limits were 0-0003 Bqg"1 for W)Co and
0-0002 Bqg~' for y4Nb, respectively. The soil samples were measured for
2 000s whereby a detection limit of 0-0005 Bqg"1 was obtained.

Soil-to-plant transfer factors were calculated as the ratio of the activity
concentration in plant dry matter and soil dry matter. Transfer factors on
a plant fresh weight basis can be obtained by dividing the values presented
by the following factors: greenrape: 6-5; bean and shoots: 11-0, pods: 12-0;
winter wheat and straw and grains: 1-14. Statistical analysis was conduc-
ted by means of SAS/STAT software (SAS, 1990).

RESULTS AND DISCUSSION

Table 3 shows the results of the pot experiments. 63Ni exhibited the high-
est transfer coefficients among these three radionuclides. Transfer into
bean pods reached values above 1. The transfer factors varied distinctly
between crops and soils. Ni uptake into bean pods was significantly higher
than into greenrape. However, Fahaccac generally show distinctly higher
nickel contents than other plants (Bergmann, 1993; Horak, 1985). This
may be due to the fact that the urcase of Phaseolus vulgaris pods contains
nickel as active element (Bergmann, 1993). Bean pods exhibited 3-8 and 6
times higher transfer values than shoots both on Calcic Chernozem and
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TABLE 3
Soil-to-Plant Transfer Factors (dm/dm) for fl0Co, MNi and 'J4Nb Obtained in Pot

Experiments

209

Nuclicle

6"Co

wNi

'MNb

Crop

Rape
Bean shoot
Bean pod
Wheat straw
Wheat grain

Rape
Bean shoot
Bean pod

Rape
« Bean shoot

Bean pod

Dystric Cambisol

0 - 0 4 7 ± 0 0 1 8 C

0019 rt 0011 DE
0-067 ±0-0 12 B

0-0062 ± 0-0058 EF
0-0025 ± 0-0023 F

0-29 ± 0-03 C
0-56 ± 0-19 C
3-63 ± 0-48 A

00025 ±0-0021 C
0-013 ±0-004 A

0-0017 ± 0-0005 C

Calcic Chernozem

0-074 ± 0-009 B
0-027 ±0-011 D
0-093 ±0-012 A

0-0062 ±0-0011 EF
0-0062 ±0-0031 EF

0-082 ± 0-012 C
0-43 ± 0-10 C
I-77 ± 0-54 B

0-0014 ± 0-0008 C
0-0069 ± 00033 B

<00012± 0-0001 C

Mean values followed by the same letter are not significantly different (/' < 0-05, Duncan's
multiple range test).

Dystric Cambisol. The 63Ni transfer values into bean shoots are compar-
able to those given by Frissel and Bergeijk (1989) for clover (Table 4).
Nickel uptake into bean pods responded clearly to soil properties. ft3Ni
transfer from the Dystric Cambisol into bean pods was enhanced by a
factor of two compared to the Calcic Chernozem, which may be explained
by the higher pH of the latter soil (Adriano, 1986).

°°Co showed distinctly lower transfer factors than 63Ni (Table 3). Co-
uptake was less affected by soil properties than by crop type. The trans-
fer factor values increased in the order winter wheat <bean
shoots < greenrapc < bean pods. Co-concentrations in bean pods excee-
ded that in shoots by a factor of 3-5. This may be due to the assumption

TABLE 4
Literature Values of Soil-to-Plant Transfer Factors (TF) for Co. Ni and Nb

Element

Co

Ni

Nb

Crop

Bean pod
Spring wheat grain

Clover fodder

Not specified
Not specified

TF

0-03
0-0037

0-52

(0-0094)"
O-O25'1

Reference

Frisscl and Bergeijk (1989)
Steffens er«/. (1984)

Frisscl and Bergeijk (1989)

Ngcv«/. (1978)
Coughtrey and Thornc (1983)

"Based on wet plant matter.
''Estimate.
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that cobalt plays a role in assimilation of molecular nitrogen in legumes
(Bergmann, 1993).

The slight differences between soil types were only significant for rape
and bean pods. However, Co seems to be less soluble in soils with pH-
values above 6-0 (Bergmann, 1993). The actual acidity of the Dystric
Cambisol lies above that value (Table 1). From earlier investigations on
137Cs availability it is evident that the clay fraction of the Calcic Cherno-
zem contains more than 30% CaCOj and thus has a reduced fixation
capacity (Gerzabek et al., 1992). The results presented are in reasonable
agreement with the literature (Table 4). The transfer factors into winter
wheat grain correspond with the median value derived from pot experi-
ments (12 soils) for spring wheat (Steffens et eil., 1984). The observed
values for bean pods are two to three times higher than the 'best estimate'
given by Frisscl and Bergcijk (1989) calculated from the IUR (Interna-
tional Union of Radioccologists) databank. However, the values arc not
directly comparable, because the IUR databank does not differentiate
between bean species.

Lower soil-to-plant transfer factors were observed for 94Nb. Bean shoots
exhibited the highest values, while that for bean pods was the lowest.
Niobium behaved in a similar manner to nickel in relation to the soil
properties. However, a significant influence was only observed for bean
shoots. The transfer factor was 1 '9 times lower on Calcic Chernozem than
on Dystric Cambisol, which may be attributed to a higher chclating ability
of organic matter in the first soil due to the higher pH value. Stability of
metal-humus complexes generally increases with increasing pH (Scheffcr &
Schachtschabel, 1989). Detailed information on the behaviour of niobium
in the soil is not available. However, the high valency of the element implies
that humus plays a major role in Nb fixation. Literature values on niobium
uptake by plants arc scarce (Table 4). The transfer factors observed arc
distinctly lower than the estimate given by Coughtrey and Thornc (1983)
based on comparison with chemically similar elements. The transfer value
proposed by Ng et al. (1978) is based on wet plant matter and therefore is
not directly comparable. Assuming a wet/dry weight ratio of 10 results in a
TF of 0'094, which is distinctly higher than observed.

Part of this deviation but not all may be due to differences between field
conditions (Ng et al., 1978) and greenhouse experiments like the present
study. Plant contamination under field conditions is not only influenced
by soil-to-plant transfer. Soil adhesion due to resuspjnsion and soil splash
may play an important part in plant contamination (Garland et al., 1990;
Gerzabek et al., 1992; Horak et al., 1990), especially if soil-to-plant
transfer factors are low. A recent experiment on mass loading on plant
surfaces in Seibersdorf, Austria showed 9 mg soil/g plant dry matter for
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broad bean shoots {Vicia faba L.) in the field (Li et al., 1994). This esti-
mate was obtained by 46Sc neutron activation.

The application of this value to the 'MNb soil-to-plant transfer factors
into bean shoots of the pot experiment leads to distinctly higher TF esti-
mates of 0-022 (169%) and 0-0159 (230%) for the Cambisol and the
Chernozem, respectively. They arc still clearly lower than proposed by Ng
et al. (1978), but much closer to the estimate of Coughlrcy and Thome
(1983). Considering the same mass loading value for wNi transfer factors
into bean shoots results in an only minor increase of 1-6% (Cambisol) and
2-1 % (Chernozem).
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