
52 CH9700475

DISTRIBUTION PATTERNS OF RARE EARTH ELEMENTS IN
VARIOUS PLANT SPECIES

A. Wyttenbach, L. Tobler, V. Furrer (PSI)

The elements La, Ce, Nd, Sm, Eu, Gd, Tb, Yb and Lu have been determined in 6 different plant species by
neutron activation analysis. When the concentrations of each species were normalized to Norway spruce,
smooth curves were obtained which revealed systematic inter-species differences.

Previous work with spruce needles has shown that the
concentrations of the rare earth elements (REEs) are
extremely low (0.1 to 20 ng/g) and that they increase
linearly with the needle age [1]. Contrary to what might
be expected from the similarity of the chemical proper-
ties of the individual REE, concentrations in spruce do
not closely reflect concentrations in the soil [2], mean-
ing that there is a considerable fractionation between
the REEs in their uptake from the soil. In order to ver-
ify if this also holds for other plant species, we ex-
tended the investigation to other plants growing on the
same site and the same soil as the spruce trees.

Plants were collected within the experimental forest of
WSL at Chaneaz; the soil of this site has very uniform
REE concentrations throughout. Plant samples were
prepared as previously and the REEs determined by
neutron activation with a radiochemical group separa-
tion of the lanthanides [3].

Results indicate that the species all have different
REE concentrations, which is not surprising for nones-
sential trace elements. No species showed an accept-
able resemblance to the soil, but inter-species com-
parisons showed highly systematic trends. Compari-
son of species was made by normalizing their concen-
trations to those of spruce. Three different types of
distribution patterns were found (it should be noted
that all figures are drawn to the same sale):
1. Silver fir shows essentially the same distribution

as Norway spruce (Fig. 1). Both trees are gym-
nosperms.

2. Planetree maple, blackberry and ivy (angio-
sperms) all have similar distribution patterns
(Fig. 2), which, however, deviate considerably
from spruce. They are characterized by a large
discrimination (about a factor of 5) of the heavy
REEs with respect to the light REEs.

3. Wood fern (Fig. 3) shows still a larger fractiona-
tion (about a factor of 40).

These distribution curves indicate that the differences
between species are not constant for each REE, but
are a smooth function of its atomic number. It is
therefore probable that the reason for the observed
fractionations is some chemical property changing
smoothly with the atomic number, such as the com-
plexation constant of the REEs with carboxylic acids. It
is further evident that Ce usually does not lie exactly
on the smooth curve through the other REEs; this is
attributed to the fact that in the soil Ce, in contrast to
the other REEs, also can occur in the oxidation state

+4 with chemical properties different from Ce+\ and
that the ratio Ce+4/Ce+3 is different in the rhizosphere
of the various plant species.
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Fig. 1: REE concentrations of silver fir (Abies alba)
normalized to Norway spruce (Picea abies).
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Fig. 2: REE concentrations of planetree maple (Acer
pseudoplatanus, curve A), of blackberry (Ru-
bus fruticosus, curve B) and of ivy (Hedera
helix, curve C) normalized to Picea abies.

It is not known if the rules shown by Fig. 1 - 3 also
apply at other sites. We investigated one spruce and
one blackberry sample from different sites and found
agreement with the results from Chaneaz. Recently
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published analyses of ferns from Japan [4] showed
essentially a pattern similar to Fig. 3, although different
fern species were investigated which had concentra-
tions about 100 times higher than wood fern. It might
therefore be that Fig. 1 - 3 are not only locally valid.

REEs are often used as models for the uptake of tri-
valent actinides into plants and hence into the food
chain. The fractionations shown here make it clear
that this modelling is not without pitfalls.
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Fig. 3: REE concentrations of wood fern (Dryopteris
filix-mas) normalized to Picea abies.
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