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Abstract

During the last two years the Urbino University and the Padua ICTIMA CNR were working on a special
radioecological program having the aim to study the Pu and Am retention behaviour in different species of
mosses growing in two Italian regions (Urbino, Central Italy, 450 m a.s.l. and Alps region, Northern Italy,
1500 m a.s.l.)- ^39,240pu 238pu ancj 2 4 1 ^ m w e r e sepa rated and determined by extraction chromatography,
electroplating and alpha spectrometry; ^ z P u and -^"Am were used as the yield tracers. The paper summarizes
the results dealing with the vertical profiles of the radionuclides in three different species of mosses. Several 1-
2 cm high sections were obtained and dated by z l u P b determination. Typical concentration peaks for Pu and Am
were found for very old moss species ("Sphagnum Compactum" and "Sphagnum Nemoreum") at a depth
corresponding to the early 1960's which is the period characterized by the maximum nuclear weapon tests. In
more recent moss species ("Neckeria Crispa") no peak was observed and the regression curves showed that Am
is more mobile than Pu.

1. INTRODUCTION

The use of bioindicators to assess the occurence of airborne pollutants is receiving an ever
increasing attention. In fact, they can provide basic information on the pollution levels of airborne
chemical species of present and past times. As is well known mosses present a particular interest as
bioaccumulators [1-3]. Furthermore some peculiar old mosses appear to be particularly suitable to
investigate atmospheric contamination and they may provide a record of the history of the
atmospheric fallout, especially when collected in appropriate sampling sites (open areas, absence of
trees and vascular plants).

The present paper deals with the concentration vertical profiles of plutonium and 241 Am
(daughter of 241p u) in three different species of Italian mosses .

2. EXPERIMENTAL

2.1. Sampling

Fig. 1 shows the two sites where the samples were collected: the first site was at 450 m a. s. 1.
in Central Italy where some "Neckeria Crispa" species mosses were collected; the second sampling
site was located in the Dolomitic Alps (North eastern Italy at 1500 m a.s.l.) were "Sphagnum
Compactum" and "Sphagnum Nemoreum" species were collected. To get the vertical distribution the
samples were cut into 1-2 cm sections and analyzed separately.

2.2. Radioanalytical methods

The analytical procedure used in this investigation can be described as follows. All the samples were
dried to constant weight at 105°C for 24 h and then ground into dust for homogenization. Known
activities (10-30 mBq) of ^42pu a n (j 243Am as the yield tracers were added to the sample which was
then dry-ashed in muffle at 450°C. Two leachings were carried out with 6 M HC1.
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Fig.l. Sampling sites:* Urbino, Central Italy, 450 m a.s.l., (Neckeria Crispa) ODolomitic Alps,
Northern Italy, 1500 m a.s.l. ("Sphagnum Compactum " and "Sphagnum Nemoreum ").
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239.240,Fig. 2. ">-"uPu (•), 238Pu (o) and24'Am (*) vertical distribution in
"Neckeria Crispa " mosses.
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Fig. 3. 239J40Pu and 241Am vertical distribution in "Sphagnum Compactum " mosses.
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Fig. 4. "Sphagnum Compactum " (o) and "Sphagnum Nemoreum " (+) sections datation by
the mPb method.
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Fig. 5. 239'240Pu and241 Am vertcal distribution in "Sphagnum Nemoreum" mosses.

Plutonium was adsorbed in HC1 medium by a Microthene (microporous polyethylene)-TNOA (tri-n-
octyl-amine) column, eluted by a 0.025 M H2C2O4/O.I5 M HNO3 solution, electroplated on a
stainless steel disk at pH 1.5 and determined by a spectrometry. The column effluent was kept for the
americium analysis. Americiuni was separated by a Microthene-HDEHP [di(2-ethylhexyl)phosphoric
acid] column, purified by a PMBP (l-phenyl-3-methyl-4-benzoyl-5-pyrazolone)-TOPO (tri-octyl-
phosphine oxide) extraction, electroplated from a 0.025 M H2C2O4/O.I M HNO3 solution at pH 1.5
and counted by a spectrometry. The detection limits for 2 g moss samples were 28 mBq/kg for 238pu

and 239,240pu an(j 34 mBq/kg for 2 4 1 Am. For more details see Ref. [4].

3. RESULTS

3.1. "Neckeria Crispa"

239,240pu^ 238pu an(j 24lAm vertical distribution in the "Neckeria Crispa" moss species
(Fig. 2) indicates that all the three radionuclides are present in the lower part of the plant and that
they are undetectable above a 16 cm height. As expected the regression curve slope for 238pu }s Very
close to that of 239,240pu- o n ^g contrary the 2 4 1 ^ m regression curve shows a lower slope
indicating that Am is more transferable than Pu in this kind of mosses.

3.2. "Sphagnum Compactum"

239,240pu an (j 24lAm vertical distribution [5] in this very peculiar and old terrestrial moss is
shown in Fig.3. An interesting peak at 5+6 cm from the top is observed for both radionuclides.
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A dating of the different sections was performed by using the Pb-210 measure [6]: this
method can be correctly applied as the lead concentration profiles showed a negligible mobility of
this element in Sphagnum mosses. The curve shown in Fig.4 was obtained and it was possible to
calculate that this peak corresponds to the period 1960-1965 which was characterized by the heavy
radioactive pollution due to the several nuclear weapon tests in the open air. This fact demonstrates
also that the mobility of Plutonium and of Americium-241 along the plant is negligible due to the
chemical features of these two transuranic elements. As a matter of fact it was not possible to find a
similar correlation with radionuclides (^Cs, 134^5^ 90$r? e t c ) of m o r e mobile elements for nuclear
accidents occurred long ago.

3.3. "Sphagnum Nemoreum"

The 239,240pu a n (j 241 Am vertical distribution obtained for the "Sphagnum Nemoreum"
species is shown in Fig.5. A concentration peak for both radionuclides was found at 15-16 cm from
the top. The relevant dating curve (Fig.4) shows that this peak corresponds to the same period
obtained for the "Sphagnum Compactum" moss (1960-1965). This trend means also that the growing
factor for the "Sphagnum Nemoreum" mosses is higher than for the "Sphagnum Compactum"
mosses.

4. CONCLUSIONS

The results show that mosses are very effective accumulators of Plutonium and Americium.
They may act as efficient filters in trapping airborne radioactive contaminants as well as natural
reservoirs from which these radionuclides are periodically released. Therefore mosses can be
recommended as very good biological accumulators of Pu and Am fallout caused by nuclear facilities
accidents and from nuclear weapon tests. When they are long-life plants, they can play an important
role in cycling naturally or artificially enhanced radionuclides in the atmosphere over long time
scales. Moreover, they are easily available in any region and at any season.

The results also show that 241 Am contents in these plants are high enough to be determined
by a sensitive radiochemical method. From the radiation protection point of view, 241 Am, which is
one of the most toxic transuranic nuclides, is as much important as 239,240pUj ancj therefore it should
be included in any future environmental monitoring program, due also to its concentration increase
with time as it takes place from its parent 241pu (jm = 14.4 y).

Moreover these studies are important to predict the level and distribution of the radionuclides
in the environment, to understand their biological and ecological behaviour in a given contamination
condition and to evaluate the relevant possible hazard to human beings.
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