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Introduction

This work is part of an investigation of the mobility of plutonium in freshwater systems containing
humic substances. A well-defined bog-stream system located in the catchment area of a subalpine
lake, Øvre Heirmdalsvatn, Norway, is being studied. The area has been thoroughly investigated with
respect to other radionuclides (i.e. '~7Cs and "Sr) in several studies after the Chernobyl accident
[1,2,3].

During the summer of 1999, six water samples were collected from the tributary streamn
Lektorbekken and the lake itself (Figure 1). However, the analyses showed that the plutonium
concentration was below the detection limit in all the samples. Therefore renewed sampling at the
same sites was carned out in August 2000.
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Figure I. Map of sampling locations.

1.37



Fieldwork

A new sampling syst.em was used to enable larger volumes to be sampled, and at the same time
reducing the need for transporting large volumes back to the laboratory. Five water samples were
collected from Lektorbekken and øvre Heimdalsvatn (Table 1,j

Table 1. List of samples collected from Øvre Heimdalsvatn and Lektorbekken, August 2000.
S a m l ~ .. .. . . __ ..... -- .. -. .... .. ........................ _ . .._ ................... __ _

Sample Sample site Volulme

ØH - out DØvre H:eimdalsvatn, outlet 195 litres

ØH - in Øvre Hei mdalsvatn, intet 178 litres

LeC Lektorbekken. site C 174 litres

LeB - bog ULktorbekken, siteB1, bog water 170 litres

LeB -streain Lektorbekken, site 13, stream water 1.60 litres

The water was lead through a filter (0.45 tim) and a flow meter into a large plastic container with
the use of a water putmp. The total volume of eaeh sample was between 160 and 200 litres. One
sample was collected of the bog water, which contained more humic substances than water from the
lake or from the stream. Bog water was therefore subjected to pre-filtration to prevent clogging of
the 0.45 gtm filter. The sampling set-up is shown in Figure 2.

A 2 42 Pu-spike, concentrated EtCI (to adjust acidity to pH 2), FeSO 4 and Na2S2 0s were then added to
the sample. The pH was controlled after a couple of hours and NaOH was added to adjust alkalinity
to pH 10. The solution was thoroughly mixed after each step. The sample was left oveinight. The
next day the water was decanted and the precipitate transferred to a 10 I bucket. After further
decanting, the total volume of the sample was reduced to one litre, which was a suitable sample size
for transportation.

Figure 2. Sampling set-up.
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Laboratory analyses and results

The samples were brought to IFE's laboratory. Concentrated HCI was added to the samples to
dissolve the precipitate. The samples were then analysed for 239240Pu using a controlled valence
procedure, and counted by alpha spectrometry [4].

Only two of the five analyses were completed at the time of writing. The results are shown in Table
2.

Table 2. Results of analyses.

Sample 239'240pu [Bq/l]

ØH - out n. c.

ØH - in 3.3 * 10 ± 0.7 . 10-'

LeC n.c.

LeB - bog n. c.

LeB - stream 1.4 * 10-6 + 0.6 * 10-6

n. c.: analysis not completed

Discussion

Analyses of water samples collected in Heimdalen in 1991 showed that the concentration of
239,24 Pu was in the range 5-8 *10-6 Bq/l [5]. Our results are in agreement with these concentrations.

In 1996, samples of stream and surface water were collected in Himdalen near Kjeller, close to the
then planned repository for low and intermediate radioactive waste in Norway. The purpose of the
work was to establish background values for the concentration of different radionuclides in the area
before operation of the repository. The results showed 239,240Pu concentrations in stream water in the
range 0.0002 - 0.0005 Bq/l [6], a factor 100 higher than found in Heimdalen. The concentration in
surface water was a little lower, 0.00009 - 0.0002 Bq/l. Both Himdalen and Heimdalen have
received Pu from fallout, mostly from the atmospheric nuclear weapon tests in the 1950s and 60s.

Water samples are collected annually as a part of the environmental surveillance program for the
nuclear activity of the Institute for Energy Technology at Kjeller. In 1999, the concentration of
219,240Pu in water from the Nitelva River close to the institute was between 0.000025 and 0.00033
Bq/l. These results are also higher than what was found in Heimdalen.

The Himdalen area is mainly a boggy area, consequently the water contains large amounts of humic
substances which, due to the presence of carboxyl, hydroxyl and phenolic groups, form strong
complexes with plutonium and thereby increase the mobility of plutonium. This might be one
explanation for the higher concentrations of plutonium in Himdalen compared to what has been
found in Heimdalen.

139



During eight months of the year, the Heimdalen area is covered with snow. Consequently, major
amounts of fallout plutonium have been deposited directly on snow. During the spring flood, this
plutonium has possibly been washed out with the melt water. In the lowlands, the ground will be
covered with snow for a period of 4-6 months, consequently the plutonium will have had more time
to adsorb to soil particles. The soil will therefore, to a higher degree than in the mountains, be a
continuing source of remobilised plutonium to the lakes and rivers.

Conclusion

The results so far are in agreement with previous analyses from the Heimdalen area. However, 100
times higher concentrations are found in the lowlands in the eastern part of Norway. The reason for
this is not understood, but may be caused by differences in the concentrations of humic substances
and/or the fact that the mountain areas are covered with snow for a longer period of time every year.
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