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Introduction

The transport and behaviour of the long-lived 99Tc isotope in the marine environment has become a
matter of increased scientific and political interest over the past 10 years. In contrast to most
radionuclides discharged from Sellafield, 99Tc emissions increased approximately 20-fold in the
1990's as a result of the opening of the enhanced actinide removal process plant (EARP; BNFL
1978 - 1998). Technetium is discharged as the pertechnetate anion (TcO4 ) which, having a negative
charge, does not readily interact with particles and is therefore dispersed by tidal flow, away from
the point of discharge. The conservative nature of pertechnetate makes it an ideal marine tracer, and
has been used to map oceanographic transport from the Irish sea into Arctic waters.

By contrast to the high solubility of the pertechnetate anion, Tc(IV) is particle reactive, with a high
affinity for iron oxyhydroxides and sulfides, and humic substances (Lieser & Bauscher, 1988).
Chemical reduction occurs at Eh values below approximately +200rnV (Lieser, 1995), and so
reducing estuarine sediments are potential sinks for Tc. It has been demonstrated that significant
amounts of Tc are retained in the anoxic sediments of the river Techa and salt marsh sediments of
the Irish sea. (Aarkrog et al., 1997; Morris et al., 2000). However, it is also important to understand
the fate of Tc in anoxic waters, as reduction in the water column and adhesion to settling particles
may also be an important pathway for Tc immobilisation. In this study, the distribution of Tc in the
water column of a stratified fjord has been measured to investigate the behaviour and fate of Tc on
reaching reducing waters.

Sample Site

The sample site, Framvaren fjord, is an silled, stratified fjord of 180 m maximum depth, located at
the southernmost tip of Norway. It has limited water exchange with the North sea via a network of
fjords and a narrow, shallow channel (500 m long, 20 m wide, maximum depth 2.5 m) linking it
with its neighbour, Helvik Fjord. Framvaren has a uniquely stable oxic/anoxic interface at
approximately 18 m depth, with abundant microbial populations around this interface (Skei, 1988),
providing an unique opportunity to examine the behaviour of trace metals and, in particular, the
cycling and removal of trace metals.

The samples for this study were collected on two sampling expeditions. The first took place in
November 1999, in order to establish whether Tc was measurable in the fjord. On this occasion,
samples were also taken from Helvik fjord, and filtered (0.45 gm) and unfiltered samples were
collected. On the second occasion, a much more detailed profile was sampled and samples from 5
depths were ultrafiltered. A sediment core was also taken from the deepest part of the fjord.
Salinity, oxygen and temperature profiles were taken on both occasions using a CTD.
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Methods

The methods were adapted from Chen et al. (1994), and Tagami and Uchida (1999), using 99mTe as
the yield monitor. Briefly, the samples were acidified (pH < 1.5) with nitric acid, spiked and heated
to destroy any organic matter. After heating, the pH was raised to pH 10 with NaOH, and the
supernatant filtered through a paper filter. The supernatant was acidified to pH 6 and then pumped
through a BioRad AG1-X4 column, preconditioned with 14.4 M HNO3 (Chen et al., 1994). The
preconditioning stage is necessary to remove Ru from the resin, as it is the main interference when
measuring Tc by ICP-MS. The columns were then washed with 5 column volumes of 0.5 M HN03
and then the Tc eluted with 5 column volumes of 10 M HNO3.

The 10 M HNO3 elution was heated down to 0.25-0.5 ml, diluted with 25 ml deionised water (18.2
MQ) and applied to a 2 ml TEVA.SpecTM column. The column was washed with 2 M HN0 3 (40 ml)
to remove Ru and the Tc was eluted with 8 M HNO 3 (7 ml), as described in Tagami and Uchida
(1999). When the initial volume of the samples was 25 or 50 l, the TEVA.SpecTM column was
repeated. The yield was obtained by gamma counting in standard geometry. The 25 and 50 1
samples required double spiking, first for the preconcentration stage and then for the TEVA.Spec T M

columns. The samples were measured by ICP-MS.

Results

The total Tc concentration profile of the Framvaren water column is shown in Figure 1, including
the data from both sampling expeditions. There was very little change in the Tc concentrations at
depths of 4 and 21 m between the two expeditions, but there was a difference at 16 m. It is difficult
to establish whether this difference is relevant, however, given the limited number of depths
sampled on the first expedition.

The water in Helvik fjord at depths of 1 and 7 m was found to contain 0.74 ± 0.02 mBq r' 9Tc,
which is within error of the maximum concentrations found at 6-8 m in Framvaren. This suggests
that the main influx of water from Helvik fjord occurs at the depth of 6-8 m, and indeed, the salinity
data give additional evidence of this. Seaweed collected from Utsira showed concentrations in the
range 250 - 500 Bq kg-' dry weight in 1999 (Christensen et al., 2001), which corresponds to 2.5 - 5
mBq 1-' Tc in the seawater. The salinity of the seawater at Utsira is approximately 2.5 - 3 times
higher than the water in the top 8 m of Framvaren, and so the Tc data suggest that North Sea
seawater is transported into the fjord efficiently.

The distribution of Tc in the water column is shown in figure 2. Tc is taken up onto the particulate
matter from a depth of 19 m, and the highest proportion of the Tc in the particulate is at a depth of
21 m, which was also the depth we observed the highest concentration of particulate matter. The
fraction between 0.45 ,um and 10 kDa only held measurable Tc between 21 and 23 m depth.
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Figure 1. Vertical Profile of Total Tc in the Framvaren Water Column
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Figure 2. Distribution of Tc at Different Depths

The bulked sediment core analysed showed an overall Tc concentration of 3 Bq m-2. This is a very
rough estimate, given that it is based on one single core, but it shows that significant quantities of
Tc have been deposited in the sediments, approximately 6 times greater than global fallout levels
(540 ± 50 mBq m'; Holm, 1993)

Summary of Findings

* Technetium is being transported from Sellafield into the southern Norwegian fjords
* Slow mixing in the water column of Framvaren fjord results in vertical transport of the

dissolved Tc to the oxic/anoxic interface
* Tc is reduced just below the interface and at 21 m 60% is sorbed to particulate and colloidal

material
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* Tc is carried to the sediments sorbed to the particulate material, where there is a current
inventory of approximately 3 Bq m-2 .

Additional Work

Iron, manganese and DOC will be measured in our samples so that the data can be compared with
other studies in the fjord to give a greater insight into the processes taking place. Sediment core
profiles will also be analysed to assess the extent to which these sediments are a sink and the
efficiency of Tc removal from the water column
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