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Abstract

Technetium-99 is a radioactive isotope discharged under authorisation to the Irish Sea from the
British Nuclear Fuels pic Sellafield reprocessing plant in Cumbria via a marine pipeline. An increase
in 99Tc discharges from Sellafield in recent years has provided an ideal opportunity to undertake a
more detailed investigation of its environmental behaviour. Here, the temporal and spatial response
of Fucus sp. to the increased discharges has been investigated and its role as a bioindicator assessed.
Initial investigations in 1995, have confirmed the expectation that Fucus does act as an effective
bioindicator of 99Tc, with easily detectable 99Tc concentrations (1 - 15 kBq kg'1 wet weight) being
encountered, providing a time integrated signal of 99Tc discharges. Analysis of subsequent samples
collected during 1996, however, have shown significant short-term peaks in Fucus 99Tc
concentrations close to Sellafield (up to 90 kBq kg"1 wet weight) and this can be related to peaks in
99Tc seawater concentrations. This type of response suggests that Fucus has a means of rapidly
accumulating 99Tc, although the rate at which this accumulated component may be eliminated
remains unclear. This effect was only observed at sites close to Sellafield (within 15 km). Relatively
constant 99Tc concentrations in Fucus were found at more distant sites (50 - 150 km).

1. INTRODUCTION

Technetium-99 is a radioactive isotope (ti/2 213,000 years) which has been discharged under
authorisation to the Irish Sea from the British Nuclear Fuels pic Sellafield reprocessing plant in
increased quantities since 1994 due to the treatment of stored effluents. This radionuclide is released
in a highly soluble form, which disperses rapidly from the point of discharge. Certain marine
organisms found in and around the Irish Sea, including some commonly ingested by man, are known
to concentrate 99Tc to differing extents. Ingestion of seafood containing enhanced levels of 99Tc
therefore constitutes a pathway by which man can be indirectly exposed to the beta radiation emitted
by this isotope. Although the effects of exposure to beta radiation are well understood, relatively little
is known about the behaviour of 99Tc in the marine environment. The increase in "Tc discharges
from Sellafield in recent years has provided an ideal opportunity to undertake a more detailed
investigation of its environmental behaviour.

The affinity of brown seaweeds for technetium has identified this type of algae as excellent
bioindicators to trace the movement of technetium through the oceans. Fucus vesiculosus and
Ascophyllum nodosum have been used to trace technetium released from BNFL Sellafield as far as
the Baltic Sea, estimating a transit time of 4-6 years [1]. Here, the temporal and spatial response of
Fucus to the increased discharges has been investigated and its role as a bioindicator assessed.

2. COMPLETE SELLAFIELD 99Tc DISCHARGE PROFILE

The levels of 99Tc discharged from Sellafield to the Irish Sea have only been accurately
quantified since 1978. The lack of data prior to this date requires estimation of earlier discharge rates.
The only information available in the open literature regarding 99Tc discharges for 1952-1969 was
published as part of the CEC project MARINA in 1990 [2], where discharges for this period were
estimated at 8 TBq per annum. The discharge rate for 1970-77 was estimated from the study of 99Tc
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concentrations in seaweed in the Baltic Sea. A transit time of four years, originally derived for the
movement of radiocaesium from Sellafield to tl
discharges from 1952-1996 are shown in Fig 1.
movement of radiocaesium from Sellafield to the Danish Straits, was applied to "Tc. Sellafield 99Tc
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FIG. 1. Sellafield 99Tc discharge profile

3. SAMPLING AND ANALYSIS

The brown algae Fucus vesiculosus was one of the first species identified as an indicating
medium for 99Tc. Despite its infrequent use as a foodstuff for man, this species was chosen for study
since:
(1) much of the data available on 99Tc in the marine environment deal with this species;
(2) it is geographically widespread, being a dominant species of algae found in Europe and northeast

America;
(3) it often occurs as large fronds which are easy to sample.

Seaweed samples were collected from nine coastal sites from south-west Scotland, north-west
England and north Wales in June 1995, February 1996 and September 1996. Seawater samples were
also collected from the nine sites in September 1996. All seaweed and seawater samples were
analysed for 99Tc using ICP-MS with 95mTc as yield tracer [4].

Figure 2 shows the position of the nine sites relative to the Sellafield nuclear fuel reprocessing
plant. The sites indicated by filled circles were visited on all three sampling trips (Stairhaven,
Portling, St. Bees, Ravenglass, Fleetwood, and Colwyn Bay). The sites indicated by grey circles were
only visited on the initial sampling trip (Annan, Maryport, and Hoylake). On return to the laboratory,
one to two kilogrammes of fresh Fucus samples were cleaned and allowed to air dry before being
weighed to give the sample "dry weight". The dried Fucus samples were ground and homogenised to
a particle size of <1 mm, lOg of which was then taken for analysis.

Samples of surface seawater (1 - 2 m depth) were taken off the Cumbrian coastline at monthly
intervals between March 1995 and March 1997. The samples were taken approximately 2 km
offshore at Sellafield, St. Bees and Ravenglass (see Fig 2.). Seawater samples were filtered prior to
processing using a high volume filtration apparatus. Particulate matter with a particle size diameter
greater than 0.45 |j.m was removed by pumping the sample through cellulose nitrate filter papers.

4. RESULTS

4.1. "Tc in off shore seawater

99Tc concentrations measured in seawater off the Cumbrian coast between March, 1995
and March 1997 are illustrated in Fig 3. 99Tc seawater concentrations off Sellafield were
routinely higher than those at Ravenglass, which in turn were higher than those at St. Bees.
Seawater concentrations off Sellafield were found to vary over three orders of magnitude. A
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variation of two orders of magnitude was observed at Ravenglass, while concentrations at St.
Bees remained relatively constant.

^

F/G. 2. Shoreline sampling sites

This variation can be attributed to the nature of 99Tc discharges from Sellafield. The effluent is
treated in batches, each batch taking approximately five weeks to process, with discharges to sea
occurring approximately three times per week. The effluent is discharged over an eight hour period -
from four hours before high tide until four hours after high tide - to ensure maximum dispersion.
Since 99Tc is discharged in a highly soluble form, pulsed discharges inevitably lead to pulses in
seawater concentration. This effect is more pronounced closer to the discharge point and decreases
significantly with increasing distance from Sellafield. The 99Tc becomes increasingly dilute as it
spends more time in the water column.
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FIG. 3. Tc in seawater off Cumbria
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4.2. 99Tc in seaweed

The results acquired from the three sets of shoreline sampling are illustrated in Fig 4. This shows
a plot of 99Tc concentration against distance from Sellafield, with the y axis representing the point of
discharge. For ease of presentation, distance from Sellafield is taken as the shortest straight line
distance by sea to the respective sampling sites. It is recognised that this will not represent the true
distance travelled by a given discharge to the sampling site, as this movement will be directly
influenced by tides, currents and winds The spatial distribution of 99Tc concentrations in seaweed is
similar to that described earlier in seawater samples. The highest concentrations are found closest to
Sellafield and concentrations tend to decrease with increasing distance. Within this general trend,
however, the data shows some specific differences. Most significantly, there appears to be substantial
variation of 99Tc concentrations in Fucus close to Sellafield.

The samples collected in June 1995 show a fairly consistent decrease in 99Tc concentration with
increasing distance from Sellafield. Increased activities were found at all sites in March 1996. Larger
increases were found at sites to the north of Sellafield compared with the south, with the particularly
large increase observed at St. Bees from 15 kBq kg'1 to 67.5 kBq kg"1.

This peak at St. Bees was not observed in the sample taken from the same site in September
1996. The 99Tc concentration had fallen from 67.5 kBq kg"1 to 22.8 kBq kg"1, only slightly higher than
the concentration observed in June 1995. In September 1996, in place of the peak concentration at St.
Bees, a peak concentration was found at Ravenglass. Between March 1996 and September 1996, the
99Tc concentration at Ravenglass increased from 18.4 kBq kg"1 to 92 kBq kg"1. The north to south
trend observed for 99Tc concentrations in Fucus in September 1996 closely resembles the 99Tc
concentrations in seawater collected at the same time (Fig. 5). This demonstrates Fucus responding
quickly to prevailing conditions.

Setting aside the peak concentrations in Fucus close to Sellafield, it is evident that
concentrations measured in March 1996 and September 1996 are greater than those measured in June
1995 with the highest concentrations in general being found in the March 1996 sample suite.
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The steady increase of 99Tc concentrations in Fucus with the increased discharges from
Sellafield is also illustrated by a number of other datasets, some taken at more regular intervals. The
Ministry of Agriculture Fisheries and Food (MAFF) has reported Fucus concentrations at Sellafield
in their annual reports since 1977 and from some 14 sites around the UK since 1991 [5]. McCartney
& Rajendran [6] report steady increases in 99Tc Fucus sp. concentrations at Ravenglass and
Whitehaven between 1993-1995. Smith et al [7] describe both the spatial distribution of 99Tc in
Fucus vesiculosus around the coastline of Ireland and time-series data for Balbriggan on the western
coast of Ireland between 1988 and 1996. In a more detailed examination of MAFF data after the
commissioning of the Enhanced Actinide Removal Plant (EARP), Hunt et al. [8] observed a steady
increase in 99Tc concentration at St. Bees but a more variable increase at Sellafield throughout 1994-
1995.

5. DISCUSSION

Although the uptake of 99Tc is believed to be an active, metabolically controlled process [10,
11], rates of accumulation and elimination for Fucus sp. have not been reported. Laboratory studies
of the kinetics in other species of brown algae, including Sargassum vulgare and Cystoseira
compressa, have shown rapid accumulation of technetium [12, 13]. Concentration Factors of up to
1000 have been shown to be achieved in a matter of hours. Elimination appears to occur in two stages
in all Phaeophyta species studied, an initial rapid loss of 30-50% occurring in the first few days
followed by a more steady excretion stage with biological half lives varying between 20-200 days for
different species.

If the kinetics of uptake and elimination in Fucus sp. are similar to those observed in other
brown algae, this may account for the peaks in 99Tc concentration found in this work. Fucus may
respond rapidly to changes in 99Tc concentration in their immediate environment. A large proportion
of recently accumulated 99Tc may be eliminated over a few days and, if subjected to reduced 99Tc
concentrations quite quickly, the remainder may be eliminated over a longer time period. In this case,
the pattern of 99Tc accumulation by the seaweed is likely to show significant peaks followed by an
associated rapid reduction in concentration. If the time taken for Fucus to eliminate 99Tc is longer
than the periods between exposure to peak 99Tc concentrations, then there will also be an underlying
component of increasing concentration within this accumulation pattern.
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Hence, initial investigations in 1995, have confirmed the expectation that Fucus does act as an
effective bioindicator of 99Tc, with easily detectable 99Tc concentrations (1 - 15 kBq kg"1 wet weight)
being encountered, providing a time integrated signal of 99Tc discharges. Analysis of subsequent
samples collected during 1996, however, have shown significant short-term peaks in Fucus 99Tc
concentrations close to Sellafield (up to 90 kBq kg'1 wet weight) and this can be related to peaks in
99Tc seawater concentrations. This type of response suggests that Fucus has a means of rapidly
accumulating 99Tc, although the rate at which this accumulated component may be eliminated
remains unclear. This effect was only observed at sites close to Sellafield (within 15 km). Relatively
constant Fucus concentrations were found at more distant sites (50 - 150 km). The variation in 99Tc
seawater concentration at these distant sites is likely to be less extreme than at the Cumbrian coast
near Sellafield.
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