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Abstract
Unusually high activity concentration of various artificial radionuclides (from nuclear
test fallout and the Chernobyl accident) and some natural radionuclides, have been
discovered in lakes with high amounts of humic substances. These lakes tend to have
low pH, at times down to pH 5. The lake, Svartsjon, in the southern part of Sweden is
one of these lakes.

The food chain and resulting concentration factors in Svartsjon were investigated and
compared to results for other "normal" lakes. Fish and water samples were collected
and analysed for l37Cs, 239+M0Pu, 241Am and 210Po during a 4-month visit to Lund.
This paper describes this work, which is a contribution to a major project to be
continued by the research group in Lund.

Introduction
A major source of artificial radionuclides to the environment in Sweden has been
fallout from nuclear weapons tests and the Chernobyl reactor accident. The tests
conducted between 1945-1980 released an estimated 13 PBq of 239/240pu into the
atmosphere with a further 4 PBq as fallout close to the test sites. This fallout has been
widely distributed, primarily in the northern hemisphere. 137Cs is another artificial
radionuclide that has been widely distributed. The first large fallout of 137Cs in
Sweden was from nuclear weapons tests carried out by the Soviet Union and the
U S A in the 1960's. This fallout was equal to approximately 30% of the Swedish
Chernobyl fallout after 1986. The 1960's fallout was more evenly distributed and
more continuous. The Chernobyl fallout has been of concern in a number of areas due
to the uneven spatial distribution over a rapid course. The total deposition after
Chernobyl was 4.25 PBq 137Cs (-5% of the total released from the reactor).

Svartsjon is a small lake, about 400 m wide and 650 m long with no streams running
in and one small stream running out. It is part of a wetland area, Toftasa myr located
at the southern edge of Lake Asnen (Figure 1). The largest part of the wetland is
forested with pine. The water is the colour of black tea, which is caused by the high
concentration of humic acids and colloids in the water. The pH of the lake is low, as
low as 5 at times of the year and is more acid than other lakes in the region. Lake
Asnen is commonly pH 6-7. The concentrations of several actinide's in freshwater
are elevated in the presence of humic substances (Roos, 1997). Preliminary
experiments showed that the levels of some anthropogenic radionuclides were
unusually high and it was investigated to see if these concentrations were being
transferred to the food chain.
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Method
Sampling
Fish were collected using gill nets, approximately 30m long and 1 5m deep with mesh
of 10-60mm. Nets were set outside the zone of aquatic vegetation for 6-24 hours.
Earner attempts (Feb '97) yielded few fish but later collections were more successful
(April/May '97) (Table 1).

snen

Figure 1 -Map of the study area around Svartsjdn

Water was collected using a small electric pump. The water was passed through 1 \xm
cotton filter cartridges to remove suspended matter from the water.

Plankton is collected most successfully during the winter months when the lake is
covered in ice. After the ice melts sediment is stirred up and inhibits plankton
collection as the plankton net quickly becomes blocked. No plankton was collected
during this period.
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Collection
Date

10-11/3/97

9/4/97

8-9/5/97

Fish Species

Pike (Esox lucius)
Perch (Perca fluviatilis)

Perch
Perch

Bream (Abramis brama)
Bream
Bream
Perch
Perch
Perch
Bream
Bream
Bream

Pike

Lengt
h(cm)

40
15
18
18
28
37
34
23
14
15
30
30
45
100

Mass
(K)

-
75
71

442
865
673
146
27
48
395
446
891

7470

Table 1 - Inventory of Fish

After collection all the samples were brought back to the laboratory in Lund for
analysis.

Laboratory Treatment
Fish
The liver and any roe present were dissected out. Skin and muscle tissues were also
collected. The samples were then dried in an oven at 60-80 degrees until a constant
weight was reached. The skin of the fish was stored frozen for further study.

Dried samples were crushed in a mortar and pestle until a uniform material was
achieved. These were then transferred to counting vessels for gamma analysis of
l37Cs. After gamma counting the samples were retained for further analysis.

For plutonium and americium analysis samples were digested in concentrated nitric
acid with 209Po, ^ A m and 242Pu yield tracers, followed by perchloric acid/nitric acidy y p
digestion. The residues were taken to dryness and to remove the nitrates concentrated
hydrochloric acid was added. Polonium was deposited onto nickel at 65° C for 2
hours in dilute HC1 and the discs were measured for 210Po by alpha spectrometry.

The solution was taken to dryness and plutonium and americium were separated using
standard radiochemical methods (Holm, 1984), electroplated and analysed by alpha
spectrometry.

Waters - Plutonium and Americium Analysis
Water samples (25 L) were acidified to pH * 1 with HC1, M2Pu and M3Am yield
tracers and MgCU were added. This was then left to stand for an hour. NaOH was
added to precipitate Mg(OH)i. The precipitate was collected by centrifugation and
dried. It was necessary to add in an additional step to be able to process the sample.
Silica and organic carbon was removed by repeated evaporations with HF/HNO3 and
ashing, The residue was taken up in dilute HC1 and FeCI3 was added. Ammonia was



used to precipitate Fe(0H)3 with Pu/Am. The precipitate was collected and ashed at
550° C and dissolved in 8M HNO3 for phrtonium/ americium separation.

Polonium Analysis
Water samples (25 L) were acidified to pH * 1 with HC1, """Po yield tracer was
added. This was left to stand for 1 hour. MnCh and KMnCU were added to
precipitate MnOj. The precipitate was collected and dissolved with 1% H2O3/ 1M
HCi. The solution was acidified, centrifuged then filtered to remove any undissolved
organics. Polonium was deposited onto nickel at 65° C for 2 hours in dilute HCI and
the discs were measured for 210Po by alpha spectrometry.

Results
Fish
Plutonium-2 39/240 and Americixm-241
Digestion was carried out on 385.2g dry weight, of muscle tissue from a large pike
and processed for plutonium. After alpha counting for 12 days counts were still near
background in the 239/24Opu region. The low level of plutonium, in a sample of this
size, indicates that the samples are too small to detect plutonium and americium.

Polonium-210
Elevated levels of polonium in the livers of the fish were detected (Table 2). The
level of polonium in bream is lower than in the perch and pike. Bream are lower in
the food chain and are not carnivorous feeders, unlike perch and pike, both of which
feed on smaller fish. 210Po in the aquatic organisms has been extensively studied.
Reported concentrations cover a wide range reflecting the large number of species
having different diets, belonging to different trophic levels or being taken from
different geographic locations (Folsom and Beasley 1973; Cherry and Shannon 1974;
Heyraud and Cherry 1979; Pentreath et al. 1980, Towler and Smith 1993).

Species

Bream
Perch
Pike

Activity - Muscle
(mBq/g d.w)

0 89
N.A.
3.33

Activity - Liver
(mBq/g d.w)

8.53
21.0
53.6

Average Length
(cm)
32
16
40

Table 2 - Levels of 210Po in the tissues offish

Cesium-137
Cesium is an alkaline metal whose chemical behaviour in organisms is somewhat
similar to that of its Group 1A homologue, potassium. Cesium is readily accumulated
by biota. Uptake in organisms is evenly distributed throughout the soft tissues. The
results from fish indicate uptake in the muscle tissue of activities in the range 20-400
Bq kg*1 dry weight. These fall below the guideline of 1500 Bq kg*1 wet weight for
commercial marketing offish recommended by the National Food Administration,
Sweden.



Water
Plutonium and Polonium
The results so far have shown phrtonium to be in the order of 0.1 - 0.3 mBq L*1. This
is elevated in comparison to other lakes in this region. The levels in Lake Asnen are
measurable, but 100-200 L of water are required for analysts.

The level of polonium was 12.0 mBq L*1.

Conclusions
The level of M9/M0Pu in the water of Svartsjon was found to be elevated. The work on
fish from the lake indicates that these elevated levels are not transferred into the food
chain and therefore there is a low concentration factor from water to fish. It appears
that the humic substances could be blocking plutonium from entering the food chain.
This work is ongoing and further investigations into the behaviour of radionuclides in
the lake and the food chain are under way.
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