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Abstract

The fall-out 137Cs from the Chernobyl accident has been traced in sediments
from a few lakes in Finland in order to obtain a time marker in the uppermost
sediment layer. A beta multicounter system developed at Riso was used for
detection of the radionuclides. The detector system is based on GM counters
and has therefore no energy resolution. It is thus not possible to identify dif-
ferent nuclides with the counting system. The low background and good effi-
ciency of this detector make it possible to use small amount of sample and thus
good depth resolution can be obtained for the sediment profile. A clear advan-
tage is that practically no sample preparation is needed. Beside providing a
time marker for year 1986 in a sediment, the activity depth profile obtained
can provide information about sedimentation conditions and the removal of
the fall-out cesium from the lake water. The influence from natural radionu-
clides in the sediment material, however, puts a limit to the lowest detection
level, and makes detailed mobility studies difficult. For direct time marking
the beta counter is, however, an effective tool.

Introduction

From the Chernobyl accident on April 26, 1986 fall-out was observed over
large areas of the northern hemisphere. In Finland active investigations were
done in the period after the accident and the distribution of different nuclides
over Finland is well known (Arvela et al. 1990). Today about eleven years after
the accident, the radioactive elements still left in the nature are a few long-
lived nuclides. Amongst these Cs-137 is the one, which is easy to detect due to
its quite high-energetic gamma and beta ray emission. The activity left can
today be used as a good time marker in different sediments in areas where it
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can be detected. The idea is well known from the atomic bombtest period in the
1950s and 1960s. Compared to the fall-out from the bomb tests, the Chernobyl
fall-out is very sharply defined in time to a few days in the spring of 1986.

Methods

For detection of the Cs in the sediments we used a multicounter system devel-
oped at Riso National Laboratory in Denmark (Better-Jensen and Nielsen
1989). This counter system based on GM counters is widely used in many labo-
ratories for environmental studies. The counter system consists of five sepa-
rate GM detectors surrounded by an anticoincidence detector. The counters
have a low background (around 0.2 cpm) and reasonably high efficiency, and
the system is therefore well suited for low-activity measurements of environ-
mental samples.

A practical advantage is that almost no sample preparation is needed. Dried
samples are directly packed in plastic holders. The amount of sample used
range from 100 milligrams up to 1 gram. This small amount allows thin slices
to be cut out from a sediment core and thus good depth resolution can be ob-
tained. The normal counting time used was 1300 minutes giving a statistical
uncertainty of about 1 %. Because the counter can take five samples in parallel
an activity profile can be obtained in a few days.

Because the counter operates in the GM region no energy discrimination can
be set except a low level treshold. This means that not only beta particles from
Cs decay but also from different radionuclides as 40K and members in the
uranium and thorium decay series in the sediment are detected. In all cases
studied the activity from the Chernobyl fall-out can well be detected above the
natural activity level, but the activity from the bomb test period is more diffi-
cult to distinguish.

Because of the lack of energy resolution and the self absorption in the sample
no absolute activity value for the samples were attempted to be given. The
activity found in lake sediments from different regions of Finland reflect, how-
ever, the general fall-out pattern obtained by direct measurements after the
accident.
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Fig. 1. The beta count rate for the uppermost 45 sediment varves from lake
Pohjajarvi, Central Finland. The activity of 11 cpm is clearly detected in the
varve for the year of the accident. The instrumental background is 0.2 cpm.

Results and Discussion

In Fig. 1 the beta activity measured from a laminated lake sediment from a
small lake Pohjajarvi in Central Finland is plotted for each annual varve. The
mean varve thickness is about 3 mm and the 45 varves given cover a total
thickness of ca 15 cm (Saarinen 1996). The activity of 11 cpm is clearly de-
tected in the varve for the year of the accident. For the varves from number 45
up to this level the observed count slowly increases from about 1.5 to about 2.5
cpm. The varves number 40-30 compare to the bomb test period but the activ-
ity observed is fairly close to the natural activity level. The activity in the
varve for the year after the accident has already dropped to about 20 % of the
maximum. In this lake the cesium was thus quite effectively removed from the
water and fixed to the sediment. In other cases we have observed a much
slower removal of cesium to the sediment.

The profile from lake Pohjajarvi represents a very clear case. For other lakes
studied so far, we have cases where the activity peak is well defined but also
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cases where the activity maximum is very wide. The problem with sampling of
very loose surface sediment can also be observed in some cases.

In sediment profiles, where a well defined activity maximum can be observed,
this can be taken to represent the time of the accident as the influence of ce-
sium mobility in the sediment during the ten years past the accident should
not considerably influence the position of the maximum (Crusius and Ander-
son 1995, and papers presented in these proceedings).

Beside providing a time marker for year 1986 in a sediment, the activity depth
profile obtained can provide information about sedimentation conditions and
the removal of the fall-out cesium from the lake water. The influence from
natural radionuclides in the sediment material, however, puts a limit to the
lowest detection level, and makes detailed mobility studies difficult. For direct
time marking the beta counter is, however, an effective tool.
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