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INTRODUCTION
The Geological Surveys of Finland (GTK) and Norway (NGU) and the Central Kola Expedi-
tion (CKE) are carrying out a major collaborative regional geochemical mapping project in a
188,000 km2 area north of the Arctic Circle in these three countries (Fig. 1). The aims are (1)
to establish regional geochemical maps of the distribution of heavy metals and radionuclides
within the study area, (2) to build up a soil sample bank for use in future studies and (3) to
assess the environmental impact of the heavy metal industry and nuclear activity in this
ecologically vulnerable area.

During the summer of 1995, a variety of media, including moss, reindeer lichen, organic top-
soil (humus of maximum 3 cm thickness) and topsoil 0-5 cm were collected. These sample
media were selected as they are good indicators of the atmospheric deposition of elements in
the survey area. Complete podzol profiles were also sampled at all locations. The lower part
of soil pits (C-horizon) reflect the geological background and the B- and C-horizons will be
analysed for the same 30 elements as the moss and organic topsoil samples. A total of ~700
localities were sampled, giving a mean density of 1 sample per 300 km2. Due to heavy grazing
by reindeer in the Norwegian and Finnish parts of the study area and adverse climatic condi-
tions, reindeer lichen samples could not be taken at all the visited localities.
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Figure 1. Location of the
sludy area for regional geo-
•chemical mapping (frame)
and of the eight catchments
discussed herein (No 1 - 8).
Ki: Kirkenes , N: Nikel
Z: Zapoljarniy, Mu: Mur-

joo mansk, M: Monchegorsk,
K: Kirovsk.

Figure 1. Study area
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RESULTS AND DISCUSSION

Pilot project 1992
As a preparation for this mapping project, a pilot study was carried out in the area of the
nickel mining, roasting and smelting activity near Nikel and Zapoljarniy, close to the
Norwegian and Finnish borders (Fig. 1). A variety of sample media were collected including
snow, stream water, terrestrial moss, A0-horizon-soil, C-horizon-soils, stream sediment and
overbank sediment. The samples were collected from 15 sampling stations within each of the
three countries.

The 134Cs and Cs content of the uppermost 5 cm of the topsoil was determined during this
pilot project. The results showed a high local variability. Representative sampling of topsoils
in the regional project thus require rather large composite samples. The maximum observed
level for I37Cs was 2.6 kBq/m and there were no indications of pollution by contemporary
sources.

Catchment studies 1994
A detailed study of eight small catchments situated at different distances from major industrial
centres within the project area was carried out as part of the main project during 1994 (Fig. 1).
The objective of this study was to better understand the processes occurring within catchment
areas and to identify inter-relationships between different media. A total of four catchments
were studied in Russia, three in Finland and one in Norway. During 1994, the chemical com-
position of the following media was studied: precipitation (snow and rainwater), vegetation
(terrestrial moss, ground lichen and crowberry), soil (humus, «topsoil 0-5 cm» and horizons in
podzol profiles), stream water, organic stream sediment, Quaternary deposits, bedrock and in
some catchments, groundwater.
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Figure 2. Boxplot diagram showing the variation of 134Cs and l37Cs in Bq/kg (HPGe-determination)
and As, Cr, Ni and Sr in mg/kg (ICP-MS analysis) in ground lichen from three of the Russian
catchments, n = 12 -14 per catchment.

262



Radiocesium in ground lichen
For each medium more than 30 elements were analysed. For three of the Russian catchments
(catchments 1, 3 and 4), Cs and Cs concentrations were determined in ground lichen
{Cladonia sp. and Cetraria sp.) using HPGe analysis at the Finnish Centre for Radiation and
Nuclear Safety (STUK). These results are presented as boxplot comparison in Fig. 2. Lichens
are long-living plants that obtain their nutrients mainly directly from the air and are therefore
suitable as bio-indicators of atmospheric fallout. Reindeer lichen is also well known as the
main source of uptake of radioisotopes such as Cs in reindeer (Rissanen and Rahola, 1990).

The observed 137Cs concentrations calculated to May 1995 vary from 30 to 180 Bq/kg dry
weight and are probably a result of both the atmospheric nuclear bomb tests in the 50's and
60's, and of the more recent fallout from the Chernobyl accident in 1986. Only one high 137Cs
concentration (550 Bq/kg) was observed in a Cladonia sulphurina lichen sample (a species
not consumed by reindeer) sampled from catchment 4, situated 25 km SW from Monche-
gorsk.

The 134Cs concentrations levels for May 1995 vary from less than detection limit to 10 Bq/kg.
These concentrations are very low due to the short half-life of 134Cs (2 years). The Chernobyl
accident appears to have had a relatively modest effect on the Kola Peninsula, and these
results presented here are lower than the radiocesium content in reindeer lichens from both
Finnish Lapland and Norway (National Institute of Radiation Hygiene, 1986). We did not
observe increased radiocesium levels related to the underground use of civil nuclear
explosives in the shutdown mines surrounding catchment 3, situated 3 km SE from Kirovsk.

Natural occurring thorium and uranium
The total content of Th and U was analysed for several of the collected media by ICP-MS and
ICP-AES (Fig. 3).
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Figure 3. Boxplot diagram showing the variation of Th and U in mg/kg and (ig/1 (ppb) analysed by
ICP-MS and ICP-AES in various media sampled from all eight investigated catchments. # indicates
the number of samples in each catchment.
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The majority of the sampled media reflecting atmospheric fallout (moss, lichen, snow,
rainwater and partly topsoil) display concentrations below the detection limits for both Th (d.
e. < 0.2 - 5 mg/kg) and U (d. e. < 0.2 mg/kg), with the exception of Th in catchment 3 near
Kirovsk. As a result of the geology in catchments 6 and 8 in Finland, the U contents seen in
organic stream sediments are extremely high (maximum of 510 mg/kg). These findings are
partly in agreement with the contents in stream moss, stream organic matter and till reported
in these areas from the geochemical atlas of Northern Fennoscandia (Belviken et al. 1986).

REGIONAL MAPPING (1995)
Topsoil and reindeer lichen sampled during summer 1995 will be analysed for a variety of
radioactive isotopes by the Norwegian Radiation Protection Authority. The resulting data will
be used to produce regional maps of radioactivity for the study area. The topsoil samples
(consisting of the uppermost 5 cm of the soil after the removal of any living surface vege-
tation) were collected using a stainless steel auger designed for this purpose. The fixed depth
of the topsoil samples resulted in the collection of a varying proportion of mineral soil in the
samples. Because the pilot project had highlighted the problem of very high local variability, a
minimum of ten subsamples were collected at each locality using the auger. A detailed
description of the field methods used is given in Ayras & Reimann (1995).

The composite samples are dried and homogenised in the laboratory. Approximately 100 g.
of each sample is then placed in a 0.3 litre plastic container and sent for high purity
germanium semi-conductor (HPGe) analysis for a variety of radioisotopes to the Norwegian
Radiation Protection Authority. Both naturally occurring isotopes (e.g. isotopes from the Th-
and U-decay series) and anthropogenic isotopes including Cs and Cs are determined by
this gamma-spectrometric determination. Similar analyses are carried out for the lichen
samples and a comparative study of the radioactivity in topsoil and reindeer lichen will be
undertaken. At selected 'hotspots', radioisotope concentrations will be determined throughout
complete soil profiles to better unravel the sources and the pollution history.

Due to financial restrictions, topsoil samples and reindeer lichen presently will be only
analysed for radioactive isotopes. For the other sampled media, the Geological Survey of
Finland will carry out analysis for more than 30 elements, including Th and U, by ICP-MS,
ICP-AES and AAS techniques. The first regional maps will be ready in the course of 1996.

CONCLUSION
A high variation of the natural occurrence of Th and U due to differing bedrock lithologies
was observed in the catchment study. Surface concentrations of Cs and Cs were
generally low at our selected sites in the project area, but highly variable on the small scale.
Thus the sample size and number of subsamples for topsoil from each site had to be increased
for the production of maps of radionuclides in topsoil. Regional maps will be ready in 1996
as part of a joint ecogeochemical mapping project covering 188,000 km2 in the northern part
of Norway, Finland and Russia. Both natural occurring and anthropogenically spread radio-
isotopes will be documented on an average sample density of 1 sample per 300 km2 of the
most populated and industrialised part of the Barents region.
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