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SUMMARY

Fruitbodies of Cantharellus tubaeformis grown in clusters were collected from a normal

Swedish coniferous forest. In the laboratory, individual fruitbodies were transferred into

plastic vials and the 137Cs activity concentrations were determined and expressed as Bq

kg-' fresh weighit. After drying at 550, the 13C levels were recalculated and expressed

as Bq ka-1 dry weight.

Large variations of 137 Cs activity concentrations between individual fruitbodies within

the clusters were observed. In 1995, th range in the 37CS levels of individual

fruitbodies in one cluster were from 9,194 to 164,811 and in another cluster from 2,338

to 38,377 Bq kg-1. The mean values for these two clusters were 90,294 and 13,556 Bq

kg'- respectively. (Table 1). In 1998, the mean value for eight clusters showed a range

from 26,373 to 67,281 Bq kg-1. The largest variations between individual fruitbodies

within a cluster were from 11,875 to 107,160 Bq kg .

1. INTRODUCTION

In the Nordic forest ecosystems, 137C transferred from soil to man is one of the most

important pathway to man. More than 12 years after the Chernobyl accident, 137CS

activity concentrations are still high in many food products from the forest ecosystems

within the most contaminated part of Sweden. (Johanson and Bergstr~im 1994). Very

high 137 sactivity concentration have been found in fruitbodies of various species of
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fungi after the Chernobyl accident (Heinrich, 1993; Kammerer et al., 1994; Olsen 

1994) and intake of even small quantities might result in a pronounced increase of the

daily intake Of 37CS for both game animals and man. 13C levels in fruitbodies of fuingi

are usually at least one order of magnitude higher than in vascular plants in the same

area (Karlen et al., 1991; Johanson et al., 1994). The variations between different fungal

species are also very high and could be two order of magnitude. There are two main

pathways of transfering radiocaesium from fungi to man, direct pathway due to

consumption of mushrooms by man and indirect via game and domesticated animals

consuming fungi (Karlen et al., 1991; Hove et al., 1990, Johanson et al., 1994; Johanson

1994).

The aim of this work was to study 137CS variations within clusters of fruitbodies of

Cantharellus tubaeformis. Previously we have shown that clusters of fruitbodies of

Suillus variegatus growing within an area of 400 cm2 contained about 64% of the
estimated 137C inventory in this area. In clusters of Cortinarius armillatus and

Cortinarius subtortus, the corresponding values were between 13 and 34 % (Nikolova, et

al., 1997).

2. MATERIAL AND METHODS

Study area

The study area is located about 40 kin north west of Uppsala in Central Sweden. The

mean 13CS ground deposition in this area is between 35 and 40 kBq M2 . The dominated

trees in the forest are Scots pine (Pinus sylvestris) and Norwegian spruce (Picea abies)

with some intennixture of deciduous trees, mainly birch (Betula pendula and B.

pubescens). In the understorey, plant species belonging to the Ericacea family, mainly

bilberiy (Vaccinum myrtillus) and lingonberry (Vaccinum vitis-idea), are the dominants.

The soil in the upper 1 0 cm layer has high organic content.

Sampling

Individual fuitbodies from clusters of Cantharellus tubaeformis were collected in

October 1995 and in September 1998. Up to 18 fruitbodies were grown within very
2small areas between 35 and 170 cm 
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Radiometry

In the laboratory, individual fruitbodies were transfered into plastic vials. The 3 7Cs

activity concentrations were determined using a Packard Gamma Counter NaI(TD)

detector system at the Department of Radioecology. The 137 Cs activity concentrations

were determined as Bq kg-' fresh weight. After drying at 550, 13 7Cs activity

concentrations were recalculated and expressed as Bq kg'1 dry weight.

3. RESULTS AND DISCUSSION

In 1995, high levels and large variation of the 137Cs activity concentrations were found

in two clusters of fruitbodies. The range Of 13 7CS levels in 9 individual fruitbodies in

cluster 1 were from 9,194 to 164,811 Bq kg'1 with a coefficient of variation of 68 %. In

5 fuitbodies in cluster 2, the 137 CS levels were from 2,338 to 38,377 Bq kg'1 with a

coefficient of variation of 108 % (Table 1). The mean value for the fr-uitbodies in cluster

I was 90,294 Bq kg-' and in cluster 2 13,556. Higher 13 7CS levels in fultbodies from

both clusters were usually observed in sall ~fruitbodies. There were no significant

differences in the ratio of dry weight and fresh weight in the fruitbodies from these

clusters.

In 1998, the mean values Of 3 7 CS levels of the fruitbodies in the 8 clusters varied from

26,000 to 67,000. The coefficient of variation for the 1 7C levels in individual

fruitbodes in the various clusters varied from the minimum value of 14 % in cluster 2 to

the maximum value of 43 % in cluster 1 (Table 2). The two clusters 1 and 3 collected in

the smallest area with only 28 and 35 cm 2 had the highest CV. There are no indication

that CV increases with the increasing of the area. The variations of 3 7 Cs activity

concentration between individual fuitbodies growing in clusters seems to be smaller in

1998 compared to 1995 (Table and 2). In 1998, the mean coefficient of variation for

the 8 clusters was 32 % with a lowest CV of 14 % and highest of 43 % and in 1995 CV

were 68% and 108% in the two clusters. Still the material is not enough to make any

final statistical analysis. Theoretically the probability that the fr-uitbodies were supported

from the same mycelium and therefore might have smaller variation would be higher if

the cluster is growing on a small area. The results, however, showed the opposite trend

larger variation in clusters growing on a small area. It seems to us difficult to explain

these large variations by changes in the soil characteristics since the fruitbodies probably
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are supported by the same mycelium. Therefore we suggest another hypothesis in order

to explain the large variation. The 37CS levels in the fuitbodies is not directly

dependent on the soil. 137C activity concentration in the soil sample below the

fruitbodies from cluster 1 (1998) was 531 Bq kg' and the corresponding mean value for

the fuitbodies of this cluster was 32,365 Bq kg-'. The "'C levels in fruitbodies is only

dependent on a redistribution Of 37CS from the mycelium to the fruitbodies. The vector

for this transfer is probably water and the water transport should be dependent on the

evaporation of water from the fruitbodies. The variation of' 7 slvl nfutoiso
fung .should therefore at least partly be dependent on the weather conditions during,

formation of the fruitbody. The uptake will according to our hypothesis be higher a

sunny days due to evaporation and will be lower a rainy days. In autumn 1998, there was

very few sunny days and much rain which probably gave rather similar

microenvironment for the growing fruitbodies. Autumn 1995 was more normal with

some sunny days intermixed with rainy days. If the above mentioned hypothesis is right

we should also expect higher variation in 1995 compared to 1998. We have previously

shown that in normal forest soil in Sweden between 10 and 20% of the total soil

inventory Of 37CS is within the biological compartment of the soil probably the

mycelium. (Nikolova et al. 1 999).It is thus a quite large pool which probably can be used

more or less directly. From this pool 137CS is distributed to fruitbodies of fungi but also

to plants within the mycorrhizae formation. It could thus mean that the 13C levels in

plants could be controlled by the 137CS level in mycorrhizae.
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Table 1. The 17Cs activity concentrations (mean and SD) and the

coefficient of variation (CV) in two clusters of fruitbodies of C.

tubaeformis in 1995.

n Bq kg-'dw Bq kg'dw CV

m SD (%)

Cluster 1 9 '90,94 61,457 68

Cluster 2 5 13,556 14,605 108

Table 2. The 13Cs activity concentration (mean and SD), coefficient of
-2variation (CV) and the growing area in CM in eight clusters of C.

tubaeformis in 1998.

n Bq kg -' dw Bq kg-' dw Area CV

m SD (cm-2) 

Cluster 1 6 32,365 13,902 35 43

Cluster 2 6 46,786 6,521 60 1 4

Cluster 3 7 36,349 15,176 28 42

Cluster 4 1 8 26,373 7,623 110 29

Cluster 5 15 67,281 20,319 170 30

Cluster 6 8 53,222 20,432 50 38

Cluster 7 8 40,704 11,237 55 28

Cluster 8 8 41,443 13,891 70 34
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