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Gamma-ray spectroscopy has been widely used in many areas of applied science. We have used the method 
to compare the ~37Cs contamination in fungi collected in central Sweden. Ukraine (Kiev .,,egion) and southern 
Ontario. Canada. Mean activities were comparable for Sweden and Ukraine. but were much lower in the North 
American samples. Many European mushroom species which are considered as prized edibles, contained 
unacceptably high levels of 137Cs (1 kBq/kg) and should not be sold for human consumption. By contrast, no activity 
in mushrooms collected in Ontario or northern Michigan exceed 1 kBq/kg. The excessive contamination in 
European mushrooms is primarily due to the Chernobyl reactor accident of 1986. However, our observations 
suggest that about 20% of the ~37Cs contamination in the Ukraine is not due to this accident. 

During the past 50 years, the use of nuclear spectroscopy in applied science has been one of 

the great success stories of this century. Thousands of applications in engineering, medicine, ecology, 

etc. have produced valuable data on. and often solutions to, different technological problems. There 

is no reason to suppose that such applications will diminish in either quantity or quality in the years 

ahead. This paper outlines one such application: the study of the contamination of mushrooms with 

the fallout from the Chernobyl accident of April 1986. 

Six years have passed since the explosion and fire in Reactor #4 at the Chernobyl nuclear 

power station. Since that time the amount of technical information made available about the 

radionuclide deposition in the surrounding areas has been quite extensive t~. Even so, there is some 

confusion concerning the magnitude of the faIlout problem near Chernobyl 2~. As a consequence, the 

general public, and large sections of the scientific community as well, have an uncertain feeling for 

the magnitude of the current radiation problems of the area, particularly as it is experienced by tile 

people living in the general vicinity of Chernobyl. 

We have recently come into possession of samples of edible fungi from several locations in 

eastern Europe. We have made a comparison of the ~37Cs levels of mushrooms from the area west 

and south of Chernobyl (hereinafter referred to as the Kiev area), the contaminated area of Sweden 

(north and west of Uppsala) 7~ and southern Ontario. We think that the comparison will be of interest 
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to many scientists and citizens alike, since mushrooms are known to accumulate Cs ions, and of 

course, the radioisotopes ~34'J37Cs 3.4.~ Other radioisotopes, such as H~ have also been reported 

as accumulating in mushrooms 5) 

Experimental 

The samples were counted with an intrinsic Ge detector (efficiency: 24%; energy resolution 

at 1332 keV: 2.8 KeV) enclosed by a 5 cm thick Pb shield, located at Erindale College, University 

of Toronto. A 2048-channel pulse height analyzer was used to store the data. The standard geometry 

for a sample was a Marinelli beaker of 0.5L capacity which fits over the end of the detector cryostat. 

When we had less than 0.5L of a given variety of mushroom, various intermediate geometries were �9 

used and all the results were normalized tO the standard geometry for comparative purposes. Each 

sample was counted for one day. The upper limit to the overall uncertainty in the data was about 

25 %. The dominant line of each spectrum was produced through the detection of the 7-rays emitted 

by atoms of x37Cs (half life: 30.17a). The fact that some of this a37Cs is associated with the Chernobyl 

accident is confirmed by the presence of other lines which are indicative of the presence of ~34Cs (half 

life: 2.065 a). Table 1 contains the data for the mushroom samples we have counted. Most of the 

samples were c011ected by private citizens; a few were obtained from local markets. Where 

observable, t he  measured 134Cs/~3VCs ratio is recorded in the table. 

Discussion 

The l~Cs/~37Cs activity ratio is a useful parameter for this  study since it clearly indicates 

whether or not all of the observed t~7Cs contamination is due to the Chernobyl accident. Shortly after 

that accident, April 26, 1986. the I34Cs/!37Cs activity ratio was reported to be 0.57 ~. After a 5.42 

year interval, the ratio would be 0.106. After this delay, the observed activity ratio obtained for 

sample 2 was 0.079 +0.002 (Table 1). The ~37Cs activity of the sample was 6500+ 100 Bq/kg. Since 

the Chernobyl fire lasted only a few days, i.e., it was essentially a "pulse" contamination for the 

environment, we conclude that about 26% of the 137Cs in the B. edulis sample is not from the 

Chernobyl accident. Conversely we can say that the Chernobyl accident increased the local ~37Cs 

content of sample 1 by about 300%. Based on the !34Cs/~37Cs ratios presented in Table 1, the ~37Cs 

activities due to Chernobyl or non-Chernobyl sources are estimated and plotted in Figure 1. In 

comparison to those from Europe no mushrooms examined from North America possessed observable 

quantities ofq34Cs. The percentage increase in a37Cs contamination in the Canadian Arctic due to the 

Chernobyl accident has been estimated as not greater than 15% for the areas in which it was detectable 
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Table 1 Specific activities of 137Cs in mushroom samples 

Sample Origin 
and Number 

Sample 
Year 

aon-Chemobyl 
Activity Ratio ~37Cs activity 

Mass (g) (Bq/kg DW) ~Cs/~TCs (Bq/Kg DW) 

Kiev Region: 
1) 

2) 

3) 

4) 

5) 

Central Sweden: 
6) 

7) 

8) 

Southern Ontario: 
9) 

to) 

11) 

1988 

1990 

1990 

1991 

1991 

1991 

1991 

1990 

1988 

1990 

1991 

22.2 317004-300 0.09664-0.0006 2400+300 

12.8 65004-100 0.079+0.002 1800+ 130 

2.3 5530+_ 150 0.081 +_0.008 1270~ 1200 

1.9 2104-100 NA 210a:100 

6,6 nil NA NA 

1.5 41700+_500 0.102 __. 0. 003 NA 

1.1 11600+_300 0.106_+0.011 NA 

10.7 1150_+40 0.099__.0.007 NA 

2.2 560+-80 NA 560+_80 

1.2 150+80 NA 150_+80 

2.2 110+60 NA 110+60 
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Fig. 1 A) Histogram of specific zYZCs activities due to Chemobyl faUout; and, B) due to non-Chernobyl sources. 
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s) The source of the residual ~37Cs in mushroons from the Kiev area is not easy to establish. It is 

possible that it is just the accumulation of ~7Cs from the atomic bomb tests of the past. However, this 

residual activity is significantly higher than that observed in North America at comparable latitudes, 

In fact, all of the North American samples studied had total activities substantially less than 1000 

Bq/kg whereas two samples from the Ukraine had residual 1JTCs activities of about 2000 Bq/kg or 

greater. Of  course, local rainfall and soil conditions can have a profound effect on the amount of~37Cs 

taken up by mushroom mycelia. But there still remains the possibility that the residual ~37Cs in the 

Kiev area is associated with some contaminating situation other than weapons testing. 

The Swedish samples from the heavily contaminated area appear to be contaminated primarily 

with Chernobyl fallout. They were collected in areas of significant ground litter or humus which is 

capable of retaining 134.mCs for a number of years. The original 13TCs distribution was determined by 

Hardy et al io) through sampling of the latitudinal distribution of the fallout from nuclear weapons 

testing. Between Kiev ( - 5 4 ~  and Stockholm ( - 6 5 ~  the fallout deposition from the testing of 

the past would be in the ratio of about 2:1. Thus Swedish samples would be expected to exhibit lower 

levels of old fallout 137Cs as compared to those from the Ukraine. However, we observe residual ~37Cs 

in these regions at a ratio of about 3:1. The soil in the Kiev area is sandy in general and the leaching 

of t37Cs into the ground by means of rain or ground water should reduce the old 13TCs levels to low 

values. In addition, the biological half-life of 137Cs is expected to be shorter at lower latitudes 9). For 

these reasons it seems likely that excess residual mCs near Kiev and surroundings areas is due to an 

unknown source of contamination. 

Among the mushrooms we examined those ofBoletus edulis and Suillus luteus were noted as 

highly-contaminated species. These two species are widely collected and consumed in the Ukraine. 

Because of  the high 137Cs levels we encountered in our samples we feel that a steady substantial 

consumption of  these mushrooms over long periods of time is probably unwise. 

Conclusion 

By way of  summary, the data presented in Figure i and Table 1 show that (i) the ~37Cs load 

in mushrooms in the Ukraine was enhanced by a factor of  3 to 30 by the fallout from the Chernobyl 

accident, and to a greater degree in the contaminated region of Sweden; (ii) mushrooms available 

for sale in parts of  Europe where Chernobyl fallout was great may have 137Cs levels well in excess 

of  l k Bq/kg DW, and probably should not be consumed in quantity over long periods of  time; (iii) 

the average residual 137Cs activity for the Kiev region is significantly greater than for the 
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contaminated section of  Sweden or southern Ontario. The high levels of  ~37Cs on the Kiev samples 

is probably a rather sad reflection of  the conditions i n  the produce marketplace in areas near 

Chernobyl at this time. Furthermore, it is clear that mushrooms contaminated with 137Cs provide 

another path in the food web for this isotope to enter and be retained by both humans and animals. 

We thank Dr. D.M. Malloch for help with mushroom identifications, and Dr. J.C. Krug, 

F. Bruski, I. Axelson, H. Levander, T. Onyschuk, Dr. W. Shenderowsky, Dr. J.R. Wyrmyckyj, and 

Dr. R.E. Johnson for mushroom samples. 
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