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Abstract: High radiocaesium contents in different species of mushrooms have been ob-
served in areas contaminated by radiocaesium deposition after the Chernobyl accident in 
1986. There has been no significant reduction in the 137Cs contents of mushrooms during 
the past ten years, besides via radioactive decay. The internal radiation dose received via 
mushrooms can be reduced by processing mushrooms before consumption. Various 
household methods were studied to find out their efficiency to reduce 137Cs contents of 
mushrooms. The methods tested were the same as normally used in cooking. The tests 
were made for the species of edible mushrooms widely consumed. The retention factors 
for the treatments tested were in most cases 0.2-0.3. The efficiency of treatments in re-
ducing the 137Cs contents increased with larger water volumes and prolonged treatment 
times.  

 

Introduction 

Since 1986, the year of the Chernobyl accident, many species of wild mushrooms have 
been found to have considerable levels of radiocesium in Finland (Rantavaara, 1987). The 
results obtained by annual monitoring of radiocesium in mushrooms indicate that the 
contents of radiocesium decrease mostly only by radioactive decay in the long term. 
Mushrooms are an important carrier of radiocesium to human diet for many years after 
fallout. The aim of this study was to examine the efficiency of normal household methods 
to reduce 137Cs contents in edible mushrooms. This information is needed for making 
realistic dose assessments of dietary radiocesium. Cesium is a highly soluble ion and 
tends to concentrate in the aqueous fractions during food processing. Many generally 
used household methods in cooking or preserving mushrooms include soaking or boiling 
with water.   

 

Material and methods 

The mushroom species selected for testing the decrease of 137Cs contents were: Can-
tharellus tubaeformis, Cantharellus cibarius, Lactarius rufus, Russula paludosa, Crate-
rellus cornucopioides, Scutiger ovinus, Hydnum rufescens, Hydnum repandum and salted 
miscellaneous mushrooms (mainly Lactarius spp.). These mushrooms are known to ac-
cumulate cesium intensively, and they are consumed widely in Finland. Parboiling is 
generally recommended to Lactarius Spp. before culinary preparation. Drying is a com-
mon way to store mushrooms like Craterellus cornucopioides and Cantharellus tubae-
formis, and they are soaked before cooking. Salting is a general method to preserve mush-
rooms, and the salted mushrooms are either soaked or cooked before use to reduce the 
salt in them. The methods of parboiling and soaking were based on recipes, which are in 
general household use in Finland, given by the Martha Organization (a Home Economics 
Extension Organization). Most of the tests were made with two or more parallel samples. 
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Soaking of fresh mushrooms. Fresh mushrooms were cleaned and rinsed. Soaking of 
fresh mushrooms was tested with cold and hot water, soaking times of one hour and over 
night. 

Freezing of mushrooms. Cleaned mushrooms were fry-boiled before freezing. After 
melting the mushrooms the liquid was sieved and discarded. 

Parboiling of fresh mushrooms. Cleaned mushrooms were parboiled starting with dif-
ferent amounts of cold and hot water. The original recipe recommends to use 4-5 liters 
water for 1 kg mushrooms and to start with cold water, cooking time of 4-5 minutes. Af-
ter cooking mushrooms were rinsed with cold water. 

Soaking of dried mushrooms. Mushroom samples were cleaned from leaves, needles 
and soil, sliced and dried at 40º C. Hot water was used with soaking time of one hour, and 
cold water, if the soaking time was over night.  

Soaking and cooking of salted mushrooms.  The salted mushrooms were soaked with 
cold water over night or boiled for some minutes, which are normal ways to reduce salt 
before consumption. 

Sample and data analysis. Concentrations of 137Cs and 40K in samples were determined 
with low-background high-resolution gamma spectrometers with HPGe detectors in cy-
lindrical beakers with volumes of 30 ml or 110 ml, both before and after the treatments. 
The 137Cs contents (Bq/sample) of all the samples were calculated for both the untreated 
samples and the samples after treatments. The change in the 137Cs contents of  mush-
rooms following the treatments was defined by using retention factor Fr (Long, 1995).  

(Bq)materialrawtheinderadionuclitheofactivitytotal
(Bq)foodprocessedtheinderadionuclitheofactivitytotal

rF =  

 

Results and discussion 

The 137Cs concentrations of the unprocessed fresh mushrooms were in most samples 100-
200 Bq kg-1. The highest values were measured for salted mushrooms, up to 1000 Bq kg-1 
(fresh weight). The uncertainties of the gamma measurements for 137Cs were 3-6%.   

The 137Cs contamination of the mushrooms used in treatments had come via root uptake, 
because the samples were taken in 2003-2004. Rinsing of mushroom samples with cold 
water did not remove more than 10% of the 137Cs contents. The soaking, parboiling and 
cooking were efficient to remove most of the contamination, approximately 70-80%. The 
removal of 137Cs was generally increased with larger volumes of water and longer treat-
ment times. The efficiency of the treatments increased considerably if mushrooms were 
soaked or parboiled twice. Soaking of dried mushrooms with cold water over night was 
found slightly more efficient than one hour soaking with boiling water. The methods used 
and retention factors Fr obtained for the treatments are given in Tables 1-3.  

Considerable reduction in dietary 137Cs through mushrooms may be achieved with the 
normal household methods. The reduction is based on discarding the water (liquid) frac-
tion, which is not always done with dried mushrooms in households.   
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Table 1. Cantharellus tubaeformis 

Treatment Treatment  time Sample g/water dl Fr 

Soaking of fresh mushrooms     

-cold water over night 100 g/5 dl 0.30-0.33 

-cold water, twice 2 hours+over night 100 g/5 dl+5 dl 0.13-0.20 

-boiling water 1 hour 130 g/2 l 0.05-0.06 

Parboiling of fresh mushrooms    

-starting with cold water until boiling 100 g/5-10 dl 0.21-0.25 

-starting with boiling water 5 minutes 100 g/5-10 dl 0.14-0.18 

Freezing of fresh mushrooms  200 g 0.26-0.27 

Soaking of dried mushrooms    

-boiling water 1 hour 15 g /2 dl 0.35-0.41 

“ “ 15 g/3 dl 0.27-0.31 

“ “ 15 g/4 dl 0.28-0.29 

“ “ 15 g/5 dl 0.26-0.26 

“ “ 5 g/3 dl 0.13-0.14 

-cold water “ 20 g/2 dl 0.21 

“ “ 20 g/3 dl 0.14 

“ “ 5 g/3 dl 0.11-0.12 

-cold water over night 15 g /2 dl 0.32-0.33 

“ “ 15 g/3 dl 0.24-0.30 

“ 
“ 

15 g/4 dl 0.24-0.24 

“ 
“ 

15 g/5 dl 0.15-0.22 

 

Table 2. Salted mushrooms. 

Treatment Treatment  time Sample g / water l Fr 

Soaking of salted mushrooms    

cold water, once over night 200-300 g/1 l 0.15-0.18 

cold water, once over night 200g/1.2 l 0.13 

cold water, twice 2 hours+over night 300g/1 l+1 l 0.05 

Boiling of salted mushrooms 2-5 minutes 200-300 g/1 l 0.18-0.29 
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Table 3. Miscellaneous mushrooms. 

Treatment/ species Treatment  time Sample g / water dl Fr 

Soaking of dried mushrooms 
with cold water    

Craterellus cornucopioides 1 hour 15 g/4 dl 0.31 

Scutiger ovinus 1 hour 50 g/8 dl 0.34 

Soaking of fresh mushrooms 
with cold water    

Russula paludosa 1 hour 250 g/40 dl 0.79 

Soaking of fresh mushrooms 
with boiling water    

Hydnum rufescens 1 hour 80 g/14 dl 0.07 

Hydnum repandum 1 hour 200 g/24 dl 0.14 

Russula paludosa 1 hour 300 g/40 dl 0.06 

Cantharellus cibarius 1 hour 50 g/12 dl 0.13 

Parboiling of fresh mushrooms    

Lactarius rufus 

- starting with cold water 
5 minutes 400 g/40 dl 0.18 

Craterellus cornucopioides    

-starting with boiling water until boiling 400 g/10 dl 0.32 

-boiling twice 1+10 minutes 400 g/10+10 dl 0.16 
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