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Radiocontamination patterns in Europe after the Chernobyl accident

(April, 26th, 1986)



  In Italy the highest deposition was in the eastern Alps…



  …in an area corresponding to the administrative region of Friuli Venezia Giulia…



  

…where the Regional Authorities set up a 
Radioprotection Committee a few days after the accident



  

1 - mushrooms are complex

The first data showed high contamination levels in wild mushrooms.
No geographic pattern, just a rise of radiocontamination values in August



  

Measures were expressed in Bq/kg fresh weight! This makes 
sense for radioprotection, not for radioecology. The higher values 

in August were due to dehydration of carpophores due to low 
precipitations



  
Location of the 37 sampling stations (mushrooms) 

in forest areas (late summer 1986): 298 samples, 120 species 



  

The analysis of all data revealed no geographic pattern, 
while differences among species of the same site were considerable



  
Compared with agricultural soils, 

forest soils are much more structured



  

In 1986 most of the radiocesium was concentrated 
in the upper (organic) soil layers



  

Introducing the difference between mycorrhizal and saprophytic fungi: 
the mycelium of the former occupies much deeper soil layers 



  

By using saprophytic fungi alone (i.e. those with a superficial mycelium), 
a clear geographic pattern appears



  

Radiocontamination of saprophytic fungi was correlated with the amount 
of precipitation in the 7 days following the Chernobyl accident



  

The same pattern applies to the most superficial (organic) soil layer,
where most of the radiocesium was concentrated 



  

Radiocontamination data of mushrooms and precipitation data
were used to construct a spatial model of the radiocontamination of 

mushrooms over the entire region



  

Monitoring the situation one year later: 
1) in low-precipitation areas the radiocontamination of mushrooms 

with superficial mycelium increased (input from tree crowns in autumn 1986)
2) In high-precipitation areas the radiocontamination of mycorrhizal 

mushrooms increased (higher migration into deeper soil layers)



  

Monitoring the situation 4 years later: most of the radiocesium 
is still retained in the upper (organic) soil layers…



  
…and saprophytic fungi still have the highest radiocontamination



  

Biological retention of radiocaesium in the organic soil layers is high, 
considerably slowing down its migration into deeper soil layers



  

The ratio Cs134/Cs137 (0.27 at the time of the Chernobyl accident) 
clearly decreased with mycelium depth…

(from Guillitte et al., 1990)



  

…likely showing the pre-Chernobyl contamination
due to the nuclear tests of the ’60s



  

2 The radioecology of vascular plants in 
forest ecosystems is complex as well

A case study: radiocontamination of leaves, stems and roots 
of the total flora in a beech forest (48 species)



  

The analysis of data (expressed in Bq/kg) showed no correlation 
with any ecological parameter…

Only clear result: leaves were much more contaminated than roots



  

Except in an outlier: a plant with fleshy roots with
very high radiocontamination leves!



  

A basic difference between animal and plant cells: the wall



  
Bq/kg or Bq/l ? – An example by analogy  



  
Bq/kg or Bq/l ? – An example by analogy  



  
The expression of data in Bq/kg (dry weight) mainly reflects 

the amount of water present in the plant material…
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…introducing a consistent source of bias in radioecological 

research



  

…which can bring to false results 
(e.g. translocation of radiocaesium within different parts of a plant)



  

By expressing the data in Bq/l 
(i.e. on the difference between fresh and dry weight…)



  

The species are subdivided into 3 clusters
corresponding to 3 well-known ecological groups



  

The radiocontamination of plants is well correlated 
with the average depth of their rooting systems…



  

…and the 3 groups of species are neatly separated 
by some radioecological variables



  

Gr.A
Gr.B
Gr.C

Lessons learnt: 1) radiocontamination patterns in forest ecosystems may be 
very complex. 2) Expressing radiocaesium data in Bq/l permits to disentangle 

this complexity.



  

3 – With mosses it’s easier! 

The regional authorities wanted a bioaccumulator to rapidly map 
the extent of radiocontamination all over the region



  

Advantages of using moss carpets: 
1) They produce a very homogeneous soil, 

withour mineral inclusions

Advantages of using moss carpets: 
2) They can be easily cut into 

geometrical forms (assessing 
radiocontamination per unit area)



  

Developing a sampling protocol, 1st step: 
assessing the absorbing power of moss carpets
(in terms of density): moss carpet can absorb 

up to 12 l of water per square meter



  

Developing a sampling protocol, 2nd step: 
assessing the absorbing power of moss carpets: the 

absorbing power is related to carpet thickness



  

The selected bioaccumulator: Ctenidium molluscum
(high absorbing power, widespread and common in forests ecosystems)



  
Reducing data variability: inclination has an effect on radiocontamination values



  

Developing a sampling protocol, 3rd step: 
assessing the influence of inclination 

on the radiocontamination of moss carpets



  

Developing a sampling protocol, 4th step: 
assessing the effect of tree crown geometry on radiodeposition



  

Testing the sampling protocol: predictive value of moss data versus soil 
data



  

Testing the sampling protocol: the 1990 campaign 



  

The results of the 1990 campaign (less than a week): 
mosses are optimal bioaccumulators!

Mushrooms 1986 (Bq/kg)Mosses 1990 (Bq/m2)



  

Our protocol was adopted at the National level to 
monitor radiodeposition in forest ecosystems…



  

...and proved to be useful for the rapid assessment 
of radiocontamination after an accident 

(Crsko, Slovenia, 2008) 



  

4 - Final remarks: the complexity of forest ecosystems



  

Final remarks: historically, radioecoloogy developed from radioprotection:
the first studies and models were mainly carried out in simple agroecosystems.



  

Final remarks: however, agroecosystems and forest ecosystems are widely different

1) In forests, plants avoid root competition by exploring different soil layers 
with different biological, chemical and physical characteristics, 
2) many plant species are in mycorrhizal symbiosis with fungi,
3) Microgeomorphological variation may induce sharp micropatterns in soil 
radiocontamination.
4) Thus, spatially contiguous plants might root in widely different soil 

types. 



  

Final remarks: in complex forest ecosystems the aims of radioecology 
and radioprotection do not always coincide. 

Different approaches are often needed for different aims. 
However, radioecology is fundamental to develop predictive models 

which are of basic importance for radioprotection.
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