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Chernobyl:	
  RadiaCon	
  and	
  MutaCon,	
  a	
  Meta-­‐Analysis	
  

A.	
  P.	
  Møller,	
  T.	
  A.	
  Mousseau.	
  2015.	
  Strong	
  effects	
  of	
  ionizing	
  radiaCon	
  on	
  mutaCon	
  rates	
  from	
  Chernobyl.	
  Nature	
  ScienCfic	
  Reports	
  .	
  	
  

E	
  =	
  0.67;	
  95%	
  CI	
  0.59	
  to	
  0.73;	
  N	
  =	
  151	
  
	
  
R2	
  =	
  0.44	
  	
  





RadiaCon,	
  GeneCc	
  Damage,	
  and	
  OxidaCve	
  Stress	
  Cause	
  
Many	
  Effects	
  on	
  Development	
  and	
  Morphology	
  

•  Sperm	
  morphology,	
  swimming	
  performance,	
  and	
  sterility	
  

•  Cataracts	
  in	
  eyes	
  of	
  birds	
  and	
  rodents	
  

•  Tumors	
  in	
  birds	
  and	
  rodents	
  

•  Brain	
  size	
  in	
  birds	
  and	
  mammals	
  

•  Many	
  other	
  developmental	
  malforma1ons	
  in	
  birds,	
  
rodents,	
  insects,	
  plants	
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RadiaCon	
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  e100296.	
  doi:10.1371/journal.pone.0100296	
  





Tumor around eye 

Great tit, Parus major 









Injury  to  Individuals  Causes  Popula4on,  
Community,  and  Ecosystem  Effects




- 896 bird and insect 
surveys from about 
300 locations in 
Ukraine and Belarus 
 
 
Control Populations: 
 
-  Italy (Milan) 
-  Spain (Badajoz) 
-  Denmark (Aalborg) 
-  Ukraine  

Most	
  of	
  our	
  research	
  includes	
  areas	
  of	
  the	
  highest	
  contaminaCon	
  in	
  addiCon	
  to	
  control	
  areas.	
  	
  	
  Patchiness	
  of	
  
deposiCon	
  permits	
  disentanglement	
  of	
  radiaCon,	
  distance	
  from	
  source,	
  and	
  other	
  environmental	
  factors	
  that	
  
influence	
  abundance	
  and	
  biodiversity.	
  



Surveys	
  of	
  birds	
  
and	
  insects	
  from	
  
400	
  discrete	
  
loca1ons,	
  1500	
  
inventories	
  in	
  
total	
  to	
  date.	
  



Massively	
  Replicated	
  Bio1c	
  Inventories	
  	
  
(1500	
  in	
  Fukushima,	
  896	
  in	
  Chernobyl)	
  

+	
  
Measures	
  of	
  Mul1ple	
  Environmental	
  Variables	
  	
  
(e.g.	
  meteorology,	
  hydrology,	
  geology,	
  plant	
  community,	
  Habitat	
  type,	
  	
  

land	
  use	
  history,	
  plant	
  coverage	
  amount	
  and	
  type,	
  alCtude,	
  	
  
meteorological	
  condiCons,	
  Cme,	
  date,	
  distance	
  to	
  nearest	
  water	
  source,	
  etc)	
  	
  

+	
  
Field	
  Measures	
  of	
  Residen1al	
  Radia1on	
  Levels	
  

+	
  
GIS	
  
+	
  

Mul1variate	
  Sta1s1cs	
  

=	
  
Predic1ve	
  Models	
  of	
  Radia1on	
  Effects	
  on	
  Popula1ons	
  



All  Major  Groups  of  Organisms  
Surveyed  at  Chernobyl  Show  Significant  
Declines  in  Areas  of  High  Radia4on


Birds,	
  mammals,	
  insects,	
  spiders,	
  amphibians,	
  etc	
  	
  





Abundance	
  and	
  radia1on	
  –	
  Fukushima	
  Birds	
  	
  
2011-­‐14	
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χ2	
  =	
  241.93,	
  P	
  <	
  0.0001	
  



Species	
  richness	
  and	
  radia1on	
  -­‐	
  Fukushima	
  
Birds	
  	
  2011-­‐14	
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χ2	
  =	
  100.30,	
  P	
  <	
  0.0001	
  



(z	
  =	
  −4.06,	
  p	
  <	
  0.0001;	
  unstandardised	
  par1al	
  slope	
  (SE)	
  =	
  
−0.256	
  (0.063)	
   Fukushima	
  

2011-­‐2014	
  





放射線と樹木の生長	
  

「チェルノブイリ事故」	
  







What  does  this  all  mean?


• Contrary	
  to	
  governmental	
  and	
  media	
  reports,	
  there	
  is	
  now	
  
an	
  abundance	
  of	
  informaCon	
  demonstraCng	
  consequences	
  
(i.e.	
  injury)	
  to	
  individuals,	
  populaCons,	
  species,	
  and	
  
ecosystem	
  funcCon	
  stemming	
  from	
  the	
  low	
  dose	
  radiaCon	
  
due	
  to	
  the	
  Chornobyl	
  and	
  Fukushima	
  disasters.	
  

• Effects	
  appear	
  to	
  be	
  proporConal	
  to	
  dose.	
  
• There	
  is	
  no	
  evidence	
  for	
  any	
  kind	
  of	
  threshold	
  below	
  which	
  
effects	
  are	
  not	
  seen.	
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