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Many fear 
nuclear energy 

   
 -And yet----  
 

 
 



Presently:  ~ 20 TW 
Early life:    ~ 80 TW 

Primordial radioactive decay heats earth (~ half) 



A few results of the earth’s internal heat ! 



Space radiation: 
 
 -varies with altitude & latitude 
 -varies with time due to solar 
   events & magnetic reversals 
  
   
  

P+ 



Polar lights caused by protons 
in solar winds interacting with 
atmospheric matter.    



Strong solar winds appear 
correlated with lightning 
frequency 

Lightning converts N2 to nitrogen oxides  that 
are water soluble.  An important source of  
available nitrogen to plants.   

Space radiation showers may initiate 
electron avalanche discharge by 
interacting with ice crystals in cloud 



Did ionizing radiation have anything to do 
with the origin & evolution of life on earth? 

The origin?  Possibly: 
 
 -primordial radioactivity 4X higher 3 billion yr ago 
 -space radiation much higher during magnetic reversals 
 -basic elements present ( C, N, H, water vapor) 
 -Journal:  Origins of Life & Evolution of the Biosphere 
 



Classic Miller-Urey  
Experiment-1952 
 
 

condensate 
analyzed 



Throughout the history of life on earth, 
organisms have experienced sustained 
exposure to natural radiation.  So if any 
amount of radiation is harmful, how does life 
manage to flourish on this planet? 



A valid question because: 
 
Ionizing radiation causes DNA damage and genomic mutations 
 
Some 80 billion ion pairs/min/whole body from natural background radiation 
 

(2.2 x 103 DNA lesions/cell/Gy)* (3 x 10-3 Gy/y) (1.9 x 10-6 y/min) (4 x 1013 cells/body) 
 
  = 0.5 billion DNA lesions/minute in the body!! 

*Lomax et al. Adv. Clin. Oncol. 25(10): 578-585; 2013 



Genetic Variation + Natural Selection 

Replication errors + Ionizing radiation + Other clastogens 

Evolution 

DNA repair & 
genomic stability  

 Biodiversity  Specialization 



The Point? 



Radioecology: A brief history 

• Use of radionuclides as a tool for learning how the biosphere works  

 

• Transport and fate of radionuclides in aquatic and terrestrial 
ecosystems 

 

• Effects of ionizing radiation on plants & animals at population & 
community levels 



Environmental radioactivity has 
taught us much about the biosphere 
& how ecosystems work 



Weapons test fallout and other sources of radioactivity have helped us  
understand atmospheric motions and ocean circulation patterns  
(+ many other biospheric processes) 



Radionuclides used to understand and quantify nutrient cycles and 
energy flows, and to unravel food webs 



Classic examples of how certain radionuclides 
 get highly concentrated through food chains 



Fallout 137Cs in the lichen-caribou-Inuit  
foodchain 

1000 x US beef 

200 x avg US  



Wild mule deer & elk in Colorado: 131I in thyroids 



Fallout 137Cs accumulation in trout 
High elevation lakes 
 
 -high rates of deposition 
 -magnified by snow drifts 
 -little clay to adsorb 137Cs 
 -very low K+ concentrations 
 -trout/water ~ 10,000 



 
 
Graduating from point-in-time concentration ratios 
to complex ecosystem dynamics using models based 
on compartments and rate constants 



A major 
topic of 
radioecology: 
 
Where does 
radioactivity 
go, how & 
how fast? 

Dynamic 
models 



East Twin Lake:  Cs experiment 



Data Model 



Effects of ionizing radiation on 
 plants and animals 



Effects of radioactivity on plants & animals in 
natural settings are especially complicated: 

• Chronic & relatively low-level 

• Large differences in radiosensitivity 

• Secondary (indirect) responses 

• Dose rate-dependencies and on-going recovery 
and repair 

• Spatial/temporal variations in dose rate to 
critical tissues from radionuclides 



Studies on the effects of short-term and chronic 
radiation on natural plant communities  

Oak/Pine forest at Brookhaven Shortgrass plains in Colorado 

Cs137 



Total dose and exposure duration for 50% 
mortality in pines 

LD50 similar to  
mammals for  
acute doses 



Observed radiation impacts: 
• Chernobyl 

 -lethality of pines & abnormal morphology in survivors 

 -sterility & chromosome damages in mammals 

 -reported morphological abnormalities in insects & birds 

  

• Fukushima 

 -studies ongoing in monkeys, wild boar, and other species but   
   more time needed to assess impacts 

  



Colorado’s “Chernobyl”: Mountain pine beetle + fires 



Ecological recovery in 
 Chernobyl 30 km zone 



One application of radioecology: management  
of radioactively contaminated areas 



The Savannah  
River Site, SC 
 
Since 1951 
 
 
  
 
 



Par Pond at Savannah River 
 - 137Cs + other radionuclides present + failing dam 
 - Drawdown to reduce risk; study of 137Cs uptake by crops 
 - Risk of fatal cancer to hypothetical resident farmer >>10-4  
 - Cleanup cost > 4 billion vs. repair dam at cost of 12 million 



A win for the environment & taxpayer! 
 - Dam fixed and reservoir refilled 
 - Vegetation, fish, wildlife thriving  
 - No radiation impacts measureable 
 - >4 billion saved 
 - Science to back decision <0.001% of cost to 
   remediate 



Rocky Flats:  Plutonium “triggers” for thermonuclear weapons 
 - Contaminated soil removal + fire led to Pu in offsite communities 
 - Conservative committed dose estimate to nearest resident:  0.04 mSv   
   (< 1% of variation in area’s annual natural background radiation exposures) 
 - Lawsuit resulted in $375 million settlement 
 



Rocky Flats: 
 
Thanks to science-- 
 

Now a National Wildlife  
Refuge of 5,000 acres 



Potential and ongoing approaches to study  
effects of radiation on wild animals 



Dose-response for symmetrical chromosome  
translocations, measured by fluorescent markers,  
is ~ linear (6%/Gy) in turtle cells  

Normal 

Translocation 

A stable biomarker for total dose accumulated 



Chernobyl: 
 
Tracking wolves with GPS/dosimeter collars 
 
 -locations mapped over time 
 -dose rate recorded 
 -dens found, pups studied 
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