


Artist’s Rendition 
of the nuclear fire 
that burned for 10 
days releasing 
vast quantities for 
radionuclides into 
the atmosphere.



Chernobyl

Fallout from Chernobyl was widely dispersed across Europe and Asia

April 26th, 1986



Fallout from Chernobyl was widely dispersed across Europe and Asia

-Between 50 and 250 million Curies of 137Cs 
and 90Sr released to the atmosphere (equals 
about  10-40 tons) (Three Mile Island = 15 
curies)

- Equivalent to fallout from 100 - 200 atom 
bombs
- > 200,000 square kilometers contaminated  

(about 2.2 times as large as Hungary)

- Initially, 131iodine, but now mostly 137cesium 
and 90Strontium (half lives of 29 and 30 years)

- Dirty bomb simulation in 2001 suggested that 
3500 Curies (50g)  plus 50 lbs of TNT could 
render most of Manhattan uninhabitable
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Red Forest near Chernobyl Reactor © 2002 T.A.Mousseau

Vast regions near the CNPP are obvious ecological disasters.
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But in some ways, the ecology appears to be returning to “normal”.
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Przewalski’s Horses





AP article – use Washington Post version



The return of plants, animals 
and people give the appearance 
that health and environmental 
consequences of radioactive 
contaminants are negligible.

Chernobyl in Recovery?



Previous Studies of Chernobyl 
Effects:

• There are no comprehensive studies of long 
term ecological and environmental effects.

• There have been a number of investigations for 
cancer effects suggesting significant increases. 
But these studies are inconclusive given the long 
latency period of many cancers (consider 
smoking).

• There have been almost no published studies of 
non-cancer endpoints. 



Why are there so few studies of the 
health and environmental 

consequences of Chernobyl 
fallout?

• Collapse of the Soviet Union resulted in 
reduced funding for research.

• Widespread perception that consequences 
were negligible, especially relative to 
impacts of the economic crisis in Eastern 
Europe (i.e. UN Chernobyl Forum Report)



Human epidemiological studies 
have been very difficult because 
of complications associated with 
economic depression (i.e. 
collapse of the Soviet Union), 
relocation and other stressors 
(e.g. smoking and alcoholism).



Ukraine:
- Life expectancy at birth m/f (years): 62/74

Belarus 64/76

Hungary 69 /77
Slovakia 71/79
Georgia 73/80

USA:
Life expectancy at birth m/f (years): 75/81

Source: WHO



University of South Carolina 
Chernobyl Research Initiative

Collaboration with:

• Taras Shevchenko University of Kiev
• Ukrainian National Academy of Sciences
• Ukrainian National Museum of Natural History
• Chernobyl EcoCenter
• Institute of Radiobiology, Gomel
• University of Paris, France



University of South Carolina 
Chernobyl Research Initiative

• Studies of natural populations of birds, 
insects, microbes and plants.

• Studies of the Children of the 
Narodichesky region of Ukraine.



Hypotheses and questions to be addressed:

• Do low (and high) doses result in elevated 
mutation rates in natural populations?

• Are there phenotypic consequences to 
elevated mutation rates? (i.e. 
developmental abnormalities).

• Are there fitness consequences to elevated 
mutation rates? (i.e. survival, reproduction, 
or disease) 

• Are there ecosystem consequences as a 
result of missing or reduced species?



The Barn Swallow,
Hirundo rustica

Animal Models – Provide Clues to Human Populations
Birds don’t usually drink or smoke!



1. Increased mutation rates in microsatellite 
DNA (2 to 10 times normal).

2. Cell flow cytometry and comet analyses 
indicate significant increases in variation in 
nuclear DNA content of red blood cells.

3. Sperm pathology suggests increased genetic 
damage to germ cells.

4. Antioxidants appear to provide protection 
against mutation accumulation. 

Exposure to Low-Level Contamination Results 
in Elevated Mutation Rates in Barn Swallows:



Moller, Mousseau & Surai. 2004. Proc. Roy. Soc. Lond. B.

Male birds from Chernobyl have deformed sperm



Blood Liver Eggs

Moller, Mousseau & Surai. 2004. Proc. Roy. Soc. Lond. B.

Birds from Chernobyl have reduced levels of antioxidants



Mutation and Radiation
24 studies for other species showing elevated mutation rates.

Moller and Mousseau. 2006. Trends in Ecology and Evolution.



Adult survival rate
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What are the developmental 
effects of radiation-induced 

mutations?



Partially albinistic male swallow (on left). Swallows from Chernobyl region are 
generally much paler than swallows from other regions.

Moller & Mousseau. 2001. Evolution



Abnormal
coloration



Bent and asymmetrical tail 
feathers.



Tumor growth under beak.



Deformed lips Deformed airsac



Tumor around eye

Great tit, Parus major



Condition Chernobyl Ukrainian 

control area 

Denmark Spain Italy 

Partial albinism 13.32 (112) 3.75 (20) 4.87 (204) 1.96 (11) 4.06 (65)

Aberrant coloration of plumage 0.28 (3) 0 0 0 0

Red coloration on chest 0.28 (3) 0 0 0 0

Blue coloration in red face 0.19 (2) 0 0 0 0

Deformed toes 0.76 (8) 0 0 0.18 (1) 0.06 (1)

Deformed beak 0.38 (4) 0 0 0 0

Tail feathers with non-fused barbs 0.57 (6) 0 0 0 0

Bent tail feathers 0.19 (2) 0 0 0 0

Tumours 0.66 (7) 0 0 0 0.19 (3)

Deformed air-sacks 0.09 (1) 0 0 0 0

Deformed eyes 0.19 (2) 0 0 0 0

N 841 534 4198 562 1601
 

Frequency of abnormalities in Chernobyl and elsewhere

A. P. Møller, T.A. Mousseau, et al., Biol. Lett. 3:414-417, 2007
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Frequency of Developmental 
Abnormalities in barn swallows



Abundance of birds and 
radiation



Moller & Mousseau. 2007. J. Applied Ecology



Bumblebees, spiders, 
and butterflies all show 
declines in abundance 
with increasing 
contamination levels.
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What about people?
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What about people?
- Germline mutations rates are higher, the 
long term implications are unknown.

• Decreased survival rates



Stepanova, Karmaus, Naboka, Vdovenko, Mousseau, Shestopalov, Drane, Vena, 
Underhill, & Pastides. 2008. Environmental Health.

Children of the Narodichesky region



Children of the Narodichesky region

Stepanova, Karmaus, Naboka, Vdovenko, Mousseau, Shestopalov, Drane, Vena, Underhill, & Pastides. 
2008.  Environmental Health



The Children of Naradichy show dramatically impaired pulmonary function.

FEV1 = Forced expiratory volume

PEF = Peak expiratory flow

FVC = Forced Vital Capacity 

MEF25 = Maximum expiratory 
flow at 25% of the exhalation

MEF50 = Maximum expiratory 
flow at 50% of the exhalation 

MEF75 = Maximum expiratory 
flow at 75% of the exhalation

Svendsen, Kolpakov, Stepanova, 
Vdovenko, Naboka, Mousseau, Mohr, 
Hoel, Karmaus. 2008. Submitted



Conclusions?
• Despite popular unscientific dogma, low-dose 

radioactive contaminants have significant effects 
on mutation rates, development, and fitness in 
animals and humans.

• Are these risks small relative to the potential 
benefits of nuclear energy? There is insufficient 
information to draw any conclusions at present.
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