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Quote

"Even then, the number of children and grandchildren with 
cancer in their bones, with leukemia in their blood, or with 
poison in their lungs might seem statistically small to some, 
in comparison with natural health hazards. But this is not a 
natural health hazard--and it is not a statistical issue. The 
loss of even one human life, or the malformation of even one 
baby--who may be born long after we are gone--should be 
of concern to us all. Our children and grandchildren are not 
merely statistics toward which we can be indifferent."

 - John F. Kennedy
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Чорнобиль Chernobyl
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Chernobyl and the world on April 26, 1986

● Reactor meltdown caused by improper operation 
during engineering test

● particular significant radionuclides:

● iodine-131 (~8 days t1/2) 

– high radiation dose to thyroid
● caesium-137 (~30 years t1/2)

– long-term radioactive exposure
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Table: UNSCEAR (2008): "Health effects due to radiation from the Chernobyl accident" (Annex D of the 2008 UNSCEAR Report
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Nuclear Escalation
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Radiation epidemiology

● effects of radiation exposure:

● deterministic effects

– effect is certain to occur under given conditions 
● stochastic effects

– effect may or may not occur
– Major stochastic effect = cancer
– Only able to express a probability that radiation was the cause
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Radiation epidemiology

● approaches to asses long-term health effects:

● risk models 

– e.g. Atomic bombings survivors
– but: difference in dose level

● empirical studies

– relatively low doses and need for long-term follow-up
– observed associations may not necessarily indicate causality

● factors that may bias the result:

● frequency of disease detection

● quality of diagnosis etc.
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East vs. West

● Initial death toll: 2

● Official Soviet death toll: 31

● high radiation doses to 134 of 600 plant staff and emergency personnel resulted 
in ARS and killed ~29 

● Official UN (2006) short-term death toll: 54 

● additional trauma and ARS deaths

● including journalists, physicians and a helicopter crash
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"Health effects due to radiation […]" UNSCEAR 2008 

● based on peer-reviewed reports and information by governments

● main focus: empirical studies 

● estimation of individual doses

● reasonable evidence that acute radiation exposure of large population with doses 
above 100 mSv increases cancer morbidity/mortality

● but: no conclusive evidence for increased cancer morbidity at very small doses

 → assumption of a threshold
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"Health effects due to radiation […]" UNSCEAR 2008 

1. attributable health risks of radiation:

1. ARS

2. leukemia and cataracts

3. thyroid cancer

4. no persuasive evidence of any other health effects in general population
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"Chernobyl: Consequences of the Catastrophe [...]"
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"Chernobyl: Consequences of the Catastrophe [...]"

● published by the New York Academy of Sciences in 2019

● not peer-reviewed
● analysis based on over 5.000 mainly Slavic publications

● critical view on previously conducted studies on the Chernobyl accident

● IAEA's exclusion of data with estimated doses below a certain threshold

● dismissal of eastern European studies due to questionable scientific practices

● "One nuclear reactor can pollute half the globe."

● "Prior to 1985 more than 80% of children in the Chernobyl territories of Belarus, 
Ukraine and European Russia were healthy; today fewer than 20% are well."

● "[…] methodologically incorrect to demand a "statistically significant correlation" as 
conclusive evidence of the harmful effect from Chernobyl."
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"Chernobyl: Consequences of the Catastrophe [...]"

● Critical review example by Dr. Monty Charles 

● discounting socioeconomic and screening factors for increased morbidity
● variations between contaminated ares before the accident not accounted for

● unclear use of sources have been used and influence on conclusions

● verifying all quoted sources would require considerable effort

● dismissal of epidemiological approach to seek correlation of health effects with 
levels of contamination or dose 

● "Tables 6.19 and 6.20 present [...] more realistic mortality and morbidity calculations 
of Europe and the world."
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"Chernobyl: Consequences of the Catastrophe [...]"

● Critical review example by Dr. Monty Charles 

● discounting socioeconomic and screening factors for increased morbidity
● variations between contaminated ares before the accident not accounted for

● unclear use of sources have been used and influence on conclusions

● verifying all quoted sources would require considerable effort

● dismissal of epidemiological approach to seek correlation of health effects with 
levels of contamination or dose 

● "Tables 6.19 and 6.20 present [...] more realistic mortality and morbidity calculations 
of Europe and the world."

● two different estimated ranges from same author
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"Chernobyl: Consequences of the Catastrophe [...]"

● claim: 3,8-4,0% of all deaths in contaminated areas caused by radiation

● total number of Chernobyl victims until 2004:

● Belarus, Ukraine, Russia: ~237.500

● additional 10 million people in less contaminated areas: ~170.000

● another 150 million Europeans: ~255.000

● assuming 20% of radionuclides were deposited outside Europe: ~323.000

 → ~985.000 deaths 
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"Estimates of the cancer burden in Europe [...]"

● using risk projection models and incidence and mortality rate studies

● average whole body doses were estimated for 1986-2005 and projected to 2065

● based on country-specific radiation monitoring data and estimates by UNSCEAR and 
Chernobyl Forum

● risk models developed by US National Research Council's Committee on the 
Biological Effects of Ionizing Radiation (BEIR VII)

● Linear-No-Treshold model

● data from Japanese atomic bomb survivors and medically exposed cohorts
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"Estimates of the cancer burden in Europe [...]"

● analysis of mortality based on data from recent study on mortality and smoking in 
developed countries (1950-2000)

● mortality rates were calculated and standardized to world population
● 1986-2005:

● Belarus: ~2,8 mSv

● Ukraine: ~2,1 mSv

● Finland: ~1,4 mSv

● Europe: ~0,5 mSv
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"Estimates of the cancer burden in Europe [...]"

● total predicted cancer cases: ~41.400

● total predicted cancer deaths: ~15.700

● estimates are subject to substantial uncertainty

● attributable fractions (% of all cancer deaths): 

● thyroid cancer: 0,08% - 12% (least – most contaminated)

● leukemia: 0,01% - 0,66% (least – most contaminated)

● other: 0,002% - 0,23% (least – most contaminated)
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福島第一 Fukushima Daiichi
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March 11, 2011 – Japan's Chernobyl?

● Ōkuma City, Fukushima Prefecture

● series of equipment failures following earthquake and subsequent tsunami

● 3 nuclear meltdowns

● sea water that had been exposed to melting rods was returned to the sea for 
several months

● Observed radioactive materiel released: 

● I-131:130 – 160 Pbq (Chernobyl = 1760  Peta Bq)

● Cs-137: 6,1 – 15 Pbq (Chernobyl = 81 Peta Bq

● some 80% of radioactivity was deposited over the Pacific ocean

19 / 30

Context

Introduction | Chernobyl Disaster | Fukushima Daiichi Disaster | Conclusion



March 11, 2011 – Japan's Chernobyl?

19 / 30

Context

Introduction | Chernobyl Disaster | Fukushima Daiichi Disaster | Conclusion

● Ōkuma City, Fukushima Prefecture

● series of equipment failures following earthquake and subsequent tsunami

● 3 nuclear meltdowns

● sea water that had been exposed to melting rods was returned to the sea for 
several months

● Observed radioactive materiel released: 

● I-131:130 – 160 Peta Bq (Chernobyl = 1760  Peta Bq)

● Cs-137: 6,1 – 15 Peta Bq (Chernobyl = 81 Peta Bq

● some 80% of radioactivity was deposited over the Pacific ocean

Image: http://onodekita.sakura.ne.jp/sblo_files/onodekita/image/2011050701.jpg



March 11, 2011 – Japan's Chernobyl?

● government set 20 mSv/year as limit for occupation

● estimations of cumulative dose outside 80km radius and much area inside that are 
less than 1 mSv/year

● 20km radius evacuation zone

● 25.000 workers

● workers stay until they reach radiation limit of 50 mSv/year

● about 170.000 people live close to the plant

● December 16, 2011 the plant was declared stable
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Nuclear Escalation
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Zero Casualties?

● no deaths caused by ARS

● many deaths due to the evacuation and ensuing long-term displacement

● deaths during and immediately after transit: 34-50

● mostly hospital inpatients, elderly people

● disruption of hospital operations, stress, etc.

  → "disaster-related deaths"

● April 14 2011, oldest resident of Iiate, a 102-year-old, committed suicide rather than 
to evacuate
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“An Unexpected Mortality Increase in the U.S. [...]"

● evaluate potential changes in US mortality from exposure to Fukushima fallout

● use of EPA (US Environmental Protection Agency) and CDC (US Centers for Disease 
Control and Prevention) data

● EPA: air, water and food samples
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Table: Joseph J. Mangano and Janette D. Sherman (2012). "An Unexpected Mortality Increase in the United States Follows Arrival of the Radioactive Plume from Fukushima: Is There a Correlation?".
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“An Unexpected Mortality Increase in the U.S. [...]"

● evaluate potential changes in US mortality from exposure to Fukushima fallout

● use of EPA (US Environmental Protection Agency) and CDC (US Centers for Disease 
Control and Prevention) data

● EPA: air, water and food samples

● CDC: report of weekly deaths by age in 122 cities (25-35% of national total)

● Comparison of  a 14-week period March to June in 2010 and 2011

● statistical significance between the two death trends was calculated by using 
the difference between two means

● observed difference vs the expected difference of the 2010-2011 change for the 
preceding 14 weeks
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“An Unexpected Mortality Increase in the U.S. [...]"

● total deaths increased 4,46% from 148.395 (2010) to 155.015 (2011) in 119 cities

● previous 14 weeks increase: 2,34% in 104 cities

● difference between actual and expected changes of 2,12 percentage points 
translates to 3.286 excess deaths

● 13.983 projected total deaths (assuming a total of 2.450.000 US deaths) during 
14-week period

● infant deaths increased 1,8% from 2.674 (2010) to 2.722 (2011)

● previous 14 weeks decline: 8,37% in („highly significant, p<0,0002)

● 277 excess infant deaths

● 822 projected total infant deaths (assuming 30.000 US infant deaths in 2011)

24 / 30

Direct/Short-term deaths

Introduction | Chernobyl Disaster | Fukushima Daiichi Disaster | Conclusion



“An Unexpected Mortality Increase in the U.S. [...]"

● CDC report flaws (by author): 

● deaths are categorized when death certificate was filed not necessarily the date 
of death

● raw numbers, not mortality rates

● “Recent assessments have suggested that the amount of radioactivity released from 
Fukushima equals or exceeds that released from Chernobyl“

● 14.000 figure based on acute deaths from low radiation doses, which there is no 
known mechanism for
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More disaster-related deaths

● long-term displacement evacuees died at increased rate

● reasons: degraded living conditions, separation from support networks
● suicides due to mental stress, despair, anxiety and depression caused by media 

coverage and long periods of evacuation

● 33 cases of heat strokes among recovery workers

● two workers died from heart failure
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● long-term displacement evacuees died at increased rate

● reasons: degraded living conditions, separation from support networks
● suicides due to mental stress, despair, anxiety and depression caused by media 

coverage and long periods of evacuation

● 33 cases of heat strokes among recovery workers

● two workers died from heart failure

● total nuclear-disaster-related-deaths (2016): 1368 

● one worker died from  radiation induced lung cancer

● >160.000 people in the general population were screened  
in March 2011   no health affects →
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Evacuation worse than radiation?

● UNSCEAR report from 2013:

● average effective dose of recovery workers: ~12 mSv
● “   “ of adults living in the City of Fukushima: ~4 mSv

● no increased incidence of radiation-related health effects are expected

● WHO study from 2013:

● ~1% absolute increase of cancer during lifetime for infants ATA

● health impacts likely to be below detectable levels

● Stanford University study from 2012:

● ~130 additional cancer deaths

● ~2-12 deaths due to radiation exposure to workers
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Why do claims in literature differ?

● wide range of estimates in scientific literature mainly due to

● different estimates of population dose

– difficulty in reconstructing doses from radionuclides
– difficulty determining levels of external and internal radiation for average 

person/group, doses only based on assumptions
● unclear impact of ultra-low doses

– correctness of the contested LNT model
● use of different radiation risk models

● different interpretations of epidemiological data

– risk models for predictions based on populations exposed to higher doses 
for brief periods

● long average latency of most radiation related cancers
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Science or Science Fiction?

● screening and diagnostic suspicion bias

● Frequent examination  greater likelihood of detection of small tumors→
● physician knowing that patient had been exposed to radiation, might be more 

inclined to look more thoroughly for cancer etc.

● visible trends appear in countries with average whole-body dose of >1 mSv

● but: increase in cancer mortality accompanied by similar increase in non-
cancer mortality

● trends unlikely to reflect effect of radiation

● predictions only provide an idea of the order of magnitude 
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