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Genetic effects of ionising radiation  

Martin Walter, MD and Andreas Nidecker, MD, Prof. emeritus  

  

Presentation at the Congress “Human Rights, Future Generations & Crimes in the 

Nuclear Age” September 15th 2017 at the Unviversity of Basle  

We would like to present you some aspects of ionizing radiation and their genetic 

effects. 

The history begins with the research of Professor Herman Muller.   

  

In nineteen twentyseven he published a paper in “Science” with the title “ARTIFICIAL  

TRANSMUTATION OF THE GENE”  

  

Muller was the first to use x-rays to induce mutations in fruit flies. For this important work 

he was awarded  with the Nobel Prize in nineteen forty-six and later became a critical 

voice about the consequences of genetic effects of ionizing radiation to humans.  
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In those times malformations were the only way to suspect mutations, as DNA studies 

then were not available.  

  

Let’s turn to other examples of man-made radiation.   

  

There have been many accidental releases of radioactive elements into the biosphere, 

contaminating soil, air and water. Chernobyl and Fukushima, and before Mayak, 

Sellafield and Three Mile Island released and sometimes still release huge amounts of 

radioisotopes into the biosphere.  
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Consequences of ionizing radiation through releases of radioactive material in the 

biosphere  

  

Solid cancers and hematological malignancies, immunological diseases, cardiovascular 

diseases, effects on neurological and brain development and teratogenic effects have 

been the short-term consequences of such accidents and in the long-term there have 

been hereditary consequences for the following generations.   
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How does radiation in the environment affect animals?   

  

Lets look at birds born in the vicinity of the Chernobyl reactor. The barn swallow, a local 

bird species, is featured in these pictures.   
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Ellegren and colleagues in nineteen ninety-seven published on “Fitness loss and 

germline mutations in barn swallows breeding in Chernobyl” in the journal “Nature”. 

They reported an increased frequency of partial albinism, a morphological aberration 

associated with a loss of fitness in these birds.   
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Here you see a so-called DNA-fingerprint example, based on the method of 

electrophoresis, which is similar to a chromatography. Fingerprints were produced from 

specific DNA pieces, snipped out of whole DNA then multiplied with the so called 

polymerase chain reaction to get large enough samples to separate them visibly with 

electrophoretic technics. The two columns on the left represent father and mother, the 3 

columns in the center and on the right represent the genetic fingerprints of the children. 

The bands on the columns of father and/or mother should be represented in the 

children. This is the case here (X) where a childs band corresponds to the mothers 

band. Also her you see in 3 children corresponding bands with those of the father (Y) . 

However at (N) you see in one child a totally new band, corresponding to a mutation, 

which documents a genetic abnormality. Thus Ellegren and his colleagues were able 

with a modern method to clearly document transgenerational damage.   

  

The authors concluded, and we quote: “Thus, both genetic and morphological data 

suggest that barn swallows, breeding in the Chernobyl area have experienced elevated 

levels of germline mutation rates at both, expressed yielding albinism and non-coding, 

DNA loci from the nineteen eighty-six release of radioactive material from the nuclear 

power plant.” and stated further ”We have no reason to believe that the barn swallow 

should be uniquely sensitive to radiation among animal species breeding close to 

Chernobyl or in other radioactively contaminated areas.” End of quote.  
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In two thousand and fourteen Mousseau and Møller published a paper concerning 

recent advances in genetic and ecological studies of wild animal populations in the 

Chernobyl and Fukushima areas. Their paper too described similar observations in barn 

swallows, this time from Fukushima. These researchers furthermore detected cows with 

peculiar white spots in their fur, which could also be considered as partial albinism.  

  

  
  

  

  

Windscale  

  

Now, we would like to turn to radiation issues directly related to humans and begin with 

the fundamental question: Can genetic damage in humans be transferred to following 

generations - and unfortunately the answer is yes.   

  

In Cumbria/England at the nuclear reprocessing site at Windscale (later called 

Sellafield) in nineteen eighty-three, Yorkshire Television broadcasted the film: 
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“Windscale: the Nuclear Laundry”, which, for the first time, highlighted a disturbingly 

high rate of childhood leukaemia near Sellafield.   

  

  
   
  

Here you see the geographical situation of the Sellafield reprocessing plant.  
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The Black report on Sellafield  

  

In the official report by Black, it was confirmed that the incidence of leukaemia was 

abnormally high in that region. Black suggested further studies and Gardner and 

colleagues found in a case control study in Nineteen Ninety , that with regard to 

leukaemia, the relative risk for children of fathers working at the Sellafield nuclear plant 

and receiving a total preconception ionizing radiation dose of 100 mSv or more, was 

6.24 which is a significant elevation. Normally, we would expect a non-radiation value of 

1.0. Gardner's hypothesis could not be confirmed in recent studies, but there is no other 

convincing explanation for the causation of leukemia and non Hodgkin's lymphoma of 

children and young adults in Sellafield.  
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In another, separate epidemiological study at Sellafield Dr. Louise Parker and 

colleagues furthermore found a significant risk correlation of a baby being stillborn and 

the father's total exposure to external ionizing radiation prior to conception. Once again, 

transgenerational pathways were indicated.  

    

Mutations after the Chernobyl-Desaster  

Returning to Chernobyl: in nineteen ninety-six Dubrova and colleagues published an 

examination of 79 families who continued to live in the highly contaminated Mogilev 

region.   
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The estimated exposure of the families was up to 5 mSv per year in the Mogilev area. 

The children were all born between February and September in nineteen ninety-four 

and were compared with one hundred healthy families from the United Kingdom.   

Mutation frequency was found to be twice as high in the exposed Belarus families as in 

the UK control group. Research then was able to establish a correlation between degree 

of soil contaminated by 137Cesium and mutation rate.   
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The pale blue grass butterfly after the Fukushima catastrophe  

  

As a final example of genetic consequences of ionizing radiation we present you the 

story of the pale grass blue butterfly, Yamato shijimi.   
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Two months after the Dai-ichi accident scientists from the Ryukyus university collected 

144 butterfly adults from 10 localities. At the time of the accident the populations of this 

species were hibernating as larvae and were exposed to external and internal manmade 

ionizing radiation.  
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Captured butterflies were transferred, to the Ryukyus university at Okinawa, where the 

following experiments were performed in a radioactively non-contaminated environment. 

Eggs from P-females were reared and the adults were mated for each locality. The 

overall abnormality-rate was evaluated.   

  

The results, of the laboratory experiments, showed both physiological and genetic 

damage. The parental generation, or P-generation, did not have as many abnormalities 

as subsequent filial ones, but there were some, and they were physiological. The 

experiment showed more overall abnormalities in F2-generations and the researchers 

found inherited traits from the F1-generation. Therefore, they  concluded that germline 

must be involved. Similar abnormalities induced by external and internal low-dose 

exposures, were experimentally reproduced in individuals taken from Okinawa, a 

noncontaminated area.   
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In this slide you can see some strains of butterflies. (Malformed antennae, palpi, eyes, 

eclosion failure, and different wing abnormalities).  

 

  
  

We quote these authors as follows: “To evaluate the effects of internal exposure caused 

by ingested food, we fed host plant leaves collected from the Fukushima and other 

areas to Okinawa larvae, which had never been exposed to artificial radionuclides.  

    

  

Cornelia Hesse – swiss scientific illustrator  

  

The Swiss scientific illustrator, Cornelia Hesse, began after the Tschernobyl accident to 

systematically research deformities of insects in contaminated areas and near nuclear 

power plants in their downwind areas.   
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She was the first person we know to illustrate malformations of thousands of insects in 

the context of ionising radiation. Cornelia was awarded for her work with the “Nuclear 

free Future Award” in 2015. May be the story of the blue grass pale butterfly is induced 

through her extensive work and the Ryukyus group confirmed fully her scientific 

observations. Her book “The power of Low dose radiation” was published in 2016.   

    

The effects on the Flora  

  

The fact, that ionizing radiation also has effects in the flora is exemplified by here.  
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You see, the morphology of treelogs cut recently: By counting the growth rings, the 

change of color clearly shows 1986, the year of the accident.  

    

Another example shows living scott pines, which have a peculiar overall morphology, 

likely also caused by teratogenetic effects.   
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Summary:   

  

● We must accept, that both the dose-effect relationship and the exact mechanism 

of the mutagenic process in humans are at this time not fully understood.   

● But it is clear since Muller’s pioneering publication that ionizing radiation is 

mutagenic   

● Humans are genetically affected by the process of radiation-induced  

 mutagenesis, as are all living organisms     

● Childhood leukaemia may have resulted from pre conception irradiation of the 

spermatogonia of Sellafield workers  

● Risk of stillbirths to mothers, who conceived a child with fathers working at 

Sellafield, who had been exposed to radiation prior to conception correlated with 

paternal radiation exposure. The link was clear: the higher the dose, the higher  

 the risk     

● The families living in the Mogilev area, who had been irradiated with a dose of up 

to 5 mSv per year, from 1986 on and whose children were born in 1994, 

experienced a two-fold increase in examined DNA-sequences, compared with a 

control group from the UK  
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● The butterfly study demonstrated huge abnormalities, in both germline, and 

physiological or somatic damage following the Fukushima accident. Some traits 

have been passed from the F1 to the F2 generation.  

● Barn swallows breeding in Chernobyl experienced partial albinism and fitness 

loss. Their population diminished in numbers, and a decline in life expectancy 

was observed and an elevation of DNA-mutation rate was found. In addition, 

many other species living in the wild also experienced an observed decline in 

population size.  

● Finally – There are effects on Flora, like growth disturbances, chromosome 

aberrations, malformations, mutations and reproductive disturbancies  

  

Confronted with these facts and problems, we believe, that we have an obligation, to 

discuss the important questions about the possible genetic consequences of Fukushima 

and other nuclear disaster regions and voice our concern regarding the measures of 

relocation of humans in contaminated areas, which might result in radiation doses, of up 

to 20 mSv per year. We strongly believe, that   

  

1. It is not acceptable and ethical to relocate children, young, fertile or pregnant women 

into contaminated areas. Nobody should live in such contaminated areas, particularly 

considering that doses of up to 20 mSv per year are now being tolerated for the 

formerly evacuated areas in the region of Fukushima.   

2. There are population groups other than children, pregnant women and their fetuses, 

who are more sensitive to ionizing radiation than the general population. We must 

locate and identify such hypersensitive groups and give them extra protection.  

3. Regarding the effects of ionizing radiation, we must respect the widely recognized  

“precautionary principle”. For our long term good, the genetic heritage, this principle should be 

applied globally.  

4. Where there are threats of serious or irreversible damage to human life, lack of full 

scientific certainty should not be used to weaken ethical standards. We believe that 

there is no better rule of thumb than that contained in the proverb “Better safe than 

sorry”.   

Thank you for your attention  
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