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UNSCEAR report 2010 

ÁMany difficulties are encountered in attributing specific cases of 

diseases (non-cancer) to low-dose radiation exposure including: 

 

ÁThe lack of specificity in the type or characteristics of diseases 

induced by radiation exposure  

 

ÁThe long delay (years or decades) between exposure and disease 

presentation.  

 

ÁThe high sponteneous incidence of diseases associated with 

radiation in the ageing general population  
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UNSCEAR statments: non-cancer effects 

ÁRadiation exposure of the developing embryo or foetus during 

pregnancy can also contribute to the appearance of non-cancer 

diseases in children. In addition to the induction of congenital 

malformations, the central nervous system is particularly affected  

 

Á Two main factors influence risk: The radiation dose and the specific 

stage of development of the embryo or foetus at the time of 

exposure (based on animal data). 

 

Á There is a threshold  for these effects at about 100 mGy 
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health risks at low doses. 

Á Biological understanding of the actions of radiation can be used to 

improve evaluations of health risks at low doses. 

 

Á An incomplete understanding of the mechanisms of radiation action at 

low doses is a major contributor to the current uncertainty on low -dose 

risk estimates.  

 

Á Improved understanding of the mechanisms per se will not eliminate 

the uncertainty, it can help reduce the uncertainties  and thereby 

increase confidence in low-dose risk estimates 
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WHO statments 

Á The developing nervous system is more susceptible than the adult brain to the 
disrupting effects of toxic agents (Faustman et al., 2000). The lengthy period of 
brain development which continues to occur throughout gestation, and 
postnatally contribute to its high susceptibility to the various stressors.  

 
ÁChildren are a vulnerable population subgroup. Children are not simply little 

adults; they possess distinct characteristics across life stages that contribute to 
their different susceptibility to environmental exposures. For example, 
Á infants gain more weight during the first four to six months than during the 

rest of their lives  
ÁOrgan systems grow at different rates at any time from infancy to early 

childhood. 
 

ÁDepending on the timing and nature of the neurotoxicity, behavioral deviations 
in the developing child can range from mild (e.g. learning disabilities) to severe 
(e.g. mental retardation). 
 

Á Exposure to environmental chemicals such as methylmercury, lead, or certain 
pesticides may produce cellular or molecular changes that are expressed as 
neurobehavioral (functional) deficits (Adams et al., 2000), or as increased 
susceptibility to neurodegenerative diseases later in life (Cory-Slechta et al., 
2005). 
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The human brain 
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Atomic-bomb survivors exposed during 8-15 and/or 16-25 weeks of gestation 
show significant effects on the occurrence of severe mental retardation as well 
as variation in intelligence quotient (IQ) and school performance 

 
 

 

 
Radiation-induced mental retardation  

Microcephaly 

Prevalence of mental retardation and microcephalic cases in function of the dose of 
radiation and the period of in utero exposure. At 8-15th weeks of gestation a more 

pronounced number cases of microcephaly are indicated than other gestation periods. 
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Microcephaly or Small head size 

ÁDepending on the severity of the accompanying syndrome, children with 
microcephaly may have: 

 

Ámental retardation,  

Á delayed motor functions and speech,  

Á facial distortions,  

Á dwarfism or short stature,  

Á hyperactivity,  

Á seizures,  

Á difficulties with coordination and balance, and other brain or neurological 
abnormalities.  
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chronic low-dose radiation-impacted regions of Ukraine 

Å The overall rate of neural tube defects in 

Rivne is among the highest in Europe (22.2 

per 10,000 live births) 

Å In Polissia, the overall rates of neural tube 

defects are even higher (27.0 vs 18.3) 

Å Neural tube defects are birth defects of the 

brain, spine, or spinal cord. The two most 

common neural tube defects are spina 

bifida and anencephaly.  
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chernobyl data 

 

Psychophysiological effects in prenatally exposed children 

and adolescents as a result of the Chernobyl accident  

T.K. Loganovska, S.Yu. Nechaev 

ȱɊɉɍɜɒɍɎ ɇɖɊɖɇ˵ɗ (Medical Journal), 2004 
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Seizure 

Normal brain function requires an orderly, organized, coordinated discharge of 
electrical impulses. Electrical impulses enable the brain to communicate with 
the spinal cord, nerves, and muscles as well as within itself. Seizures may result 
when the brain's electrical activity is disrupted. 

 
There are two basic types of seizures:  

¸ Epileptic 
¸Nonepileptic 

 
There are several causes of seizure among which: 

 Structural damage to the brain 
Brain tumor (noncancerous or cancerous) 
Head injury 
Hydrocephalus 
Intracranial hemorrhage 
Stroke 
 

 Abnormalities are present or occurring at birth 
Birth defect 

Hereditary metabolic disorders,  
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A-bomb data  

Á The most critical period, 8 through 15 weeks after fertilization, corresponds 
to that time in development when neuronal production increases and 
migration of immature neurons to their cortical sites  of function occurs  

 

Á At 8ð15 weeks of gestational age, the time when the most rapid 
proliferation of neuronal elements and when most, if not all, 
neuroblast  migration to the cerebral cortex from the proliferative 
zones is occurring .  

 

ÁOverall, the risk is five or more times greater  in these weeks than in 
subsequent ones based on A-bomb survivors data 

 

Á The 95% lower bound of the threshold based on the new dosimetry 
system (DS86) appears to be in the range of 0.12-0.23 Gy in the 8-15 week 
period. In the 16-25 week period, the 95% lower bound of the threshold is 
0.21 Gy both with and without inclusion of two probable non-radiation-
related retarded cases  

 
Á Otake M, Schull WJ, Yoshimaru H. A review of forty-five years study of Hiroshima and Nagasaki atomic bomb survivors. Brain 

damage among the prenatally exposed. J Radiat Res (Tokyo). 1991 Mar;32 Suppl:249-64. 
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Atomic-bomb survivors data 

 

 

 

Characteristics No of 

people 

(n=86 611) 

No of deaths 

Circulatory disease 

(n=19 054) 

Stroke 

(n=9 622) 

Heart disease 

(n=8 463) 

Other circulatory 

disease (n=969) 

Sex: 

 Male 35 687 7 607 3 958 3 261 388 

 Female 50 924 11 447 5 664 5 202 581 

Age at atomic bomb 

exposure (years): 

 0-9 17 833 428 176 238 14 

 10-19 17 563 951 404 508 39 

 20-29 10 891 1 551 652 831 68 

 30-49 25 774 9 712 4 735 4 575 402 

     50 14 550 6 412 3 655 2 311 446 

Weighted colon 

radiation dose 

(mGy): 

 <5 38 509 8 440 4 247 3 723 470 

 5- 23 427 5 089 2 637 2 205 247 

 50- 12 508 2 838 1 405 1 305 128 

 200- 6 356 1 485 735 680 70 

 500- 3 424 745 363 342 40 

 1000- 1 763 341 176 158 7 

     2000 624 116 59 50 7 
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Atomic-bomb survivors data 

Shimizu, Y. et al. BMJ 2010;340:b5349 

the radiation excess 

relative risk per Gy for 

stroke was higher before 

age 60 than after, 

especially among men  

the excess relative risk per 

Gy were 36%, 9%, 15%, 

and 5% for ages <10, 10-

19, 20-39, and  40  
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Causes of stroke 

A stroke, or cerebrovascular accident (CVA), occurs when 
blood supply to part of the brain is disrupted, causing 
brain cells to die. When blood flow to the brain is 
impaired, oxygen and glucose cannot be delivered to the 
brain. Blood flow can be compromised by a variety of 
mechanisms.  
 

¸ Blockage and narrowing of the small arteries within the brain 
can cause a so-called lacunar stroke, (lacune=empty space).  

¸ Blockage of an artery or a single arteriole can affect a tiny 
area of brain causing that tissue to die (infarct). 

¸ Hardening of the arteries (atherosclerosis) leading to the 
brain.  

¸ Clot in an artery supplying the brain  

¸ Inflammatory conditions in the blood vessels (vasculitis)  

¸ Disruption of the blood-brain barrier (hemorrhagic stroke) 
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WHO data on CVDõs 

ÁCVDs are the number one cause of death globally: more people die 

annually from CVDs than from any other cause. 

 

Á An estimated 17.3 million people died from CVDs in 2008, 

representing 30% of all global deaths. Of these deaths, an estimated 

7.3 million were due to coronary heart disease and 6.2 million were 

due to stroke . 

 

Á The number of people who die from CVDs, mainly from heart 

disease and stroke, will increase to reach 23.3. million by 2030. CVDs 

are projected to remain the single leading cause of death.  

 

Á 9.4 million deaths each year, or 16.5% of all deaths can be attributed 

to high blood pressure. This includes 51% of deaths due to strokes 

and 45% of deaths due to coronary heart disease. 
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Other studies 

Á In 1929, Goldstein & Murphy illustrate for the first time the occurence of 

mental impairement in children following radiotherapyeutic treatment 

of their mother during pregnancy.  

 

Á Studies that evaluated cognitive defects after cranial radiation exposure 

for ringworm (Tinea Capitis) treatment (Ron et al., 1982). 

 

Á CT scan at early childhood showed lower school examination scores, 

intelligent test scores, psychological test scores for doses in the range 

of 1ð1.5Gy (Hall, 2001).  

 

Á  Data from "Childhood Cancer suvivor study"ies would provide valuable 

informations regarding late occurence of cognitive and cerebrovascular 

effects. 
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Vascular neurotoxicity 

ÁNeurotoxicity is a major clinical complication 
following radiation therapy of brain tumors  

 

Ámost devastating neurotoxicity manifests with late 
neurologic sequelae, including neurocognitive 
dysfunction, white matter degeneration, and 
necrosis.  

 

Á early changes in cerebral vasculature may predict 
delayed alterations in verbal learning and total 
recall, which are important components of 
neurocognitive function.  
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Radiation-induced Brain damage 

Dementia (Stroke)  Seizure & SMR  Developmental disorders  

Impaired blood flow to 

the brain cause 

damage in brain 

vasculature that results 

in dementia  

Neurological disorder: In 

case of seizure is caused 

by abnormal and intense 

electrical activity in the 

brain.  

Microcephaly & NTDõs: 

caused by abnormal 

closure of the neural tube 

or growth defect of the 

brain during gestation.  
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From Epidemiology to Biology 

Á Several studies have shown and confirmed the high sensitivity of the brain 
during the early stages of its development even to low doses of radiation.  

ÁDuring those stages, radiation seems to disturb the proliferation rate of 
progenitor cells as well as their migration to the cortical layers, all together 
might contribute to cognitive disorders at adult age. 

Á Beside severe mental retardations and seizures observed in the A-bomb 
survivors, other subtle behavioral changes may occur at lower doses depending 
on the stage of exposure and the brain region affected. 

Á Animal studies remain the best alternative to reproduce the human effects and 
to illustrate the related mechanisms 

Á Behavioral testing can be conducted on different animal models showing high 
similarities to human data and allowing several analyses.  

Á Advanced technologies are now affordable to analyze several samples in a 
short time for various endpoints, emphasis should be put on data analysis and 
its integration to understand the biology of the system.  
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Brain development 

 

 
 

4 8 12 16 20 24 28 32 

4 

months  2 6 

Neurulation  Neurogenesis  Max. growth  

Synaptogenesis  Competitive elimination  

Migration from ventricular zone  

Programmed cell death  

Myelination  

Dendritic and axonal arborization  

Conception  Birth  

years weeks 

3.5 weeks 5 weeks 6 weeks 7.5 weeks 14 weeks 

20 weeks 36 weeks 

forebrain 

midbrain  hindbrain 

Spinal 

 cord 

Cerebral 

hemisphere 
midbrain  

cerebellum 

pons 

medulla 

Lenroot RK, 2006 
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Behavioral setup 

Open field exploration  

Exploratory test  

Accelerating rotarod  

Motoric activty  

Morris Water maze  

visual-spatial learning 
and memory  

Cage activity  

Sponteneous behavior  
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