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HIGH LET 
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Separation of ion clusters in relation to 
size of biological target 

LINEAR ENERGY TRANSFER 
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deep therapy 
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alpha-particle 

LET is average energy (dE) imparted by excitation  
and Ionization events caused by a charged particle  
traveling a set distance (dl) -  LET = dE/dl (keV/ µm) 
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radiação α – high  ionization, 
          low penetration 

radiação β − low  ionization,  
         average penetration 

radiação γ − indirect inization, high  penetration 
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Stages of radiation effects 
 

Physical stage: production of ionised molecules                  10 -18 sec 

Phys/chemical stage: production of free radicals                  10-13 sec 

Chemical stage: interaction of rective species with orgs  10-6 sec 

Biological stage: sequencial response to the chemical  

products of radiation.                              from    10-6 sec 

                until many years. 
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Biological Effects Of Ionizing Radiation, Prof. Igor Y. Galaychuk, MD - Head, Department of Oncology and Radiology – Ternopil State Medical University 
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Pathology: From the Tissue Level to Clinical Manifestations and Inter-professional Care, Jennifer Kong and Helen Dyck, 2022  
https://doi.org/https://doi.org/10.14288/77r0-8833 
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http://dept.clcillinois.edu/psy/LifespanDevelopment.pdf 
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Andrlová H. et al, An Unconventional View of T Cell Reconstitution After Allogeneic Hematopoietic Cell Transplantation. Front Oncol. 2021 Feb 
18;10:608923 
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INES Level People and Environment 

Major Accident 

Level 7 
• Major release of radioactive material with widespread health and 
environmental effects requiring implementation of planned and 
extended countermeasures 

Serious Accident 

Level 6 
• Significant release of radioactive material likely to require 
implementation of planned countermeasures 

Accident with Wider 
Consequences 

Level 5 

• Limited release of radioactive material likely to require 
implementation of some planned countermeasures. 
• Several deaths from radiation 

Accident with 
Local Consequences 

Level 4 

• Minor release of radioactive material unlikely to result in 
implementation of planned countermeasures other than local food 
controls. 
• At least one death from radiation. 

Serious Accident 

Level 3 
• Exposure in excess of ten times the statutory annual limit for 
workers. 
• Non-lethal deterministic health effect (e.g., burns) from radiation. 

Incident 

Level 2 
• Exposure of a member of the public in excess of 10 mSv. 
• Exposure of a worker in excess of the statutory annual limit 

Anomaly 

Level 1 
NO SAFETY SIGNIFICANCE (Below Scale/Level 0) 



www.iaea.org 
 

www.icrp.org 
 
www.unscear.org 
 
 

isabel.bravo@ipoporto.min-saude.pt 
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