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Biological effects of radiation 

    Early human evidence of harmful effects as a result of exposure to 

radiation existed in the1920's, based upon the experience of early 

radiologists, miners exposed to airborne radioactivity underground, 

persons working in the radium industry, and other special occupational 

groups.         

 cellular biology:  

All living things are composed of one or more cells. A large number 

of cells called tissue  .If this tissue forms a specialized functional unit, it 

is called organ  .Body cells come in two types: 

  1. Germ cells  (spermatozoa and ova)  

  2. Somatic cells  everywhere else.  

Each cell contains a complete set of chromosomes; these are 

thread-like structures consisting of DNA which carries the blueprints for 

life in humans. 

In a human, the somatic cells contain 32 pairs of chromosomes (46 

chromosomes) .This number varies with different species of animals.  

The chromosomes are containing the genetic information and 

instructions required for the cell to perform its function and to make 

copies of it for reproduction purposes.  

Effects of radiation on cells:    

  Biological effect begins with the ionization of atoms; Ionizing 

radiation absorbed by human tissue removes electrons from the atoms 
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that make up molecules of the tissue. The bond is broken and thus, the 

molecule falls apart.   

The following are possible effects of radiation on cells:  

 1. Cells are undamaged by the dose.  

 2. Cells are damaged, repair the damage and operate normally.  

 3. Cells are damaged, repair the damage and operate abnormally.  

4. Cells die as a result of the damage.  

Cells are not equally sensitive to radiation damage. Cells which divide 

rapidly tend to show effects at lower doses of radiation.  

Cellular damage (mechanisms of radiation damage) 

     Radiation absorbed in the cell impact the critical target (DNA). 

DNA damage causes the cell death, mutation, and carcinogenesis. 

These mechanisms happen via one of two scenarios. 

1. Direct Effect : 

    In the first scenario, radiation impacts DNA directly and ionizing it. 

This visualized as a “direct hit”, it is uncommon occurrence because the 

small diameter of DNA helix (2nm). It is estimated that the radiation 

must produce ionization within a few nanometers of the DNA molecule 

in order for this action to occur. 

2. Indirect Action:  

 In the second scenario, the radiation interacts with non-critical target 

usually water (80% of human body). This produces free radicals, which 

then attack the DNA. Radicals are the atoms that have unpaired 

electron and thus are highly reactive 
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When radiation interacts with water; it break the bonds hold the water 

molecule together, producing hydrogen (H•) and hydroxyls (OH•) .  

 Radiation +  H2O  →  H2O
+  +   e-         .….1 

            e-  +  H2O →   H2O
-                      …2  

                   H2O
+  →    H+   + OH•          …..3 

                  H2O
-    →     H•   + OH-          ….4 

The ions (H+ &OH-) are no consequence, while (OH•) will combine 

with the organic molecule  (R-H) to form water, which not harm the cells, 

or combine to form toxic substances, hydrogen peroxide (H2O2), which 

destruct the cells. 

           OH•  + R-H →  R• + H2O        ……5   R• is free radical            

             H•   +    H•  →   H2                 ….. 6 

           OH•  +  OH• →    H2O2            ….. 7 

 

Q: why Damage from indirect action is 

much more common than damage 

from direct action. 
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Exposures 

There are two types of exposure: 

a. Acute exposure  ( high  dose): 

It is the exposure to a large single dose of radiation (10 rad or 

grater to the whole body), or a series of doses for a short period of time 

(few days), high levels of acute radiation exposure can result in death 

within a few hours, days or weeks. It results from accidental exposures 

or from special medical procedures (radiation therapy). 

Q: why only 50% of population would die within 30 days after receiving a dose to 

the whole body within few minutes to a few hours? 

Answer:  Because radiation affects different people in different ways. And this 

would vary depending on the health of the individual before the exposure and the 

medical care received after the exposure. 

2. Chronic exposure (low dose) : 

It is the continuous or discontinuous exposure to low levels of 

radiation over a long period of time. It is the type of dose received as 

occupational exposure. It is effects include genetic effects, cancer, 

benign tumors, cataracts, skin changes, others. Low doses (less than 

100mSv) effects appear over long periods of time (5-20 years) after 

exposure. 

Q: can the body repair the damage after exposure to chronic dose? 

Answer : yes the body can repair itself because a smaller percentage of the cells 

need repair at any given time. The body also has time to replace dead or non-

functioning cells with healthy cells.  
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Sensitivity to Radiation 

Cellular Sensitivity: 

Not all living cells are equally sensitive to radiation. Dividing cells 

are more sensitive than other, because they require DNA information in 

order for the cell’s offspring to survive. Thus we can list human cells 

from most sensitive to least sensitive as: 

1. White blood and Blood Forming Cells. 

2. Gastrointestinal (GI) Cells. 

3. Nerve and Muscle Cells. 

Whole Body Sensitivity Factors: 

The biological effects of the whole body from exposure to radiation 

will depend upon several factors: 

1. Total dose. 

2. Type of radiation. 

3. Age of individual. 

4. Part of body exposed. 

5. General state of health. 

6. Time interval. 
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High dose exposures accidents 

Death for both workers and population can occur as a result of 

high dose exposure through various accidents.   

1. Occupational (workers). 

     a. Irradiator: accidental exposure to sterilization sources. 

     b. Chernobyl: plant workers. 

2. Non-occupational. 

    a. Chernobyl: fire fighters. 

    b. Nagasaki and Hiroshima. 

    c. Therapy source accident: occurred in 1987 in Brazil; an abandoned 

medical therapy source (cesium) was found and cut open by people 

who did not know what it was. This resulted in the deaths of several 

members of the public and the spread of radioactive contamination over 

a large area. 

Low Doses Exposure 

The effects result from exposure to low radiation dose are : 

1. Genetic: 

   Suffered by the offspring of the individual exposed involves the 

mutation of sperm or egg cells. 

2. Somatic (Carcinogenic Effect) : 

    Suffered by the individual exposed (typically cancer): 

A. Lung cancer: uranium miners. 
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B. Bone cancer: radium dials painters. 

C. Thyroid cancer: therapy patients. 

D. Breast cancer: therapy patients. 

E. Skin cancer: radiologists. 

   F.  Leukemia: bomb survivors, radiologists, therapy patients. 

3. In-Utero:  

Involves the production of malformations while the baby is still in 

the fetal stage of development such as: 

    a. Intrauterine Death. 

    b. Developmental Abnormalities. 

    c. Childhood Cancers. 

 
 

 

 

 

 

 

 

 

 

 

 


