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WHY RADIATION SAFETY & PROTECTION  

Myths or Facts!!  Guessé

ÅWe live all our lives surrounded by radiation.  

ÅAll types of Radiation can cause serious injuries.

ÅRadiation effects are impossible during medical radiological X-ray procedures.

ÅDose limits are prescribed for occupational exposures.  There are no limits for Medical exposures.

ÅRadiation dose received by Medical practitioners during IR procedures needs to be monitored. 

ÅUnderstanding YOUR equipment specific parameters can reduce patient and staff doses.

ÅGood work practice by operating physician is vital in reducing radiation doses due to medical 
exposures.
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What is RADIATIONé..

Is there Radiation in your room?
Yes, but not all forms of 

radiation are harmful!



Radiation and its Types

Radiation: Radiation is nothing but Energy in motion

We live in a sea of radiation.  This includes;

ÁNon-Ionizing Radiation: Radiation that does not have sufficient energy to
remove an electron (ionize) from an atom. e.g.: radio waves, microwaves,
infraredradiation,visible light, lasers,ultravioletlight andradar.

ÁIonizing Radiation: Radiationthathassufficientenergyto eject electronsfrom
atoms(i.e ionize atoms). e.g



Radiation and its Types
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Ionizing Radiation  Is Omnipresent.. 



SOURCES OF IONIZING RADIATION

Natural Radiation: Cosmic rays,  radiation within our body,  in food we eat, in water we drink, 
house we live in, lawn, in building material.

We cannot prevent exposures due to Natural Sources!!!

Man Made Radiation: Manmade sources include fall out from nuclear weapons testing and 
nuclear explosions,  extra cosmic radiation during air travel, exposure for medical diagnostic (X-
ray , nuclear medicine) and therapeutic (radiotherapy) purposes; 

Among manmade sources, medical diagnostic X-rays are the largest contributors to radiation 
dose

But, radiation doses to patients and operators due to medical diagnostic X-ray 
investigations can be minimized 



RADIATION IN MEDICINE

Å Machine produced radiation from X-ray

tubesusedin medicalimaging.

Å Linear accelerators and equipment

containing radioactive sources used in

cancertherapy.

Å Radioactive materials used in nuclear

medicine imaging and in some cancer

therapyapplications.
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WHY TO ADDRESS RADIATION SAFETY IN USE OF X-RAYS

ANNUAL GLOBAL X -RAY  EXPOSURES

ÅDiagnostic X-ray Examinations  : 3.1 billion

ÅDental X-ray Examinations: 0.5  billion 

ÅCollective effective dose  :  4X106 man-Sv

ÅEffective dose per person :  0.62 mSv

ÅContribution due to CT scans : 43% of  collective dose

ÅContribution due to IR procedures : 8 % (during last 10 years)

Diagnostic X-ray examinations in 1996 : 2.4 billion Data Source: UnscearReport 2008



WHAT HARM CAN X-RAYS CAUSE

ÅX-rays are ionizing radiation and can cause biological effects in the 

exposed person.  

ÅThe nature of biological effect depends on the dose delivered and the 

chronic or acute nature of exposure.

ÅIn routine general diagnostic radiology procedures, radiation doses dealt 

with are very low and these effects are not normally observed. 

ÅWhat about high dose imaging modalities like Interventional Radiology 

and Cardiology??



BIOLOGICAL EFFECTS OF 

RADIATION



UNDERSTANDING THE QUANTITIES FOR MEASUREMENT OF RADIATION EXPOSURES

Exposure

ÅCharge produced in unit mass of air from ionization by gamma and x-rays. 

ÅSI Unit is Coloumb/kg;  special unit Roentgen (R)

Absorbed 
Dose

ÅEnergy deposited by any form of ionizing radiation in a unit mass of material.  

ÅUnit Joule/kg or gray (Gy) and 1 Gy = 100 rads

Equivalent Dose

ÅAccounts for the hazard potential of different types of radiation through a factor called 
Radiation Weighting Factor (wR) Unit is sievert(Sv)  HT (Sv)= ×wR DT,R, 

Effective Dose

ÅAccounts for the different types of tissues and their sensitivity. Takes into account 
the tissue weightage factor..ameasure of stochastic risk factor

ÅUnit is Sv;   E (Sv) = ×wTHT= ×wT×wR DT,R



MECHANISM OF RADIATION DAMAGE

Damage occurs due to the effect of radiation on the DNA of the Cells.  Cells are capable of 
repairing the damage but in a few the damage progresses to cause mutations, translocations or 
cell death.  There are two mechanisms by which radiation damages the DNA

1.  DIRECT DAMAGE:

ÁDirect deposition of energy in the DNA.   

ÁPredominant when exposed to alpha particles, protons, neutrons etc.

2. INDIRECT DAMAGE:

ÁDeposition of energy in the surrounding water & damage is caused due to reaction of free 
radical formed in the water with the DNA.

ÁPredominant in case of X-rays and gamma rays.



DNA Mutation
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OUTCOMES AFTER CELL EXPOSURES



What can these effects lead to?

Genetic effects

Skin Burns

Infertility

Cataract

Cancer

Death
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Biological effects of  ionizing radiation

ÅTissue Reactions (also called as  Deterministic  Effects)

Å There exists a thresholddose below which the effect is not observed(eg. Radiation

dermatitis,epilation,infertility etc.).

Å Severityof theeffectincreaseswith dose.

Å A largenumberof cellsareinvolved.

ÅStochasticEffects

ÅStochasticEffectshaveno thresholddose(Thereis no safedosefor stochasticeffects)

eg. Cancer,geneticeffects.

ÅProbabilityof theeffectincreaseswith dose.

ÅCanoccurwith asinglecell.


