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Basic Principle for Radiation Protection 
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F Basic Principles

F Maximizing distance

F Minimizing exposure time

F Shielding the radiation source
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So How Much Shielding is Needed? 
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F To determine the shielding requirement, we need to compute 
the dose equivalent and effective dose equivalent (EDE). 



Deterministic and Stochastic Effects
The  biological effects of radiation differs widely depending on the 
dose, kind of radiation. They can be divided into two general 
categories, stochastic and deterministic. 

F Stochastic effect are those that occur in a statistical manner, such 
as cancer. 

F Deterministic effect are those that show (a) a clear relationship 
between dose and effect in a given individual, and (b) a clear 
threshold for inducing the effect. Skin reddening and radiation-
induced cataracts are examples of deterministic effects of 
radiation. 



Delayed Effects –Cataracts

F Radiation damage to epithelial cells.
F Damaged cells move to the back of the 

eye and cause lens opacity by blocking 
light.

F Occurs with 50% chance for people with 
dose of ~500 rad.



Effective Dose, Weighting Factor (or Quality Factor)
Chapter 6: Chemical and Biological Effects of Radiation

Quality Factor



Effective Dose
Chapter 6: Chemical and Biological Effects of Radiation



Basic Limits - Occupational Exposure
FThe ICRP 26 basic annual limits recommended for exposure to workers 

FTo limit nonstochastic effects
F0.5 Sv to all tissues except the lens of the eye
F0.15 Sv to the lens of the eye

FTo limit stochastic effects
F0.05 Sv per year
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Radiation Dose Induced by Gamma Radiation



Radiation Dose from a Gamma-Ray Point Source

Considering an I-131 point-source of 1 MBq, how do we evaluate the exposure it 
delivers at a distance of 1 m?  

F The decay of 131I produces gamma rays of various energies as shown below,  
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F Repeating the calculation, we get the following results:

Radiation Dose from a Gamma-Ray Point Source



Specific Gamma-Ray Constant

F In a more generic case, considering a gamma-ray point-source of activity A (MBq), the 
exposure rate it will deliver to a distance d (m) away in air is given by 

F The specific gamma-ray constant, 𝛤, ,	for this gamma-ray source, is given by  
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F The specific gamma-ray constant numerically equal to the exposure rate that a source of 
a unit activity delivers to a unit distance away in air. 

where  
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F Substitute all known constants into the generic equation, the specific Gamma-
Ray Constant can be given by 

F For many practical situations, when photon energy is ranging from 60keV to 
2MeV, the linear absorption coefficient varies little with energy, over this 
energy range, µ is about 3.5´10-3 per meter. Therefore, we can simplify the 
above equation as 

Specific Gamma-Ray Constant



Specific Gamma-Ray Constant

F Specific Gamma Ray Constant ( G): The exposure rate from a gamma ray point 
source of unit activity and positioned at a unit distance. It is given in the unit of 
coulombs per kilogram per hour at a distance of 1 m from a 1 MBq point 
source, or (coulombs/kg/h/MBq at 1m).

Cember, pp. 226.



Specific Gamma-Ray Constant

Turner, pp. 382.

Given the specific gamma ray constant, 𝛤,	 for an isotope, the exposure rate at a 
location at a distance, r, is simply

𝑋̇ = 𝛤̇
𝐴
𝑟!

activity

distance



Internally Deposited Radioisotope (IV)
Gamma Ray Emitters
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F For a uniformly distributed gamma-ray-emitting isotope, the dose rate from the 
isotope in an infinitesimal volume dV to a point p at a distance r away is
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Mass energy absorption coefficient 
of the dose-receiving media

Mass energy absorption 
coefficient of the air



Internally Deposited Radioisotope (IV)
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F For a uniform spherical source, the dose rate at the center is given by 
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F And the dose rate at the surface of the spherical source 
volume is given by 

𝐷̇56-7489 = 0.5	𝐷̇89:;9-
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The Buildup Factor
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Scattered Gamma Rays and Characteristic X-rays
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F The linear attenuation equation only accounts for how many photons passing 
through the shielding without interaction …
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or object



F When considering scattered photons and characteristic x-rays following 
photoelectric, the total response of the detector is now the sum of two 
components:

Total response of 
the receiver (e.g., 
the dose received 

by an object) 

Response due to photons 
penetrating the shielding 

without interaction

Response due to 
photons that 

interacted in the 
shielding but still 

reached the 
detector/object

Energy-dependent 
response function of 
the detector/object

The photon flux 
reaching the object 

without interaction in 
the shielding

The flux of secondary 
photons of energy E reaching 

the object (scattered 
photons, fluorescence x-rays, 
bremsstrahlung X-rays, etc.)

F R is always greater than or equal to R0 ! 

Energy-dependent 
response function
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Scattered Gamma Rays and Characteristic X-rays



The Buildup Factor
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F The buildup factor depends on 

F the source energy, 

F the distance traveled, and 

F the nature of the medium

Distance traveled in shielding

Chapter 7: External Radiation Protection

Flux of photons of energy E 
reaching the object (scattered 

photons, x-rays etc.)

Energy dependent 
response function

The photon flux 
reaching the object 

without interaction in 
the shielding

Energy-dependent 
response function

Extra response due to the 
scattered photons and 

characteristic X-rays

The response due to the 
primary photons penetrating 

the shielding
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F The Taylor form

A and a are model parameters 
depends on E0

(see Radiation assessment: 
sources and doses, p627)

F The Berger form

a, b and e are mode parameters 
depends on E0

Chapter 7: External Radiation Protection



Analytical Approximations to Buildup Factor
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F An extraordinarily precise formulation is the geometrical progression (GP) 
approximation:

Chapter 7: External Radiation Protection

The model parameters are pre-calculated and listed in Radiation Assessment: Sources and Doses, p628-
630.
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F The dose rate due to the gamma ray emitter uniformly distributed through the 
entire source volume is therefore

F In case of spherical source, the dose rate (after considering the build-up factor) 
at the center is 
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Shielding Factor (or Attenuation Factor)



Broad Beam Consideration for Shielding Design
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F For situations in which the radiation source is far away from the shielding slab, 
the photons of incident are traveling in almost parallel directions.  Addressed 
by NCRP 49 (1976).

Dose or exposure 
rate at point P.

Dose or exposure rate 
without the shielding

Shielding factor 
(or attenuation factor)

F For gamma rays from a point source



Broad Beam Consideration for Shielding Design
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