
Protection against Ionizing Radiation 

The following data and rules of thumb are helpful in estimat-
ing the penetrating capability of and danger of exposure to various 
types of ionizing radiation. More precise data should be used for 
critical applications.

Alpha Particles
Alpha particles of at least 7.5 MeV are required to penetrate the 

epidermis, the protective layer of skin, 0.07 mm thick.

Electrons
Electrons of at least 70 keV are required to penetrate the epider-

mis, the protective layer of skin, 0.07 mm thick.
The range of electrons in g/cm2 is approximately equal to the 

maximum energy (E) in MeV divided by 2.
The range of electrons in air is about 3.65 m per MeV; for ex-

ample, a 3 MeV electron has a range of about 11 m in air.
A chamber wall thickness of 30 mg/cm2 will transmit 70% of 

the initial fluence of 1 MeV electrons and 20% of that of 0.4 MeV 
electrons.

When electrons of 1 to 2 MeV pass through light materials such 
as water, aluminum, or glass, less than 1% of their energy is dis-
sipated as bremsstrahlung.

The bremsstrahlung from 1 Ci of 32P aqueous solution in a glass 
bottle is about 1 mR/h at 1 meter distance.

When electrons from a 1 Ci source of 90Sr – 90Y  are absorbed, 
the bremsstrahlung hazard is approximately equal to that present-
ed by the gamma radiation from 12 mg of radium. The average 
energy of the bremsstrahlung is about 300 keV.

Gamma Rays
The air-scattered radiation (sky-shine) from a 100 Ci 60Co 

source placed 1 ft behind a 4 ft high shield is about 100 mrad/h at 
6 ft from the outside of the shield.

Within ±20% for point source gamma emitters with energies 
between 0.07 and 4 MeV, the exposure rate (R/h) at 1 ft is 6C⋅E⋅n 
where C is the activity in curies, E is the energy in MeV, and n is the 
number of gammas per disintegration.

Neutrons
An approximate HVL (thickness of absorber for which the neu-

tron flux falls to half its initial value) for 1 MeV neutrons is 3.2 cm 
of paraffin; that for 5 MeV neutrons is 6.9 cm of paraffin.

Miscellaneous
The activity of any radionuclide is reduced to less than 1% after 

7 half-lives (i.e., 2-7 = 0.8%).
For nuclides with a half-life greater than 6 days, the change in 

activity in 24 hours will be less than 10%.
10 HVL (half-value layers) attenuates approximately by 10-3.
There is 0.64 mm3 of radon gas at STP in transient equilibrium 

with 1 Ci of radium.

The natural background from all sources in most parts of the 
world leads to an equivalent dose rate of about 0.04 to 4 mSv per 
year for the average person. About 84% of this comes from terres-
trial sources, the remainder from cosmic rays. The U. S. average is 
about 3.6 mSv/yr but can range up to 50 mSv/yr in some areas. A 
passenger in a plane flying at 12,000 meters receives 5 µSv/hr from 
cosmic rays (as compared to about 0.03 µSv/hr at sea level).

The ICRP recommended exposure limit to man-made sources 
of ionizing radiation (Reference 2) is 20 mSv/yr averaged over 5 
years, with the dose in any one year not to exceed 50 mSv.

A whole-body dose of about 3 Gy over a short time interval will 
typically lead to 50% mortality in 30 days assuming no medical 
treatment.

Units
The gray (Gy) is the SI unit of absorbed dose; it is a measure of 

the mean energy imparted to a sample of irradiated matter, divided 
by the mass of the sample. Gy is a special name for the SI unit 
J/kg. 

The sievert (Sv) is the SI unit of equivalent dose, which is de-
fined as the absorbed dose multiplied by a weighting factor that 
expresses the long-term biological risk from low-level chronic ex-
posure to a specified type of radiation. The Sv is another special 
name for J/kg. 

1 curie (Ci) = 3.7⋅1010 becquerel (Bq); i.e., 3.7⋅1010  disintegra-
tions per second.

1 roentgen (R) = 2.58⋅10-4 coulomb per kilogram (C/kg); a mea-
sure of the charge (positive or negative) liberated by x-ray or gam-
ma radiation in air, divided by the mass of air. 

1 rad = 0.01 Gy 
1 rem = 0.01 Sv
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