
Chapter 1:

Fundamentals

Presenter
Presentation Notes
Our overall objective in this course is consistent with the Chairman’s statement - to provide you with an understand of radiation, so you will understand the conditions and hazards in your work environment.
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Chapter 1 – Objectives:
• Define radioactive material and ionizing 

radiation and the traditional and SI unit for 
activity.

• Define the concept of isotopes and describe 
the sources of fission and activation products 
in commercial reactors.

• Define half-life.
• Distinguish between particulate and non-

particulate forms of ionizing radiation.
• Describe the meaning of absorbed dose, dose 

equivalent, and the associated traditional and 
SI units.

• Describe the concepts of dose, dose rate, and 
stay time.
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Atomic Structure

• Atoms have a nucleus 
comprised of protons 
(with a positive charge) 
and neutrons (usually), 
and orbital electrons 
(with a negative charge).

• The specific element is 
determined by the 
number of protons in the 
nucleus.

+

+

-

-

The atom represented here 
is Helium because it has 

two protons.

Presenter
Presentation Notes
Atoms have nucleus comprised of protons, with a positive charge, and neutrons, which have no charge.  In an electrically neutral atom, there is one orbital electron for each proton in the nucleus.  Ionizing radiation is energy which  “rips” off orbital electrons, causing the atom to be “ionized.”
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Atomic Structure
• Hydrogen (H) atoms have a single proton in the 

nucleus.
• Helium atoms (He) have two protons in the nucleus so 

they have two electrons in a neutral state.
• Lithium (Li) atoms have a nucleus consisting of three 

protons and, usually, three neutrons.  In the electrically 
neutral atom there are three electrons - one negative 
electron for each positive proton in the nucleus.

Presenter
Presentation Notes
The number of protons in the nucleus, called the “Atomic Number,” determines which element the atom represents.



SART Chapter 1 - Fundamentals 5

Atomic Notation
• Number of protons is the 

Atomic Number, “Z,”  and 
determines the element.

• Number of neutrons is the 
Neutron Number, “N.”

• Sum of the Atomic Number 
(Z) and Neutron Number (N) 
is the Atomic Mass, “A.”  

• Protons & neutrons have  
similar mass and electrons 
are tiny, so Atomic Mass is 
used to describe the 
“weight” of an atom.

C

A = Z + N
Atomic
Mass14

6 8
Atomic
Number

Neutron
Number

Presenter
Presentation Notes
The atomic mass, “A”, is the sum of the number of protons (the atomic number) and neutrons in the nucleus.  Protons and neutrons have an equal  mass.
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Isotopes & Radiation
• Atoms with the same number of 

protons but different numbers of 
neutrons are called “isotopes.”  

• Some isotopes have unstable nuclei 
and try to achieve a stability (lower 
energy) by emitting energy or 
particles, called “radiation.”

• Isotopes that emit radiation are 
“radioactive.”  All elements with Z > 
83 are radioactive, all elements with 
Z > 80 have radioactive isotopes.

• Hydrogen has 3 isotopes.  Of these, 
H-3, called “tritium,” is radioactive.  
It emits beta radiation.

+
-

+

-

+

-

Hydrogen

Deuterium

Tritium

Presenter
Presentation Notes
Isotopes are atoms with the same number of protons, but different numbers of electrons.  Some isotopes have an unstable configuration and as a result, they give off mass and/or energy.  These unstable atoms are said to be “radioactive.”  The mass and energy the emit as they try to become stable is called “ionizing radiation.”
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Ionizing Radiation & 
Radioactivity

• Ionizing radiation, often referred to 
simply as “radiation,” removes (strips 
out) orbital electrons from atoms or 
molecules with which it interacts.

+

+

-

-

• Unstable atoms 
undergo radioactive 
decay.

• Decaying atoms emit 
ionizing radiation.

Presenter
Presentation Notes
Ionizing radiation removes orbital electrons from atoms.  Radiation is the energy/particles emitted by radioactive materials.
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Energy Spectrum

Note:  Often you will see X-rays listed as being at a lower energy than γ rays – this is not 
necessarily always the case.  X-rays can be generated with more energy than γ rays.

Presenter
Presentation Notes
Microwaves, Infrared, visible light, and UV are not ionizing.  Gamma and X-rays are ionizing forms of radiation.  The slide indicates that X-rays have a lower energy range than gamma rays, but this is not true.  The difference between X-rays and gamma rays is their origin.
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Activity
• CURIE is the traditional unit of the amount of 

radioactive material. One curie (abbreviated 
“Ci”) gives 37 billion disintegrations every 
second.  You may see activity represented in 
fractional units such as mCi, or “millicurie.”  1 
mCi = 1/1000th of a curie (0.001 Ci or 1E-3 Ci or 
1 x 10-3 Ci).

• The SI (System International) unit of activity is 
the “Becquerel,” abbreviated “Bq”.
– 1 Bq = 1 disintegration per second (so 1 Ci = 37 

billion Bq = 0.037 TBq = 37 GBq = 3.7 x 1010 Bq).
– 1 mCi = 37 MBq

Presenter
Presentation Notes
Activity is the amount of radioactive material.  The unit of activity was named after the Curies.  The Ci is the amount of radiation given off from one gram of Radium-226, which turns out to be 37 billion disintegrations each second.  This amount of activity is called the “Curie,” abbreviated as “Ci.”   The SI unit of activity is called the “Becquerel,” abbreviated as a “Bq”, and is equal to 1 disintegration per second (so a curie is 37 billion Bq.)Henri Becquerel's early work was concerned with the polarization of light, the phenomenon of phosphorescence and the absorption of light by crystals (his doctoral thesis). He was elected a member of the French Académie des Sciences in 1889. For his discovery of natural radioactivity in 1896, Henri Becquerel was awarded half of the Nobel Prize for Physics in 1903, the other half being awarded to Pierre and Marie Curie for their study of the Becquerel radiation. This is why the General Conference on Weights and Measures (CGPM) of 1975 decided to honor Henri Becquerel by adopting the special name of Becquerel, Bq, for the SI derived unit of activity. 
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Orders of Magnitude

“Tera” TBq 1E12

“Giga” GBq 1E9

“Mega” MBq 1E6 

“kilo” kBq 1E3

“milli” mCi 1E-3

“micro” µCi 1E-6

“nano” nCi 1E-9

“pico” pCi 1E-12

Presenter
Presentation Notes
Because the Curie is so much activity, and the Becquerel is such a small quantity, we often use prefixes to denote the order of magnitude.  A millicurie is 1/1000th of a curie, just as a millimeter is 1/1000th of a meter.  Environmental levels of activity are usually picoCurie quantities.  Because the Becquerel is such a small quantity, the larger orders of magnitude are often used with this unit.



SART Chapter 1 - Fundamentals 11

Mass vs. Activity

0.001 gm 1 gm
635,600 gm

Amount, in grams,
of each isotope 
equaling one curie
of activity.

60Co27
226Ra88

238U92

(or ~1400 lbs)

Presenter
Presentation Notes
The “specific” activity is the amount of material that  is emitted per unit mass of an isotope.  The special unit of activity, the Curie, was based on the amount of radiation emitted by one gram of radium-226; this is equal to 37 billion disintegrations per second.  Since 1 Bq = 1 disintegration per second, 1 Ci = 37 billion Bq.
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Decay Series
• Some radioactive 

isotopes decay into 
“daughter products” or 
“progeny” that are also 
radioactive.  

• The Uranium-238 (U-
238) decay series is one  
example of a decay 
chain. 

• Each isotope has a 
unique half-life, varying 
from fractions of a 
second to billions of 
years.

StableLead – 206

140 daysPolonium – 210α

5 daysBismuth – 210β -

22 yearsLead – 210β -

160 µsecondsPolonium -214α

20 minutesBismuth – 214β -

27 minutesLead – 214β -

3.1 minutesPolonium – 218α

3.8 daysRadon – 222α

1,600 yearsRadium – 226α

77,000 yearsThorium – 230α

240,000 yearsUranium-234α

1.2 minutesProtactinium – 234mβ -

24 daysThorium - 234

4.5 billion yearsUranium - 238α

Half-lifeNuclideType

β -

Presenter
Presentation Notes
Radioactive material may decay to become another radioactive isotope with its own unique half-life.  As seen in this example, the half-life varies from billions of years, to fractions of a second.
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Half-Life

14 28 42

50%

25%

days

P-32 S-32

• Half-life is the time for half of the 
radioactive atoms to decay. Half 
lives are unique for each isotope.

• After one half-life (t1/2) you will have 
1/2 of the radioactive atoms you 
started with.  

• For example, P-32 has a t1/2 = 14 
days and decays to S-32. Starting 
with 100 atoms of P-32, after 14 days 
only 50 atoms of P-32 remain while 
the other 50 atoms are now S-32.  
After another half-life, half of 50 
atoms, or 25 atoms, of P-32 would 
remain.  The other 75 atoms are S-
32.

• After about 7 half-lives, the original 
radioactive material is about zero.

100%

Presenter
Presentation Notes
Each isotope has it’s own unique half-life.  A half-life is the amount of time required for half of the radioactive material to decay.
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Radiation & Radioactivity
• Ionizing radiation is emitted in the form of 

particles and/or energy.
• The particulate forms are:  alpha, beta (+ & -), 

and neutrons (they have mass).
• The non-particulate forms are called:  gamma 

rays and X-rays.  The energy is in the form of 
photons (packets of energy).

Particulate Non-Particulate
Alpha - α
Beta - β
Neutron - n

Gamma - γ
X-ray

Presenter
Presentation Notes
There are particulate forms of ionizing radiation – alpha, beta, neutrons, and positrons.  All of these have mass, and except for neutrons, they all have an electrical charge.  Non-particulate forms of ionizing radiation are called “gamma” and “X-rays.”
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“Alpha” Radiation ()
• Alpha particles consist of two protons and two 

neutrons (the same as the nucleus of a helium atom) 
and are emitted by larger atoms such as Uranium, 
Americium, and Plutonium.  Since they have two 
protons (a +2 charge) and are large, alpha particles do 
not travel far – no more than a few inches in air.  They 
aren’t a hazard if they are outside of your body, but 
because they are a form of ionizing radiation, they can 
cause of lot of damage if they enter your body.

• The Greek symbol for alpha radiation is: 

A
ZX = 2α+2 + A-4

Z-2Y
4

Presenter
Presentation Notes
Alpha particles are the largest type of ionizing radiation particle.  They are identical to the nucleus of a helium atom.  Because of their size and double positive charge, they only travel a few inches in air.  After they’ve expended their energy, they combine with free electrons to form helium atoms.
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“Beta” Radiation ()
• Beta radiation (like alpha) is particulate.  That is, it has 

mass.  Beta particles are like an electron and so have a 
single +/- charge.  Since they are smaller than alpha 
particles and have less of a charge, they travel further in 
material than alpha particles.  The distance depends 
upon their energy.  An energetic beta particle may travel 
about 12 feet in air and could penetrate your skin.

• Beta particles are ionizing radiation – they will remove 
orbital electrons from materials with which they interact.

• The Greek symbol for beta radiation is: 

A
ZX = -1β + AZ+1Y

0

Presenter
Presentation Notes
Beta radiation is an electron that is emitted from the nucleus.  But earlier we said that the nucleus was made up of protons, with a positive charge, and neutrons, that don’t have a charge.   So how can we get an electron out of the nucleus?  If a negative charge is produced then a positive charge must also be produced.  To do this, a neutron must somehow change to become a proton (a positive charge), with a resulting beta particle also being produced.  From the example in this slide, note that the atomic number increases by one, from six to seven.  Since the number of protons determines the element, then the element must change from C-14 (with 6 protons) into  an N-14 atom (with 7 protons).  The weird character with the line over it is called a “neutrino,” which is not ionizing, so we don’t worry about these.  Neutrinos share energy with the beta particle, so beta particles have a distribution of energies.   Alpha particles are created with a distinct energy that does not change.
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Radiation: Gamma & X-rays

• Gamma “rays” and “X-rays” 
have no mass or charge; 
they are pure energy 
(photons).  

• They differ in that gamma 
rays originate from the 
nucleus of a radioactive 
atom while X-rays originate 
in the electron orbitals of an 
atom.

• The Greek symbol for 
gamma radiation is: γ

Nucleus



X

Presenter
Presentation Notes
Gamma “rays” are emitted from the nucleus, while X-rays are created from the orbital electron shells.  They both have no charge and no mass, but they end up causing ionizations (we don’t have the time or need to cover these processes in this course).
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X-ray Machines
• X-rays (like other ionizing radiation) do not make things 

radioactive; that is, your mouth or bones do not 
become radioactive from exposure to X-rays.  When the 
current that produces the X-ray beam is stopped, the 
source of radiation ends – the X-ray machine that 
produces the X-rays is not radioactive.   However, the 
X-ray (photon) CAN create ionizations in your body.

• These ionizations can cause biological damage.

Presenter
Presentation Notes
X-rays are produced at the orbital electron shells.X-rays are not licensed by the NRC since they aren’t included in the Atomic Energy Act.   States conduct inspections of X-rays machines, however.
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Neutrons (n)
• Neutrons are considered particulate ionizing radiation.
• They are about the same size as a proton, but are 

neutral (have no charge).
• Because they have no charge, neutrons are termed 

indirect ionizing radiation.  Their interaction with a 
material can cause activation or particle ejection that, 
then, causes the subsequent ionizations.
– The neutron can be absorbed, creating a radioactive isotope 

that then emits ionizing radiation such as α, β, or γ.
– The neutron can interact with a atom’s nucleus and knock a 

proton out (spallation), and the proton causes ionizations.
• These subsequent ionizations can cause biological 

damage.
• Neutrons are generally encountered from a fission 

process, not from radioactive isotopes emitting a 
neutron.
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Neutron Activation

• Neutrons (usually produced by the fission 
process) may interact with stable atoms that 
are not radioactive. 

• “Activation” is the term used to describe the 
process when stable, non-radioactive atoms 
absorb a neutron and become radioactive 
because their nucleus is in an unstable 
configuration.

Presenter
Presentation Notes
A neutron may be absorbed by an atom of an element that is not radioactive.  The change in the nucleus may result in the atom becoming radioactive.   This is called “activation.”  An isotope of cobalt, called cobalt-60 (Co-60), is an activation product.  This isotope accounts for most of the ionizing radiation that occurs at commercial reactors.Point out that people aren’t present in the containment when the plant is operating, and that neutrons are produced when the reactor is being refueled, so there is very little ionizing radiation resulting from neutrons.  Activation may happen in humans during accidents called “criticality accidents,” but these don’t occur at commercial reactor facilities.
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Radiation Interactions
• Charged particle radiation 

(α & β) does not travel far 
and can be stopped 
relatively easily.  
– Alpha particles can be 

stopped by a couple of inches 
of air, paper, or the outer 
layer of your skin.  

– Energetic beta particles can 
travel several feet in air, but 
can be stopped by <1” of 
plastic.  

• Gamma or neutron radiation is very penetrating and 
therefore more difficult to shield.  Dense materials (e.g. 
lead & steel) or large amounts of water are used to 
shield gamma radiation.  

• Neutrons are best shielded with hydrogenous material, 
like water and paraffin.

Presenter
Presentation Notes
The ranges of the different types of radiation are summarized in this picture.
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Exposure
• The measurement for ionizing 

radiation was first developed to 
measure energy deposited from 
X-rays.  It was decided that air 
should be used as the media in 
which to measure this deposited 
energy.

• The measure of “exposure” to X-
rays in air was referred to as a 
Roentgen (abbreviated as “R” for 
Conrad Roentgen who 
discovered the X-ray in 1895). 

• 1 R ≅ 1 rad.

Presenter
Presentation Notes
The “roentgen” was a unit to measure the energy deposited from X-rays in air.  It turns out that 1 Roentgen (1 R) is approximately equal to 1 rad.  You’ll see the letter “R” on survey meters, usually it appears as “mR/hr.”
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Absorbed Dose
• The amount of energy deposited in material 

by ionizing radiation is called DOSE.  The 
traditional or conventional unit of absorbed 
dose, which is applicable to any material, is 
called the rad.  Lower doses are often 
expressed in units of millirad (mrad).
– 1 rad = 1,000 mrad.

• The SI unit of absorbed dose is called the 
“Gray” (abbreviated Gy).
– 1 Gy = 100 rad (or 1 rad = 0.01 Gy)

Easy way to remember:  A…both Gray and Rad have A’s!

Presenter
Presentation Notes
The amount of energy deposited in material is called the “absorbed dose.”  This applies to any type of material.  The conventional unit of absorbed dose is the “rad.”  1 rad = 1,000 mrad.The SI unit of absorbed dose is called the “gray.”  1 Gy = 100 rad.Hal Gray worked at the Cavendish Laboratory, Cambridge, UK with Rutherford (1927-1932) on the absorption of gamma rays in matter. This research resulted in the Bragg-Gray principle, the application of which enabled the measurement of energy imparted and absorbed dose. That is why the gray was proposed as the special name for the SI derived unit associated with these quantities by the International Commission for Radiation Units and Measurements (ICRU) of which Hal Gray was a former Vice-Chairman.The Consultative Committee for Units (CCU) accepted this proposal in 1974 (Recommendation U 1 (1974)). Subsequently, the 15th General Conference on Weights and Measures (CGPM) adopted the special name gray, Gy, to be included in the SI in 1975.
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Dose Equivalent
• The conventional unit of dose equivalent, the rem, was 

developed to adjust absorbed dose (rad) for the 
biological significance of the radiation. This dose, from 
different types of ionizing radiation, may be summed.

• Dose equivalent is the absorbed dose times a quality 
factor, Q or QF (considers biological significance of the 
radiation.  Alpha particles are ~ 20 times as damaging 
to tissue as γ, X-ray, or β radiation.  So 1 rad of alpha 
radiation has a dose equivalence of 20 rem (1 rad x 20 = 
20 rem).   (Remember: 1 rem = 1,000 mrem)

• The SI unit of dose equivalent is called the Sievert
(abbreviated “Sv”).  
– 1 Sv = 100 rem or  1 mSv = 100 mrem

Easy way to remember:  E…both Sievert and Rem have E’s!

Presenter
Presentation Notes
To adjust for the biological significance of the different types of radiation, the absorbed dose is multiplied by a “quality factor.”  This provides the unit of “dose equivalent.” For beta and gamma radiation, this factor = 1, so 1 rad = 1 rem.  The factor is 20 for alpha particles and 10 for neutrons.  This means that 1 rad of alpha particle energy is 20 times as damaging as beta or gamma radiation.  Neutrons are 10 times as damaging to biological material.The special unit of dose equivalent is the rem, the SI unit is the Sievert, abbreviated “Sv.”  1 Sv = 100 rem.Rolf Sievert developed the Sievert chamber for measuring radiation dose and the Sievert integral for the calculation of exposure at a point P. He was one of the first members of both the International Commission for Radiological Protection (ICRP) and the International Commission for Radiation Units and Measurements (ICRU). As a pioneer in radiation protection, he was responsible for instigating Sweden's first radiation protection law passed in 1941 and developing the plans for the Swedish Radiation Protection Institute, the SSI. Rolf Sievert devoted much of his life to radiation protection issues and was elected Chairman of the ICRP from 1956 to 1962.In his honor, the General Conference of Weights and Measures (CGPM) in 1979 adopted the sievert, Sv, as the special name for the SI derived unit for the radiation protection quantity, dose equivalent. 
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Dose Rate

• The time-dependent rate of receiving a 
dose is called the “dose rate.”  It is often 
expressed in millirem per hour (mrem/hr).

• The total dose received is the dose-rate 
times the time of “exposure.”  For example, 
if the dose rate is 20 mrem/hr and you 
receive this exposure for 30 minutes, your 
total dose is then:

• (20 mrem/hr)(30 minutes)(1 hour/60 
minutes) = 

• (20 mrem/hr)( ½ hour ) =  10 mrem

Presenter
Presentation Notes
Dose = dose rate (mrem/hr) times time (hr).  Just like in driving, if you drive at 20 miles/hour for 30 minutes (1/2 hour), your total distance traveled would be 10 miles.
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Stay Time
• One of the requirements for entry into areas where 

ionizing radiation is present is to limit your dose to a 
specified level.  The amount of time that you may 
remain in an area and not exceed the dose limit is 
called STAY TIME.

• Stay Time = (Dose Limit) / (Dose Rate)

• For example, if the administrative dose limit for an 
area is 50 mrem, and the dose rate in the area is 100 
mrem/hour, then the stay time is:
– (50 mrem)/(100 mrem/hr) = ½ hour

Presenter
Presentation Notes
Plant often specify an “Administrative” dose limit that limits the amount of dose you may receive in a day, for example your dose may be limited on a Radiation Work Permit (RWP) to 50 mrem per day.  They use this limit to ensure your dose does not exceed NRC limits, as well as a way to ensure doses are ALARA.  They cannot specify how long you may remain in an area because dose rates vary with location.  For this reason you have to be able to determine your “stay time” for a given location.  This is simply the amount of time you may “stay” in an area and not exceed an administrative dose limit.  The stay limit is the administrative dose limit divided by the dose rate for the area.  Note that if you are doing work in an area for the NRC that requires your dose to exceed the administrative limit for the area, explain to plant personnel that you need to exceed their administrative limit, and the reason for this.  Licensees are required to grant you unfettered access to facilities in accordance with 10 CFR 50.70(b)(3), “The licensee or construction permit holder shall afford any NRC resident inspector assigned to that site, or other NRC inspectors identified by the Regional Administrator as likely to inspect the facility, immediate unfettered access, equivalent to access provided regular plant employees following proper identification and compliance with applicable access control measures for security, radiological protection and personal safety.”
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Note: 83 nGy/hr is
equal to ~ 75 mrem/yr.

Presenter
Presentation Notes
“Exposure” to radiation is not unique to reactors or medical procedures.  You receive a dose from background radiation every day.  This picture shows you that the radiation levels from radioactive material in the soil varies throughout the country.
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Radon

• Radon comes from decay 
of U-238, present in soil.  
Radon is a “noble gas” 
and does not interact with 
material so it can diffuse 
through soil into the 
foundation of homes.  
Radon and its decay 
products are radioactive. 
They are linked to higher 
risks of lung cancer by 
being present in the air of 
homes.

Presenter
Presentation Notes
The largest source of background radiation is from radon-222 that is created from the radioactive decay of U-238 that is naturally present in the soil.
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Cosmic Radiation
• Cosmic radiation interacts with 

molecules in the upper 
atmosphere of the earth. These 
interactions produce, among 
other items, neutrons that can 
activate nitrogen atoms.  
Carbon-14, a radioactive 
isotope with a half-life of 5,730 
years, is produced this way.

• “Carbon dating” is the process 
of measuring the C-14 content 
in material and comparing it 
with the expected levels.  This 
provides a way of estimating 
the age of the material.

Presenter
Presentation Notes
You also receive a dose from radiation created in the atmosphere by cosmic radiation interacting with the earth’s atmosphere.  Carbon-14 is produced by cosmic radiation interacting with the earth’s atmosphere.

http://en.wikipedia.org/wiki/File:Atmospheric_Collision.svg�
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Cosmic Radiation
• Cosmic radiation is 

reduced as it interacts 
with the atmosphere.  
The higher in altitude 
you are, the higher the 
radiation levels will be 
from cosmic radiation.  
For this reason 
cosmic radiation is a 
potential concern for 
airline flight crews and 
astronauts. 

• Space craft usually use equatorial 
orbits that use the earth’s magnetic 
field to reduce the levels of radiation 
to orbiting space craft (about 5 
mrem/day). 

• The cosmic radiation levels are much 
higher for polar orbits and high 
altitude orbits (about 60 mrem/day at 
the International Space Station

– ref. Health Physics, Vol. 79, No. 5,  Nov. 2000, p. 485).

Presenter
Presentation Notes
The higher you go in altitude, the higher the dose rate from cosmic radiation.   This is because there is less atmosphere to shield the cosmic radiation.
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Fallout: Cs-137
• Atmospheric testing of nuclear 

weapons in the 50’s & 60’s resulted 
in fission product dispersion to the 
environment.  Short-lived isotopes 
(e.g. I-131 with an 8 day half-life) 
may no longer be present in the 
environment.  Isotopes with long 
half-lives are still  present and have 
associated doses.  

• One fission product, Cs-137 (half 
life of about 30 years) is still present 
in the environment (of 1E18 Ci 
released, 90% is from weapons, 6% 
from Chernobyl on 4/26/86, 4% from 
fuel reprocessing).

Presenter
Presentation Notes
Fallout is part of the background radiation in our environment from atmospheric testing of nuclear weapons during the 1950’s and early 1960’s.  Some fallout, such as Cs-137 that has a 30 year half-life,  is still present in the environment. About 1E18 Ci of Cs-137 has been released to the environment – 90% from weapons tests; 6% from Chernobyl, and 4% from reprocessing (ref NCRP-154).Photo:  National Archives, Still Pictures Division, Air Force Collection 342-B, box 918, file 04-066 
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• The average, annual exposure from 
all sources of radiation is about 620 
mrem*,  (~ 2 mrem/day).  Most of this 
is due to both environmental radon
and medical treatment.

• Compare that to nuclear workers:
• Average, annual, measurable dose 

to workers in commercial power 
reactors is about 160 mrem** . In 
‘95, the average value was 310 
mrem; in ‘96 it was 280 mrem.

• In contrast, the average dose to 
industrial radiographers in 2008 was 
560 mrem.

Annual Exposure

*  NCRP Report No. 160, Ionizing Rad. Exp. of the Population of the US

** NUREG-0713, Vol. 30, 2008

Presenter
Presentation Notes
The average dose to people from all sources is about 620 mrem per year, or approximately 2 mrem per day.  This dose is split almost equally from Radon-222 and medical treatments.



SART Chapter 1 - Fundamentals 33

Presenter
Presentation Notes
The following chart is extracted from material contained in NCRP Report No. 160, Ionizing Radiation Exposure of the Population of the United States, 2009.This chart shows that of the total dose of about 620 millirem/year, the main change from the previous data (1987) is the increase due to medical treatment exposure.
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Review
• Particulate forms of ionizing radiation 

are: 
– Alpha
– Beta
– Neutron

• Non-particulate forms of ionizing 
radiation are:  
– gamma 
– X-rays

• Range of α particles is a few inches in 
air, β particles may travel several feet 
in air.  γ and n are more penetrating.
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Review
• Each radionuclide has a unique half-life 

(time for half the activity to decay).  The 
traditional unit of activity is the Curie 
(Ci), the SI unit is the Becquerel (Bq).  
– 1 Ci = 37 billion Bq (37 GBq).

• The energy deposited by radiation is 
called dose.  This absorbed dose applies 
to any material.  The traditional unit of 
absorbed dose is the “rad,”  SI unit is the 
Gray (Gy).  
– 1 Gy = 100 rad
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Review

• The dose equivalent is the absorbed dose 
adjusted for the “quality” or biological 
significance of the radiation.  The 
traditional unit of dose equivalent is the 
rem, and the SI unit is the Sievert (Sv).  
– 1 Sv = 100 rem
– so 50 mSv = 5,000 mrem = 5 rem

• The rate that you receive a dose is the 
“dose rate” which has units of mrem/hr.  

• The “stay time” is the amount of time you 
may remain in an area and not exceed an 
established (administrative) dose.
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Review
• The average background dose to a US 

citizen is about 620 mrem per year.   
Most of this dose is equally from 
radon-222 and medical treatment.

• The average, measurable occupational
dose from commercial reactors is 
about 160 mrem per year which is from 
activation and fission products.

• Most of the dose in commercial 
reactors is from cobalt-60 (Co-60), an 
activation product.
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