
Alpha Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Key concepts
• Coulomb barrier and energy release through alpha decay.
• Energy spectrum of alpha particles.
• Major health hazards related to alpha emission
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Average Binding Energy Per Nucleon

NPRE 441, Principles of Radiation Protection
68



Alpha Emission

NPRE 441, Principles of Radiation Protection

• An alpha particle is a highly
energetic helium nucleus
consisting of two neutrons
and 2 protons.

• It is normally emitted from
isotopes when the neutron-
to-proton ratio is too low –
called the alpha decay.

• Atomic number and atomic
mass number are conserved
in alpha decays

Chapter 1: Radioactivity
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Alpha Decay – An Example

NPRE 441, Principles of Radiation Protection

• Half-life: 138.376 days; Decay mode: alpha-decay (branching ratio: 100%);
Energy release: 5.407MeV

• 210Po has a neutron-to-proton ratio of 126 to 84 (1.5:1) and 206Pb has a
neutron-to-proton ratio of 124 to 82 (~1.51:1) increased neutron-to-
proton ratio.

• Alpha decay is also accompanied by the loss of two orbital electrons.

Chapter 1: Radioactivity
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Nuclear Stability and the Origin of Radioactivity

Beta decay:

Parent (Z, N) 
Daughter (Z+1, N-1)

Positron decay:

Electron capture:

Alpha decay

Secondary radiations, e.g., gamma-rays, X-
rays, alpha-particles, and electrons

HePbPo 4
2

206
82

210
84 
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 
 YeX A

Z
A
Z 1
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𝑋௓஺ → 𝑋 ൅ 𝑒ା ൅ 𝜐௓ିଵ
஺

𝑋௓஺ → 𝑋 ൅ 𝑒ି ൅ 𝜐௓ାଵ
஺

Parent (Z, N)  Daughter (Z-1, N+1)

Parent (Z, N)  Daughter (Z-2, N-2)



Alpha Emission

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

In heavy elements, It would require a minimum kinetic energy of ~3.8MeV
for the alpha particle to “tunneling through” the potential well …
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Alpha Decay

NPRE 441, Principles of Radiation Protection

With only a few exceptions (Samarium-147), naturally occurring alpha
decay is found only among elements of atomic number greater than 82
because of the following reasons:

Chapter 1: Radioactivity

• Electrostatic repulsive force in heavy nuclei increases much more
rapidly with the increasing atomic number than the cohesive nuclear
force. The magnitude of the electrostatic repulsive force may closely
approach or even exceed that of the nuclear force.

• Emitted alpha particles must have sufficiently high kinetic energy to
overcome the potential barrier resulting from the strong nuclear force.
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Chapter 1: Radioactivity

Internal Dose from Indoor Radon
(more detailed discussions coming soon …)

From <<Radiation Protection and Dosimetry>>, by Michael Stabin. 
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Energy Release from Alpha Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

An example: Alpha decay of 226Ra

The energy release can be found using the data
shown in the table previously used for deriving
binding energy
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Understanding the Mass Defect and Nuclear Binding Energy
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Energy Release in Alpha Emission
A more accurate version

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

The required kinetic energy has to come from the decrease in mass following the
decay process.
The relationship between mass and energy associated with an alpha emission is
given as

77



Energy Release from Alpha Decay
Chapter 1: Radioactivity

An example: Alpha decay of 226Ra

The same example, when considering the daughter atom to have two less electrons,

78
What is the energy of the alpha particle?

Note:
Md, Md: masses of the parent
and daughter atoms



Energy Spectra of Alpha Particles

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Measured energy spectrum of alpha
particles emitted from the decay of
238Pu.

m is the mass of the alpha particle, and 
M is the mass of the recoil nucleus. 
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Energy Spectra of Alpha Particles

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Alpha decays are sometimes accompanied by the excited daughter products which
complicates the resultant alpha particle spectra.

Measured energy spectrum of alpha
particles emitted from the decay of
238Pu.

E Q  A 4  / A,
where A is the atomic mass number of 
the parent nucleus and Q is the energy 
release.

The kinetic energy of alpha particles is given
by
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Half-Life of Alpha Emitters

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

The most energetic alpha particles are found to come from radionuclide having
relatively short half-lives.

An early empirical rule known as the Geiger-Nuttall law implies that

constants. are b and a emitted. particles  theof
 range  theandemitter  alphaan   of  life-half  theare R and T where

lnln RbaT 
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A Few Remarks

• Q value has to be positive for alpha decay.

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Energy of the alpha particles generally increases with the atomic number
of the parent. For example, 1.8 MeV for 144Nd to 11.6 MeV for 212mPo.

• All nuclei with mass numbers greater than A of 150 are
thermodynamically unstable against alpha emission (Q is positive).
However, alpha emission is a dominant decay process only for heaviest
nuclei, A≥210.
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Alpha Emission and Potential Health Concerns
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NPRE 441, Principles of Radiation Protection, Spring 2023

Radiation Effect and Dose Delivery
Chapter 8: Chemical and Biological Effects of Radiation

For low LET radiation,  RBE (Relative Biologic Effectiveness)  LET (Linear Energy Transfer), for higher 
LET the RBE increases to a maximum, the subsequent drop is caused by the overkill effect. 

These high energies are sufficient to kill more cells than actually available!



Alpha Emission and Radiation Hazard

Chapter 1: Radioactivity

J. Chadwick, Cavendish Laboratory, 
University of Cambridge. Encyclopaedia of Occupational Health and Safety 

4th Edition, from the International Labor Office
Alpha particles have extremely short ranges (micros to tens of microns in tissue). They can
not penetrate the outer layer of dead skin and in general pose no direct external hazard to
the body.
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Chapter 1: Radioactivity

https://www.youtube.com/watch?v=lA8pUZTDmyc 86



Alpha Emission and Radiation Hazard

Chapter 1: Radioactivity

(Left) Measured energy spectrum of
alpha particles emitted from the
decay of 238Pu.

In addition to the internal hazard, alpha particles, one can generally expect gamma ray
emission with an alpha source. Also, many alpha emitters have radioactive daughters that
present radiation protection concerns.
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Alpha Emission and Radiation Hazard

Chapter 1: Radioactivity

However, when inhaled or entering through a wound, an alpha source can present a
hazard as internal emitter.
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NPRE 441, Principles of Radiation Protection

An Overview of  Radiation Exposure to US Population
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

http://www.world-nuclear.org/info/inf30.html
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Common characteristics of radioactive series:
• The first member of each series is very long-lived – 232Th: 1.391010 years, 238U:

4.51109 years and 235U: 7.13108 years.

Naturally Occurring Radioactivity

Actinon called is and series actiniumin  appears 

Thoron called is and series in thorium appears 

Radon called is and series uraniumin  appears 

219
86

220
86

222
86

Rn

Rn

Rn

series actiniumin  appears 

series in thorium appears 

series uraniumin  appears 

207
82

208
82

206
82

Pb

Pb

Pb

• All three naturally occurring series each has a gaseous member.

Artificially created radioactive series, such as the neptunium series has no
gaseous member.

• The end product of all three naturally occurring radioactive series is lead.

92



NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

All three isotopes of radon have radioactive daughters, so they are all potentially
hazardous.

Naturally Occurring Radioactivity – Other Isotopes of Radon

seconds 4T U,from  :(Actinon) 

 seconds 56T Th,from  :(Thoron) 

3.81daysT U,from  :(Radon) 

235219
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232220
86

238222
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





Rn

Rn

Rn

The health concerns of these isotopes are determined by two factors:
• The rate of production from their parent nuclides.
• The probability of decay before get airborne.

The contributions from the daughters of 220Rn and 219Rn to internal exposure are
usually negligible compared with that from 222Rn.
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Indoor Radon



NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Airborne radon itself poses little health hazard. It is not retained in significant
amounts by the body.

• The health hazard is closely related to the short-lived daughters of radon.

Naturally Occurring Radioactivity
– Health Concerns of Radon Gas

Beta particle

alpha particle
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

The WHO predicts that “The risk of lung cancer increased by 8% per 100 
Bq/m3 increase in measured radon concentration (95% confidence 
interval).” (from the WHO Indoor Radon Handbook)
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NPRE 441, Principles of Radiation Protection, Spring 2023

Radiation Effect and Dose Delivery
Chapter 8: Chemical and Biological Effects of Radiation





NPRE 441, Principles of Radiation Protection, Spring 2023

Radiation Effect and Dose Delivery
Chapter 8: Chemical and Biological Effects of Radiation



α-Emitters of Human Interest (1)

Po K Xrays are emitted that permit
external imaging, the two most
abundant of these X-rays have
energies of 77 and 80 keV, 12 and 20%
of all photon emissions, respectively.

Bismuth-213  emits a 
gamma ray photon at 440 
keV and a yield of 16.5%. 

40 and 727 keV
γ emission



Fig. 4. Gamma spectra of purified Ac-225 produced 
via cyclotron irradiation (upper spectrum) and Ac-
225 extracted from Th-229 (lower spectrum).

Cyclotron production of Ac-225 for targeted alpha therapy, C.Apostolidis, Applied Radiation and Isotopes, 2005

The 225Ac decay chain. Photons with a branching ratio >3% 
relative to 225Ac decay are shown.

Example of Therapeutic Alpha Emitters



An Example – 223Ra

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• 223 Ra has inherent bone-seeking properties.

• Could become logged and irradiate an 
individual over a relatively  long period.

• Could also be used as a therapeutic isotope.
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Chapter 1: Radioactivity
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Chapter 1: Radioactivity

105

You should be able to 
 define the nuclear binding energy, and calculate the binding energy for given 

radionuclides,

 calculate the energy-release, or the Q-value, for a given nuclear transformation,

 understand the Chart of Nuclides, identify potential radioactive decay scheme 
(e.g., alpha decay or beta decay), and extract useful information (e.g., half-life, 
decay product, and energies of the radioactive products), 

 calculate the energy release from a given alpha decay and derive the amount of 
energy carried by the alpha particles as decay products,

 explain why alpha particles could potentially cause more radiation effect to 
living tissue than X- and gamma-rays, and

 understand the origin of the indoor radon problem.

Learning Objectives Related to Alpha Decay



Beta Emission Processes

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Three favors of beta decay
• Energy spectrum of beta particles through beta decay
• Other processes involving beta emission, internal conversion,

photoelectric effect and Auger electrons.
• Major health hazards related to beta emission
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Decay scheme:

What will happen to the excited  Ba-
137 nucleus?
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Understanding the Radiation from Cs-137

http://faithandsurvival.com/
wp-
content/uploads/2012/04/f
ukushima-cesium-137-
spread.jpg
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Typical Decay Products from Unstable Radioisotopes
Alpha decay Beta decay

Beta decay Beta-plus decay Orbital electron 
capture (E.C.)

Beta particles Positrons

Annihilation 
gamma rays

Excited Daughter Nuclei 

Excited atoms
Gamma rays

Internal conversion (I.C.)

Auger electrons Characteristic 
X-rays

Alpha particles Daughter nuclei

Daughter nuclei

Gamma ray emission

IC electrons

Bremsstrahlung X-rays 

Bremsstrahlung 
X-rays 
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NPRE 441, Principles of Radiation Protection, Spring 2023

Beta Radiation – Submersion Dose from Kr-85
Chapter 7: Radiation Dosimetry

An example. Cember, pp. 231.

The Fukushima nuclear disaster is 
estimated to have released between 20-
200 megacuries of Krypton 85 from three 
melted down reactors
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What is Beta Decay?

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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Beta Emission 
Chapter 1: Radioactivity

• Beta particle is an ordinary electron. Many atomic and nuclear processes
result in the emission of beta particles.

• One of the most common source of beta particles is the beta decay of
nuclides, in which

Beta  decay

Z
AX Z1

AY  1
0      

Beta-plus  decay

Z
AX Z1

AY  1
0 

Electron  capture

Z
AX  e  Z1

AY        

𝑛 → 𝑝 ൅ 𝛽ି ൅ 𝜈

𝑝 ൅ 𝛽ି → 𝑛 ൅ 𝜈

𝑝 → 𝑛 ൅ 𝛽ା ൅ 𝜈



Energy Release of Beta Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

The energy release in a beta decay is given as

• The energy release is once again given by the conversion of a fraction of the mass
into energy. Note that atomic electron bonding energy is neglected.

• For a beta decay to be possible, the energy release has to be positive.

)( edp MMMQ 
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Atomic Mass Unit

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

The atomic mass unit (symbol: u) or is the standard unit that is used for
indicating mass on an atomic or molecular scale (atomic mass). One unified
atomic mass unit is approximately the mass of one nucleon (either a single
proton or neutron) and is numerically equivalent to 1 g/mol. It is defined as
one twelfth of the mass of an unbound neutral atom of carbon-12 in its
nuclear and electronic ground state and has a value of 1.660538921×10−27 kg.

113



Energy Release of Beta Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

An example

The corresponding energy release is given by

Q = Mp – Md - Me =0.001837 AMU

or equivalently

Q = 1.71 MeV

Similar to the case of alpha decay, the energy shared by the recoil nucleus is
Me/(Mp+Me)  Q ?? … So the electron generated will be mono-energetic ??
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Typical Energy Spectrum of Beta Particles 

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity


EQE 

The energy release is shared by all three daughter products. Due to the relatively
large mass of the daughter nucleus, it attains only a small fraction of the energy.
Therefore, the kinetic energy of the beta particle is
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Examples for Beta Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Beta emissions are normally associated with complicated decay schemes and the
emission of other particles such as gamma rays.

• There exist the so called “pure beta emitters”, such as 3H, 14C, 32P and 90Sr, which
have no accompanying gamma rays.
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Positron Emission

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

  0
1

22
10

22
11 NeNa

• A positron is the anti-particle of electrons,
which carries the same mass as an
electron but is positively charged.

• Positrons are normally generated by those
nuclides having a relatively low neutron-
to-proton ratio.

• A typical example of positron emitter is
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Energy Release Through Positron Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

The energy release Q associated with the positron emission process is given by

where the atomic electron binding energy is ignored.

)2( edpeedp MMMMMMMQ  

118



Orbital Electron Capture

 nHe 1
0

1
1

0
1

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

In electron capture (EC), one of the atomic electrons is captured by the nucleus and
unites with a proton to form a neutron with the emission of a neutron

• For neutron deficient atoms to attain stability
through positron emission, it must exceed the
weight of the daughter by at least two electron
masses. If this condition can not be satisfied,
the neutron deficiency can be overcome by
the EC process.

• For example,

 
 YeX A

Z
A
Z 1
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http://sciencewise.info/resource/Electron
_capture/hyperphysics.phy-astr.gsu.edu



Energy Release Through Orbital Electron Capture 
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NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

For positron decay to be possible, we need

For Electron Capture to occur,

electron  orbital    theofenergy  binding  theis  where

0








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dp
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Orbital Electron Capture and Positron Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Electron capture and positron decay
are normally competing processes
through which a neutron deficient
nucleus may attain an increased
stability.

• Both the emission of a positron and
the capture of an electron, a neutrino
is always emitted in order to conserve
energy.

• In positron decay, the neutrino carries
the difference between the energy
release and the energy of the
resultant positron. In electron capture,
however, the neutrino must be mono-
energetic.
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Positron Annihilation following Positron Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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Examples for Beta Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Beta emissions are normally associated with complicated decay schemes and the
emission of other particles such as gamma rays.

• There exist the so called “pure beta emitters”, such as 3H, 14C, 32P and 90Sr, which
have no accompanying gamma rays.
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Orbital Electron Capture and Positron Decay (Revisited)

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Electron capture and positron decay
are normally competing processes
through which a neutron deficient
nucleus may attain an increased
stability.

• Both the emission of a positron and
the capture of an electron, a neutrino
is always emitted in order to conserve
energy.

• In positron decay, the neutrino carries
the difference between the energy
release and the energy of the
resultant positron. In electron capture,
however, the neutrino must be mono-
energetic.
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Beta Emission 
Chapter 1: Radioactivity

• Beta particle is an ordinary electron. Many atomic and nuclear processes
result in the emission of beta particles.

• One of the most common source of beta particles is the beta decay of
nuclides, in which

Beta  decay

Z
AX Z1

AY  1
0      

Beta-plus  decay

Z
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0 

Electron  capture

Z
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AY        

𝑛 → 𝑝 ൅ 𝛽ି ൅ 𝜈
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Typical Decay Products from Unstable Radioisotopes

Alpha decay Beta decay

Beta decay Beta-plus decay Orbital electron 
capture (E.C.)

Beta particles Positrons

Bremsstrahlung 
X-rays

Annihilation 
gamma rays

Excited Daughter Nuclei 

Alpha particles Daughter nuclei

Daughter nuclei
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What Happens After Beta Decay?

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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Examples for Beta Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Beta emissions are normally associated with complicated decay schemes and the
emission of other particles such as gamma rays.

• There exist the so called “pure beta emitters”, such as 3H, 14C, 32P and 90Sr, which
have no accompanying gamma rays.
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Gamma-Ray Emission and Internal Conversion 
Chapter 1: Radioactivity

129
http://hyperphysics.phy-astr.gsu.edu/hbase/Nuclear/radact2.html

Gamma-ray emission             vs              Internal Conversion

bex EEE 

eN
NRatio) Branching (or tCoefficien IC  



Different Types of Radiation from Hg-203 Beta Decay 

Chapter 1: Radioactivity

130

Gamma-ray transition
• Energy of the beta particles?
• Relative frequency per decay? 

Binding energies for 203Tl
K 85.529 keV
LI 15.347 keV
LII 14.698 keV
LIII 12.657 keV
M 3.704 keV

Internal conversion
• Energy of the beta particles?
• Relative frequency per decay? 

eN
NRatio) Branching (or tCoefficien IC  𝐸௜.௖. ൌ 𝐸௘௫௖ െ 𝐸௕



Metastable Nuclear States and Gamma Ray Emission 

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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Important Gamma Ray Emitter: Tc-99m

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Decay scheme:

• Tc-99m accounts for >90% of imaging studies in nuclear medicine and therefore
subject to extensive dosimetry study.

• Half-life: ~6h; gamma energy: 140keV, both ideal for imaging applications.
• Tc-99m is obtained from the decay of the molybdenum isotope 99Mo.
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Atomic Level Transitions following Beta Decay
Characteristic X-rays and Auger Electrons

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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Characteristic X-ray vs Auger Electron

Chapter 1: Radioactivity
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Radiation from Excited Atoms



Chapter 1: Radioactivity
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Radiation from Excited Atoms

http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/moseley.html

X-ray spectrum of a gold sheet irradiated by an X-ray tube
with Ag-anode working at 28 kV.

(“Portable systems for energy-dispersive X-ray fluorescence analysis of works of art”,
Cesareo, 2007)

Possible X-ray Transitions



Auger Electrons
• The excitation energy of the atom may be transferred to one of the outer

electrons, causing it to be ejected from the atom.

• Auger electrons are roughly the analogue of internal conversion electrons
when the excitation energy originates in the atom rather than in the
nucleus.

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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Figure 5. Spectrum of Auger electrons 
at an X-ray energy of 100 keV.



Chapter 1: Radioactivity
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Characteristic X-ray vs Auger Electron

Atomic Radiation from Excited Atoms



Auger Electrons
• The excitation energy of the atom may be transferred to one of the outer

electrons, causing it to be ejected from the atom.

• Auger electrons are roughly the analogue of internal conversion electrons
when the excitation energy originates in the atom rather than in the
nucleus.

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity
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Chapter 1: Radioactivity
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Chapter 1: Radioactivity
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Typical Decay Products from Unstable Radioisotopes
Alpha decay Beta decay

Beta decay Beta-plus decay Orbital electron 
capture (E.C.)

Beta particles Positrons

Annihilation 
gamma rays

Excited Daughter Nuclei 

Excited atoms
Gamma rays

Internal conversion (I.C.)

Auger electrons Characteristic 
X-rays

Alpha particles Daughter nuclei

Daughter nuclei

Gamma ray emission

IC electrons

Bremsstrahlung X-rays 

Bremsstrahlung 
X-rays 
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Radiation Concerns of Beta Particles

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Energetic beta particles may penetrate the skin and lead to external hazard. In
general, beta particles with an energy less than 200keV (such as from 35S and 14C)
are not considered to be external radiation hazard. If deposited inside the body,
beta particles normally lead to a certain degree of radiation exposure.

• Beta emitters may also emit gamma rays that leads to extra radiation exposure.
For example, beta-decay of Co-60 leads to gamma emission…

• Beta particles in the MeV range also interact with surrounding materials
(especially those contain high Z elements) through bremsstrahlung and therefore
induces x-rays. So extra care has to be taken for a proper shielding of an energetic
beta source.
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Potential Health Concerns from Beta Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

144

• Gamma-ray dose
• Beta dose from internally administrated beta emitters
• Beta dose from surface contaminations



Examples for Beta Decay

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

• Beta emissions are normally associated with complicated decay schemes and the
emission of other particles such as gamma rays.

• There exist the so called “pure beta emitters”, such as 3H, 14C, 32P and 90Sr, which
have no accompanying gamma rays.
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Radiation Risk from Medical Procedures 
Single Photon Emission Computed Tomography

• Drug is labeled with radioisotopes that emit gamma rays.

• Drug localizes in patient according to metabolic properties of that drug.

• Trace (pico-molar) quantities of drug are sufficient.

• Radiation dose fairly small (<1 rem).
146



Tc-99m Sestamibi Myocardial Perfusion Imaging (MPI) 

Exercise stress Tc-99m Sestamibi single day myocardial perfusion SPECT images of the female patient with a significant (80%) distal left main
coronary artery disease. Classic features of the high-risk scan are present: severe partially reversible perfusion defect, involvement of the LAD
and LCX territory, visual transient ischemic dilation and abnormal TID ratio (1.21). The patient presented with symptoms of stable atypical
angina. No significant ECG or hemodynamic changes were noted during the stress portion of the test.

https://www.researchgate.net/figure/Exercise-stress-Tc-99m-Sestamibi-single-day-myocardial-perfusion-SPECT-images-of-the_fig1_283448406



NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Radiation Concerns:
• Radiation concerns of positron emission is

very similar to that of beta particles.
• When positrons are annihilated with

electrons, gamma rays with (~)511 keV are
generated, which makes all positron-
emitters potential external radiation
hazard.

Radiation Risk from Medical Procedures 
Single Photon Emission Computed Tomography
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NPRE 435, Principles of Imaging with Ionizing Radiation, Fall 2023
149

Radionuclides in Medicine



Sectioning of Tissue…

…on Microtome (wax)

…on Cryostat (frozen)
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Beta Particles Related Health Concerns 
An Example – Autoradiography

NPRE 441, Principles of Radiation Protection

Chapter 1: Radioactivity

Radioisotopes
If 1 or more radioactive atoms is 

incorporated into a small molecule 

such as a sugar, amino acid, or 

nucleotide that molecule can then be 

traced.

Examples
3H-thymidine
35S-methionine
3H-mannose
3H-choline
3H-acetate
32P-CTP
32P-ATP 
14C-chloramphenicol
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Bond-Seeking Beta Emitters as Radiotherapy Agents

NPRE 441, Principles of Radiation Protection
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Auger Electrons
• The excitation energy of the atom may be transferred to one of the outer

electrons, causing it to be ejected from the atom.

• Auger electrons are roughly the analogue of internal conversion electrons
when the excitation energy originates in the atom rather than in the
nucleus.
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Tibor Kibèdi, Dep. of Nuclear Physics, Australian National University

Correlation between energy deposition and 
molecular damage from Auger electrons

8-Dec-2014, IAEA CRP

A case study of ultra-low energy (5–18 eV) electron interactions with DNA
M. Rezaee, D.J. Hunting, L. Sanche, Univ. de Sherbrooke, Sherbrooke, Québec, Canada
Med. Phys. 41 (2014) 072502

Nanodosimetric model (V=4.3 nm3!) 
based on the medical internal 
radiation dose (MIRD) schema (M. 
Michaud et al. Phys. Rev E 87 (2013) 
032701)
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Typical Decay Products from Unstable Radioisotopes

Alpha decay Beta decay

Beta decay Beta-plus decay Orbital electron 
capture (E.C.)

Beta particles Positrons

Annihilation 
gamma rays

Excited Daughter Nuclei 

Excited atoms
Gamma rays

Internal conversion (I.C.)

Auger electrons Characteristic 
X-rays

Alpha particles Daughter nuclei

Daughter nuclei

Gamma ray emission

IC electrons

Bremsstrahlung X-rays 

Bremsstrahlung 
X-rays 
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Decay scheme:

Understanding the Radiation from Cs-137
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Understanding the Radiation from Cs-137
Chapter 1: Radioactivity

2. Gamma-rays

What will happen to the excited  Ba-137 nucleus?

3. Internal conversion electrons

4. Emission of characteristic X-ray

5. Auger electrons

1. Beta particles for sure, what else?
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6. Bremsstrahlung X-rays
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If you are holding a Cs-137 source, what are the 
radiations that your hand/body is exposed to?
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Auger 
electrons with a 
relative complex 

spectrum

Gamma-ray,
662 keV,
85%

Char. X-rays
32 keV
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http://www.nuclear.kth.se/courses/lab/latex/internal/internal.html
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Beta 1,
Emax: 512 keV,
95%

Beta 2,
Emax: 1174 keV,
5%


