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Pharmacy 601 Radiotracer Methodology
Course Information

Contact Infermation

Course Coordmator; Dr. Steve McQuarne
Office: Foom 4126, DF Centre

e
Telephone: (7807 452-2905 \IN

emaill address: smeouartie @ pharmacy. ualberta. ca

Course Generaiities

Course Description: Fundamental principles of radicactivity and health physics. The
itnpottance of radionuclides in medicing, agriculture, industry and research.

This course will be of interest to graduate students who are using or planning to uze
radioactive tracers in their research programs. The course matenal deals with the
theoretical and practical aspects of nuclear decay processes and the different
metrumental techroues used m thew measurement. The laboratory section of this course
will provide the student with practical experience m many of the concepts discussed
duning the lectures. Some of the matenal covered will include:

An mtroductory section on the general principles of radicactive disintegration mcluding
the types of decay and the mteraction of radiation with matter.

A comprehensive discussion of the detection and quantitation of rachation mcluding
sections on gas ionization detectors, homd scmtillation and solid scnbillation counters, as
well az solid-state detection systems.

A section dealing with other considerations i radioisotope tracer methodology mcluding
sources of radionuchdes, autoradiography, neutron activation analysis, isotope dilubion
analysis, radicimmunoassay, expetimental desigh and applications i biotechnology.

The laboratory experiments include quality control, radionuclide identification, satmple
preparation for L3, methods of quench correction in LS, gatnma counting, protein
radiciodination and absclute determination of radioactivity.
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Effects on
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4 During the decay processes particles may be released from the nucleus (alpha,
beta) or electromagnetic emissions may come from the nucleus (gamma rays) or fom
electronic transiions (x-rays). These decay processes and the nature of the emitted
radiation are very inportant if we are to understand how radiation 15 detected and
measured and how radiation affects biological systems.

Types of Radioactive Decay
2.1. Alpha Particle Decay (o -decay)

The general characteristics of alpha decay are;

a This decay process occurs only for radionuclides with 2. = 92 (2. 92 1z lead)S.

b The emitted particle 15 an assembly of 2 protons and 2 neutrons, which is ejected
from the nucleus. This assembly has a double positive charge and a mass of about
4 AT,

c. The o -particle has a kinetic energy between 4 and 8 eV and 13 monoenergetic
for a particular radionuclide decay.

F:l
d. The @ -particle is a , which is exactly a mucleus of ZHQZ.

g. The biclogical hazard from o -patticles is due to theit high energy and double
positive charge which makes them capable of causing intense iotizations i any
matter that they pass through

f These large particles are not very penetrating and are easily absorbed by a few
centimeters of atr or micrometers of water or tizsue.

“One excepiion to this ruls is 1 54}__.?,11.

A typical decay process is that of 220 3 which has a half-life of 1600 vears and which
decays to “22pp as shown below.

228 222 7
iy —2 RN i, + energy(4 T T M2 V)
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Lectures Part 2. Decay Processes and Products
Radioactivity The nuclear mstability caused by nuchdes with unsuttable neutron to proton ratios causes
Forlluclear | i d breakdown with the release of d
Fundamentels ese species to undergo spontaneous breakdown with the release of energy an
#Pint 3 Decay particulate radiation. This spontaneous decay of unstable muclei 1s called "radioactrty”.
Processes Durng the processes of radioactve % there 15 a release of energy and in general
v mere stable species are formed. Thus an unstable atom of 1*C decays to a more stable
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Lectures 2.4. Electron capture (EC), (K-capture)

Badioactivity Thus 1z another process which enables radionucldes with a proton excess to convert to

Part 1. Huclear more stable nuchides. In this process an orbital electron from one of the mner shells (F-

Fundsmentals, shell) 15 captured by the nucleus. The process which takes place 1s;

@Part 2 Decay
Processes ]
and Products p+ + e — n+ neutrino
Alpha
Deca

Part 3.

A ctivity and

Decay

Part 4. -

Characteristics gamma

of Radiation

and

Interaction

with iatter sleciran

Part 5. caphimn

BEadiation

Dretection and

Dleasuretnent -

Instrumentation

Part 6.

Fadiation %=y

Protection in

Eadiopharmacy Tha slotron capturs prooass with posslbls smisslons

Part 7. frem the nuolaus igamma ray} and from alotron fransidene

Sources of [x-ray)

Fadiation

Exposute to Although there are no particles emitted in this transition there may be a gamma transition

P v 2

Il;l—a"ﬁngms from the excited daughter nucleus and x-ray ermissions as electrons move in to fill the

Fadiation vacant postion i the K -shell

Effects on

glﬂg&l One ezample of a radionuclide which decays by electron capture is 1251

ratems
By — e, + gamma+ x-ray

There iz no primary particulate radiation emitted i the electron capture decay process.
However there are secondary processes which result n particle emmizsion. The ermitted
particles increase radiation dose to humans. For example 127 emits a mumber of low
energy electrons called Auger electrons. Auger electrons are produced when the z-ray
produced followng electron capture transfers it energy to one of the erbital electrons.
Thus electron 15 then ermtted from the atom and is responsible for much of the mternal
radiation dosge recerved from this radionuclide. -
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Lectures (1 +mi)
Radioactivity
Part 1. Muclear L Ci i ; ; ; 210
o £ [ Example: Find the total kinetic energy of the « particle emitted during the decay of <= Pao.
Part 3 Decay
Processes E=54
and Products L
™ (1 +4/208 )
Deca =
ot E=53MeV
A ctivity and Lo
Re—ufff Therefare, the kinetic energy of the recoil nJ@gus (QDBPb) must be 0.1 MeV.
Characteristics 7. a's are essentially monoenergetic.
of Radiation
and I
Interaction a) Small variations due to energy levels of the daughter nucleus.
W " Anucleus that emits a lower anergy o is left in an excited state. (Radium - 226)
Radiation [ De-excitation {or return to ground staggh via gamma emission
Dretection and
Ieasurement - ) Most @'s are emitted with maximum gffergy and therefore most « emitters are not accompanied by gamma-rays. (making the detection of o emitters
Instrumentation - . | f
Parlf. more difficult from an anakytical viewgfoint).
Radiation [~ Fit ; 1 AL i
Sy (et Also limiting there detectagpfiity is the «'s extremely limited ability to penetrate matter.
Radiophatmacy
Part7. i
i 8. @ energy and half-life are rel
Fadiation
W a)T, =03 usectq Y
Uhats | ! |
Part&. b Geiger - Muttal Law hitp:fesne treasure-troves comiphysics/Geiger-MuttallLaw html
%‘t‘;ﬁ I Simplified if we realize that more unstable nuclei (short Ty, ) allow higher « energy states and hence easier tunneling (thinner barrier). These o's will have ¢
Biological higher energy.
Systems

g, Summary

a) Occurs when £ = 82

b e energy and half-life are related

c) Essentially monoenargetic (generally no gammas)
dj Little penetrating power

1 | 3
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and
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contents &0,
with Mlatter
Part 5.

Geiger-Nuttall Law

Patt 2. Decay

Processes

and Products
Aalpha

InA= —ale_l‘(? + aa,

Dretection and

DMleasuretnent -

Instrumentation

Part 6.

Badiation

Frotection in

EBadiophatmacy

Part 7.

Soutees of

where A is the decay constant, 2 is the atomic number, F is the binding energy, and a1 and

as are constants.

Badiation
Exposure to
Humans
Part 8.
Badiation
Effects on
Biological
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Accompanied by gamma-rays. (making the detection of o emitters

atter.

Dy states and hence easier tunneling (thinner barrier). These a's will have ¢

Systems |@ l_ ,_ | & Intemet
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8. Summary

a) Occurs when £ = 82

b @ energy and half-life are related

c) Essentially monoenergetic (generally no gammas)
)
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Lectures Part 2. Decay Processes and Products
Eadioactivity The nuclear mstability caused by muchides with unsuitable neutron to profon ratios causes
FodlNudlear | ' d breakdown with the release of d
e ese species to undergo spontaneous breakdown with the release of en at

@Purt 3 Decay particulate radiation. This spontaneous decay of unstable nuclei 15 called "fydioactvity”.
Processes During the processes of radioactive d\q‘}‘éy there is a release of energy and dy general
%‘m more stable species are formed. Thus an unstable atom of Hq decays to a nlpre stable

Deca L4, During the decay processes particles may be released from the nucleus {alpha,

el

art 3. beta) or electromagnetic emissions may come from the nucleus (zamma rays) or from
A otivity and

Daca electronic transitions (x-rays). These decay processes and the nature of the emutted
art 4. radiation are very inportant if we are to understand how radiation 1z detected and
Charactetistics measured and how radiation affects biological systems.

of Radiation
and
Interaction
with N atter
Pat 5. 2.1. Alpha Particle Decay {« -decay)
Radiation
Detection and
Mleasurement -
Instrumentation
Partf a. This decay process occurs only for radionuclides with Z = 92 (7 92 is lead)®.
Radiation ; ¥ ; e
Brattbionn b, The emitted particle 15 an assembly of 2 protons al.nld 2 neutrons, which iz ejected
Eadiopharmacy from the nucleus. This assembly has a double positive charge and a mass of about
Fart¥. 4 AN,

gioag;;zﬁf c. The @ -particle has a kinetic energy between 4 and 8 IMeV and s monoenergetic
Exposure to for a particular radionuclide decay.

H sl | agies
$ d. The o -particle iz a ; which is exactly a nucleus of

3

Types of Radioactive Decay

The general characteristics of alpha decay are;

il
QHQQ_

Eadiation e. The biclogical hazard from o -particles iz due to their high enerey and double
Effects on
Biological
Systems

positive charge which malces them capable of causing intense lotizations in any
matter that they pass through.

f These large particles are not very penetrating and are easily absorbed by a few
centimeters of air of micrometers of water or tissue.

“One exception to this ruls is ; 54}__.?}).

A typical decay process 15 that of 2R 2 which has a half-kfe of 1600 vears and which
decays to 2Ry ag shown below,

226 222 4
28Rl iag — SiRA o+ 00, + enero . TT7 Me V)
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Characteristics
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Fatt 5.
BEadiation
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Part 8.
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Effects on
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Lectures
Eadioactivity

Part 2. Decay Processes and Products

The nuclear mstability caused by nuchdes with unsuttable neutron to proton ratios causes
these species to undergs spontaneous breakdown with the releasze of energy and
particulate radiation. This spontaneous decay of unstable nuclet 1z called "radicactrvity”.

During the processes
more stable species a
4 During the decas
beta) or electromagne

electronic transitions {
radiation are very fmp Editl Delete | Wi Al | Fage List | Done |
measured and how ra

Notes: Part 2. Decay Processes and Products

Types of Radioac

I might want to make sowe notes to myself here. Add notes about an assignment, etco.

2.1. Alpha Particle

The general character

a  This decay pro
b The emitted pa
from the nuclev

4 AT,
c. The o -particle
for a particular
d. The o -partticle =

e, The biclogical ]/ &] Done T [B @ intemet P

positive charge which makes them capable of causing intense iotizations i any
matter that they pass through

f These large particles are not very penetrating and are easily absorbed by a few
centimeters of atr or micrometers of water or tizsue.

“One excepiion to this ruls is 1 54}__.?,11.

A typical decay process is that of 220 3 which has a half-life of 1600 vears and which
decays to “22pp as shown below.

228 222 7
iy —2 RN i, + energy(4 T T M2 V)
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Lectures Part 2. Decay Processes and Products

Badiogctivity The muclear mstability caused by nuchdes with unswtable neuti\n to proton ratios causes
Part1. Muclear : .
Aol Soat these species to underge spontancous breakedown with the reledge of energy and

@Purt 3 Decay particulate radiation. This spontaneous decay of unstable nuclei 1jcalled "radioactivity”.
Processes During the processes of radioactive d\q‘}‘éy there i5 a release of en andd m general
atd Products

Alpha = : _
Deca T, During the decay processes particles may be released from the nucleus {alpha,
= beta) or electromagnetic emissions may come from the nucleus (zamma rays) or from
Activity and 1 : 2 These d d th fth itted
Doas electronic transitions (x-rays). These decay processes and the nature of the enutte

St radiation are very inportant if we are to understand how radiation 1z detected and

Charactetistics measured and how radiation affects biological systems.

of Radiation

and

Interaction

with Matter

Part3. 2.1. Alpha Particle Decay {« -decay)

Fadiation

Detection and

Measurement -

Instrumentation

Part . a This decay process occurs only for radionuclides with Z = 92 (Z 92 is lead)®.
Fadiation ; T o L)
Brattbionn b, The emitted particle 15 an assembly of 2 protons and 2 newtrons, which 15 sjected
Eadiopharmacy from the nucleus. This assembly has a double positive charge and a mass of about
Pant7. 4 AT,

%&zﬁf c. The o -particle has a kinetic energy between 4 and 8 eV and 15 monoenergetic
Exposure to for a particular radiomclide decay.

H sl | agies
$ d. The o -particle iz a ; which is exactly a nucleus of

more stable species are formed. Thus an unstable atom of M decdys to a more stable

el

art 3.

3

Types of Radioactive Decay

The general characteristics of alpha decay are;

il
QHQQ_

Eadiation e. The biclogical hazard from o -particles iz due to their high enerey and double
Effects on
Biological
Systems

positive charge which malces them capable of causing intense lotizations in any
matter that they pass through.

f These large particles are not very penetrating and are easily absorbed by a few
centimeters of air of micrometers of water or tissue.

“One exception to this ruls is ; 54}__.?}).

A typical decay process 15 that of 2R 2 which has a half-kfe of 1600 vears and which
decays to 2Ry ag shown below,

226 222 4
28Rl iag — SiRA o+ 00, + enero . TT7 Me V)
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Lectures Part 2. Decay Processes and ProYucts
Eadioactivity The nuclear instabiity caused by nucldes wilf unsuitable neutron to proton ratios causes
¥ P
W these species to undergo spontaneous breakdgwn with the release of energy and
#Pa3 Decay ' particulate radiation. This spontaneou‘s\cilecay unstable tuclei iz called "radicactivity”.
Processes During the processzes of radioactive % there\g a release of energy and i general
%ﬁ more stable species are formed. Thus an unstableSatom of 142 decays to a more stable
Deca 14y During the decay processes particles may be released from the nucleus (alpha,
Part 3. beta) or electromagnetic emuissions may come from the nucleus (gamma rays) or from
o tivi d g 7 v
ﬁ:ﬂm electronic transttons (x-rays). These decay processes and the nature of the eritted
Part 4. raciation are very wnportant if we are to understand how radiation 15 detected and
Charactetistics measured and how radiation affects biological systems.
of Radiation
and . ;
Interaction Types of Radioactive Decay
with Mlatter
Fart 5. 2.1. Alpha Particle Decay (o -decay)
Eadiation
Dietects d L
Mee::m?;:ln_ The general characteristics of alpha decay are,
Instnumentation
%ﬂf&ion a  This decay process occurs only for radiomuclides with Z = 92 (Z 92 is lead)S.
Pratection in b. The emtted particle .is an assembly of 2 protons @d 2 neutrons, which 15 gjected
Radiopharmacy from the nucleus. This assembly has a deuble posttive charge and a mass of about
Part 7. 4 AMTT.
gz%:;if c. The o -particle has a kinetic energy between 4 and 8 WMeV and is monoenergetic
Exposure i for a particular radionuclide decay.
F]
Il;l;'in—;_m d. The o -particle is a , which is exactly a nucleus of 252
Radiation e. The biclogical hazard from o -particles is due to their high energy and double
giﬁoeli—ts't'::arll postive charge which makes them capable of causing mtense 1onizations n any
Systems tnatter that they pass through. . .
f These large particles are not very penetrating and are easily absorbed by a few
centimeters of air or micrometers of water or tizsue.
¢ : : 154
One excepiion o this rude iz ~-" D,
A typical decay process is that of 226Ra which has a half-lfe of 1600 vears and which
decays to 2221 as shown below.
AR 0y — TR, + Her, + energy(4. 77T M)
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