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Element Chemical Symbol Atomic Number K X-ray Energy (keV)* Melting Temperature (°C)
Tungsten w 74 69 3400
Molybdenum Mo 42 19 2600
Rhodium Rh 45 23 3200
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Question: A 30-keV x-ray ionizes an atom of barium
by ejecting an O-shell electron with 12 keV
of kinetic energy. What is the energy of the
scattered x-ray?

the binding energy of an O-shell electron of barium is 0.04 keV

30 keV = Es+(0.04 keV +12 keV)

E, =30 keV —(0.04 keV +12 keV)
=30keV—-(12.04 keV)
=17.96 keV
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Compton l‘&‘ Photoeleatric
P absorption
scatter
Image
receptor
C Transmitted

Three types of x-rays are important fo the making of a

radiograph: those scattered by Compton interaction

(A), those absorbed photoelectrically (B), and those

transmitted through the patient without interaction (C).
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dasd o ye g dpalite (i 63 6al) 2ae ) B jalall Agi)
A Gl Ao @aaal) Al eS agall 8 il

Lo Sl (5% Cany 5 Y1 Gl JSS 5 Jlae Ly
AU Glal) ) dga

L) 43l i i gl alaad) 48U dad o S5
KVP Glaall Sl oSl sgall Lase 45 glsa 3 j30al)

Number x-rays

2 mm Al added filtration

4 mm of Al
added filtration

I I
0 25 50 75 100

X-ray energy (keV)

Al (200

S Al A Y) da i 308 e gl yall ity B
Lo Adan gl AUl (e 2y 5

Lo jal) Ay clad i ddla) dolee o3 P
Acleiy)
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Exposure (uGyalmAs] at 100 cm

150 kVp
125 kVp
110 kVp

100 kVp
80 kVp

“, Bokvp
= 70kVp
60 kVp

50 kVp

40 kVp

1 | 1 I |
1 2 3 4 5

Total filtration (mm Al)

These curves apply only for single-

st phasg, full-wave—rectified apparatus

Gy PP

saal 0 Toe bl yy guall Akl 8 Apipual) &) Ao o B0k S5 P
(MGyYq) #lsell gl Gl
MGy /s, (Clasl g el a w2l Jaa G4 p
MGy,/min, mGy,/mAs
LS g dic elad) Ao ja a8V il jaad p
1 2 e dldy 50 UGy /MAS @ a8 s 1S 70 aiad
Al dadill e i

Al (200

i) iV 3as e 5 el Sl sal)

The Effect of

Image Receptor

Increasing X-ray Quantity Is Exposure Is
mASs Increased Increased
proportionately
kvp Increased by Increased by
o) )
kVpl kVp,
Distance Reduced by Reduced by
(&) (&)
d: dI
Filtration Reduced Reduced
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Kilovolt Peak Half-Value Layer (mm Al)
50 | )
75 2.8

100 3.7

125 4.6

150 5.4
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P EPVINIKVEN g

PERCENT INTERACTION el 100-
kVp Photoelectric Compton Total Transmission " Photoelectric
50 79 21 99 <1 g
60 70 30 >99 <1 5 %1 A~ compton
70 60 40 >99 <1 E 40
80 46 52 98 2 5
90 38 59 97 3 20
100 31 63 94 6 \
110 23 70 93 7 v T T T T T T
0 20 40 60 80 100 120 140
120 18 83 91 9 kVp
Through 10 cm of Soft Tissue
Al (200

seledy) Jiall dalu

=Y Jaal) dalise 53y s 5 yiiall AesY1 2l 35 P

Al (200
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Diaphragm

=

Cylinder

=

Al (200

e LY da all Glaasa

Aoy A jall laase (e ) ADE an 5y B
aperture diaphragm «laall a3 p
Collimator 3 yuiall Beliaall dadall Chlarwa P
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Image
receptor
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100 kVpP el vie sale sy 52.5 51,5 G e Jalaall 138 4 (S5 p

oyaall gl ¢ 55 e pall ASlaw edipual) AxY) Caday Gl et Jalaa (3l B
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Question: An aluminum step wedge is placed on a
tissue phantom that is 20 cm thick and a
radiograph is made. Without a grid, analysis

of the radiograph shows an average gradient Contrast imprigement Factor

(a measure of contrast) of 1.1. Witha 12:1 [ image contrast with grid
grid, radiographic contrast is 2.8. What is image contrast without grid
the contrast improvement factor of this grid?

Answer: 2.8
k= r 2.55

Al (200

Bucky Factor S sl Jales

Al ASual) aladind e AUl Gy pall de ja 8 5ol L e Sl Jelaa pumy B
ASul e Ay A0 5 Al V) At A i e g B
A e oy B
Bucky Factor
o Incident remnant x-rays
" Transmitted image—forming x-rays

__ Patient dose with grid
~ Patient dose without grid

Al (200

31

PRI PR



2 glady) el

Faaall o slall A0S — 3iad Aasla

il a2

Bucky Factor (S sl dalxs

Approximate Bucky Factor Values for Popular Grids

Grid BUCKY FACTOR AT
Ratio 70kVvp  90kvp 120 kVp  Average
No grid 1 1 1 1
2 2 2.5 3 2
8:1 3 35 4 4
121 3.5 4 5 E
16:1 4 5 6 6
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Never trust an

atom.

They make up
everything.

Lelady) dalal)
Background Radiation
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Background Radiation in the UK

ground and buildings
14.0%

medical
14.0%

nuclear power & waapons

radon gas 03%

50.0% !
COSMIC rays

10.0%

other
0.2%

\_food and drink
M 115%
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Chemical reaction vs. Nuclear reaction

In a chemical reaction, what is the main subatomic particle
involved?

The

ELECTRON

In a nuclear reaction, what is the main area of the atom
involved?

The NUCLEUS
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Mass number (number of
protons plus neutrons)

\«.

.

12(C < Symbol of element

Atomic number (number
of protons or electrons)

Al (200

g il 5 g gl e S B o SX
oM 2zl ga Sligig pall 2ae P
Al AlS Uled oo Gea lig y3gnill g cligi g ll 22e P

Lsd e ligig ) lad f ddlial) <l g 53 gl g g ) i 1 i ) 8l gill Sy
(el
saaadll yealiall s 15 LAY aeall (pe ¢ g il ¥ alaal) 1S sic

6 protons
/6 neutrons
Mass number — 12

Atomic number —— g C

Carbon-12
1 proton
/0 neutrons
Mass number 1
Atomic number —— 1 H

Hydrogen-1

Al (200

6 protons.
/7 neutrons

13
C
Carbon-13

1 proton
/1 neutron

H

Hydrogen-2

6 protons
./ 8 neutrons

14
C
Carbon-14

1 proton
/2 neutrons

H

Hydrogen-3
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Ll AN el 8 g sl alae | COBUAN Gy ALY i L) jeaiall (i ) )3 IS Cud
ol Apapla il A5 28 5 B

Al (200

Uranium-234 »
Uranium-235 »
Uranium-238 »

ey alaall CaLais)

Uranium

compound \\s
— —

Photographic film
wrapped in paper

<[

Unwrapped,
developed film

Uranium compound
placed on coin

Photographic film
wrapped in paper

Unwrapped,
developed film

Al (200

Radiation from the uranium has |
exposed the film, producing a
negative image when developed.

| Ol di S s |
(il o il ) sl DS s
The coin has blocked some of |
the radiation from the uranium,

leaving a light circle in the center
of the image.
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Alpha Decay:

ZiRa
Radium-226

+ &

%%6Rn 3He
Radon-222 Alpha particle

Alpha Decay:

238
92

"He

234 4
— 5o Th+ SHe

Must be balanced! Sum of mass numbers and
atomic numbers must be the same on the left and

right.
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Alpha Decay:

Thorium 230 (Th-230) and Radon 222 (Rn-222)

90 88 2

22Rf — B'%Po + “4He

86 84 2
Al (200
O S g By ass IS
i PR R RN
Ll iy e 45l bl i ATK
F : Can (e il
T P e
LY Al
mla'“ ahalieadl YL Caaly
Gamma ’Y ERERVIN|
A a0
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Beta Decay:

Beta Particle- a high energy electron with a 1- charge

Loss of a p-particle (a high energy electron)
0 0
» ﬁ or _,e

131 131 0
53 f uKe + 16

Al (200

Beta Decay:

Magnesium 27 (Mg-27) and Sulfur 35 (S-35)

27Mg e 27A| + 0 e
2 13 -1

35 _, 35C| + 0 e
16 17 5

Al (200
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Gamma Decay:

Gamma Ray - high-energy form of electromagnetic radiation without charge or mass
(v)
(Gamma typically does not occur alone — occurs with  or a)

Loss of a yray (high-energy radiation that almost always accompanies the loss of a
nuclear particle)

Al pd
r‘ M}" &‘J—‘ ‘ [ Cll) e 3 jadl)
Alpha
- A3 e B = gl e 5
al) L jlasa A 3252 gall ) AN (e il g iKY
(b gl <l Al M prsad
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Gamma vy i

Al o

a Particle

B Particle E
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Sheetofpaper ~ Densewood  Thick blocks of
lead or concrete
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Nucleus of High Energy
an Atom Electron
Two Protons and l /
Two Neutrons - : = - = o 3?‘?
adiation
. aptpeee
‘ Radiation ’.“ -~ . - ‘
'~ _.. .T“ ":ﬁ High Energy
. - ‘ - . . Electromagnetic
". “s e " Photon
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The are Three Types Gamma
of Radioactive Decay Radiation
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Low Dose Rate Brachytherapy

rasound Probe  oncoicavmesicasnvsics.com

Prostate

Radioactive Seeds

N
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Number of neutrons
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Mass number ——

238
236
234
232
230
228
226
224
222
220
218
216
214
212
210
208
206
204

Pb+Bi+Po
Pb-+Bi-Po

pas

Pb

81 82 83 84 85 86 87 88 89 90 91 92 93
Tl Pb Bi Po At Rn Fr Ra Ac Th Pa U Np

il g o0 Atomic number ——
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Gas molecules
are ionized by
the radiation

Metal tube
(negatively
charged)

Electrode o Counter and audio device

(positively charged) " pmmma

Nonionized
gas molecules

lonizing
radiation

AN sad eieaall aall Jaes (53

ST shanll Y 8 ) Oy}

oial g 08

Ollse e Gl L) adie auas Jay Leie
S E 1A daang g alalay ) oy 4
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Geiger-Muller-Counter
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Radioactivity
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A

42

dx il salall Caaill e
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Half-life period

ke 5 286N Ge el jal 85 o (S B
Ol

A=A,2

-6931

o s

Amount of radioactive material A
compared 1o the original amount A,

43

dadial) 3alall Canill yee

N=Nye™

| . AN
activity = —
At

i&

Ti T
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0
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Half-Life
Values for
1B B R Some

Radioactive

Isotopes o S 53\.&35 . . !

H 12.26 years

14,
eC 5730 years Percent of Radioactive Nuclei v Number of Half-Lives
32p 14.282 days
K 1.25 billion years 100
$9co 5.271 years @
Kr 10.76 years 'g =
Pk 1.3 seconds 25
8Rb 48 billion years e 5
5.2 50
T 6.0 hours* -3
: £
2l 8.07 days S 2
U
1iBa 12 days a 25
1936d 242 days 12.5
a) 73 hours 4 . L
“IRa 1600 years 0 1 2 3 4
39U 710 million years Number of half-lives that have gone by
Bl 4.51 billion years a2 2 8
aahm., 432.7 years

Leige my daa (908 ol Jan Vs Lela JOA 5 S0 Al il 2415

SN ee i oSy (UL 5 Blad) 08 e culS Ladic Balall 40aSy &5 i diall C-14 4aaS Ll oy P
T1/2 of C = 5730 yrs

K-40 (1.25 billion years),

U-238 (4.5 billion years),

Rb-87 (48 billion years)

pasmlisll 5 87 o ssims 5 238 a sl sall 5 14 052 S0t g il il IS, Aalide yillai day ) *ﬁ‘é >

liall e Gl 14- 050810 F il pasinl wudy B

U 3115085 ¢ ol ll 60 05 U 3135 2 oSS 14 300 o1 385 0 Y o001 m B
.okl ‘53.\143\ s8N (e 13

Al (200
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A rock was analyzed using K-40. The half life of K-40 is 1.25 billion
years old. If the rock had only 25% of the K-40 that would be
found formed in a rock today — Calculate how long ago the rock
was formed.

25% of K-40
100% — 50% — 25%
1 2
1.25x2=2.5BY

Al (200

Ash from an early fire pit was found to have 12.5% as much carbon-14 as
would be found in a similar sample of ash today. How long ago was the ash

formed?
12.5% of C-14
100% — 50% — 25%— 12.5
1 2 3
5730x3=17,190 yrs
ial 8
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PROBLEM

Figure 1.1 shows the nuclear stability curve. Name the types of radioactive
decays that tend to happen at regions A. B and C.

Solution
A: Beta decay
B: Positron emission or electron capture
C: Alpha decay

120 e
= 100 %
= 7
g s0 A =
3 oo —c -
R =
B
5 .o /4
=
i =
. O 20 40 60 80 100 120
il a2 Number of Protons (Z)

PROBLEM

Calculate the total number of atoms and total mass present in 370 MBq of
Po-210, given the physical half-life of Po-210 is 138.4 days.

Solution

4 In2 el 8 =l
A= — 5795 x 107" s
38.4d x 24 h x 60minx 60s

A =370 MBq = 3.7 x 10° Bq = 3.7 x 10% dps

* The activity, A, is related to the number of radioactive atoms as the
following:

A=AiN

3.7 10% dps

5705 % 103 o 6.38 % 10" atoms

+ Hence. N =4
A

« Total mass of Po-210 in 370 MBq = TC

A

* Where N, is the Avogadro’s number, N, = 6.02 x 10%

6.38x10¥x210 g

S 6.02x10%

» Hence, 370 MBq Po-210 contains 6.38 x 10'> atoms and the total

mass is 2.23 pg.

* Therefore, the total mass of Po-210= 2.23x10°¢

Al (200
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PROBLEM

If a radionuclide decays at a rate of 25% per hour, what is its physical half-life?

Solution
Decay constant, 4 = 0.25 h!

1 4 0.693
ly2
693 693
Therefore, the physical half-life, 7, = ¢ g == 2.77h
A 0.25h

Al (200

PROBLEM

How long does it take for a sample of 370 MBq I-123 (#,, = 13.2 h) and a
sample of 1850 MBq Tc-99m (#,,, = 6 h) to reach the same activity?

Solution
- n2
1t
hp
r
i, 8l 30525 1,
3.2h
2
= 12 ™
6h
Ae™™ =A™

37000525 _ | 85001155

¢ "5 1850MBq
e 370MBq

0525¢ 1155 <
(‘1 0. H-0. 1) _ 5

0063 _ &

¢ J

0.0631 = 1.609

Al s aa o
e t=255h

25

PRI PR



Faaall o slall A0S — 3iad Aasla

NS -,/\’/]S\

@, AR
50as Une®

bl Caaill e
@}Xﬁ.\l\ Caaill jee
Jladll Caaill yoe

Jloe

Al (200

0O 0 0 O

PRI PR



Faaall o slall A0S — 3iad Aasla

&J.mﬂ\fc

Al (ol e S dediall il Jlastivl A SEl die dege Chiai jlec| A3 la p
Al

LoLaall olaial 3 dle (3lai L3 dage dun sl gl 5 4l 5l eall Gl 0 OS O s B D
(o) sl Al ¢ e ledy) SSall) Galiaiio o jlue Gish oo anad) (o e ledY)

G 3h Y 13 el Caas (8 Jladll Caaill jae Jie i) 8 age jec Craiaa g Y P
Lt o lai) Sl Loyl s ccamnd auadl (e 3alall Gl (laall

el Caial aading ¢ anall b Bid) eledY) Ll Ja Jlse ol oo DY) dal e p
JaeledY) cle jall Gl Glilua 4 Glaa 3 Jladll

Al (200

eladY) Llaill (5 siwe GRliaY A3 Al Bl Al L) el Cual a%ed p
Aih el Sl G Janall LAY 408 Caal ) jaaall

Fjp cllaad) oy ¢ ol 1 S50 1 ), 16 s Yty gl el Gl et )
o oA eaill e gl e oy Leviet i py AN el e )
Al Lega<

feal) yandl Caal Jgn LgidaaDle cany ) s LS (o Cllia
A Ofidliae (pfivie ) (i die Ae s Gob e 5 dhe SO el Coal (8 (Ko B
endl Cani 3 538 Ol

Al (200

PRI PR



Faaall o slall A0S — 3iad Aasla

OB ¢ delu 24 D 725 N 7100 e eoladY) Bladl) (sl 13) (JUd Jas e p

& 725 N 750 N 7100 oo LU el Cua Aol 12 5SS panll i i

5 iy caai e Lagd Galadll MS ¢ olial Sl anll 3 Lily yead) Caal a3 (S p
el Cilide Laglaliin <l giase (g a1 e ¢ all

Al (200

5 10 15 20 25
time (days)

Al (200

PRI PR



Faaall o slall A0S — 3iad Aasla

<SEC ¢MSEC ¢USEC NSEC e caab jithidllia 4l dga ¥ jeall Cai 3lai p
)Asg_'qmj):\ju‘)\.:\k‘sﬂa‘g‘ M\QYMQ}}‘QUQ‘ J}@.ﬁasc;ub\ ‘("Lj cmin <hr
(f5m K-40 = 1.28 x 10°

sl s dndlall ff dpaaill cil) jall 13 sake dyie 3l Clas ) 038 alaaa oS3 B
eeals (SR-89) s 50.5 ) (Rb-82) 48l 75 (e Ljlad Aaliall Uil ppes 7 5l 55
Ol (e G el jleef Ciliail 83 g sall 5 AY) i)

il alai 4y QL) il o WiSay o3 sl (Al eall Caas S Y p

e il Legd G Aaiaial of dadi yall 5 ) jaldl A a5l (addiall ol adi yall (g sall bl p
Anidl Uail)l K& Jaes

dh\]\d-\:uu&:bJ\Jﬂ\thw%JJW}\M\M\‘;\ﬁM\hi)ﬁ}:h{) >

Al (200

o o)l ApeS (mlaasy A SO A N B il Al e o ol gad) eal) Caal Cay et S5
At lesale daid gl sl alil) Ca Jaally Al a¥) Lgiad Ciual ) awal) 5l suaall

-

o pio 4w

i e 68 Lesale plall A1 Y 1l Lile (et dantiall LS jall dilly
Qécdw\}@ﬂ\&i‘a&}cﬁu#\;M\@gé%);ﬂeﬁgum}se\ﬁﬂu
bl Gl 133 e 0S5 UL 5 picogram / mil @las (8 L 38

O ol sl ¢ JUd) o e 88l ) ol Wiy ¢ dadial) e LS pall Ay B
ol a5 el sl (e ae e 1000 slac) WiSay ¢ Galuid) (e dpsliss 43a) Gl padl)
o5 (a5l Al oda Jie Wl of e sl 5 aal (e e 8 53 3 sall 43Sl

Al (200

PRI PR



Faaall o slall A0S — 3iad Aasla

@%Abhﬁ)\i}&;ﬁd\w\@yw\ﬂ\wfblol @J}#\M\Mu)&.} >
(i sl e dlal alaad) Jal se ) alih ) (4 sel) Al ) A5 GBlas

e sh sl Caaill yae dly ¢ olial bl anl) 8 Tily o o) sd) jendl il aa3 Sy
‘d J}.\;Yg;.\]\ Tphys &9&9&&@7;\}.\”

Al (200

|
0 \ [11 (L

R

$ 10 15 20 25
P time (hr)

PRI PR



Faaall o slall A0S — 3iad Aasla

AN aila g L il g aal Jaly A )l delgall (e maally ool ead) caas il p
Liilia sad 8 4glal 3 Ulle Uslis o i (o o 5o Liild ¢ a8 Jead ¥ I S 13, IS
s il (g sin Waadl agall (4

o e Al Lol 4l ¢ S ¢ Apaplall K il g pe S ¢ elall all e (e (3) (sl B
sanll b Gl e BT e aladl Cadll e Jea Lea gl Jodl ol 1k
o~y

Wil (o sl sm pae Ciai aleSly aually g paldl) o sloull eall Caai al auall (4 pme S p
sl o U o) ABS 5 LAI elime ) asan Fm sl gl il lae¥ 55 pall T sidll i
sl o ol sanll Caai 48 e ) U da (JEal) diss o Al (oo ge JB) 25a g s
S ansall b ol 2 8

Al (200

Gy ) ol Lo We s dadial) dgs0Y) L ads oadon e il o V) muen (503 B
S A e sl adll ABS e ol all i 48 xS 5l Caaly

shmel go Y o sdsall jerd) Chai Ao 100 6 bt () auall JalS) a ) gl janll o Gad
Aalalall sl

andl Legany e sty o (S Y (ashally (L) el Caai o sliie W) dalladd) e
lal ity dua (TC-99m MAA macroaggregated albumin) &b e JGa
lels B 4ad die (p yenl)

e Yl ) sk At 08 Technetium-99m sulfur colloid - Al alid p
(Sl Gl died o S5 Xe-133 osioS) le b Lai

Al (200

PRI PR



Faaall o slall A0S — 3iad Aasla

Jaly sanl Lelady) Ll (5 gine JalE1 Ao 3000 dyie 3l 5 il Ay Jladll Caaill jee Ca5e) B
) ey zlobY) Sl Ge S bl Lla) aled Cial ) aval) JaSE 1 anall
fe 5 test

o any e i€ Jlea e (e ¢ JA i e 58l Jladll sl ee (S (S p
cA.m;A_'xi_gm:;_@}Sﬂ'&;\)ﬂ\;&a&é)ﬁ;\ﬂ\u'au‘sﬁaon)'“u.n\ﬁjubgﬂ‘)“m.\;b
_h&‘%@‘c‘ﬂ\dﬁgo%‘ﬁ);dé! u\.ﬁﬂbu@_)‘\ﬂ

Acle ) Al e Balet g ol UaS alisy B
J88 ade salaie¥ Tl oa gl jaad) Ciai o i ) A Al ol gad) ity B i

cn

Al (200

Gty Jadll Caaill oo (8 a gl jeall Caai (g S ST AL il seall Gl 1) p
sl el Caiai Ty

tonys = 5.3 days Gus ¢ Lol el Al )y (A& Xe-133 M il (Bl duns (e p
Sl Caaill jae IS 13 Leagn VLGB iy gt A Al el of = 15 Sec
> snll il jamy 4 jlie 13a Al sha Lerpen Y gl § 5l a1 5 5l clelu 5 2 Xe 5381
o sl el Caiad (g g Jladll yaall Cial Gy o lie) Sy Sl

st Jiadll Caaill jee b b5l yeell Chiad (e SIS ST s gl el Caal IS 1) p
Sl yanll Caai Uy @

sl saell aai 0= 6 hours (TC-SC - phadiuly sl pasdl (JEal dus e B
Caai s agall 2 gl Heall Caai Gl 3 A8 e 5k ¥ TC-SC oY 15k a50a S sk
Aal g 0 ¢ L“;ALA“ JA:.“

PRI PR



2 gladyl el s Faaall o slall A0S — 3iad Aasla

=Y ol sl aall Cauas

& fpiq = 6 hours ¢ty o = 6 hours ¢ sl s il nsail TC-MAA - J 2anills (b p
defr = 3 hours

Al (200

eelaiY) SISl 5 sl 2 L) Cul i g sana Jiay IS8 Gl o) gall Jladl) jenll Coad Jaiy B
Ae = Ap + Ay Bl LS b

ol ASEN s e ST AR s Camaay Cun ol sl 7kl S i L Wl

2aa3 Lai ¢ "(adiall o) Al erd) Ciai 8 adloy eladY) GlSall oY )5k el e Yoy p
) sie G LS Laa DS Jamy daiall il sill " ol gl jenll Ciuai dpa) 7 hall cililee
Lpally Jladll sl Coial (it Wiyl Sy ¢ oo ladlY) L) (e Galail

In(2)

t],r‘z -

11
tijge  tiyzp bty

Al (200

8 PN I



Faaall o slall A0S — 3iad Aasla

Problem 1.

I-131 sodium iodide has a tuio1 of 24 d. What 1s teg?

1/ tege= 1/ tonys + 1/ toic1 = 1/8 + 1/24 = 1/6 s0.... teg=6 d

Al (200

Problem 2.

A Tc-99m compound has a ter= 1 hr. What 1S tpie?

1/ tyior = 1/ tege = 1/ tonys = 1/1 - 1/6 = 5/6 so... toia = 1.2

Al (200
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Problem 3.

A radiopharmaceutical has a biological half-life of 4.00 hr and an effective half-life of

3.075 hr. What isotope was used?

1/ tohys = 1/ tege = 1/ toit = 1/3.075 — 1/4.00 = 0.0752033 ... Therefore tonys = 13.3 hr and the

radioisotope 1s 1-123

Al (200

A

PROBI.EM

An unknown radioactive source found in a nuclear medicine department decays
to 1/16 of its original activity after 24 hours. What is the physical half-life of
this radioactive source? Based on your answer, suggest a possible name of the

radioactive source.
Solution

activity equals to four half-lives.
16
24 h
———— =6h
4 half-lives
The physical half-life of the source is six hours. The source is most prob-
ably Tc-99m. which is the most common radionuclide used in nuclear

medicine.

10
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A

PROBILEM

An unknown radioactive source found in a nuclear medicine department decays
to 1/16 of its original activity after 24 hours. What is the physical half-life of
this radioactive source? Based on your answer, suggest a possible name of the

radioactive source.

Solution

activity equals to four half-lives.

24 h

———— =6h
4 half-lives

The physical half-life of the source is six hours. The source is most prob-
ably Tc-99m. which is the most common radionuclide used in nuclear
medicine.

Al (200

T

fl

PROBLEM

Explain what is effective half-life.

If Tc-99m with a physical half-life of six hours is used to radio-
label a compound that clears from the body with a biologi-
cal half-life of four hours, what is the effective half-life of the
radiopharmaceutical?

1
+— T TpXTh 6hx 4h T =24h

== Therefore, T, = ——— e = =

T * T,+T, 6h+4h

11
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PROBLEM

Consider 10% of Tc-99m-DTPA is eliminated from the body of a patient by
renal excretion, 25% by faecal excretion and 3% by perspiration within six
hours. What is the effective half-life of the radiopharmaceutical, given that the
physical half-life, 7,, for Tc-99m is six hours?

Al (200

Solution

+ Total biological elimination = 10 + 25 4+ 3 = 38%
* Given that 38% elimination in six hours.
* To achieve 50% elimination (biological half-life, T,), it takes:

0 6h=7.89h

Th - 8

affn

n I, xT, 789hx6h

= = = 3
““7T,+7, 189+6h =ath

* Therefore, the effective half-life, 7, = 3.4 h

12
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PROBLEM

A patient is injected with 1110 MBq Te-99m-MDP (7, = 6.02 hours) for a
whole-body bone scan. Two hours later, the patient is imaged with a gamma
camera. Assuming that 20% of the activity has been excreted by the kidneys,
how much activity remains at the time of imaging?

Al (200

Solution
Given:
Ay =1110MBq

T,2=6.02h

50%

7

” T,.XTf,_(J.()BXS

b2 = x2h=5h

T, = _ =2.73h
=gl 6.0249

. n2 n2

L= = =0.25 :

4= T8 5h ,

A= Ape At
= 1110MBqe "2 Y
= 0667.88 MBq
Therefore, the remaining activity at the time of imaging is approximately

668 MBq.

Al (200

PRI PR



14

PROBLEM

A thyroid cancer patient received an oral administration of 3700 MBq radioio-
dine (I-131), and 50% of the I-131 was excreted from the body after 48 hours.
What is the remaining activity in the patient’s body on the third day of the
treatment? Assume the physical half-life for I-131 is eight days.

Al (200

Faaall o slall A0S — 3iad Aasla

Solution

_T,xT, 8dx2d

= L =0 2 C 0%
T, 40 Wi+ 24
9 9)
g 102 In2 o ool
7. l6d
A=A

0433 d7'(3d)

= 3700MBq ¢
= 1009MBq

Therefore, the remaining activity in patient’s body on the third day of the treat-

‘ ment is approximately 1009 MBq.
il p
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Question,

A sealed container contains 200 g of radioactive iodine. After 24 days,
the container has only 25 g of radioactive iodine. What is the half-life
of this isotope of iodine?

A. 3 days B. 8 days C. 12 days D. 24 days.

Answer,
How many times has the original 200 g been divided in half to get to 25 g?

200 . 100
1 half—llfe,—z— = 100 g 2 half-lives, — 50g 3 half—lives,% =05 g

In 24 days, 3 half-lives have past, therefore each half-life is B,

24 s d
1h ays.

Al (200
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Oxygen-15 "N(d, n)"°0 gas target 15
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Fluorine-18 18O(p, n)le liquid target 100
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Technetium-99m s dpasill 5 il alall e ja) (A pasioadl J5Y1 gl udaill p
(?9mTc).

(1311). 25 & Dl 55l alall el ya) 3 axdiivsall J Y1 adiall daill p

il a2

55 all 8 Alaniveal) da gidall jileaall
Unsealed sources in nuclear medicine

Nuclide H alf-life Decay Particle Photon M ax
energy (max) energy activity
(M eV ) (M eV) (MBq)
H-3 12.4 v B 0.016 (100% ) - 10
C-14 5730 y B 0.155 (100% ) = 0.5
Na-24 15 h B 1.39 (100% ) 1.37 (100% ) 1
2.75 (100% )
5-35 87.2d B 0.17 (100% ) - 8
K-42 12.45 h B 2.0 (18%) 1.52 (18%) 1
36 (82%)
K-43 22 h B 0.47 (8%) 0.370 (85% )
0.83 (87%) 0.390 (18% ) 1
1.24 (3.5%) 0.610 (81% )
more more
Ca-45 163 d B 0.25 (100%) =
Ca-47 4.5d B 0.66 (83% ) 0.480 (6% )
Cr-51 27.84d EC (100% ) 0.323 (8%) 5
Fe-59 45 d B- 0.27 (46%) 1.10 (56%)
0.46 (53%) 1.29 (44% ) 0.05
more more
Co-57 270 d EC (100% ) 0.122 (88%) 8.
0.136 (10% )
Co-58 71 4 EC (85% ) 0.81 (101%) 0.3
B- 047 (15%) 0.51 (30%)
Cu-64 12.81h B- 0.57 (38%) 0.51 (38%)
B- 0.66 (19%) more 20
EC (43% )
Zn-65 64 d EC (98.5%) 1.115 (51%) 0.5
B- 0.33 (1.5%)
Se-75 121 4 EC (100% ) 0.140 (54%)
0.270 (56% ) 0.4
more
1-125 60 d EC (100% ) 0.035 (8% ) 5
X (138%)

oAl e

PRI PR



Faaall o slall A0S — 3iad Aasla

55 all 8 Alaniveal) da gidall jileaall
Unsealed sources in nuclear medicine

Nuclide Half-life | Decay Particle Photon Max
energy (max) energy activity
(MeV) (MeV) (MBq)
P-32 14.34d B 1.71 (100%) - 200
Sr-89 50.5d B 1.46 (100%) 0.909 (1%) 150
Y-90 64.2h B 2.27 (100%) - 5000
I-131 8.04d B 0.33 (9%) 0.365 (80%)
0.61 (87%) 0.640 (9%) 20000
more more
Er-169 9.3d B 0.03 (100%) - 50
Re-186 90 h B 0.93 (23%) 0.137 (10%) 150
1.07 (73%) 0.122 (1%)
Au-198 2id B 0.96 (99%) 0.412 (96%) 2000
more more

Al o p
3 3 4 i 4 et ezl
- % 3
Unsealed sources in nuclear medicine
Nuclide H alf-life Decay Particle Photon Max
energy (max) energy activity
(M eV) (MeV) (M Bgqg)
| 2004 m ﬁ', 0.39 (m ean) 0.511 (A) 1000
0-158 2.2 m ﬁ‘, 0.72 (m ean) 0.511 (A) 3500
F-18 110 m ol 0.25 (m ean) 0.511 (A) 500
Ga-67 78.3 h EC (100% ) X (38%)
0.185 (24% ) 250
0.300 (17% )
Se-73 121 d H G (100% ) 0.140 (54% )
0.270 (56% ) 10
0.280 (23% )
m ofe
Kr-81m 13 s LT. 0.191 (669% ) 6000
Tc-99m 6 h ) & & = 0. 140 (90% ) 1000
In-111 2.8 d EC (100% ) 0.171 (91% ) 200
0.245 (94% )
In-113m 1 66 h EC (100% ) 0.393 (64% ) 20
1-123 13.2 h EC (100% ) X (86%) 400
0.159 (83% )
I-125 60 d EE (100% ) X (138%) 10
0.035 (7%)
I-131 8.04 d B- 0.33 (9% ) 0.365 (80% )
0.61 (87% ) 0.640 (9% ) 100
Xe-133 5.27d B- 0.34 (100% ) 0.081 (35% ) 500
T1-201 73 h EC (100% ) X (95%)
0.167 (10% ) 150
m otre Al a0

PRI PPRENRPR



2 gladyl el s Faaall o slall A0S — 3iad Aasla

dadiall Aut¥avall 3) gal)

(S il e o il bl 8 dardiid) Lo lasY) AV anall o sall Cayiad ¢Sy
Al 5 alall dadiall 455091
. 131- MIBG, '3'l-iodide, 29’ Tl-chloride, ""'In- DTPA »
9mTe-MDP, 99mTc-MAA, 99mTc-HIDA, ""'In-Octreotide »
aantl) (llat lis p
. 9mTc-MAG3, #mTc-MIBI »
8mS Aallae bl ) ladiall p
12 A LA Ciland g P e

dadiad) 5 5l £ 53 uny 5 99l bl ik

Radionuclide Diagnostics Therapy
* Pure y emitter X )
e.g. ; Te99m, Inl11, Ga67, 1123
* Positron emitters () X -
e.g.: F-18
* v, B~ emitters X X

e.g.: 1131, Sm153

* Pure B~ emitters - X
e.g.: Sr89,Y90, Er169

* o emitters - X
e.g. : At211, Bi213

Al a0
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laminar flow

dadiall Aut¥avall 3) gal)

ol Ll 188 g daiiall AV anall ol gall oy Sladl 23 p

gl (e Al il 51
GMP 2l piaill cils jlas cilillaia p

turbulent flow

ol op Tk i Ailia Aikaia b Al 3l pall Zalladd Aalall p

i

Laria Gad sl AL § Aadaall Gl il sl sl p
(8080 383) s ya g (ilay) 6] sl

jea QY Gany A il oda cilllaia (g jlai B

e

Class A. Very high
e.g. Am-241, Cf-252

Class B. High
e.g. Na-22, Ca-45, Mn-54,
Co-60, Sr-89, I-125, 1-131

RADIOTOXICITY 4 ladyl dacal)

st ) Cile sane ol () A lelY Lhan Gy dadial) ailiall Caias

Class C. Medium

e.g. C-14, F-18, P-32, Cr-51,
Co-57, Ga-67, Se-75, Mo-99,
In-111, 1-123, Au-198, TI-201

Class D. Low
e.g. H-3, C-11, N-13, O-15,
Tc-99m, Xe-133

Al 00
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dadiall Aut¥avall 3) gal)

Radionuclide Pharmaceutical Organ Parameter

+ colloid Liver ' RES
9 ‘53 :\J.umj‘ 'SJLJ‘ u.us.i e\ﬁ;:’u.u‘ uSA:i
Ladie Ay ol 4ie ety Laa Adlisal) LS 5l
& - ~],.. uaj . 3
1 % Regional

perfusion

Tc-99m —— + MAA Lungs

+ DTPA Kidneys Kidney

function

ol 8

Mo 87.6% 99mTc el Caas 1 Y drdiall 31 5l G SKE g0 ABMe ase e dae B
ywaill yandl Coial culd Aadiall Lgiighy Jy slal
¥ 140 keV " -
12.83s T =6.02h 85 Al Al jeall Coai Al sl Y131 5l sy (Al Jps e D
_Li\:’t:\A:\S - “.y‘ . .; o, ‘ 3 ,.,.“ -
B- 442 keV e ol it o Do ¢ gl s
v 739 keV Mo (T, = 66.6 hours) = 7?MTc (T,, = 6 hours) »
T.=275d _
B 292 keV Jadll dlgas p
T =2*105y
LellominY panll Cimi 5 ypumd dnial) (o il yhma dllias (5S35 o (S B>
9%Ru stable AUl slaliall 8 da8) ) S) el g JaLELN
a0
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AEN Ao ladY) 5 A0 5l Gailadll 99MTCa srinill aialy P
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O30 n sl al 2Y GBQ iy (e Alle el sy mans Laa B 408y o) 2505 03 B
el 5 S Aol de

Dma elbeY A geun i (Say Al g l) e il 51 140 48y Ll dadl cligig jaa p
A8 A, 43y &l

Ay G soal) e AdA 5 dalee Al 3 A ses 5
Mo — 99 il g e Anilill 3 al) J8) ol (pa
99mTc.

dalal Ap¥asall @l paaiudl e 99MTC W) 25 P
e 2l ) 99MTCO4 ddla) (33 sh oo A gean
Jeall) syt

9 PN I



Faaall o slall A0S — 3iad Aasla

o Aagiilly Aadil) 3 5ill dasi y JlesS S e o s 5a38 )58 N 99MTCO4 Cibay »
Ll el (Jladl) 5f) o peaitll Jal (g Cargl) pumall 8 4dad oy e Y juanines

sl Jelidl 8 aalu) o5y p

ol XS 5 48 Hal) saal) Jald Al Ganddill dile) ja) (A a0l P
A8 ) saall bl ylaial

s Jslae o A g€ IS5 e iy of oS0 B
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a 10 ml solution containing 1.85 GBqg will have a concentration of »
0.185 GBg/ml.
@A @A aaall Glua da) e 99MTC elsas Culi g 2l 58 il e P pladin) Gy aay Sy B
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Aol Y1 5 el A geall a0 )
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2)51) gale ale slaa i Gayh oo dsenll go it TC-99M A a1 »
S asielsedl (e de e Jud (A olull baially dapent (5 a5 ¢ 2sanll (38 (o502 uall
NATCcO4).) asedgeall QLSS y S5 e apenill Mia

StV e A (il Y alia )l e Bl Jala o sgdl (e A il Judll a5

Sterile saline

Mo-99

Tc-99m

Alumina
column

Lead pig
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pzzzs,
% % Vacuum
j j Container
Z Z
7 ?
? ‘Hh‘““:
Z 7
Z /4
Filtered
Air Inlet
Lead
/ = Shieldil‘lg
lon-Exchange
Column —__ |
[~ Giass Frit

a dry type with a separate container of saline solution
28

Al 00

a closer look atf the top of the generator with the

needles where the elution vial and the saline solution

vial are placed

The shielded elution vial

oAl e
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exira shielding of the generator should be used

Example of a transport container for a Tc generator Well as shielding of the elution vial

.as

Al

ol

W Sy dlatie 48U cligig daidl ol o
Ll e o Giga lpaalaid o JW&IL Leealiaial
Uae sl CaslS Aa 5
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sl e pany S Jsas

Leasdat oy A0 S A ) o peall pane s Jagat o
LaaY el

A AaS e g dladl b daiad) A8l e 13l
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Radiation

A YA

Measuring
Device

il a2

Photocathode

Optical Window

(0 Pl il Gty p

BTN 2

S Cieliae il B
ol sgall A g p

sl prma p

paadl p

sl gl ) Jlas p
o=l e p

33

Activity meter Lhladl) (ulda

= =

CRC®-712Mm
Dose Calibrator
Item # 5130 - 3054

(o8 Ardiall Balall g€ by (Al of) de el Gulia o sy
o all Lgilhae | U samal) e ladY) AV auall il paail)

Item # 5130-3113 R

PRI PR



2 gladyl el s Faaall o slall A0S — 3iad Aasla

Activity meter 4baladl) (ulia ol g<a

Lead Collector 2o Al dule JRAN A5 U:\U e »

shielding Saiflle electrode ) aal -LJAM (Xenon dl“) &3)‘ ‘,.EJ.J

holder O il > 5 Cusyg Joria ad po bt
ol Sl g Aerial) < g3 gall dae

Gyl o gahdl o seall alse p

Electrometer [—| Display :‘-:‘-‘L‘JGS”

‘l, dadadl gall Baaae A8 aaadl cildlac) p
Radionuclide aaliaall
selector

Qs o) ABLadl sel i les) 2als p
(&) «GBg <MBq b il

34 il o

Activity meter 4bLidll (ulda

e adlsl) Aladiu) adiad p
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Activity meter dblidll (ulia

ke e Al s ie (Say dxa e dndie jalias pladiuly piiadl & 4dalial) (ulie 3 jlae ¢ ja) g

CHAMBER SENSITIVITY

i

A i 1 sLo X iy T B 3 -1 1400 L ' : X
36 the relative sensitivity for different photonenergies for a certain activity meter

e

Setting Measured activity
Tc-99m 1.00
Co-57 1.19
INn-111 2.35
TI-201 1.76
Ga-67 1.12
1-123 2.19
[-131 1.43

i ole LA Gulie dae) (S5 TEIPMe 5 siad Ll ol disall il 13
Al Gl Cinca 2,19 Luliadl Ll o Saw [-123 Jiall

37

o
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40

Activity meter dblidll (ulia

Lladall e e Y

el il ialae)
LAl
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41

Ldaladl) (ulia Jes 335a baua

Jedill ey Mo am g 7]

High voltage/display
Zero adjust
Background

Accuracy

Precision

Relative responses
Subsidiary calibrations
Linearity

Electrical safety
Leakage radiation

ja=Bla~Ria=Ria =i -Hia-Ria-Ria-Rige)

The accuracy should be +/- 5%
Traceability to a national standard.
Interlaboratory comparisons.

o)
—

i
T P
T P
T P
P
T P
T P
P
P
P
P: 2kl S sl
T gcbuﬂ\ L;"Sﬂ‘

o
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6553 ) B Alexivaal) Albial) jaliaal

Sealed sources in nuclear medicine

T 5 placall Fariinaall e gidall aladl pr
Syl azall 3 ¢

Co-60 «Co57 «Mn-54 «Na-22) »
Ba- «-129 «Cd-109 «Cs137 «
Lhall jladlAm-241). <133
(AU-195 «C0-57 ) damy il Cladlall

KBQ- (Ui (A sabadll oda ddalis (55 p
11GBqg

42 il o

dobalidl) (i b ilaal da gidall jaluaal)

dish jae Caai p
b g sall lBa e Jlae P
bl o e Joe B
75 350 A% plaa p

Radionuclide | Photon Half-life Activity
energy (keV) (MBq)
Co-57 122 271d 185
Ba-133 81, 356 10.7y 9.3
Cs-137 662 30y 7.4
Co-60 1173,1332 |5.27y 1.9
a3 Co57, Barium-133 (Ba133), Cs137, Cob0  wwumrs

21 @;J‘sg;,g _e_a



2 gladyl el s Faaall o slall A0S — 3iad Aasla

elSA‘gU 48,1 wl,,\g

C0-57 5l Cs-137 :(aside) sradl p
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Aalal) Adalds Java) g Alaatieal) dadiall (g 61l Clalae) 2as P
S 10 ¢oak as Jalall L3 o) Jol p
rliball Jalas
O A sie AaniS BN laie (il IS5 jaiae JS al al precision ASay) s dal e p
v Sl o (05— ) Jlanal a5 5 iy Ll o Sate oo S B

Llill e 5 duliall Ll T sie G 4 sie LS (38 Caual ;accuracy 8l auis Jal e p
(/10 —/+) d\AA]‘ (aaa @ u‘ EEENE] cJJmaﬂ Adixal)

44 il a0

Mv: 9.834
SD: 0.125
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Z %m— e glhina JS 5 500 22 0 Hlae WL L B
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Activity (MBq)

Slope = -0.11471, R2=0.9999

T=6.04 h
100000
10000 x a
100 Tc-99m Jm‘d:pu‘f\c eyﬁ&mﬁﬂ&\dwd‘,}e&u\ >
o] é = e Ciliail sac JNA 4y ) S5 i@ o) jali 8 p
10 % I
14 ; |
0 50 100
Time (h)

:Graded source method z il jaadl 43,k p

(10, 5, 370 MBg/ml (I s= saaly dadalis e (g giny Jslan (0 53 Jie 2 gan Jaainal B
Ade JU4GhLA da s 20ml s aaall aail 52, 1, 0.5, .2, 0.1 mil)

o gl milea 3,k p

TC-99m e 055l o) (a6l LS plae G Al palia )l mildia (e 4o gana padiul p
48) sal) dplaliill dad Jaws s 5 Wdga 5 o Aadlil) Llalill aval o3 (e g 48 5y 48y Hhay
A=Ag exp (-ud)

Al 00
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Electronic dosimeter, with or
) without alarm

Film badge, electronic dosimeter, ring badge, TLD

o

A )Ll e laiY) de o) (il pading

* Thermoluminescent (TLD) or Optically
Stimulated Luminescence (OSL)
dosimeter

o Gamma, X and beta radiation
¢ Film dosimeter

o Gamma, X and beta radiation

Al (200
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Film Badge The back of the
holder mirrors the

metal filters
front

plastic filters

open window 1
Detects B, v, x-rays. The filters
compensate for the film's energy

dependence
Al p

3yl all dileie JSLie DY) 4alg 8
dejall s e i il 4 gl il
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Film or TLD / OSL?

|
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Film or TLD / OSL?
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Bench top shields Vial shields |
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Fig. 1. Corrected cumulative survival (Kaplan Meier) and period of treatment (before and after 1970): 1121 patients
consecutively treated in Florence.
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Example for HDR Brachytherapy
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Simulation
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| Further diagnostic tests and/or |
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Comparison of depth dose characteristics
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Comparison of depth dose characteristics
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Photon interaction with matter for the energy range of gamma and x-radiation (Z = atomic number,
A = atomic mass, except for hydrogen one can use as a first approximation A = 2Z). The atomic
number and energy dependence is an approximation only and varies with each other.

Balall e il i i) Jelis

Interaction type dependence on dependence on secondary particles
atomic number photon energy
Classical scattering ZEIA E*?
Photo effect ZYA E electrons, characteristic x-
rays, Auger-electrons

Compton effect ZIA E & electrons, scattered photons
Pair production Zi/A E = 1022keV electrons, positrons,

log E annihilation radiation
Nuclear photo effect depends on material E > threshold for neutrons, protons, fission, ...
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particular material

Variation of attenuation with atomic number
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Photons vs. Electrons
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Pediatric phantom
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