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uclear radiations
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What is the relevance of the isotopes in the
medicine?

Medical applications of the radioaktive isotopes and their radiations
- diagnostics
(isotope diagnostics, molecular imaging)
- therapy (radiation therapy)

- phamacokinetical investigations




The atom, and its nucleus
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© @ ® A (mass number) = number of protons
@ + number of neutrons
@ \ Z. (atomic number) = number of protons
@ Y 15m I‘ @
o ® eg.: | 99
@
) @ 99 nucleons,

43 protons and
99-43=56 neutrons

Electron shell: chemistry
Nucleus: radioaktivity (physics) 1 EMeV)

Stability of the nucleus:

Coulomb force

Isotopes of an element : -
Identical atomic number (protons) .
Different mass number (neutrons) ©0 oo

oo

Nuclear force -

Diskrete energy levels




Isotopes and decays

Isotopes of an element : /]ﬁ 18 F 19 F 20 F

Different mass number (neutrons) ~ |

Identical atomic number (protons) +——— 9 9 9
ul}stabl.e stable ut?stabl.e
(radioactive) (radioactive)

Radioactive decay: transition in the nucleus + radiation

Type of the decay Emitted particle Typical occurence

a - decay o - particle = ;He nucleus high mass number
B~ decay: B-particle = electron neutron surplus
" decay: B* particle = positron proton surplus
Prompt y emission y-ray after a or 3 decay

Isomeric transiton



o - decay

an o particle (*He nucleus) will be emitted
typical for the heavy atoms
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B - decay

— decay (neutron surplus) " - decay (proton surplus)
@ @ — @ @ |
radia 10n
on_)1p+e\+v 1p—>0n+e +V
remains in leave the remains in ;}a\}e the
the nucleus nucleus the nucleus npucleus
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The origin of the y-ray

After an o or 3 decay the nucleus might have an E [
energetically unfavoured arrangement of nucleons.
(excited state)

The surplus energy will be emitted in form of 7y radiation
Number of protons and neutrons remains unchanged. Line spectrum.

Prompt y radiation

In most of the cases the y
emission occurs immedately
after the
o or 3 decay.
(within <1012 s)

4 Isomeric transition

In some rare cases the excited state of the
daughter nucleus 1s metastable, the y-radiation
will be emitted by minutes or hours later.

The B and y emissions are separated in time e.g.: *°™Tc
Isotope with solely y-emission!
=> [deal for isotope diagnostics
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Characteristics of radioactive decays
and of isotopes in general

activity A characterizes the source
half life time TorT,, characterizes the speed of the decay*
particle type o, B,y (see above)*™

particle energy FE characterizes the radiation*

>X<depends on the type of the isotope



Activity (A)

AN N = Number of undecayed atoms
A=— ¢t = time
At |AN| = Number of decays during Af time

Activity= number of decay events in a unit time

unit: becquerel Bq
1 Bg= 1 decay/sec

kBq, MBq, GBq, TBq, PBq

T ~A

level of natural iy vivo activity used
activity diagn. in radiotherapy




Law of radioactive decay

AN ~ N N: Number of undecayed nuclei
(|AN| = Number of decays during At time)

A: decay constant (probability of the decay [1/s])
AN 1/2= lifeti
—  =—JAN T average lifetime
At

Differential equation

N

_In2 0,693
A

N, = number of undecayed atoms at /=0 l , .
Ny -t

Exponential decrease >

solution: N(t) — Noe_/u




Decrease of the activity as a function of time

AN AN o Some examples for T :
A:E E:_’IN N(t)=N,e 40K 1,3 -10° years
\%/_/ 14C 5736 years

137Cs 30 years
A=AN 3H 12,3 years
N 0Co 5,3 years
t A _ 5%Fe 1,5 months
_ A(t) = A,e”™ A
A, %Cr 1 month (28 d)
/A decreases on the same way as /V! 131) 8 day
%¥mTc 6 hours

I I _____ 18F 110 minutes

|
0 J| """ - About 10 T is needed to
| decrease the activity to its

1/1000
. I 2T e.g. GBq > MBq
MBq — kBq




Absorption of the nuclear radiation

OL2+\

direct

3_ ~ particles with electric charge ionisation

3+ VAN

different types of interactions with matter!

——

Different attenuation characteristics!

Y ) NV
uncharged particles (photons) =  Indirect
(x-ray) — ionisation
=
N /\ not a nuclear radiation, but its absorption

[ is similar to that of the y radiation

Activation (the irradiated objects will be radioactive!



Absorption of the charged particles

Ionizing during the path => continuous decrease of the particle energy
The energy after a given path length decreases to near zero: effective range!

o—radiation: few cm in air, 10-100 um in tissue
f—radiation: few m in air, few cm in tissue

(00 B—

effective range effective range

/ /

> |-

penetration depth penetration depth




Attenuation of the y—radiation and x-ray

General law of
attenuation:

+—>

X
no finite effective range!

few rules of thumb: x,,4,=3,32 D X1/1000=10 D



