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Introduction

» Radiation dosimetry has its origin in the medical application of 10nizi
radiation starting with the discovery of x-rays by Rontgen in

» In particular

of protection against ionizing radiation,
an in medicine

¢ methods to determine a "dose of radiati
antitative concept of a dose of radiation is:
ted radiation effects (radiation detriments)

1cal outcomes.




Absorption of Energy

» Energy from a heat source can be absorbed by matter and 1
' crature

can transfer energy from a radiation sou

harmful levels of heat, but it can not detect
nuclear radiation — even in lethal quantities

ffers from heat and other types of radiation in
tly high energy to cause ionisation




Radiation :

" Non-ionizing

lonizing

Directly ionizing (charged particles)

Electrons, protons, alpha particles, etc.

%, |Indirectly ionizing (neutral particles)
1 Photons (x rays, gamma rays), neutrons




ITonisation

» Removal of an orbital electron from an atom gives

of atom (an 10n)

0 remove the electron is the 1onization energy




Indirectly ionizing & Directly 1o
Radiation

» Indirectly ionizing radiation means:
1s imparted to matter in a two step process.

g first step (resulting in KERMA), the indirectl

iinetic energy to secondary charged particles.

pnd step, these charged particles transfer a ma etic

¢ medium (finally resulting in absorbed dose).
ation means:

ransfer a major part of their kinetic energy directly to the medium
prbed dose).




"Energy Transfer" and "Energy ab n'

» For charged particles, most of the energy loss is directly absorbed
nergy Absorption

gs, energy is transferred in a first step to (second
oy Transfer

dary charged particles lose their energy according to behavior of

nergy Absorption).

ed particles like photons or neutrons is imparted to matter in a two stage







lHHlustration of kerma:
secondary
electrons

photons

Collision energy transferred in the volume: E, = Ek,z —+ Ek’g

where E¢ is the initial kinetic energy of the secondary electrons.

Note: E, is transferred outside the volume and is therefore not taken
into account in the definition of kermal
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Absorbed dose .

Absorbed dose 1s a quantity applicable to both 1ndi
lonizing radiations.

ental dosimetric quantity D, defined as:

jcan energy imparted by ionizing ra
Im 1s the mass of matter in the volum
d over any defined volume, the average dose belng

oy 1mparted in the volume divided by the mass 1n the

psorbed dose 1s the joule per kilogram (J/kg), termed the




lHlustration:

beam of photons -'
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(Z:Ei )4 electrons
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SisEs sl does not take place
| | at the same location
energy absorbed in the volume = (Zf& )1 +(Zf& )2 +{Z & )3 +[Z & )4 as the transfer of energy
where (281-] Is the sum of energy lost by collisions along the described by
track of the secondary particles within the volume V.
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Relationship between collision K

absorbed dose

In the buildup region:

p<1

In the region of a
transient charged
particle equilibrium:

p>1

At the depth z = z,,
_ a true charged particle
B<1 | B> 1 equilibrium exists.
p=1
D=K_,=K-(1-9)

L SSSSSS I

B=1 depth in medium




Exposure X

ions of one
of air

Exposure X is the quotient of dQ by dm, where dQ is the absolute value of the t
sign produced in air when all the electrons and positrons liberated or created
are completely stopped in air

omb per kilogram (C/kg)
¢ 1s the roentgen R, where 1 R =2.58 x10—4 C/kg
tgen 1s no longer used and the unit of exposure is simply 2.58 x 10—4 C/kg of

posure that produces, in air, one esu of charge of either sign per 0.001293¢g of
c at 760 Torr, 0C) irradiated by photons.




The average energy expended in air per ion pair formed
vv_ 1Is the quotient of £ by N, where N iIis the mean
NnumMmMber of on pairs formed when the initial Kinetic energy
E. of a charged particle is completely dissipated in air:

=
— s
VWw_. =
N
(2 The current best estimate for the average value of VIV, is
33 . 97 eV/ion pair or 33 .97 =< 1.602 < 107° J/Jion pair.

LA It follows:

Wair
e
(2 Multiplying the collision kerma K__, by (e/W_,), the number
of coulombs of charge created per joule of energy

: deposited, one obtains the charge created per unit mass
— of air or exposure:
\

—= 33 .97 J/C

e
l""""""'E.iir

X = (Kc-::al )air

e— -



Linear Energy Transfer (L.

Rate at which energy transferred from
radiation beam to the medium

Density of ionisation along the trac
gadiation

LET radiations are more easily
LET (keV per um)

ma rays 0.5

rays 6
tas 10

phas 50
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Relative Biological Effective'E)

Different types of radiation can be more
less damaging

Dose of 220 kV x-r

: Dose of radiation unde

uolooN
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0ses cause same biological end point e.g.
cll survival

increases with LET




Radiation Weighting Factors

(from ICRP103)

Type of radiation
X-rays, y-rays and electrons

Protons

Thermal neutrons 2.5

Fast neutrons 2.5t0 20 *

uoIINP
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Alpha particles, fission fragments 20

* Dep

a study of RBE and using organ dose conce
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Neutron Radiation Weight \(\\\

(from ICRP103)
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Equivalent Dose (H) .

H = Absorbed Dose x Radiation Wei
(in Grays) Fact

trictly speaking this is
bsorbed dose averaged Dime
the organ or tissue qua

uolooN
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Total Hy = 2. wg x D1

where Dy 1s the average absorbed dose to
the organ for a particular radiation typge=s,




Equivalent Dose (H) .

Unit:
Sievert (Sv)
Imensionally | Ty
AS W, IS just ,
Rolf Sievert — 1929 g?%

u m b e r (from Karolinska Institutet —

http://ki.se)

onversion factor: 1 Sv ~ 100 rem



http://ki.se/

Example No. 1

What 1s the total equivalent dose to the organ
(H,) if the absorbed dose to the lungs 1s 0.2
from x-rays?

= Absorbed Dose x radiation weigh

on weighting factor for x-rays (wg) =1 (for

uolooN
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Hy=02x we=02x1=0.2mSv

Note that the units change from mGy to mSv




Example No. 2

What 1s the total equivalent dose to the organ
(H,) if the absorbed dose to the lungs 1s 0.2
from x-rays and 0.01 mGy from alpha ra

Absorbed Dose x radiation weig

weighting factor for x-rays (Wy) =1 (for an
weighting factor for alpha (W) = 20 (for any energy

uolooN
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H;=02x1+0.01 x20=0.4 mSv

Note that the units change from mGy to mSv




Effective Dose (E) .

Accounts for uneven irradiation of the body a
represents overall risk from whole body

exposure
E =) wr x H
T

Equivalent dose to tissue or orga
tissue weighting factor

uolooN
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weighting factors represent risks of
ental radiation effects to different organs




Tissue Weighting Factors

(from ICRP103)

Organ
Gonads

Red bone marrow, colon,
lung, stomach, breast
Bladder, liver, oesophagus,
thyroid

Skin, bone surface, brain,
salivary glands

Remainder (in total)

w; for organ

0.08
0.12

0.04

0.01

0.12

uolPINP
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Example No. 3

A patient receives the following equivalent (organ)
doses as a result of a chest PA x-radiograph:

Bone Marrow 0.01 mSv (W,=0.12)
Thyroid 0.05 mSv (W;=0.04)
Lungs 0.17 mSv (W,=0.12)
0.09 mSv (W=0.08)

\s the effective dose resulting from thi
ation?
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E=> wrx H;
0.12+0.05x0.04 +0.17x 0.12 + 0.09 x 0.08 =
0.0308 mSv or 30.8 uSv




