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Stopping Power =dE/dx= Mev/cm

201 3,08 Sl 5 e )53 0 a5 ) 5

R 88 g ) 5
Mev
gm/cm?

: =1 @By _
Mass stopping power = . ()

:Jﬁ&ﬁ#3d\g:3)@e\§a:w~)d

o)y S g SN A | o)y s () 1 @ S8 Q58 sy

L35 oa oLl gl i g 4S il lals Labs

L 4y 60l ) (5 (s 4hn 4S Cand iy Gaed 4 SIS 1 Agign sl
CAaS e I

201 0280 SalS (sl ¢ s Sl a e cile 4 r Ay A gl




Electron Micrograph
Cell

pdfMachine
A pdf writer that produces quality PDF files with ease!
Produce quality PDF files in seconds and preserve the integrity of your original documents. Compatible across
nearly all Windows platforms, simply open the document you want to convert, click “print”, select the
“Broadgun pdfMachine printer” and that’s it! Get yours now!

.Jﬁ@w&a_&ﬁsﬂ@iﬁguﬁﬁLET Jsa 4wdagdl
PS5 By Sy (oo abayly) AW LET ¢ AS il 4 a dsn vl
cl e b Jal (6l e g i Cua 8 5y AL

A b OF S8 GG Hlad (g Cal jia O (oa A GGl 505108 (5 ) e Ll
Ll

Ay 0 5e2d S8 555 0 2 3 s 200 i LET Wz WG (55 LET 4slia
.JJ‘JLSMEJ%}.Q“‘)SO:‘Q‘

Copyright © 1998 by the National Kidney Foundation




LET of ionizing radiation

Type Charge  Energy (MeV)  LET(keV/pm)

Photons 0 200 kVp x-rays 0.4-36
cobalt 60 y rays 0.2-2

Electrons -1 0.001 12.3
0.01-1 2.3-0.25

Neutrons 2.5 15-80
14.1 3-30

Protons small 92
2-10 16-4

Alpha small 260
5 95
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Equivalent dose is defined to describe the relative biological effectiveness
of different types and energies of radiation.

Definition: Absorbed dose D in a tissue multiplied by the radiation weighting
factor, Wg of that radiation
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Dose equivalent is given by the product of the absorbed dose and a quality
factor.

Sievert (Sv) = QF x Dose
= QF x Gray

QF =1 for X, gamma and electrons
QF= 5 for thermal neutrons.

QF= 20 for heavy particles ( alpha , heavy nuclei , fission fragments( «'J2)

1 Gy of alpha particles is equivalent to 20 Gy of photon damage
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Radiation Weighting Factors (W )

Radiation type energy range Wre

Photons all energies
Electrons all energies

Neutrons energy = 10 keV
10 keV to 100 keV
= 100 keV to 2 MeV
=2 MeV to 20 MeV
=20 MeV 5

Protons =2 MeV 5

Alpha particles; fission fragments; heavy nuclei 20

|Equivalent Dose == D, .W,
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>Dp.Wg Wy
Sum of equivalent doses to organs and tissues exposed,
each multiplied by the appropriate tissue weighting factor

Effective Dose =X D .Wg. W ¢
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(0/12 x5x 1 )+(0/4x 2x 1 )+(1 x10 )+(0/08x 2 x20)=14/6 Sv

Z7rssue Werghting Factors ( W,

Tissue or organ Tissue weighting factor, W -

Gonads 0.20
Bone marrow (red) 0.12
Colon 0.12
Lung 0.12
Stomach 0.12
Bladder 0.05
Breast 0.05
Liver 0.05
Oesophagus 0.05
Thyroid 0.05
Skin 0.01
Bone surface 0.01
Remainder 0.05

Equivalent Dose: -

Used in radiation safety concepts, e.g. calculations for assessment of
different exposures

( e.g. neutrons vs. photons, highly vs. sparsly ionizing radiation)
Effective Dose: e

Used to describe the biological effect of different types of radiation and
different tissues and organs exposed
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Relative Biological Effectiveness (RBE)

Dose of standard radiation to produce....

RBE= Dose of test radiation......
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Properties:

Relative RBE of one radiation type to another is the inverse ratio of H
doses to achieve the same biological end-point.

RBE is highly tissue specific and depends on the biological effectas ®
well.

RBE depends on the absorbed dose as well as the radiation type. B

Radiation Weighting Factor and RBE ®

Wk is related to the linear energy transfer (LET) of the radiation (i.e. ®
energy deposited per unit path length).

The radiation weighting factor (W) in radiation protection is analogous H
to the relative biological effectiveness (RBE) in radiobiology.

Whr is a quick and rough reference to indicate the severity of the effect B
as it is independent of the organ or tissue or of the biological end-point.
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RBE? - 1 LET

Beam radiobiological properties (summary)
B X-rays and electrons have a low rate of energy loss and sparse tracks.

B Heavy charged particles and neutrons have a high rate of energy loss
and dense tracks.

B Radiobiological effects depend on the rate of energy loss and therefore
RBE increases with LET.
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Radiation gquantities (Ssurrnary’)

Name Application

Fluence, Beam Descriptors
Energy Fluence,
Exposure

Dose, Physical interaction of beam
Kerma with matter

Equivalent Dose,

Effective Dose Radiobiological hazard
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- Radiation safety (42l Ly o culilés)
- External beam therapy
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- Brachytherapy

RADIATION DOSIMETRY
D=Q x N, x Correction factors
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