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The fundamental safety objective is to protect people and the 
environment from harmful effects of ionizing radiation.

This fundamental safety objective of protecting people — individually 
and collectively — and the environment has to be achieved without 
unduly limiting the operation of facilities or the conduct of activities that 
give rise to radiation risks.

— Fundamental Safety Principles: Safety Fundamentals, 
IAEA Safety Standards Series No. SF-1 (2006)

Safety through international standards
IAEA Safety Standards

Fundamental 
Safety Principles
Jointly sponsored by 
 Euratom FAO IAEA ILO IMO OECD/NEA PAHO UNEP WHO

for protecting people and the environment
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Safety through international standards

“Governments, regulatory bodies and operators everywhere must 
ensure that nuclear material and radiation sources are used
beneficially, safely and ethically. The IAEA safety standards are 
designed to facilitate this, and I encourage all Member States to 
make use of them.”

Yukiya Amano
Director General
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for protecting people and the environment
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This publication provides internationally harmonized 
recommendations on the roles and responsibilities of clinically 
qualified medical physicists working in one or more of the 
specialties of radiation therapy, nuclear medicine or diagnostic 
and interventional radiology. It also includes recommendations 
on the minimum requirements for the academic education and 
clinical training required for a physicist to become clinically 
qualified in one of these specialties. This book will be particularly 
useful for professionals involved in the education and training 
of medical physicists, both at universities and hospitals, and 
for professionals working in medical radiation physics. It will 
also be of importance for national professional societies, 
ministries of health and regulatory authorities for regulating 
the profession. Implementation of these recommendations, 
which have been endorsed by professional societies, will 
ensure consistency as well as the harmonization of medical 
physics practice worldwide for the benefi t of patients.
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Concern about the radiation dose to children from diagnostic 

radiology examinations stems from the observation that 

children can receive doses in excess of those delivered to 

adults, in part due to the digital nature of image receptors 

that may give no warning to the operator of the dose to the 

patient. This concern should be extended to the broad range 

of paediatric diagnostic radiological procedures responsible 

for radiation dose in children, especially as factors including 

increased radiosensitivity and the longer life expectancy of 

children increase the associated radiation risk. Dosimetry for 

paediatric patients undergoing diagnostic radiology requires 

special consideration in addition to the general dosimetric 

methodologies used for adult patients. This publication informs 

health professionals about standardized methodologies to 

determine paediatric dose for all major modalities, such as 

general radiography, fl uoroscopy and computed tomography.
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The com
bination of positron em

ission tom
ography (PET) and 

com
puted tom

ography (CT) is proving very useful: PET can 

identity functional abnorm
alities that m

ight be undetectable by 

CT alone, w
hile CT provides detailed anatom

ical inform
ation. This 

publication provides a pow
erful tool for use in com

prehensive QA/

QC program
m

es for PET/CT scanners. It w
ill be of specific interest 

to m
edical physicists w

ho are supervising QA/QC program
m

es on 

instrum
entation in nuclear m

edicine departm
ents.
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PET/CT Atlas on Quality Control and Image Artefacts

This publication is an atlas on quality control and P
E

T/C
T 

artefacts, providing guidance on the physics and technical 

aspects behind P
E

T and P
E

T/C
T im

age distortions. It presents 

an assortm
ent of cases w

ith exam
ples of possible im

age 

distortions and errors, w
ith explanations as to the causes 

of 
and 

solutions 
to 

each 
individual 

im
age 

problem
. 

This 

publication w
ill be especially useful to m

edical physicists, 

physicians, technologists and service engineers in the clinical 

fi eld.
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The com
plexity of a com

bined SPEC
T/C

T system
 requires 

rigorous quality control procedures. H
ow

ever, the inform
ation 

provided by clinical exam
inations needs to be com

plem
ented 

w
ith an understanding of potential problem

s arising from
 the 

com
bined im

aging procedure. This publication presents an 

overview
 of quality control procedures in SPEC

T and SPEC
T/C

T 

and describes the pitfalls and im
age artefacts that can occur.
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SPECT Systems
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The objective of this publication is to provide professionals in 

nuclear medicine centres with quality assurance procedures for the 

scintillation camera, computer system and digital image display. It 

is intended to be a resource for medical physicists, technologists 

and other healthcare professionals who are responsible for 

ensuring optimal performance of imaging instruments, particularly 

SPECT systems, in their respective institutions. It may also be 

useful to managers, clinicians and other decision makers who are 

responsible for implementing quality assurance/quality control 

programmes in nuclear medicine centres.
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This manual is intended to provide a standardized framework 

for quality control (QC) for mammography which can be used 

in Member States. It is intended to provide practical tests, using 

the simplest test equipment possible, to help ensure high quality 

screen film mammography. In order to maximize the benefit to 

those undergoing mammography where resources may be limited,

this framework is supplemented with additional instructional 

material including a detailed section on clinical image quality.IAEA HumAN HEAltH SErIES
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Regular quality control (QC) testing of radiographic facilities 

has been largely overlooked throughout the world, even 

though it has been shown to reduce patient radiation exposure 

and improve image quality. Furthermore, many radiology 

departments do not have access to on-site support by a 

clinically qualified medical physicist, and relevant QC testing 

may be limited owing to lack of resources.

The methodology proposed in this publication is based on 

simple, inexpensive test objects and exploits the advantages 

of digital imaging. It can facilitate remote and automated QC 

applications and can promote collection of data in a uniform, 

harmonized manner allowing for intercomparison and 

benchmarking.

The proposed methodology is not intended to replace or 

minimize the need for on-site medical physics support, or 

replace requirements for comprehensive QC. The aim is to 

provide an additional tool for the everyday clinical routine and 

optimize use of resources.
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Medical X ray equipment te
chnology has evolved exponentially 

in the last d
ecades, shiftin

g steadily fro
m analogue to digital 

radiology, from single slice to multid
etector row computed 

tomography, and fro
m flu

oroscopy to
 complex angiography 

systems. This, however, comes with associated radiation 

risk fo
r p

atients and staff. 
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 control re
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anaging safety and quality

 in diagnostic radiology. 

This publication provides a compilation of all q
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rature for all X

 ray modalitie
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ntages 
include cost 

reductio
n, 

use
 

of 
envir

onmentally
 frie

ndly 
technology, 

and the optio
n of 

obtaining re
mote ex

pert 
diagnosti

c o
pinion. I

mage q
uality

 in
 

mammography i
s c

rit
ical. A

 sw
itc

h fro
m sc

reen-fi
lm

 te
chnology 

to a
 d

igita
l s

ys
tem is

 p
referable o

nly 
if 

high q
uality

 im
ages 

can b
e g

uaranteed. T
his 

public
atio

n p
ro

vid
es 

guidance o
n 

the e
sta

blis
hment o

f d
igita

l m
ammography f

acilit
ies a

nd th
e 

upgrade of e
xis

tin
g facilit

ies. 
It f

ocuse
s o

n planning, d
esig

ning 

and o
peratin

g th
e h

igh q
uality

 m
ammography s

ervi
ce w

ith
in 

ava
ila

ble re
so

urces.
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This publication is intended to support those working in 

diagnostic radiology who wish to im
plement digital solutions 

in their work in radiology. In an area that is under rapid 

development, it
 provides a careful analysis of th

e principles 

of and advice on im
plementation and sustainability

 of digital 

imaging and teleradiology. International experience shows 

that th
e deployment of digital te

chnology is not confined to 

developed countrie
s, and this publication is focused on finding 

solutions in developing countrie
s. However, th

e tra
nsition fro

m 

film
 to digitally based medical im

aging is complex and requires 

knowledge and planning to be successful. The publication is a 

comprehensive resource guide which contains information on 

the needs and im
plications of a tra

nsition to digital im
aging, 

with implementation scenarios for different fa
cilitie

s requiring 

different levels of communicative connectivity.

No. 28

Worldwide 

Implementation of Digital 

Imaging in Radiology

W
orldw

ide Im
plem

entation of D
igital Im

aging in R
adiology

IAEA HUM
AN HEALTH SERIES NO. 28

1

14-10541_P1647_cover.indd   1-3

2015-08-27   09:20:55

IN
TE

R
N

ATIO
N

A
L ATO

M
IC

E
N

E
R

G
Y A

G
E

N
C

Y
V

IE
N

N
A

Selecting M
egavoltage 

Treatm
ent Technologies  

in External B
eam

 R
adiotherapy

@

IAEA HUMAN HEALTH REPORTS No. 17

9.
8 

mm

IN
TE

R
N

AT
IO

N
AL

 A
TO

M
IC

 E
N

ER
G

Y
AG

EN
C

Y

VI
EN

N
A

IS
B

N
 9

78
–9

2–
0–

12
89

10
–0

IS
SN

 2
07

5–
37

72

Th
is

 p
ub

lic
at

io
n 

is
 i

nt
en

de
d 

to
 s

up
po

rt
 t

ho
se

 w
or

ki
ng

 i
n 

di
ag

no
st

ic
 r

ad
io

lo
gy

 in
 th

e 
ar

ea
 o

f c
om

pu
te

d 
to

m
og

ra
ph

y 
as

 

ap
pl

ie
d 

to
 b

ot
h 

di
ag

no
si

s 
an

d 
th

er
ap

y.
 T

hi
s 

is
 a

n 
ar

ea
 t

ha
t 

is
 u

nd
er

 r
ap

id
 d

ev
el

op
m

en
t 

an
d 

th
is

 p
ub

lic
at

io
n 

pr
ov

id
es

 a
 

ca
re

fu
l 

an
al

ys
is

 o
f 

th
e 

pr
in

ci
pl

es
 a

nd
 s

pe
ci

fic
 i

ns
tr

uc
tio

ns
 

th
at

 c
an

 b
e 

us
ed

 f
or

 a
 q

ua
lit

y 
as

su
ra

nc
e 

pr
og

ra
m

m
e 

to
 

ac
hi

ev
e 

op
tim

al
 

pe
rfo

rm
an

ce
 

an
d 

re
du

ce
d 

pa
tie

nt
 

do
se

. 

In
te

rn
at

io
na

l e
xp

er
ie

nc
e 

sh
ow

s 
th

e 
de

pl
oy

m
en

t o
f c

om
pu

te
d 

to
m

og
ra

ph
y 

is
 in

cr
ea

si
ng

ly
 b

ei
ng

 im
pl

em
en

te
d 

in
 d

ev
el

op
in

g 

co
un

tr
ie

s.
 H

ow
ev

er
, 

th
e 

tr
an

si
tio

n 
fro

m
 p

la
ne

 r
ad

io
gr

ap
hy

to
 d

ig
ita

lly
 b

as
ed

 m
ed

ic
al

 im
ag

in
g 

is
 c

om
pl

ex
 a

nd
 r

eq
ui

re
s 

kn
ow

le
dg

e 
an

d 
pl

an
ni

ng
 t

o 
be

 s
uc

ce
ss

fu
l. 

Th
e 

pu
bl

ic
at

io
n 

co
nt

ai
ns

 i
nf

or
m

at
io

n 
on

 t
he

 e
le

m
en

ts
 n

ee
de

d 
fo

r 
qu

al
ity

 

as
su

ra
nc

e 
te

st
in

g,
 in

cl
ud

in
g 

th
os

e 
re

la
tin

g 
to

 a
cc

ur
at

e 
pa

tie
nt

 

ch
ar

ac
te

riz
at

io
n,

 a
s 

ne
ed

ed
 fo

r r
ad

io
th

er
ap

y 
pl

an
ni

ng
.

IA
EA

 H
UM

AN
 H

EA
LT

H 
SE

RI
ES

No
. 1

9
Q

ua
lit

y 
As

su
ra

nc
e 

Pr
og

ra
m

m
e 

fo
r C

om
pu

te
d 

To
m

og
ra

ph
y:

 D
ia

gn
os

tic
 

an
d 

Th
er

ap
y 

Ap
pl

ic
at

io
ns

IA
EA

 H
UM

AN
 H

EA
LT

H 
SE

RI
ES

Quality Assurance Programme for Computed Tomography:

Diagnostic and Therapy Applications

IAEA HUMAN HEALTH SERIES No. 19

IN
TE

R
N

AT
IO

N
AL

 A
TO

M
IC

 E
N

ER
G

Y 
AG

EN
C

Y

VI
EN

N
A

IS
BN

 9
78

–9
2–

0–
10

19
14

–1
IS

SN
 2

07
4–

76
67

R
ad

io
th

er
ap

y 
Fa

ci
lit

ie
s:

 

M
as

te
r P

la
nn

in
g 

an
d 

C
on

ce
pt

 
D

es
ig

n 
C

on
si

de
ra

tio
ns

@IAEA HUMAN HEALTH REPORTS No. 10

14
-1

05
71

_P
U

B
16

45
_c

ov
er

.in
dd

   
1-

2

20
14

-0
8-

26
   

07
:1

1:
13

IN
TER

N
ATIO

N
AL ATO

M
IC

 EN
ER

G
Y AG

EN
C

Y

VIEN
N

A

ISBN
 978–92–0–XXXXXX–X

ISSN
 2074–7667

Staffing in R
adiotherapy: 

An Activity B
ased Approach

@

IAEA HUMAN HEALTH REPORTS No. 13

15-15271_P
U

B
1705_cover.indd   1-2

2015-06-25   08:49:49

1

IAEA HUMAN HEALTH SERIES

IAEA HUMAN HEALTH SERIES

INTERNATIONAL ATOM
IC ENERGY AGENCY

VIENNA

ISBN 978–92–0–100815–2

ISSN 2075–3772

In recent years, there have been major developments in external beam 

radiotherapy, moving from simple two dimensional techniques to three 

dimensional 
image 

based 
conformal 

radiotherapy, 
intensity 

modulated 

radiotherapy, image guided radiation therapy and respiratory correlated four 

dimensional techniques. Similarly, brachytherapy has also seen an increase in 

the use of three dimensional image guided adaptive approaches. The underlying 

principle of these advances is an attempt to improve patient outcome while 

maintaining an acceptably low level of normal tissue complications and 

morbidity. W
hile multiple reports have defined accuracy needs in radiation 

oncology, most of these reports were developed in an earlier era with different 

radiation technologies. In the meantime, the uncertainties in radiation dosimetry 

reference standards have improved and more detailed patient outcome data are 

available. In addition, no comprehensive report on accuracy and uncertainties 

in radiotherapy has been published. The IAEA has therefore developed this 

publication, based on international expert consensus, to promote safer and 

more effective patient treatment. It addresses accuracy and uncertainty 

issues applicable to the vast majority of radiotherapy departments including 

both external beam radiotherapy and brachytherapy, and considers clinical, 

radiobiological, dosimetric, technical and physical aspects.
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Accuracy Requirements 

and Uncertainties in 

Radiotherapy

Accuracy Requirem
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Commissioning andQuality Assurance ofComputerized PlanningSystems for RadiationTreatment of Cancer
ISBN 92–0–105304–5ISSN 0074–1914

This report is intended to support hospitals in

developing procedures for the commissioning

and quality assurance (QA) of computerized

treatment planning systems (TPSs). The

relatively low cost of today's equipment has

made TPSs widely available in industrialized and

developing countries, but, with the exception of

a few national recommendations for QA in

North America and western Europe, there are no

publications available that professionals can

follow to develop procedures to check their

TPSs. The rationale for the multiple tests

described in this report is related to the four

major issues of a well structured QA programme

in computerized treatment planning, namely

education, verification documentation and

communication.

Technical Reports SeriEs No. 430

technical reportS series no.  443300

Com
m

issioning and Quality Assurance of 

Com
puterized Planning System

s for Radiation Treatm
ent of Cancer

D430_CovI+IV.qxd  2004-09-02  08:45  Page 1

Comprehensive Audits of 

Radiotherapy Practices:

A Tool for Quality Improvement

Quality Assurance Team for Radiation Oncology (QUATRO)

Several IAEA Member States have benefited from assistance to 

perform or undergo comprehensive audits of their radiotherapy 

services. The IAEA introduced the concept of a Quality Assurance 

Team for Radiation Oncology (QUATRO) in 2007. The objective 

of QUATRO audits is to review and evaluate the quality of all 

components of the practice of radiotherapy to define how best 

to achieve improvements. This publication defines the process of 

conducting the comprehensive audit. The QUATRO methodology 

has been endorsed by the European Society for Radiotherapy 

and Oncology, the European Federation of Organisations for 

Medical Physics and the International Organization for Medical 

Physics. To assist in the process of quality improvement of 

a radiotherapy department, the QUATRO audit addresses 

simultaneously the operation of radiotherapy practice and the 

issues of equipment, staffing and infrastructure. Clinical and 

medical physics procedures are reviewed in detail, including 

radiation safety and patient protection aspects as appropriate.  

This second edition reflects developments in techniques and 

equipment, as well as lessons identified from past audits.

INTERNATIONAL ATOMIC ENERGY AGENCY

VIENNA

Com
prehensive Audits of Radiotherapy Practices: A Tool for Quality Im

provem
ent
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This is the first International Code of Practice

dedicated to the dosimetry of small static fields

used in radiotherapy. It i
s addressed to clinical

medical physicists using small static photon

fields with energies less than 10 MV, provided

with ionization chambers calibrated in terms of

absorbed dose to water traceable to a primary

standards dosimetry laboratory. It provides

consistent reference dosimetry traceable to

metrological primary standards and enables

common procedures for small field dosimetry

to be followed within a country. An overview

of the physics of small field dosimetry is

presented, followed by a general formalism for

reference dosimetry in
 small fie

lds. Guidelines

for its practical implementation using suitable

detectors and methods for the determination

of field output factors are given for specific 

clinical machines that use small static fields.

D o s i m e t r y  o f  S m a l l  S t a t i c 

F i e l d s  U s e d  i n  E x t e r n a l 

B e a m  R a d i o t h e r a p y

An International Code of Practice for  

Reference and Relative Dose Determination 
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1
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The brachytherapy process requires consistent

reference dosimetry that is traceable to

metrological primary standards and common

procedures to be followed for reference

dosimetry globally. The code of practice is

addressed to both secondary standards

dosimetry laboratories and hospitals. It fulfils

the need for a systematic and internationally

unified approach to the calibration and use of

vented well-type re-entrant ionization chambers

in determining the strength of brachytherapy

sources with intensities measurable by

such detectors. The dosimetry formalism as

well as common procedures for calibration,

reference dosimetry, reference class instrument

assessment and commissioning of the well-type

ionization chamber system are provided.

Dosimetry in Brachytherapy –  

An International Code of 

Practice for Secondary 

Standards Dosimetry 

Laboratories and Hospitals

TECHNICAL REPORTS SERIES NO. 492
492
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This revis
ed editio

n of the IAEA TRS-398 Code

of P
ractice fu

lfil
s th

e need fo
r a

 systematic and

internatio
nally 

unifie
d approach to

 th
e calibratio

n

of io
niza

tio
n chambers in te

rm
s of a

bsorbed dose 

to water and to the use of these detectors in 

determ
ining th

e absorbed dose to
 water fo

r th
e 

radiatio
n beams used in ra

diotherapy. I
t is

 based 

on new key d
ata for ra

diatio
n dosimetry

 published 

by th
e Internatio

nal Commission on Radiatio
n Units 

and Measurements (IC
RU). It contains updated 

inform
atio

n on
new commercially 

availa
ble 

ioniza
tio

n chambers and addresses th
e needs of

professionals working with
 newer radiotherapy 

technologies.
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for D
osim
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Absorbed Dose To W
ater

 Endorsed by th
e European Society fo

r R
adiotherapy and Oncology

 (Rev
. 1

)

 (Rev. 1)
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ISBN 92–0–115406–2
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This Code of Practice is intended to support 

those working in the field of diagnostic

radiology 
dosim

etry,
both in sta

ndards

laboratories involved in the calibration of

dosim
eters 

and also
 in clinical centres and 

hospitals w
here patient d

osim
etry 

and quality
 

assu
rance measurements a

re of vi
tal concern.

As s
uch it

covers d
iverse

 dosim
etric

 sit
uations 

corresponding to the range of examinations 

found clinically 
and includes guidance on 

dosim
etry 

for g
eneral ra

diogra
phy, fluoroscopy, 

mammography,
computed tomography 

and 

dental radiogra
phy. The material is presented 

in a practical way, with guidance worksheets 

and examples of calculations.
More detailed 

aspects 
of d

iagnostic
 ra

diology d
osim

etry 
are 

discusse
d in the appendices.

Dosimetry in Diagnostic 

Radiology: An International 

Code of Practice
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This publication is aimed at students and teachers involved in

program
m

es that train professionals for work in radiation

oncology. It provides a comprehensive overview
of the basic

medical physics knowledge required in the form of a syllabus for

modern radiation oncology. It will be particularly useful to graduate

students and residents in m
edical physics program

m
es, to

residents in radiation oncology, as well as to students in dosimetry

and radiotherapy technology programmes. It will assist those

preparing for their professional certification examinations in

radiation oncology, medical physics, dosimetry or radiotherapy

technology. It has been endorsed by several international and

national organizations
and the material presented has already

been used to define the level of knowledge expected of medical

physicists worldwide.

Radiation Oncology Physics: 

A Handbook for Teachers and Students

E.B. Podgorsak

Technical Editor

Radiation Oncology Physics: 

A Handbook for Teachers and StudentsINTERNATIONAL ATOMIC ENERGY
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Nuclear Medicine Physics 

A Handbook for Teachers and Students 
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1

This handbook provides a com
prehensive overview of the m

edical physics 

knowledge required in the field of nuclear m
edicine. It is intended for teachers, 

students and residents involved in m
edical physics program

m
es. It will serve 

as a resource for interested readers from
 other disciplines, for exam

ple, 

nuclear m
edicine physicians, radiochem

ists and m
edical technologists, who 

would like to fam
iliarize them

selves with the basic concepts and practice of 

nuclear m
edicine physics. Physics is a vital aspect of nearly every area of 

nuclear m
edicine, including im

aging instrum
entation, im

age processing and 

reconstruction, data analysis, radionuclide production, radionuclide therapy, 

radiopharm
acy, radiation protection and biology. The 20 chapters of this 

handbook include a broad coverage of topics relevant to nuclear m
edicine 

physics. The authors and reviewers were drawn from
 a variety of regions and 

were selected because of their knowledge, teaching experience and scientific 

acum
en. This book was written to address an urgent need for a com

prehensive, 

contem
porary text on the physics of nuclear m

edicine and has been endorsed 

by several international and national organizations. It com
plem

ents sim
ilar 

texts in radiation oncology physics and diagnostic radiology physics published 

by the IAEA.
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From the Editor
The end of the year 2022 is at hand. Some of us take time 
during this season to review the previous year and plan for 
the coming year. As you relax enjoying the holidays this 
Newsletter may be a good companion. This issue of SSDL 
Newsletter (No 76) is dedicated to the report of the 20th 
Scientific Committee of the IAEA/WHO Network of 
Secondary Standards Dosimetry Laboratories (SSC-20). The 
meeting was held at the IAEA Headquarters in March 2022. 
The SSC-20 reviewed the activities reported by the 

Dosimetry and Medical Radiation Physics (DMRP) section 
for the biennium 2020 – 2021 and noted the actions 
following the SSC-19 recommendations. Particularly, the 
activities of the present and future programmes for biennium 
2022–2023 and 2023–2024 were discussed and 
recommendations were made.  

Seasons greetings and wishing you all a prosperous 2023.

The members of the Scientific Committee of the IAEA/WHO SSDL Network present in person at the 20th Scientific Committee meeting: 
(front row from left) Jan Seuntjens, David Followill (Chair), John Dickson, Mehenna Arib, (second row from left) David T Burns, 

Penelope Allisy (Rapporteur), and Maria-Ester Brandan. Zhang Jian attended the meeting virtually and he is missing from the photo.  

Prepared by the Joint IAEA/WHO Secretariat of the Network of Secondary Standards  
Dosimetry Laboratories           https://ssdl.iaea.org 

No. 76, December 2022 
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