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Hippocratic Oath an oath of professional behavior sworn by physicians as they
embark upon their medical careers; it is attributed to Hippocrates: “I swear by Apollo
the physician, by Aesculapius, Hygeia, and Panacea, and I take to witness all the gods,
all the goddesses, to keep according to my ability and my judgment the following
Oath: To consider dear to me as my parents him who taught me this art; to live in
common with him and if necessary to share my goods with him; to look upon his
children as my own brothers, to teach them this art if they so desire without fee or
written promise; to impart to my sons and the sons of the master who taught me and
the disciples who have enrolled themselves and have agreed to the rules of the
profession, but to these alone, the precepts and the instruction. I will prescribe regimen
for the good of my patients according to my ability and my judgment and never do
harm to anyone. To please no one will I prescribe a deadly drug, nor give advice
which may cause his death. Nor will I give a woman a pessary to procure abortion. But
I will preserve the purity of my life and my art. I will not cut for stone, even for
patients in whom the disease is manifest; I will leave this operation to be performed by
practitioners (specialists in this art). In every house where I come I will enter only for
the good of my patients, keeping myself far from all intentional ill-doing and all
seduction, and especially from the pleasures of love with women or with men, be they
free or slaves. All that may come to my knowledge in the exercise of my profession or
outside of my profession or in daily commerce with men, which ought not to be spread
abroad, I will keep secret and will never reveal. If I keep this oath faithfully, may I
enjoy my life and practice my art, respected by all men and in all times; but if I swerve
from it or violate it, may the reverse be my lot.”

Actuary : & BT, 06 2 kST £

Transformation of Social &
Economic values feasible ?
OntrOVerSial . Utilitarian Ethics

“1 male adult Life= 2 $

1 female adult Life= ? §$

1 childLife= 2?2 $§
Radiation detriment to health= ? §

10 mSv Risk= ?




Decision Making and Justification
allE=S B @ gk T8
> [ X w.Benefits(j") - XRisks(j™) ] >0

Standard value ?

Standard value ?

Sum over all j®
factor from {society
& environment}

Who
decides?

factor

The ICRP Publtaton 26 System

® Prevent deterministic, minimise stochastic harm
1977

o Justification by Cosi-Effectiveness Analysis
More good than harm to society

o OPTIMISATION by Cost-Benefit Analysis

ALARA; maximise net collective benefit

@ Dose limits

‘How much does it cost; how many lives are saved?’

Life Cost ost in Protection measures




Concept of sources &
exposures
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{16} The term ‘source’ 15 used by the Comnussion to indicate the cause of an exposure, not
necessarily a physical source of radiation. For example, when radicactive matenals are
released to the emviromment as waste, both the installation as a whole and the discharged
material can be regarded as sources, depending on the context. The term “exposure’ 15 used by
the Commission to mean the process of being exposed to radiation or radioactive matenal.

Exposure can then lead to a dose to some part of the exposed individual.

(1) patients
(2) public
(3)

workers : classified radiation workers

(4*) patient comforters, caregivers

(5*) workers : non-classified workers ( clerks,

Minor staff, technicians etc)

Exposed individuals : “Rights” to know

~  6.3.1. The identification of the exposed individuals

(168) It is necessary to deal separately with at least three types of exposed individual. These

types can be called informed_individuals, patients, and general individuals.

They can,

essentially, correspond to individuals whose exposures fall into the three classes of exposure

defined in Chapter 5.3, Le. occupational, medical and public.

Occupational exposure

(169) Workers in “controlled areas” of workplaces are not strictly volunteers, but they are

well informed and are specially trained, thereby forming a separate grotp of informed
individuals. Other workers, such as administrative and support staff, might be included in the

group of general individuals, and treated as members of the public
g genera, InCRirIH

Occupation Informed individual

trained

ﬁbﬂ( | general individual

non—trained/

public




Controllable & Uncontrollable sources

Past activities
and events

Commodities

NORM from
extractive industries

Current practices

Accidents

Uncontrollable exposure

.3, Cosmic ravs

(211 Cosmie rays at ground Jevel and the resultant exposures are not controllable, They are
thus exeluded from the seope of the Commission’s recommendations. Limiting the time spent
by passengers and crew ot high altitudes would be the only practical way m which to contral
exposure o cosmic ravs in aireraft. The average annual effective doses to most airerew are in
a narrow fange, previously estimglad gtaround 3msy. although this will reduce significantly
with the Commission’s revised radiation weighting factors for newtrons and protons (Chapter
3. The exposure of some specialist sirerew, such as secunity staff, and a small number of
professional courters may be twice the average value for sircrew . These exposures of gircrew
and courters i the operation of commercial jet awerafl should be dealt with as occupational
exposure i the general system of prolection and thus of informed mdraduals,. =
{ ) The Commission is convineed that the exposure of passer
anv reasonable action. 1t s therefore excluded by the Conmiss
recommend:itions.

s s not controllable by
on from the scope of i1s

Passengers

+— Air crew




Background Dose vs “Existing Annual Dose”

eg. From natural sources , cosmic rays

" The tem exisiing anntiof dose & used to mean all of the existing and persisting whole annual doses
incurred by individuals in a given locabion. The adjectives totad, environmenial, ambient, and hackground
are abso sometimes used to deseribe this concept, but will not be used for that purpose in this report. The
adjective #otal could be misunderstood to describe the sum of tensitory and prolonged doses; anviron-
menial and ambient could be confused to describe 2 dose in the emvironment rather than in people
{morecver, ambient has been used by the [nternational Commission on Radiological Units and Measure-
ments to denote an operational quantity); and, hackeround has been commonly understood a3 describing
exposures cansed by natural radiafion sources only, although a fraction of such exposure may be artfical
{such as the exposure to fallout from historical nuclear weapons testing). Therefore, m order to avoid
confusion, the qualifier existing will be used in this report. It should be noted that there is akways an
existing ammaf dose before the introduction of 2 practice or the undertaking of an intervention, and 2
residnal exsting annual dose after the cessation of the practice or the completion of the intervention.

Protection of the public in situations of
prolenged radiation exposure
ICRP Publication 2

Approved by the Ce ission in September 1994

International Standards

How? National Standards

Local Standards

Which?

NRPB NRC
ARSAC 98 NUREG-1556
IRMED  IRR
10CFR Part 20,35

RSA 93




Reactor:
A -k e-y to energyStarted operations

- -QrISIS?w,_ - 1 Feb, 6 May 1994
N ’ > 10 years old

Who? How?
Why?

Society:[sF} = &

Nuclear industries eg. Nuclear Reactors
already justified .............
Future installation: to be justified

Energy, Air Pollution, Health

Nuclear Reactors distribution in China

B RFF W operalion

@ NPP ender sonstruction SHANDONG

T Haipang 27 1000 MW

JANGSU
Tiarvwan {Linmpangeng) 21000 MW

2HENANG

Qimshart phaoe | 300 MW
Qimshan phasc )| 21600 M
Qinshan phmse NIl 24 700 W
hinsha plhase IV 2 1000 MW

=~ ZHENANG
Sanmen 2% 1000 MW

FUMN
Hui Ar 23 1000 MW

GUANEBUNG
Baya By 4484 MW
Lisig Ao 2084 MW

BUANEBDONG

Yorgiiang £ 1000 MW
M#‘ Sompkeity NG C :




ICRP 2005

Justification : Controversial

(18)  Judgements on whether it would be justifiable to introduce or continue a particular
practice involving exposure to ijonising radiation are important. Alternatives to existing
practices may develop over time, which would require that those practices that do exist
should be periodically re-examined to ensure that they are still justified. The responsibility for
judging the justification of a practice usually falls on governments or government agencies to
ensure an overall benefit in the broadest sense to society and thus not to each individual.
Governments make these decisions for strategic. economic. defence and other reasons and
radiological protection considerations are recognised as_being only_one_input that could
influence the justification decisions. Therefore, while justification is a prerequisite of the
complete system of radiological protection, the methods of ensuring justification are largely
outside the scope of these Recommendations.

What are the other inputs?
And by whom?
What methods?

The Current and Coming Recommendation
from ICRP

¢ [nternational Commission on Radiological Protection
ICRP: Who, why, what?

® Sources, doses, dose response
Linear, no threshold — the best current approximation

e ICRP 60
Justification — optimisation — limits
Emphasis shifting from society to individual
® The next, 2005, Recommendations

Justification (political) — limits & constraints — optimisation
Include non-human species




Chernobyl Accident: 25,26 Apr 1986 at Reactor 4, Ukraine, USSR

Justification:
Running ? Closure ?

Energy ? Health ?

In the early 1990s some US$400 million was spent on improvements to the remaining reactors at Chernobyl,
considerably enhancing their safety. Engrgy shortages necessitated the continued operation of one of
them (unit 3) until December 2000.

(Unit 2 was shut down after a turbine hall fire in 1991, and unit 1 at the end of 1997.)

Radioecology study | o= & fE5F (A Prer=s 4 ?JE‘JETE;J )

In 1998 an agreement with the US provided for the establishment
of an international radioecology laboratory inside the exclusion zone (Chernobyl).

“Anthropocentric and Ecocentric Principles of Environmental Protection”,
containing a new relevant conceptual rule of radiation protection of humans
and the environment.
e "Radiobiological Effects in Environment Components. Radioecological
Significance of Exclusion Zone Facilities”;
e “Distribution and Migration of Radionuclides in Environment
Components”;
e “Rehabilitation of Contaminated Territories. = Methods and
Instrumentation for Radioecological Research”.




Concerned parties in the operations

Spectrum of radiation in various operations

Laws Standard “Values”? Ethics

A Government

/ A«
“Mfected” /

[ — r individuals.. .critical




2005 Recommendations

Aim : Control of radiation hazards

appropriate standard, without
unduly limiting the beneficial actions
giving rise to exposure

Basis : Not scientific concepts alone

including value judgements about kinds
of risks and the balance of

benefits and risks

Numerical Problem ?

Not simple !!

BASIC PRINCIPLES

The principles of radiation protection and safery on which the Standards are
bused are thase developed by the ICRP and by INSAG. The detailed formulation of
these principles can be found in the publications of these bodies and they cannot
easily be paraphrased without losing their essence. However, a bref — although
simplified — summary of the principles is as follows: a practice that entails or that

demd dm due fo rhe

o could couse cotdd cokse (: & Jiu prw:nce st be Jusrg‘l'ed)
mmbmauou of exposures from aff relevant praciices should Rt exceed specified dose
limirs; radiation sources and instollations shonld be provided with the best available
protection and safery measures under the prevailing circumstances, 5o that the
imdes and likelifood of exp and the rumbers of individuals exgosed be

as low o5 biy achievable, economic and socil factors being taken into
aecaunt, and the doses they deliver and the risk they entail be constrained fi.e. pro-
vection and safity showld be oprimized); radiation: exposure due 19 sources of radia:
tion that are not pars of @ practice should be reduced by inervention. when this is
Justified, and the inervention measures should be oprimized; the legal person autho-
rized to engage in a praclice imvolving a source of fadiation shauld bear the primary
responsibility for protection and safely; @ safety culture should be incuiected thet
governs the atitudes and behavior in_relarion fo protection end sfety of all
individusls and avganizations deatling with sources of radictlon; in-depih defensive
measites should be incorporated into the design and operating procedures for radis-
lion sources to compensate far potential filures in protectian or safety measures;crd
profection and safely should be ensured Ity sound management and good engineer-
ing, quatity assurance. iraining and gualification of personnel, comprehensive safely
assessments and awention o lessons learned from experience and research.
(153) Regulatory authorities should encourage the operational managements to develop a
‘safety culture’ within their organisations. Safety culture has been defined intemationally by
the inter-agency Basic Safety Standards (FAO et al.. 1990) as

could Mmehrposwe to radiation shou&d' only benduprad’ ifit mkis m}j’nml bmef!

?




Justification in principle : How

Benefits to patients : Clinical efficacy or
effectiveness

Harms ( deterministic / Stochastic)

Cost in RP (economic)

Cost in RP (social : lives : individual or society)
Radiation biology : health risk analysis

ALARA Cost .
. Optimization
effective £ .
Ivsis of protection
ey ALARA
Benefits >
Risk : Value
judgement

Value system : Society---> Individual

~Justification!
9 "
é- Risk D
\% S— v
z 9
0 9
= O 20mSv ?
5 P Q

Numerical optimization ?

Constraints

ecOHO’Dic




Level of Protection increases

mSv/y

IRP Yardsttk DrGaughg Lin s

o 1928 - 1966: Magnitude of risk(s) unknown
Hence choice of limits rather arbitrary

o 1977 Comparison with ‘safe’ industries [CRP26
“Average" worker - average risk
Highest expostre— maxinum risk
Public: Divide by 10, factor in ‘accepted” roud traffic fatalities

o 1990: Workers - multiattribute risk, public -normal
variations in natural background
No safe (1), not welcome, bt hardly nnaceeptable

T | 1 I I I I I

50 1980 1970 1860 1890 000 2010

o 2003/6: Natural background the primary yardstick

Yaar
FIGURE 1-2. Tren e body dose limi. [From Edwards /M [1991), De- lm

welopment of rae sandardy. Radiographice, |1, 633-T0¥ Reproduced by ‘NPSRUATEAAS S4H0 BUER 08 LAEBLSGERL HETEITER mmmmm e emmmmmm e e e mem e e e
permission |

ICRP 2005?

Our current reference still in use

The ICRP Publtatin 60 System

e Prevent deterministic, minimise
stochastic harm Annals of the ICRP

e Justification

e Optimisation: CBA & other means
‘Constrained by restrictions on the doses to
individuals (Dose Constraints) ... so as (o
limit the inequity likely to result from the
inherent economic and social judgements’

e Dose and risk limits




L omp)
EtthS[rjigj ATTNRS
EthialBasis frthe ICRP Systam

Demltolugical/cthics
Some duties are imperative

EXLEVE;

Utilitarian ethics
Juddgd o

actions by the consequences

Justification

Do more good than frarm

Optimisation

Muximise good = harm

Limitation

Nov indlivicheal ugduly harmed

T«%F@’B,T EV‘HI% [ Y ERY

RIIEES

Capitalismer 4 = &
Stakeholders

 The term stk eholder is used in the report 1o mean these parties sho have inerests in and concem on
the prolonged exposure situation,

Different Interest parties & WHO
dose limits ICRP
commissions

Regulators NI

0.01mSv

<0.3mSv

>100mSv
< 1mSv

Benefits/Risks
>20mSv

>100mSv




Recommendations | Accept or Reject ?

’Eonﬂicts ?

Current regulations, standards,practices & guidelines

o)
‘ [ How?

Interpretation advice

Who ? advisors
S~

Who ?
Justification
licensees
_I CAP, 303] Radiation [1982 Ed.

Power & exempt
from provisions
of Ordingnce o
regalations,

{2) Regulations make under this section may provide that
contravention of specified provisions of such regulations shall be an offence
and may provide penalties therefor;

Pravided that no penalty so provided shall exceed a fine of $50,000 and
imprisonment for 2 years. (46 of 1990, 5.4)

14, (1} The Board may from time to time issus free of charge in such
manner as it thinks fit recommendations for protection from radiation
hazards for the guidance of licensees and persons engaged in radiation work,

{2) Failure on the part of ary persen to observe the provisions of any
such recommendations shall not of itself render that person liable to
criminal proceedings of any kind, but any such fajlure may in any
proceedings under this Ordinance be relied upon by any party to the
proceedings as tending to establish or to negative any liahility which is in
question in those proceedings. (Added, 8 of 1961, 5.4}

15, (1) The Board may grant subiect to such conditions or restrictions
as it may consider expedient, exemption from any of the provisions of this
Ordinance to any specified person, group or class of persons “or in respect
of a specified radioactive substance or radiating apparatus or class thereof™
where, having regard to the public interest to be served and the degree of
risk, if any, to human heaith involved by the granting of such exemption, the
Board is of opinion that it is expedient and safe so to do. {46 of 1090 <




check sources Co57 Tc99m, 1131, F18,C11, 015, N13

Transmission sources Gd153,Ge68, Cs137

Nuclear Medicine

{*Patients}
Radiation sources (*Wastes)
Radioactive substances Irradiating apparatus
Sealed radioactive sources CT-PET
Cyclotron

\ X 2. N_ /

Unsealed radioactive
L sources B

/‘./ 7 \x ............. \ . 32




Hospitals, Clinics

Staff

Visitors <«

Children

Passengers in
transport vehicles

_~  Family

Comforters/
Caregivers

> Elderly homes

External dose rates

from radioactive sources

r

used in NM
Isotopes Half-life Specific gamma ray constant
: R¥em™mCi*hr’

Co-57 2709d 1.007
Te-99m 6.02 h 0.772
TI-201 3.04d 6.625
Ga-67 3.26d 0.767
In-111 2.83d 3.288

Cr-51 27.7d 0.177

1-131 8.04 P 2.2

C-11 20.4 m 5.906

N-13 9.97 m 5.909

0-15 1225 5.914

F-18 110 m 5.725

~2uSv/hr at Im from a 1mCi point source
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Close contact dose ~ ZmSv per hour

Pregnancy and Medical

Radiation (ICRP 84)




Protection on pregnant patients

ICRP 84

ay

Breast-feeding

Notes for Guldance oh
the Clinlcal Adminlstration
of Radlopharmaceuticals
and Use of Sealed
Radloactlve Sources

* This relates to all Feirales who are breast feeding. In maost cases thia will be the mother but the
puidanee alao applias to those circunstances where “wat-uuriing” is vndertaken, or where milk

ia being davated 10 2 milk bank,

%\
%

areéea.‘

13
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Administration of Radi
Advisory Committas

Dacambar 1538
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ICRP 86

erall preventive measure: a Quality
rance Programme, involving

anisation
ation and training

fance testing and commissioning
p of equipment faults
ication
Hentification and patient charts
ecommendations for teletherapy

ecommendations for brachytherapy

® 6 6 6 O O 0 o




New levels of protection

mSv ICRP 2005

® Em ergencies: w ork ; evacuation ; relocation
-\—» ® H igh levels of existing controllabk exposares
100 | o mnform ation, trainig, m enicring
® N o Individual / societa] benefit above this constrant

® Emergencies: Sheltering; sable bdne

® [N om al: O ccupational exposurs

. ® Existing controllable expoaures, e g. radon
Occupatlonal 20 | o Com forters and carers to patisnts

o Inform ation, tahhg, m cnimring or assesmm ent
® D Irect or indirectbenefitto the mdividual

. ® IJ om al siuations
pUth 1 |eNo hfom atin or tainhg, no mdividual dose assesm ent
® Societz], butno individual direct benefit

-1 0.01 | e M hinum value of any conshaint exclusion

“Hmmnmumuxmnn RADDLAGEALPROTREFEN = == = === - m— = == — = m—m—mmmmmmmm e o=

< 1mSv

Protection measures in 30mCi Tc99m SPECT QA setup

After safety design : Optimization of Protection




New regulations needed ?
new structure of responsibilities ?

new guidelines written : eg. NM, critical
groups, pregnancy, breastfeeding
,CT/PET ?

new protection levels adopted ?

Justification (Medical)

Valid clinical indication

Benefits to patients : Clinical efficacy or
effectiveness

necessary result (diagnosis, therapy) cannot
be achieved with other lower risks methods

Medical practitioner takes overall clinical
responsibility for an exam

Life saving cost > operation costs




NCRP REPORT o, 49

STRUCTURAL SHIELDING
DESIGN AND
EVALUATION FOR
MEDICAL USE OF

X RAYS AND GAMMA
RAYS OF ENERGIES up
TO 10 MeV
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e etms "
Soumes

Levels of protectio

Individuals

Dose limits
Dose constraints

Exclusion level




eg. By design
By administration , practices
procedures , etc

Most exposed

Individual

Normal / Emergency
\ccident/Controllable existing exposures
situations

N>

The public is protected -

From a single source in normal,
emergencv ‘and controllable
exposure sll:uathns by

From all regulated scurces,
enly in normal situations, bv

The dose constraints The dose limits

The worker is protected -

From a single source in normal,
emergency, and controllable From all regulated sources
exposure situations by anly in nnrmal situations by

The dose constraints

52
The dose limits




Dose Lin 1t or the Publ

Sum of contribution from many sources

Can only be regulated at source

Does not include the dominant natural background

L ]

Does not apply to interventions

Does not apply in emergencies

Dose Lin is ForPmacties
W ORKERS
PU E.:jLIC 20 m Sv pary averaged over s y ICRP 30
Lmsvinayear -100mSvin 5 years and less
than 50 m Sv In one year
20 mSyv in any year ICRP 60

R adiation welhted dose SviT)

0 gan or te )
0 ccupational Public

Lensoftheeye 150 15
The i 500 50
Handsand fest 500 -




Exposures

PART V

Chapter: 303B Title: RADIATION (CONTROL OF IRRADIATING
APPARATUS) REGULATIONS Gazette Number:
Regulation: 14 Heading: Rose limif Version Date: 30/06/1997

Medical ROL OF EXPOSURE TO RADIATION

(1) Except in the case of a patient who is required to be exposed to radiation
in furtherance of medical treatment or investigation prescribed by a medical
practitioner or dental practitioner, no person shall cause or permit any other

Occupational -

(L.N. 225 of 1990; L.N. 154 of 1995)

person to be exposed to a dose of radiation to any part of the body in excess

(a) in the case of a person employed in radiation work, the dose limit; or

(b) in the case of any other person, 1 millisievert, (L.N. 154 of 1995)

in any calendar year.
(2) An;

Public

(L.N. 97 of 1970; L.N. 225 of 1990)

o contravenes any of the provisions of subregulation (1)
shall be guilty of an offence and be liable on conviction to a fine of $15000.

Interpretation : Any flexibility? Average in 5 years?

New levels of protection

mSv

ICRP 2005

® Em ergenc
1 ® H igh level
100

® Inform a

otk ; evacuation ; relocation

f existing controllabk exposures

n, tainihg, m oniering

® N o ndvidual / societa]l benefit above this consrant

® Emergencies: Sheltering; sable bdne

® [N om al: O ccupational exposurs

. ® Existing controllable expoaires, e 4. radon
Occupational 20 | o Com fortersand carers o patients

¢ Inform ation, bahhg, m chioring or assessm ent
® D Irect or indirectbenefitto the mdividual

® I omm al sinaticns

pUbliC 1 |eNo hfom atin or tainhg, no mdividual dose assesm ent
® Societal, butno individual direct benefic

-1 0.01 | @M hinum value of any consaint exclusion

< IlmSv

“Hlnim;ﬂ[Har_rvunz:nn 8 RAD DLOG TAL PRC THE TEN




Full Range
Dose Levels (interpolate/extrapolate)

<+ Emergency level=100mSv

Dose limit=20mSvy{

<+— Dose constraint=>5mSv

Dose limit=ImSvy}{

a

Exclusion level=0.01mSv

Background Dose

5.3.2. Public exposure

Public (145) Public exposure 15 imcurred as o result of arange of controllable sources Dose hmits
for public exposure can be used only as o basis for national policy. Dgse Lol sunnnl i,
principle be applied to operational control, because neither the operator nor the regulator has
i tion about the totalitv of sourges contribulimg To e dose (o De leiedin. normal
situations. e only Teasible approach 1s 1o select a single source, or a small group of sources,
and (o estimate the exposure 10 the most exposed mdividual or the most highly exposed group
of individuals (the critical grouph. For normal sitoations,, it s unlikely that the otal exposure
from the defined controlled sources can be judged nst the JoseTimit.
selected sources are only o part of the whole group of Tkely sources, Theretore. an individual
dose from -.inglc SOUrCe durm‘" normal situations his o be Ill&'k’u. against the constraint,

2. (<ImSv), for individual dose is still less than 1mSv/y ?

background ). It would be the maximum public constraint in normal situations while in
case of multiple dominant sources a figure of 03 mSv/'year would be appropriate

[ Publicaiion 77 ).
(ICRP 2005)

Source related
Control of radiation source

@ iy
i @
i iy

paral 64

Individual related

{1}

IND IVID URLS are piotected INDIVIDUALS are protected
from ALL pacs! Jated sounces by the from a SN GLE sournce by the

DO SE LIM IT2 DOBECONSTRAINT




Optimization of protection(1)

‘In relation to any particular source within a practice, the magnitude of individual
doses, the number of people exposed, and the likelihood of incurring exposures
where these are not certain to be received should be kept ALARA, economic and
social factors being taken into account’ ICRP 60

ICRP 2005 Issue of TLD dosemeter to staff?

(190) The optimisation of protection is a forwardlooking iterative process aimed at
preventing exposures before they occur. It is continuous, taking into account both technica
and socb-economic developments and requires both qualitative and quantitative judgements.
This process must be systematic and carefully structured to ensure that all relevant aspects are
taken into account. Optimisation is a frame of mind, always questioning whether the best has
been done in the prevailing circumstances. It also requires the commitment from all levels of/
all concerned organisations as well as adequate procedures and resources. Both the operators
and the appropriate national authority have responsibilitie; [ imisation. Operators
design. propose and impleme ptimisation, and then use experience to further_improve it.
Authorities require and promote optimisation and may verify that it has been effectively
implemented.

Other parties involved in optimization of protection ? Yes !

Optimization of Protection (2)

[133} Repulatory authorities should encourape the operational managements to develop a
“safety culture’ within their organisations. Safely culture has been defined intemanionally by
the mteragency Basic Safery Standards (FAO &1 al., [ 994) as

*The assembly of characterisiies and atfitudes in organizations and individuals which
2srablishas that, a5 an overriding priority, protection and safety issues recaive the
arenmion warranred by their significance”

(154 Although 1 is nor the task of the Commission to provide suitable rexts for either
slandards or operational instructions, some  quanlilative features can be usefully
recommended for international use. The components of the delinitions of some dosimetric
quantities are best adopred muamationally. The Commission recommends values far such
quentines, In tha past, the Comimission has recommended values For regulatory quantiries
such a5 the dosa limir for individuals. Recommendations for dose limits bave been useful in

avarding inconsistency between national systems. They are not wilhaut problems because it (s
alsp necassary to define the conditions in which rhe limit applies.

(195) The basic role of the optimisation of protection is to foster a “safety culture” as
discussed in paragraph 153 and thereby to engender a state of thinking in evervone imvolved
in the control of radiation exposures, such that they are continuously asking themselves the
question, *Have 1 done all that T reasonably can to reduce these doses?. Clearly, the answer to
this question is a matter of judgement and necessitates co-operation between all concerned

parties and. as a minimum, the operating management and the repulalory agencies
e L




Operating Management
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FPPENDIX 1
mimistrative crgpaakation far cadiological safety

Hospital Authority

P Who 2\ i

Code of Practice
l O ot Radiation Snlety
Tadiatin
"m - " Haapital Clidef Enecative
4
: Chlef of Seqvice
fHxad &f LTalt
A Jrpsiaie
o JMmitact o . Radiatia Pretectiva
Supervisan
Licencees
Fadents, Membar of

Fublic apd StilT

mpliances gHK)

in order of priorities within

(1) Hong Kong Cap 303 (IA, RS)
(2) Licence requirements & “Basic
Safety Standards”(IAEA Safety
Series115)

(3) RB/RHU code of practices &
guidances

(4) HA 1999 Code of practice &
HAHO documents

(5) International reports /
guidances eg. ICRP, NRPB etc




Comforters and Caregivers

9.4. Helpers and carers, and the public

(225) The exposure, other than occupatlonal, of informed and consenting Individuals
helping to support and comfort patients. is a part of medical exposure. This definition

includes the exposures of families and friends of patients discharged from hospltal after

diagnostic ar therapeutic nuclear medicine proceduras. Their exposure s different from that

for public exposure, since the constraints on their exposures are not restricted by the dose

limits. [n Publication 73 the Commission specified that dose in the region of a few
millisieverts per episcde is likely 1 be reasonable. This constraint is not to be used rgidly.
For example, higher doses may well be appropriate for the parents of very sick children, if
they are properly informed of the risks.
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Collective dose

> (number of exposed individual)*(exposure)
Limit < 1 man* Sv/y

Risk values are age dependent

Dose Matrix

(202) Key matrix_elements of such a matrix include the characteristics of exposed
individuals. and the dose distribution in time and space. Aspects to be considered when
establishing the importance of each matrix element in the decision-making process may
include: -

e Number of exposed individuals

+  Magnitude of individual doses

* Dose distribution in time

* Age and gender dependent risks as modifiers to dose distributions
e Equity considerations (achieving a balanced dose distribution)

* Real or potential exposure

Exclusion & Exemption safety
series

[-2. ‘The geaeral principles for exempiian® are that:

ta) thc radiation risks to individuals causod by the casmpod practice o sounce bo
sufficicntly low as v be of oo regulatory concern;

) the callactive cadiological impact of e enempted practiof or souncs e sidfi-
ciently Tow as not I warrenl mgulatoty control wnder the prevaibing civoum-
alances; and

[c)y the escmpled praciicos and snurccs B inherently gafe, wilh no spprccizblc
likclibood of sccnance thal could kzad o 2 Failure to meet the orilerm in (&)
and (B,

T-3. A practice or & source within a practics may be cxempied withoot further
conskieration prowvided that the following ceiterie are med in 211 feasible sivations:

) the effeciive dese expected ro be incwrred by any owetober of the public duc
3 the exetnpiad practics ar dourcs iz of the crder of 10 xSy or l=3s 0 & year, and

{b) elber the collective sffactive dose comunited by one Year of performancs of
ihe practice is no more than zbeut 1 man. Sy or an essessment for the oplimiza-
tlon of promcicon chows thar exerprion 1s the optimum option.

Effective dose < 10 uSv/year for an individual
Ease & accuracy of measurement ?
But Recording of dose >167uSv/month
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Radiation Board
Schedule
Table 1
Dose Limits"
Tixsue ar Drgan Doas Limh? Vierg Parlod
Waorkers, aged 18 o above
{13 Whole body 20 mSv In any calendar year
{21 Individua! organ or Hesum, metramity, 300 m5v In any calandar year
wkin averaged over any t em®
3y tens of the &ve . 150 mSv T any calandar vear
) Abdomen of female worker of 5 mSy in any canaecutive 3
reproductive capeity months interval
(5}  Foetus of pregnant femake waorker T S Diuring the pregnancy
rembars of tho public® €
Whode by 1 mSw in arey calendar yvear
! The dose limite apply to with the of medical

waposures and of exposures from narurl sources mn: cannot reszonably be regarded na being
under the reapenaibility of an amployer or liccnace.

T doae Ilonin pet our in chis pare shalt nos apply w sdult comforen of paiems. be.. 1o dule
indivlduals knowingly sxpotnd while veluntarily holping (other then in thelr employmant or
. oceupation) In the care, support and comfort of pationlz undergoing medicsl disgoosls or
treatment, or to sdult viskors of such patients. However, the dooe of amy wach comfaner or
visitor of padens shall bo convmalned 3o that bt Is unlikely that his' or her dose witl excoed, 3
ringlhapuﬂodolapn:lmld TT LT treatn
- thoda whe have ingested cadicacrive meterisls, should be
aumiurly cm:ntl\eﬁ (L] Iul than | m&v.

? The doxr lomits apply (o the sum oF the Tolnvanl Sotns froim rxlemal EXpoIure en the speciled
pericd snd thw relovam commited doges from Intakes in sthe pame period.  Tha poried for
Ao ahall I bcsuynﬂmthnmhy-dnlu-nqutm

o
apacified paciod and the dosa dois,
sppropriste. from Intake: oT adicactive sSubItANCES in the came period shasl be ued.




Dose limit vs Dose Constraint in Public exposure

5.3.2. Public exposure

(143} Public exposure 15 ncurred as a result of arange of controllable sources. Dose limits
for public exposure can be used only as a basis for national policy. Dose limits cannol in

prineiple be applied to operational control, because neither the operator nor the regulator has
the information about the totality of sources contributing to the dose to be limitedin normal
situations. The only feasible approach is to select a single source, or a small group of sources,
and to estimate the exposure to the most exposed individual or the most highly exposed group
of individuals (the eritical group). For nomal situations, it 1s unlikely that the total exposure
from the defined controlled sources can be judged against the dose mit. This 1s because the
selected sources are only a part of the whole group of likely sources. Therefore, an individual
dose from single source during normal situations has to be judged against the constraint

Dose limits : (Local Rules PET center, QEH)

Table 1. Dose Limits

Tissue or Organ Dose Limit Time Period
Worker, aged 18 or above
1. Whole body 20 mSv In any calendar year
2. Individual organ or tissue, 500 mSv In any calendar year
extremity, skin averaged over
any 1 cm®
3. Lens of the eye 150 mSv In any calendar year
4. Abdomen of female worker of 5 mSv In any consecutive 3 mont
reproductive capacity interval
5. Foetus of pregnant female 1 mSv During pregnancy
worker
Members of the public
Whole body 1 mSv In any calendar year
Adult comforters/visitors of patients 5 mSv During the period of patie
(knowingly exposed) — diagnostic examination or
treatment

1T Every individual using ionizing radiation has a duty to protect himself and others
(including patients) from any radiation hazards arising from his work.




Control of radioactive
wastes

Type Disposal Route Limits

Excreta from Toilet drain Nil

Patients

Liquid Sewer S <1 per day, where S is the

sum of the ratios of the
disposed activities to the
respective Annual Limits on
Intake.

Solid As ordinary refuse <400 kBq per 0.1 m’ and <¢
kBq per article.

Direct to landfill <40 MBq per 0.1 n?’ for NM
radionuclides with half" life
less than 1 year.

Inert gas To atmosphere Diagnostic quantities only

subject to S <1 per day.

Dose constraint :
released patient as a
single source

Released 1131 patient

Release limit of I-131 (400Mbqg ~ 10mCi)
Dose rate @1m  <20uSv/hr

Dose rate @ 0.2m <0.5mSv/hr : at proximity

Dose(2 hours for travelling) <1mSv/2nr

This ceport by Committee 3 gives valuable zuidance regarding whether to hospi-
talise or release patients. Hospitalisaoen will reduce exposure to the public and cel-
atives, but will increase exposure of hospital 2taff and can also cesull in significant
monetary costs that need to be analysed and justified. Patients travelling after radi-
oiodine therapy rarely present a hazard to ather passengers if teavel tines are lirnited
ta a few hours, and restrictions following release of pa tients should focus on infants
and children. The Commisgion now recommends that the public dose limit of 1 mSv/
year should apply to jofanis, children, and casual vizitors, rather than the doze con-
straint of 5 mSviepisode. —

Only for ‘;ﬁis subgroup

ICRP 94




Public transport & Waiting Area

(227) Some public exposure may result from wastes discharged by nuclear medicine
departments. The mplications of such discharges to sewers and of arbome effluents should
be assessed (o ensure the relevant national constraints for public expostre are met. The
adventitious exposure of members of the public in waiting rooms and on public transport is
not high enough to require special restrictions on nuclear medicine patients, except for those
bemg treated with radiotodine for thyrowd cancer (Publications 73 and 94; 1CRP, 1996a,

2004)

SmSv/ episode

ICRP dose constraints
From ICRP Publication 94
1mSvl/y : public®
5mSv/episode : relatives, visitors &

caregivers (ICRP 1991 ,1996)
1mSvl/y applied also to infants,
children and casual visitors

* Licence ( there will normally be
no need to place restriction on
visitors : patient at home)

®
*HK: in Table

I :Dose Limits of
Basic Safety
Standards(RB)




International

ICRP 30 (1982)
ICRP 52 : Radiation protection to patients
ICRP 53 : (1987) addenum ICRP 80
ICRP 60 (1991)

ICRP 68 (1994)

ICRP 73 (1996) :
ICRP 84 Pregnancy and Medical radiation
ICRP 2005

recommendations

Radiarion Dose 1o Parients from Radiophanmaceuricals

eg. (DRL)

[AEAECPAHOWHO Conference (IAEA, 2001)
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DRL

DIAGNOSTIC REFERENCE LEVELS IN MEDICAL IMAGING:
REYIEW AND ADDITIONAL ADVICE

A web moduie produced by Committee 3 of the
International Commission on Radiological Protection (ICRP
Key Points

Diagnostic reference levels {DRLs) should be used by regional, national and local

authorized bodies. The numerical values of DRLs are advisory, however,

implementation of the DRL concepé may be required by an authorized body.
The concept of DRLs allows flexibility in their selection and implementation.

The Commitee 3 advice does not specify quantities, numerical values or details
of implementation for DRLs. This is the task of the regional, national and local
autkorized bodies, each of which should meet the needs in its respective area.

The Committee 3 rationale for its advice is that any reasonable and practical
approach, consistent with the advice, will improve the management of patient
doses in medical imaging,

Reference : ICRP 73 : 1996

I

IAEA

nternational Standards

S e — safety

SER

IES

Radiological Protection
for Medical Exposure to

lanizin

JOINTLY SPOMNSORED BY THE
IAEA, PAHO, WHO

series

g Radiation
Contents, Preamble and Principal Requirements

155 BEWSIE
o F U Appendices
Mo R5-G-1.6
(L) HEER e Schedule |
Schedule 11, pages 9110 180
Year 2002

Schedule 11 pages 181 o 229
Schedule 11, pages 230to 278

Schedules 111, IV, V. V1, Glossary, Index and Conributors

Pl
%@) INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1996

(3473 KB
(2867 KE)

(403 KB}
(3873 KE)
(2506 KE)
(2516 KE)

(3148 KE)

http://www-pub.iaea.org/MTCD/publications/PDF/SS-115-

Web/Pub996 web-1b.pdf




Dose constraints for RS (HK)

in terms of hourly rate

Outside storage area Inside storage room
[Public area] [Occupational areal]
1uSv/hr  (unconditional ?) 10uSv/hr

2 mSvly (if 2000 hrs) 20 mSv/y (2000 hrs)

9 mSvl/y (using 365 days)
HK Bkg dose ~ 2.2mSv/y

aximum constraint acceptable ?

A need to reduce to 10% RS
activity * time max.storage limit

I C RP 2 O O 5 Table 1. Level f conser and nividu effenive dos 5 fncton of e nralbackground,

excluding adon exposures.
TRP:Nead Fordctin LEVEL OF CONCERN EFFECTIVE DOSE

HIGH > 100k
RAISED >1
NORMAL AVERAGENATURAL BACKGBOUND
10w ah /
YONE <Al /

/

exclusion HK: 2mSv




ICRP COMMITTEE 5 Purposes

ICRP’s decision has not been driven by any
Protection of the environment particular concern over environmental
radiation hazards, but by the need to fill a

Development and use of Reference Animals and
Plants conceptual gap in radiological protection.

Ensure compatibility of approach with:

- human radiclegical protection and Any Other reasons ?

- with other forms of environmental protection

COMBINED APPROACH

| Normal, existing and emergency situations I

USES AND CHOICES

| Reference Animals and Plants |
l I Environmental radionudlide concentrations |

Regulatory needs in
radiclogical protection |

Reference Man I | Ref, Animals & Plants ]

l [

Derived consideration iew.fsl

. N | Limits, Constraints l
General environmental Practical

management radiological protection | |
| Policy and management decision making I

Conclusions

“Value”system for justification & optimization
Need common concepts & approaches in RP

Guidance, recommendations & regulations require continuous
reviews and update

Need “specified” responsibilities and “specified” committees

Task group for reviews ,discussions, interpretations and
advices for the above points







