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生命寶貴 代價

Quality  of   Life
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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.”
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Transformation of Social & 
Economic values feasible ?

Radiation detriment to health =     ?   $

1  male adult Life =      ?   $

1  female adult Life =      ?   $

10 mSv Risk =     ?   

1  child Life =      ?   $

Controversial  :    Utilitarian Ethics

Actuary :  保險精算師,保險公司精算人員
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Decision Making  and   Justification

Σ j[  Σ wj*Benefits(jth )   - Σ Risks (jth) ]  >  0

Sum over all jth

factor from {society 
& environment} 

Who 
decides?

Standard value ?Standard value ?

利益 風險 剩餘正數

Wj:
“Equal”

factor
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1977

Life Cost             Cost in Protection   measures
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Concept of sources & 
exposures

(1) patients
(2) public
(3) workers : classified radiation workers
(4*) patient comforters, caregivers
(5*) workers : non-classified workers ( clerks, 
Minor staff, technicians etc)

8

Occupation Informed individual

general individual

publicnon-trained

trained

Exposed individuals : “Rights” to know

Worker
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Controllable & Uncontrollable sources

10

Uncontrollable exposure

Passengers

Air crew



PYNEH 2005/3/21

Title goes here 6

11

Background Dose    vs “Existing Annual Dose”

eg. From natural sources , cosmic rays
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National Standards

International Standards

Which?

How?

UK USA
NRPB

IRR
10CFR Part 20,35 

ARSAC 98

NRC

NUREG-1556

Local Standards

IRMED

CHINA
HK

RSA 93
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Who? How?
Why?

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

Reactor: 
A key to energy 
crisis ? Started operations

1 Feb , 6 May 1994
> 10 years old

Energy, Air Pollution, Health

Society:國計民生
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Nuclear Reactors distribution in China

the 4th nuclear plant in this island is ..…….

HK
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ICRP 2005

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

Justification : Controversial

16

The Current and Coming Recommendation 
from ICRP
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Chernobyl Accident: 25,26 Apr 1986 at Reactor 4, Ukraine, USSR

In the early 1990s some US$400 million was spent on improvements to the remaining reactors at Chernobyl, 
considerably enhancing their safety. Energy 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.)

Justification:
Running ? Closure ?

Energy ?   Health ?

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

Radioecology study

“Anthropocentric and Ecocentric Principles of Environmental Protection”,
containing a new relevant conceptual rule of  radiation protection of humans
and the environment.

• "Radiobiological Effects in Environment Components. Radioecological
Significance of Exclusion Zone Facilities”;

• “Distribution and Migration of Radionuclides in Environment
Components”;

• “Rehabilitation of Contaminated Territories. Methods and
Instrumentation for Radioecological Research”.

放射生態學 ( 研究放射性物質與生物的關係 )
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Concerned parties in the operations

Nuclear Industries

Medical

IndividualsEnvironment

Spectrum of radiation in various operations

20

Benefits

Risks

EthicsStandard “Values”?

Government

“affected”
individuals…critical

Operating management

eg. Military,
Nuclear industries

Hospitals

regulate

manage

express

Laws
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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 !!

22

Safety Culture

?
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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 

effective 
analysis

Optimization 
of protection 
ALARA

Benefits > 
Risk  : Value 
judgement

24

5Justification1Optim
ization 3 Do

se
4 Li

m
its

2

1mSv ?

20mSv ?

Benefits

Risk

Constraints

Value system :   Society--->  Individual

Numerical optimization ?

A
LA

R
A

social

economic
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Reduction of dose limit

ICRP30

ICRP60

ICRP 2005?

ICRP26

Level of Protection increases

mSv/y

26

Our current reference still in use
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不適當地;不正當地;有違道德標準地

緊急事態;不可迴避的義務

功利主義

義務論;道義學
Ethics倫理觀

Stakeholders

Capitalism資本主義
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Different Interest parties &
dose limits

Regulators
ICRP 

commissions
IAEA

WHO

Operating 
management

Benefits/Risks

Nuclear 

Industries

Environment
/Habitat

Pu
bl

ic 
/ 

In
di

vi
du

als

Medical 
sectors

< 1mSv

>20mSv<< 1mSv

>1mSv

0.01mSv

>100mSv

>100mSv

< 0.3mSv
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Conflicts ?

Recommendations

Justification

Current regulations, standards,practices & guidelines

Interpretation
How ?

Who ?

Accept or Reject ?

Who ?

advice

advisors

licensees

30
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Examples of 
Radiation 
protection in 
Hospital services

32

Nuclear Medicine

Radiation sources

Radioactive substances Irradiating apparatus

Sealed  radioactive sources

Unsealed  radioactive 
sources

check sources Co57 Tc99m, I131, F18,C11, O15, N13

CT-PET

Transmission sources  Gd153,Ge68, Cs137

{*Patients}

Cyclotron

{*Wastes}
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Hospitals, Clinics

Family

Comforters/
Caregivers

Elderly homes
Passengers in 

transport vehiclesChildren

Staff

Patients
foetusVisitors

34

Isotopes Half-life Specific gamma ray constant
　 :  R*cm2*mCi*hr-1

Co-57 270.9 d 1.007
Tc-99m 6.02 h 0.772
Tl-201 3.04 d 6.625
Ga-67 3.26 d 0.767
In-111 2.83 d 3.288
Cr-51 27.7 d 0.177
I-131 8.04 2.2

C-11 20.4 m 5.906
N-13 9.97 m 5.909
O-15 122 s 5.914
F-18 110 m 5.725

~ 2 uSv/hr  at  1m from a  1mCi point source

External dose rates

from radioactive sources 

used in NM Γ
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~ 11mCi

Close contact dose ~ 2mSv per hour

Pregnancy and Medical Pregnancy and Medical 
Radiation (ICRP 84)Radiation (ICRP 84)
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Protection on pregnant patients
ICRP 84

38

Breast-feeding
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Prevention of Accidental Prevention of Accidental 
Exposures to Patients Exposures to Patients 
Undergoing Radiation Undergoing Radiation 
TherapyTherapy

ICRP 86ICRP 86

40

List of Recommendations for 
prevention (ICRP 86)

Overall preventive measure: a Quality 
Assurance Programme, involving

Organisation
Education and training
Acceptance testing and commissioning 
Follow-up of equipment faults
Communication
Patient identification and patient charts
Specific recommendations for teletherapy
Specific recommendations for brachytherapy
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ICRP 2005

exclusion

mSv

New levels of protection

public

Occupational

> 20mSv

< 1mSv

42

Protection measures in 30mCi Tc99m  SPECT QA setup

Before safety design

After  safety design : Optimization of Protection
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Advancements in 
the 21st century

New regulations needed ?
new structure of responsibilities ?
new guidelines written : eg. NM, critical 
groups, pregnancy, breastfeeding 
,CT/PET ?
new protection levels adopted ?
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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
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46

< 1µSv/hr
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48

< 1µSv/hr
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< 1µSv/hr

50

Sources

Situations: Normal/Emergency

Classes of exposures:
Medical

Occupational
Public

Individuals
Levels of protection

Dose limits

Dose constraints

Exclusion level
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Single Source

Normal   /   Emergency
Accident/Controllable existing exposures

situations

A Class of exposure:
OccupationalOccupational

PublicPublic
[X]  Patients[X]  Patients

Most exposed
Individual

D
ose Constraint

eg. By design
By administration , practices

procedures , etc

52
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ICRP 30

20 mSv in any year ICRP 60      
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--------------------------------------------------------------------------------

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

PART V

CONTROL 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
person to be exposed to a dose of radiation to any part of the body in excess
of-
(a) in the case of a person employed in radiation work, the dose limit; or
(L.N. 225 of 1990; L.N. 154 of 1995)
(b) in the case of any other person, 1 millisievert, (L.N. 154 of 1995)
in any calendar year.
(2) Any person who contravenes any of the provisions of subregulation (1)
shall be guilty of an offence and be liable on conviction to a fine of $15000.
(L.N. 97 of 1970; L.N. 225 of 1990)

--------------------------------------------------------------------------------

Medical

Exposures

Occupational

Public

Interpretation : Any flexibility? Average in 5 years?

56

ICRP 2005

exclusion

mSv

New levels of protection

public

Occupational

> 20mSv

< 1mSv
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Dose limit=20mSv

Dose limit = 1mSv

Dose constraint=5mSv

Emergency level=100mSv

Exclusion level=0.01mSv

Background Dose

Full Range 
Dose Levels (interpolate/extrapolate)

58

Public

Individual related Source related
(ICRP 2005)

Control of radiation source

Σ i  (<1mSv)i    for individual dose is still less than 1mSv/y ?
para164
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‘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

Optimization of protection(1)

ICRP 2005

Other parties involved in optimization of protection ? Yes !

Issue of TLD dosemeter to staff?

60

Optimization of Protection (2)
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Hospital Authority
Operating Management

Code of Practice
Who ?How ?

Licencees

62

Compliances (HK) 
in order of priorities within HA

(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
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Comforters and Caregivers

64

Age

effects

DRL
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Collective dose

Dose Matrix

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

Risk values are  age dependent

66

Exclusion & Exemption

Effective dose < 10 µSv/year for an individual
Ease & accuracy of measurement ?
But Recording of dose >167µSv/month



PYNEH 2005/3/21

Title goes here 34

67

HK : 75Bq/g

68



PYNEH 2005/3/21

Title goes here 35

69

Dose limit  vs Dose Constraint in Public exposure

70

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,

extremity, skin averaged over
any 1 cm2

500 mSv In any calendar year

3. Lens of the eye 150 mSv In any calendar year
4. Abdomen of female worker of

reproductive capacity
5 mSv In any consecutive 3 mont

interval
5. Foetus of pregnant female

worker
1 mSv During pregnancy

Members of the public
     Whole body 1 mSv In any calendar year
Adult comforters/visitors of patients
(knowingly exposed)

5 mSv During the period of patien
diagnostic examination or
treatment

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

Dose limits : (Local Rules  PET center, QEH) 
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Control of radioactive 
wastes

Type Disposal Route Limits

Excreta from
Patients

Toilet drain Nil

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 m3 and <4
kBq per article.

Direct to landfill <40 MBq per 0.1 m3 for NM
radionuclides with half  life
less than 1 year.

Inert gas To atmosphere Diagnostic quantities only
subject to S < 1 per day.

72

Released I131 patient
Release limit of I-131 (400Mbq ~ 10mCi)
Dose rate @1m      <20µSv/hr
Dose rate @ 0.2m  <0.5mSv/hr : at proximity
Dose(2 hours for travelling)  <1mSv/2hr

Dose constraint : 
released patient as a 
single source

ICRP 94

Only for this subgroup
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Public transport & Waiting Area

5mSv/ episode

74

ICRP dose constraints
From ICRP Publication 94
1mSv/y : public
5mSv/episode : relatives, visitors & 
caregivers (ICRP 1991 ,1996)
1mSv/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)
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ICRP 30 (1982)
ICRP 52 : Radiation protection to patients 
ICRP 53 : (1987) addenum ICRP 80
ICRP 60 (1991)
ICRP 68  (1994)
ICRP 73  (1996) :    eg. (DRL)

ICRP 84 Pregnancy and Medical radiation
ICRP 2005

International    recommendations

76
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DRL

Reference : ICRP 73 : 1996

78

Year 2002

http://www-pub.iaea.org/MTCD/publications/PDF/SS-115-
Web/Pub996_web-1b.pdf

International Standards
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Dose constraints for RS (HK)
in terms of hourly rate

Outside storage area
[Public area]
1µSv/hr   (unconditional ?)

2 mSv/y (if  2000 hrs)
9  mSv/y (using 365 days)
HK Bkg dose ~ 2.2mSv/y

Inside storage room
[Occupational area]
10µSv/hr
20 mSv/y (2000 hrs)

maximum constraint acceptable ?
A need to reduce to 10% RS 
activity * time max.storage limit

80

ICRP 2005

exclusion HK: 2mSv
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Purposes

A good preparation for Nuclear “Emergencies/Accidents/Disasters”

Any other reasons ?

82

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
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