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Rl kS 1
TE R BT F RPN 1
P £ <10+ 7 3 k(keV) 5
10+ & + ik(keV) - 100+ & + k(keV) 10
>100+ 7 & k(keV) - 27 § 7 + K (MeV) 20
>27 8§ %+ Kk(MeV)-207 3 7 + k(MeV) 10
>207F 8 T &+ k(MeV) 5
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!L 2 4¢ 4 7] #(ICRP-103)
B

0.12 0.04
Bk 0.12 A 0.04
g 0.12 %=k 0.04
B 0.12 A% 0.01
LA 0.12 %4 0.01
Hipm s By 0.12 % 0.01
e 0.08 % ’Jf]'\ 0.01

7 R 0.04 ¥ 1



‘.h ICRP-60%:3F £ e ' B

R B e 4.0 5.0
LR o R 0.8 1.0
FrEiiimgld 0.8 1.3

i 2t 5.6 7.3
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Typical Values of Effective Dose for Various Medical X-rays

Body CT 10.6
Cardiac Angiography
Lower Gastrointestinal
Uragraphy

Upper Gastrointestinal
Head CT

Lumbar Spine

Cerebral Angiography
Cholecystography
Abdomen

Chest Fluoroscopy
Thoracic Spine

Pelvis/Hip

Screening Mammaography
CT Pelvimetry

Cervical Spine

Limbs & joints

Head (+eye, +jaw, elc)
Chest Radiagraphy
Dental; Orthopantomogram
Dental: Intraoral

0 2 4 6 8 10 12
Effective Dose / mSv

TR kR http://www.arpansa.gov.au/radiationprotection/basics/xrays.cfm



H| & (2/5)

‘.L ¥ Al aX g ot

¥ABA T IR ERE

http://www.doselnfo radar.com/RADARDoseRiskCalc.html
Most radiology doses taken from Wall and Hart, Brit ]
Radiol, 1997, UNSCEAR 2000 or the 2007 CRCPD
NEXT report; most pharmaceutical doses taken from
ICRP Publications 53 and 80.

¥ LCTH & 7 »& &

Dougeni et al, A review of patient dose and
optimisation methods in adult and paediatric CT
scanning, Eur J Radiol, 2012

10
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Radiographic Procedures

No selection

DEXA DPX-L spine, femur or whole body scan /A
DEXA EXPERT spine, femur or whole body scan
DEXA PRODIGY spine or femur scan V
DEXA PRODIGY whole body scan IN:

o ]

11



yd

Nuclear Medicine Scans

No selection

H-3 Glucose

C-14 Urea, Normal

C-14 Urea, Heliobacter positive

Co-57 Cyanocobalamin, IV no camer

Activity (mCr):

12




" i%ﬁéifﬁ‘ﬁﬁﬁ A B (5/5)

: : Effective dose
Radiographic procedure

DEXA PRODIGY spine or

0.083
femur scan
Abdomen 0.53
Barium enema (10 images, v

137 sec fluoroscopy)
CT chest - helical 9.3
CT chest - axial 13
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NCRP Report No. 160, lonizing Radiation 2006
Exposure of the Population of the United States

Early 1980s

Occupational / Occupational / industrial (0.1 %)
. industrial (0.3 %) ——*
R?______Consumer (2 %) Consumer

Medical

(15 %)
Medical (48 %)
Early 1980s 2006
Collective effective dose
(person-Sv) 835,000 1,870,000
Effective dose per individual
in the U.S. population (mSv) 3.6 6.2

T kR http://hothardware.com/News/US-Population-Radiation-Exposure-On-The-Rise/
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{ )
Terrestrial '“';E,T“" _ ;3

(background) Radon & thoron

(background) (37%)

Computed
tomography
(meerdical) {24%)

Industrial (<0.1%)
Oceupational {<0.1%)
Consumer (2%)
Conventional
(medical) (12%]) Iﬁhmm MIWW
[ff!ﬂlﬂlﬂff'ﬂ]

T4 kR http://fanaticcook.blogspot.tw/2011_04_01_archive.html
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¥ ¢7 - LR AE > 5470
/p, 100 o R 15 A 2 0.1 mSv/mAs
~ 10 mR/mAs)

e E A EmAS= b kVp_I = Ao
LL ,ﬁ%r%i_l—r E\'ﬁ LU

Z2Xk i * 70 kVp 100 cm/%@i% | 5% R
0.1 mSv/mAs: %+ & i£i290 Vp, 2
mAs, 120 cm

D = (0.1 MSv/mAs) x (2 mAs) x
(90/70)2 x (100/120)2 = 0.23 mSv

17
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BERE Y ¢ L XK IR IR DS s
Btz d 2o o JeHEHEE Y 95
4 % St 2 /1000 o Xk #s2 kVp4x 3 - f
fﬁ X4 o ZUXkn ER o f<1-
ZRAXE T R H R REHNT F B
L‘ﬁf’_’ij”‘ AR /fz & pF A #F:50.87
mGy (0.1 R & 1 mSv) -

T3 E L~ Fpdet E oo
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LEirE R PR AEE
Imear nontheshold) iEze 1 37
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oo R L AT 2
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& I8 Fr 4 (2/2)

Under-protective

s
o 7
A2

i I, -INT,/ Over-protective
= L

Risk of developing cancer

L«

100
Effective dose (mSv)

AL kR http://msja.anu.edu.au/archive/issue/05/radiation-exposure-from-diagnostic-imaging.php 50
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/{

% 25 (Luckey)1982 & 4 % 7 s i (hormesis)
AP X ARG SRE KB DT E BAE
15 5+ (~<100 mSv) > € A& 4 Fri| £ it ~ FFfE
E-HRIBALEBN ~ BEBF T o & ~ R Ac¥HA
i £ 5 F vk o

EAN A PP SN RE T X )&y%\  ZH ':’Li-”ﬁ ig 5119
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QI g
Y
P
3

10000

~ -

Q -

5& -
§ 2 1000 .
:T F .
A v -
g or B .
D © - »
";:; ::_), 100 g v rate of leukemia
31 - . deaths among the
S o - subjected persons
R E B exposed to 0 ¢Gy
s 2 0 ! Ll L1l [ T B A T
o o

1 10 100 1000

Organ Absorbed Dose (cGy)

Hiroshima Data Shows Protection from Cancer for Low Doses

ok kR http://www.radiation-hormesis.com/ 29
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"NO ACCIDENTS BELOW |
SPEED
100 MILES PER HOUR"
LIMIT

who says that? No one. 1 00
mph

"HEALTH EFFECTS non-existant
below 100 milli Sievert"

DOSE
LIMIT

100

who says that:

\
{ L5 mSv
IGRP LV ‘
SN L
INTERNATIONAL COMMISSION ON IAEA VoA
RADIOLOGICAL PROTECTION | mumstencinmric chomy gerey| [N

Nuclear Lobby Denies Low-Dose Radiation Effects With The The 100 Millisievert Threshold Lie:

_-.
'f" www.strahlentelex.del The_100_Millisievert_Threshold_Lie_Statement_German_GSS.pdf
www.tekknorg wordpress.com

L kR http://tekknorg.files.wordpress.com/2013/05/100msv100mph.jpg
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Committee 1 — Radiation Effects

Committee 2 — Doses from Radiation
Exposure

Committee 3 — Protection in Medicine

Committee 4 — Application of the
Commission’s Recommendations

Committee 5 — Protection of the
Environment

24
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1.

2.

No. 84. Pregnancy and Medical
Radiation (2000)

No. 85. Avoidance of Radiation
Injuries from Medical Interventional
Procedures (2000)

No. 86. Prevention of Accidents to
Patients Undergoing Radiation
Therapy (2000?

No. 87. Managing Patient Dose in
Computed Tomography (2000)

25
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5.

No. 93. Managing Patient Dose in Digital
Radiology (2004)

No. 94. Release of Patients after Therapy
with Unsealed Radionuclides (2004)

No. 97. Prevention of High-dose-rate
Brachytherapy Accidents (2005)

No. 98. Radiation Safety Aspects of
Brachytherapy for Prostate Cancer using
Permanently Implanted Sources (2005)

26



‘_L ICRP¥ &5 7 11 s

o. No. 102. Managing Patient Dose in
Multi-Detector Computed
Tomography (MDCT) (2007)

10. No. 105. Radiological Protection in

Medicine (2007)

11. No. 106. Radiation Dose to Patients
from Radiopharmaceuticals —
Addendum 3 to ICRP Publication 53

(2008)

27



i ICRP%?EE f7 A1 B B (4/5)

12.

13.

14,

No. 112. Preventing Accidental
Exposures from New External Beam
Radiation Therapy Technologies
(2009)

No. 113. Education and Training in
Radiological Protection for Diagnostic
and Interventional Procedures (2009)

No. 117. Radiological Protection in
Fluoroscopically Guided Procedures
outside the Imaging Department
(2010)

28



i ICRP%?EE [ 41 5 5o(5/5)

15.

16.

17.

18.

No. 118. ICRP Statement on Tissue
Reactions / Early and Late Effects of
Radiation ... (2012)

No. 120. Radiological Protection in
Cardiology (2013)

No. 121. Radiological Protection in
Paediatric Diagnostic and
Interventional Radiology (2013)

No. 123...

29
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Doctor, don't you No Ms Williams,
think | should | really think that
have a new this examination
chest CT scan? will not add

Just to be on the something to the
safe side correct

assessment of
your condition

Resist patient wishes to be examined
when you feel it is not necessary

7oL k& : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
54
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CT scans are among the most common radiation dose
burdening examinations for patients

The effective dose from one chest CT scan may be equal
to the corresponding dose of about 500 PA chest X rays

7oL k& : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
56
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Large patient Small patient

Adjust exposure parameters
according to patient and body part

Images courtesy of: MK Kalra, S. Singh, MGH Webster Center
for Advanced Research and Education in Radiation
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B BRI (S R E 6 # 10%) -
ZE PR B R ,:};?;]j}‘ o
ERFERF - BRERZITE -
AR

59



B i 1 (4/10)

Incorrect exposure factor selection in
screen-film radiograph

Overexposed Underexposed

\é@t-- _bj Fadiation Protection in Digital Badiology L05 Dygital Radingraphic fnage Processing

60



Image Quality: Unnecessarily high Image Quality: Adequate for diagnosis

High quality /Crisp images may look nice but they impart higher
radiation dose to patients

Start using images with some noise without loss of diagnostic

- = Images courtesy of MK Kalfra, 5. Singh, MGH Webster Center
I nfﬂ rm ﬂt ion for Advanced Research and Education in Radiation
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Inverse Square Law

4 x Area
¥a X hilensgty

1 ¥ Ares

source

2d

(&aea

7 4L %k : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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Patient doses — collimation

Collimation to square inside image reduces
dose-area product by 36 %

Area of circle = nr®
Area of square = 2r°

(mrs = 2r2) nrf = 36 %

All else being equal

S)AEA

7oL k& : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
64



| B 1F ¢ (9/10)
4unitsof |
\ intensity l | (made
. receptor

1 unit of

intensity l

= Image Image
receptor receptor

0 1 2

1 1
I |

Yo,

Minimize distance between the
patient and the image receptor

7oL k& : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
65



| B i 1Y (10/10)
Entrance Dose to Patient vs. Imaging

Geometry

Lowest (GOOD) e = Highest {E.—'k[l}

'I-II:I:IMIP'II: ‘ q E!ﬂ-ﬂd'..li'rh

!

-

Inage Intensifier closg Image mtensifier far from
patient,s e-far from patient. X ray tube close to
patient patient

u IAEA From: J American College of Cardiology 2004; 44(11): 2259-82

7oL k& : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
66



A BN
1 3K 1.9 260 137
ski¥ 1.0 318  31.8

Muhogora et al. Patient doses in CT examinations
in 18 countries: initial results from International
Atomic Energy Agency projects. Radiat Prot Dosim
2009;136(2):118-26.
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i CT#H| & B3 1 (2/3)

1. Large dose variations were observed (up to 32-fold)
with some individual sites exceeding the
recommended dose reference levels, indicating a
large potential to reduce dose.

2. Exposure parameters are not always adjusted
appropriately to the clinical question or to patient
size, especially for children.

3. Dose reduction techniques, such as tube-current
modulation, low-tube voltage protocols,
prospective echocardiography-triggered coronary
angiography and iterative reconstruction
algorithms can substantially decrease doses.

68



Tell me please:
Have you had any
other CT scans
recently?

Repeat scanning of the patient to save
time because previous records are not

readily available is not part of a good
practice

7 4L %k : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
69
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Always ask if the woman of
reproductive age could be pregnant

7oL k& : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
72



If you are pregnant

or think you may be, . ‘
please inform the .

X-ray technologist
before having an ‘
X-ray taken

T kR http://asmah-andy.blogspot.tw/2013/09/kehamilan-dan-radiasi-perubatan.html
73
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7 kR . http://asmah-andy.blogspot.tw/2013/09/kehamilan-dan-radiasi-perubatan.html
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A 47X e — P25 £ 6)

Average dose of radiation

Plain chest 0.01 mGy or less
Plain abdomen 1.4 mGy

Plain lumbar spine 1.7 mGy

CT head 0.005 mGy or less
CT chest 0.06 mGy

CT abdomen 8.0 mGy

CT pelvis 25.0 mGy

L kR http://www.global-peace.go.jp/en/qfile/a05.html



4 £ AR ~ Fo MR

= [sai et al. Survey of computed tomography scanners in
Taiwan: Dose descriptors, dose guidance levels, and
effective doses. Med. Phys. 2007;34:1234

= Brent. Saving lives and changing family histories:
appropriate counseling of pregnant women and men
and women of reproductive age, concerning the risk of
diagnostic radiation exposures during and before
pregnancy. Am J Obst & Gyn. 2009.

= Examples of the answers to questions posed by women
and men who have been exposed to radiation
(www.hps.org) = ATE (ask the expert).
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Shielding appropriate?
Mariring of films, ID etc. appropriate?
A rea collimation appropriate? Field size and location.
Restriction of child motion appropriate?

T echnical settings appropriate? Shortest exposure time, kV up.

7 4L %k : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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Antiscatter grid
The anti-scatter gridiifipediatrics,gives
imited | ement in image quality

7oL k& : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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Adaptive
Dose Shield

smmmm Dose Shield
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Dose Shield ®EEEE

Up to 2 50/0

dose savings

TR kR http://www.healthcare.siemens.de/radiation-oncology/linear-accelerators/computed-
tomography-for-radiation-oncology/somatcom-ct-for-radiation-therapy/features
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Pediatric

80 kV Protocols

VLY

iy o e |

G4 e —=
Up to 500/0

dose savings

TR kR http://www.healthcare.siemens.de/radiation-oncology/linear-accelerators/computed-
tomography-for-radiation-oncology/somatcom-ct-for-radiation-therapy/features
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X-Ray
CARE

Dose 44D Noise ReTRTS
>

-

w4

Image Data Image
recon | correction

I

:_“Up to 600/0

dose savings

TR kR http://www.healthcare.siemens.de/radiation-oncology/linear-accelerators/computed-
tomography-for-radiation-oncology/somatcom-ct-for-radiation-therapy/features 84
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Thanks for your attention



