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Uranium-238 Uranium-235

'/25mm (1in)

10 gram sample

i Uranium metal highly enriched in uranium-235
Complete table of nuclides sl bl PV ERTICTICC M LIRMAn

General

Complete table of nuclides

Mame, symbol
Meutrons

Protons

Uranium-238, 233

146
92

Nuclide data

Matural abundance

Half-life
Parent isotopes

Decay producis
Isotope mass
Spin

Decay mode

Alpha decay

99.2745%

4 468 billion years

247 .
%Py ()

2386.05078826 u

0

Decay energy

4 267 MeV

General
Name, symbol Uranium-235, 235y
Neutrons 143
Protons 92
Nuclide data
Natural abundance | 0.72%

Half-life 703,800,000 years

Parent isotopes

Decay products

Isotope mass

Spin

Excess energy

Binding energy
Decay mode Decay energy

Alpha 4679 MeV
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Acute Radiation Syndrome (ARS)
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Areaof the skin dose injury
50
40
30

Angulation

Rotation

‘ Chronic total occlusion
procedure made at the SCUH
on October 2010. Cinical

.. follow-up. Image 45 days

after the procedure.

".

Importance of a patient dosimetry and clinical follow-up program in the
detection of radiodermatitis after long percutaneous coronary interventions.
Vano E, Escaned J, et al. Cardiovasc Intervent Radiol. 2013 Apr;36(2):330-7.




Table 2.2. Thresholds for tissue reactions (ICRP, 2007).

Tissue and effect

Threshold

Total dose 1n a
single exposure (Gy)

Annual dose 1n the case
of fractionated exposure (Gy/year)

Testes
Temporal sterility
Permanent sterility
Ovaries
Sterility

Lens

Cataract (visual impairment)

Bone marrow

Depression of haematopoiesis

Heart or brain
Circulatory disease

0.1
6.0

3.0

0.4
2.0

>(0.2

0.5 divided by years of duration

>0.4

0.5 (total dose tor fractionated exposure)
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2{ (detriment-adjusted

nominal risk coefficient)
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1 chest CT scan ™

mGy 5 > 5I38E={C3E

8 mSv =2 20 mGy to breast

5~ 15 CT scans =2 carcinogenic effects
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*%’—_Ig—(;z\gllréﬁ_\ Hiroshima and Nagasaki

For the average radiation exposure of survivors within 2,500 meters (about 0.2 Gy), the
increase is about 10% above normal age-specific rates. For a dose of 1.0 Gy, the
corresponding cancer excess is about 50% (relative risk = 1.5)

The excess number of solid cancers is estimated as 848 (10.7%)

Table. Excess risk of developing solid cancers in LSS, 1958-1998

Weighted colon dose Cancers

G LSS subjects Attributable risk
(Gy) Observed Estimated excess

0.005 - 0.1 4.406 1

75

179




The dose-response relationship appears to be linear, without any apparent threshold
below which effects may not occur
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The probability that an A-bomb survivor will have a cancer caused by A-bomb radiation
(excess lifetime risk) depends on the (1)dose received, (2)age at exposure, and (3)sex.

Other analyses (not shown) indicate that females have somewhat higher risks of cancer
from radiation exposure than males do.
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Estimated Fetal Radiation Dose Based on "Typical” Exposure Yalues n N
W — M= - IREEIZ <5000 mrem
Fetal Dose mrem, (mSv)

Study : T = (0.05 Gy, 50 mGy)E’JH,J\EEﬁHA%

Early Pregnancy 3 Month ‘ 6 Month | 9-Month |
| &P Pelvis 144 {1.44) 131 (1.31) || 127 (1.27) || 157 (1.57) =

' pa Pelvis 1 40any | 16016 | 232 (2.32) | 100 (1.00) .
L ! B https://radpage.wordpress.com/radiation-

dose-tidbits/

MREM DOSE
IMAGING of MOTHER TO FETUS

Hi1 Fernur aroximal) CR

[Lumbar SpineCR__ | 720
—-
1 mrem = 0.01 mSv Felyis LR 21

: Thoracic SpineCR__ | 11
1 Gy (gray) = 1 Sv (Sievert) —_

Intravenous Pyel (IVP)

| Lateral Pelvis 53 |E| 53| 32 (0.32) 48 (0.48) | 52(0.52) |

;',-e.,p T-Spine (wide FOV) || 1.8 m 018 1 [1.1(0.011)][6.3 (0.069)| 13 (0.13) |
| &P T-Spine (nharrow) 1.2 (EI.DlE’) (0.8 (0.008) | 4.6 (0.046) 8. |
| Lateral T-Spine 1 o06@ooe) | 0.6 (0.006) "'1.? (0.017)][3.2 ¢

&P Lumbar Spine || 225(2.25) | 1197 (1.97) || 394 (3 |

| Lat Lumbar Spine | 113(1.13) || 6" (n 62) | 8

HIRRRAET -

&bdnmwn Pelvis CT

Chest CT for PE
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Acute Radiation
Dose* to the
Embryo/Fetus

0.05-0.50 Gy (5-
50 rads)

> 0.50 Gy (50
rads)

The expectant

depending on her
whole-body dose.

Time Post Conception

Blastogenesis
(up to 2 wks)

Incidence of failure
to implant may
increase slightly, but
g iving embryos
will probably have no
significant
(noncancer) health
effects

Incidence of failure to
implant will likely be
large+, depending on
dose, but surviving
embryos will
probably have no
significant
{noncancer) health
effects

Organogenesis

Fetogenesis

(2-7 wks)

Incidence of major
malformations may

slightly
Growth retardation
possible

Incidence of

pending on dose
Substantial risk of
major
malformations such
as neurclogical and
meotor deficiencies
Growth retardation
likely

(8-15 wks)

to 15 points, depending on
dose)

Incidence of severe mental
retardation up to 20%,
depending on dose

Incidence of miscarriage
probably will increase,
depending on dose

+ Growth retardation likely
+ Reduction in IQ possible (>

15 points, depending on
dose)

Incidence of s e mental
retardation = 20%,
depending on dose
Incidence of major
malformations will probably

(16-25 wks)

Noncancer health effects NOT detectable
ragas

« Growth retardation possible
+« Reduction in IQ) possible (up

(26-38 wks)

MNoncancer health effects unlikely

Incidence of miscarriage
may increase, depending
on dose

Growth retardation
possible, depending on
dose

Reduction in IQ possible,
depending on dose
Severe mental retardation
possible, depending an
dose

Incidence of major
malformations may

Incidence of
miscarriage and
neonatal death will
probably increase

-

depending on dose®

*Acute dose: dose delivered in a short time (usually minutes). Fractionated or chronic doses: doses delivered over time.
For fractionated or chronic doses the health effects to the fetus may differ from what is depicted here.

tBoth the gray (Gy) and the rad are units of absorbed dose and reflect the amount of energy deposited into a mass of
tissue (1 Gy = 100 rads). In this document, the absorbed dose is that dose received by the entire fetus (whole-body fetal
dose). The referenced absorbed dose levels in this document are assumed to be from beta, gamma, or x-radiation.
Neutron or proton radiation produces many of the health effects described herein at lower absorbed dose levels.

TA fetal dose of 1 Gy (100 rads) will likely kill 50% of the embryos. The dose necessary to kill 100% of human embryos or
fetuses before 18 weeks’ gestation is about 5 Gy (500 rads). § For adults, the LD50/60 (the dose necessary to kill 50% of
the exposed population in 60 days) is about 3-5 Gy (300-500 rads) and the LD100 (the dose necessary to kill 100% of the

exposed population) is around 10 Gy (1000 rads). https://radpage.files.wordpress.com/2010/12/cdcprenatalradiation.pdf
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A.0.1 Gy B.0.1rem C. 10 mGy D.10 mrem

2. ERZ#®8-15FHE - EHEREHER 0.2Gy - NMlUEAZREERRTS L7
A ERELE B. & 1R C.mE D. \EEIELE

3 GEPWAE  ERENBREIR TR H RS I 7
A ERERE B. 81K C. mE D. DE R EERE

4 wIRFZPBER NIERE @HEHS/HAEET;(E%U SESEEEE=
A FLEES B H’Jﬁﬁxtﬁ% C. ERRXFeE® D. WX tEs

5. Mg Xt ERmE R INESTNE&EA ?
A. HERPARESS B. ?L}E'Xﬁ‘é 27 C.RECOUER D IREOESR



tzBeEMIMNVER ST B =

|| B2 =4 =4-c@FE 4t B8 85 (7 :
J | = T = /'I\Hx?x BB\ : BEPRF

R HE & #@ 57508 cR/LVBIHE

AEPIEME = 0535 0584  EMTHSAE ERTHSASE
18 87 7515 0.307 . 0.339 0.270~0.368

= [BR3 Bt B2 Es R

5% 53 Bt B

0.053 ~ 0.139
#Z:u e oot . oosoo.  Toowsnter |
PSR 068 . ERGESAS ERTESAE
1887 7535 0.0673 : 0.038 ~ 0.086

—MRABFEFINANSUHEZERER 1 AHK - ASERBEFHAEEEE)
1 & = 8760 /M\i5

http://wapp4.taipower.com.tw/nsis/web/006.html



= BE

(?z’iia‘:ﬁ e

GRUAR
0.042

5t KIBRREERIRIFIR B HIMEULS E%(95.08.09) 88N 2 B RIEHIEISEER ——
S FRiNES © 0.0641PHFH/MF ~ S4EHBEE © 0.06017HPE5H/0F

BT EET  HAERTAXAEHEEE  RRRRLEE

http://wapp4.taipower.com.tw/nsis/web/006.html




1Z BE AR BE

| I-_':-rl!‘el-li‘-"E"1 Medium-lived
fission products fission products

Prop: t, Yield Q* By Yield Q* py*
Unit: (Ma) (keV) * '

9T 021161385 294 B
12850 0.230 0.1084 -

T35e 0.327 0.0447

#37r 1.53 5.4575

Prop: ty

z

Unit: (a)

123Ey 476 0.0803 By

ST 10.76
113Mcg 141
5128 9

1370g 30,23
5.5 1.2499 121mgn 439

12.7 0.8410

Ma = megaannus = BE&F
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MWRH =K MEN=H

F
=, (BKT,/BEHT)
) I%H )ﬂz . 1 I
BT ( ) "9l @| @
— B prOton WE | |BRE BT mermer
=4.8 MeV/c? =95 MeV/c* =4.18 GeV/c 0

— % (neutron)
- B (electron)
- B= Eﬁz RF P ’f¥+ T HYEEE [ |

FSEx2 p*  1.673x10% 3 +le >21x10%%F
FEmExl

F=mxl 1.675x10-%/ : 881.5 #
S5 X2 (BH$T)

BRI e 9.109x103! : 1BE

le=16x10PC(BEEFNFES)
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Subshell Shell #E _
Shell  Subshell i Beryllium
max max : 9.0122

name name 12
electrons | electrons

IWagnesium
K 2 g 24 305
20

Calcium
40078

11:Sodium : 18Ar : Ne 3s2 3p®

K= 2 " 2,8,8

L8

19| - 1
M: 1 K: Ar4s

2,8 8,1
20 . 2
gt ¢ EIEET 8 Fig [ ] Ca2 §r8452
HETE sharp 1 O, O,
T [ : 21Sc : Ar 3d14s2

- principa )
- 2,892

H=EEL! | diffuse
HIUBE L | fundamental

BRABEL E | fHE—EEE
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JRFHFE 0 491012cm
SH  (RHMRE) 1290 SR FEZ = 6.02x1023
5{UZ : (isotope)EEHBBFE - FEIPFFE (Al : 59Co, 6°Co)
02X : (isotone)BBEAEITFE - REIBFE (6 : &Y, 92Mo)
5 ()2 : (isobanEAMBEBEE (I : 40C|, 4K)
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- 1 EAEFEB 1ox 109 CHE=
- 1A=1/(1.6x1019 =6.24 x 1018 EE+
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— 1EEF=R1IRESESZNMR -  2ESF1L6ox101° EHWEE=E
— 1£H =6.24x 108 %?17%4% (eV)
- EERPES—EEEFE - FE 34eVWEE=

HRTE ﬁﬁﬁﬂﬁz%z“gﬁifxﬁrm BN
- Bl BCIBERT5% - I7Cl BER 25%
FHFEFE = 35x75% + 37x25% = 35.5
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160

140

120

100

80

60

40

20

20

40

60

80

100

stable
104 yr

1012 yr
1010 yr
10% yr

106 yr

L 10% yr
- 100 yr

-1 yr
L 10% s

104 s
100 s
ls

102 s

L 104 s
L 10 s

L1078 s

no data

Isotope (EIZR)
(B2 Z HH[E)

in(82Pb)AUE B2/ ~ B ERIE
%= : Pb-204 (1.4% ) - Pb-206
(241% ) ~ Pb-207 (22.1% ) H
Pb-208 (52.4% ) - & =1&EHH-
238 ~ #ffl-235F§1-2324858 — %5
HEBNERREY) - BERERF
R RIZE4.47x10%% - 7.04x108
fE%D]_ZI.x]_OlOfE /\ﬁpb 2047\E§
REEN - FFREEY -
Pb-208EIZEMEMUEFEERK -
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« BJHE :
- B EV) . RER—BAEF(FitE=51.6x1019C0)&
BIAREHNENENREFIESNEEE(1.6x10°19)) -

1 107 6.24x1018 6.24x1012

418 4.18x107  2.61x101° 2.61x1013

1J=1nt-m=1kgm/s?- m=107g-cm/s?- cm (erg)
1 nt=10° dyne = 10> g -cm/s? 1erg=1dyne-1cm

- BEEHEE - E=mc2 (ImABFILLE=
E = 9.109x1031 x (3x108)2 = 8.198 x 10 14 J = 0.511 MeV

electron —
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1. MAgES BN - fIER&/N?
A. MeV B. erg C. Joule D. calorie

LREFRHREBANES  E—REFM—REREFEELEEE  SHREZDEE

=7

A.0.511 MeV B.1022MeV  C.1.86 GeV D.3.72 GeV

3. MBI EEFEK - L - MESABFHIEHS - (& EHE?

A. 28,8 B. 8,10,18 C. 238,10 D.2,8,18
4. [RFRFHRFE 8 Nl &R ?

A BUERIRSFE B. BIMUZ=MEE

CAEZNRFE D.EFRIES

5. N3l & RBES EAI?
A. B (watt) B.Z2ZE(mMA) C TRH%FKV) D . EBEFRFEEV)
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A. MeV B. erg C. Joule D. calorie
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=7

A.0.511 MeV B.1022MeV  C.1.86 GeV D.3.72 GeV

3. MBI EEFEK - L - MESABFHIEHS - (& EHE?

A. 28,8 B. 8,10,18 C. 238,10 D.2,8,18
4. [RFRFHRFE 8 Nl &R ?

A BUERIRSFE B. BIMUZ=MEE

CAEZHNRFE D.EFRIES

5. N3l & RBES EAI?
A. B (watt) B.Z2ZE(mMA) C TRH%FEFKV) D . EBEFRFEEV)
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— Bl . EEPFEEZ 0.025eV - ZPFHERERZD?
(FFE=% 1.67x1027 kg)
0.025eVx1.6x1017) eVl =0.5x1.67x10-27 kgxv?

v2=479%x108m?s?2 (5t :1J=1kgm?s?) - v=2189ms!

ERBET v ===

— RS .
- YIREMEE m =ym, ; BBE=E E = ym,c?
« MIRSRIEIBE E, = E - myc?2 = (m-mp) c2= (y - 1) myc?

— Bl . BEEFIEES 2.70x108 m st - HEIEEAR ?

ymeEs oo 0.511 _ 0511 _ _
#BEE E \/1_(2.7“08)2 o1 2.294 x 0.511 MeV = 1.172 MeV

3x108

[]

c

HEREFFEE (0.511 MeV) - RIILREFRIENEE(E)/41.172-0.511=0.661 MeV



M

& L2 35I| EA

biE = ;I Ba

1. ZE&#hFEE=E 0.05eV - B2 FRRELNSBZ/Pm/s? (FFEEE 1.67x107%7 kg)
A. 3000 B. 3 x108 C.1.2 x1012 D. 4400

2.R—E/M  EH

AIENEREZ /RN 98% - AIHEES A7 L ESREE?
A. 2 B. 4

C.5 D. 8

E—BFEB 20MeV ZE8E - AIEMHBES m AIR/FLES my ZHEE?
A.10 B. 20 C. 30 D. 40

4. wMNEEINEEFEEEZR 0.936 MeV - EFRIFFIEEES 936 MeV/c? - BIBF
NWRERBWERE?
A. 600 B. 9490 C. 13420 D. 300000

STHTEZARBRER  TEABAUE:
A7 B.F CEF D. %F



M

& L2 35I| EA

biE = ;I Ba

1. ZE&#hrEE=E 0.05eV - B2 FRRELNSZPm/s? (FFE & 1.67x1077 kg)
A. 3000 B. 3 x108 C.1.2 x1012 D. 4400

2.R—E/M  EH

AIENEREZ /RN 98% - AIHEES A7 L ESREE?
A. 2 B. 4

C.5 D. 8

E—BFEB 20MeV ZE8E - AIEMHBES m AIR/FLES my ZHEE?
A.10 B. 20 C. 30 D. 40

4. wMNEEINEEFEEEZR 0.936 MeV - EFRIFFIEEES 936 MeV/c? - BIBF
NWRERBWERE?
A. 600 B. 9490 C. 13420 D. 300000

STHTEZARBRLR  TEABAUE:
A7 B.hF CEF D. %F



IEHFEYENREER
%UE)J%%T Bremsstrahlung radlatlon

Full wave rectification circuit —
a bridge consisting of four
valve tubes v

Anode
X-ray tube

Cathode

Secondary side of high
voltage transformer
(... 60,000 volts AC) e

= ¥ e

Primary side of high
voltage transformer
(120 volts AC)

Electric field : kV ~ MV

Step down fransformer |
for tube filament

Tube current : mA~ A
mEMN L
RE Ly
EEC
PEE N E

mIENEREY I FRE= By = E; -

Ez



iR ELE YIRS RV BAF

3R DL X JER (B, ) W VE AL RS

AEE~T1E : PRIERRE  EE—EET | (A
FnZ ot be KB IE
= EouttEap T Epr ﬁﬂl%jfls_jr out %%(Etr)ﬂ%%%%*%ﬂj

/ N

SIEIEEEY(E, ) | PEE BB - HTHMRIE  BA(E,) | B)

__ L EEWEG) | PPEEL
A 4
b8t |(C) i
____________________ ___t____________________.
EME( | (D) e




AR EEFRANE =
MRS = N,

EMEPRERBFERNAEFE =n

EMERREROGIEFRARIYMERE = Ax b E(LDYERNEFE
REERAS&E = QMEMNE &
n=puNAX (3)tFHIBE=E
=1

T/ NNEESD  RFEYBEREFERENEES N =Ny—-n
> AN = N-Nj = -n

> AN = - u Ny Ax BB pAx <<1

> dN = - Ny dx

> 1/NydN = - pdx

> FRMERRED
> InNg=-pux + C = x =0/ - C=1InN,
> BART - HEEANMS

2> InN = - pux + InN,

2> InN = InN, = - px

2> In(N/Np) = - px

> N/Ng = e™

> N=Noet NFEYBEREFERABWHE

¥ {EE (Half value layer)
HVL = X, = 0.693/



i {5 LAY A B

BN E (Avogadro’ s

5.97 x10%
3.01 x10%
3.01 x10%3
2.90 x10%3
2.75 x10%3
2.38 x10%3
3.01 x10%3
3.34 x10%

#a/g=N,/A
#el/g=N,Z/A




Bl . B—XHARTEB 10* & 10 MeVRIYEF - BE—H20cmE/IXEE - BT8R
10cmERE 1 mm EER - BZ/MEEFEEKIRFETREER -
(LEBEZE M - w/p = 0.00196 mZ/kg - p = 2250 kg/m3)



Bl . B—XHARTEB 10* & 10 MeVRIYEF - BE—H20cmE/IXEE - BT8R
10cmERE 1 mm EER - BZ/MEEFEEKIRFETREER -
(LEBEZE M - w/p = 0.00196 mZ/kg - p = 2250 kg/m3)

F10cMAEREGHELmMm)AVEIEEER : 0.1 m x 2250 kg/m3 = 225 kg/m?

=B E x BE : 0.00196 x 225 = 0.441
N = NO e'“X
FZZE 10 cm BRYEFEL : 104 x e 0441 = 6434

n =N AX
£ 10cmEE 1 mm EERSE/ERMEFE : 6434 x0.00196 x 2250 x 103 = 28.37

p

\



X-ray spectrum

Unfiltered Ks M>K K

m vacutm % /Characteristic
o X-rays 454 BE g
L% K SRk

Intensity (I)

KE- high accelerating voltage

L

Ly M > L

=
+=
W
-
4B
et
=
=>4
m
(n"
>

maximum

Bremsstrahlung Photonenergy

low accelerating voltage

50 100 150
Photonenergy [keV]

» FCTFRUKENE
- BE=KEXHE (C=AV)
— E)FE = SHBAREBIx AR (E=h-v)

= SHBAR R B X EE/KE (E=h-c/A)
SEEATEEEL h = 6.62x1034Js

Wavelength (3.)






¥ A3 33 57 39

PSR oA (3238 0 A PX)

PBAE LA (T X PX)

TR A

3 X

i

Bl =X

%

B X

F =R

Y

Yota-

10+

d

deci-

10~

Zeta-

102!

centi-

10 -

Exa-

10 18

milli-

197

Peta-

10 15

mIcro-

10 -

Tera-

101

nano-

10°

Giga-

10 °

pICO-

10~

Mega-

10 ®

femto-

10 -

Kilo-

10 3

atto-

10 -

SIX|IZ|O|H|lTO|ImM|N

hector-

10 <

zepto-

10 -

Q.
)

deka-

10

< |IN|OD|[=-|T|D|T I3]0

yocto-

10 -

1A (%)=1010 AR




Bl B X AHERNNEREEAE0 KV - MERE X XRES0.206 A - K EE = EE
h (Plank constant) -

(LA (#5)=1010 AR - A& c=3x108 AR/¥ - BEFEE% 1.602x1019 E)

Bl : 53K100 kVp Z X E &K E ?



Bl B X AHERNNEREEAE0 KV - MERE X XRES0.206 A - K EE = EE
h (Plank constant) -

(LA (#5)=1010 AR - A& c=3x108 AR/¥ - BEFEE% 1.602x1019 E)

0206 A =2.06x10 11 AR,
C=AV>V=Cc/A
v =(3x108 AR/#)/2.06x1011 AR =1.456%x101°s1,

E =60 keV =60000x1.602x10-19) =9.612x10-1> ),

E=hv,
9.612x1015) =hx1.456x1019s1
~h=6.60x1034Js

Bl : 53K100 kVp Z X E &K E ?

E=hv=hc/A

. A =hc/E
= (6.625x10-34) s)x(3x108 m/s)/(1.6x 10-14))
=1.24x1011 m
=0.124 A



BEE; \IJ 5@

1 EEFR - BEE FHIRE ;
(1A - B WRIBE - (& HEBERE"?
() C~F BEAEAR?

(3)C F BEHBETE?
(4) A - B RIBEAENESHBHEA?

2.2HBE— X R ZBIEIRHES 74 kVp B2 100 mAs - Al EESE X 2 i@E
hEETEEFAGMREEEER ?



LY — R RN V.
1. MAEFR - EEZE MIERE

1A -BMREE  UEMNESERS? A

(2) C~F BBIEAZ? 3R
3)C - FIEEAEZME? Kg * Ly
(4) A - BMREBEOENESFHEHRA? A

2.2HBE— X R ZBIEIRHES 74 kVp B2 100 mAs - Al EESE X 2 i@E
hEETEEFAGMREEEER ?

100 mAs = 0.1 C
=0.1C/(1.6x1019 C/E&E¥)
= 6.25x10Y BEF



N o] B BB PRAR E 2 A R Bl =

1. #17

%%1?

2N 44~
52 |zﬁ§

ETASN

=2 Hl70 (Quality Assurance Test)
s firEAfnE (Proper techs & sheilding)
%7J<32 (DRL, diagnostic reference level)

T =512 (Exposure Index)




=B BREZEIERIR

Exposure Index in Radiology

Exposure Indicator (CR, DR)

Dose-Area Product (RF)

Dose Index (CR, DR, RF)

Average Glandular Dose (MG)
Computed Tomography Dose Index (CT)



BEniRE LIFRE

: Automatic exposure

®——— |onization chamber — i L
radiation exposure before it | | t o z device position
reaches the image receptor. mage-uceptor I ] control

Radiation Exposure Reduction

Fixed Current
X ) L O O L O O D OO

Ll

~ Image receptor
Light paddles

Tube Current-time Product (mAs)

Light paddles, together with photomultiplier
tubes, measure radiation exposure after
it passes through the cassette.

13 18 25 31 37 43 49 55 61 67 73 79 85 91 97 103




FErETaEEN

\ FANENNE
s
iAEEENE
d1 1118
inEEEN

Analog/Digital | Zmmmms
Converter

Computer Memory

IMPLANT AREA DIRECTLY EXPOSED AREA
Anal 09 ~ THRESHOLD VALUE THRESHOLD VALUE

Data =
Radiation Detector

OBJECT AREA

el —

FREQUENCY

|

|

|

| DIRECTLY
i EXPOSED AREA
|

|

) 1 ]
IMPLANT AREA MIN MAX
ESTIMATED PIXEL VALUE




% E 51T
- ZE2R4HAY: plain x-ray exams (CR or DR)
. [ & 151 ‘

Manufacturer Symbol 3 pGy 10 pGy 20 pGy

Canon (brightness = 16, contrast = 10) REX 50 100 200

IDC (ST =200) 0 1

Philips : 200 100 0

Fuji. Konica S 00 200 100

Carestream (CE, 5TD) : 400 2000 2300

Sietnens . 500 1.000  2.000

3 . Carestream (for plain radiography)

Pixel value = 2000 + 1000 X log,¢(exposure)

Coded value (CV)

. . Address dri;t;ar |
exposure Is measurEd in MR

Glass substrate

Computer A/D-converter




RIS R 2 I E
« PlCarestream CR/DR A4l

— a heavily filtered (an additional 0.5 mm copper and 1 mm
aluminum) 80 kVp x-ray beam
— Choose proper mAs approximate to have 1 mR exposure

— 15 minutes delay after exposure

— Read the imaging plate
— Acceptable range: +/- 100 (diff. of calculated and

displayed Els) El =1000 Iog(E) + 2000 (or +1000 for MG)

B0kV, extra 1.00mmAl+0.5mmCu

B0kV, with 3mmal Filtration

3 o
=

o L5
= =1
T i
5 5
=

o ]
i - =
[« 8 o

0 {i] o B
keV keV

Figure 1 (a) Simulated tungsten anode B0k\Vp spectrum with an eguivalent Figure 1{b) Simulated ungsten anode B0kVp spectrum with additional filtration of

3.00mm Al total filtration. kdean X-ray energy is approximately 48kel. 0.5mmCu and 1.0mmél. Mean x-ray photon energy is approximately 5Tkel,




Bl : E¥Carestream CR 2 #&E1TIRERIGET - £ 80 kVp,
25 mAs BRISIEEES 1.25 mR, MEREBAFRHAEN EI &
1991 - BRI AR EESHFERET EIRIRIE?




Bl : E¥Carestream CR 2 #&E1TIRERIGET - £ 80 kVp,
25 mAs BRISIEEES 1.25 mR, MEREBAFRHAEN EI &
1991 - BRI AR EESHFERET EIRIRIE?

385 A9 EI = 1000 log(1.25) + 2000
= 1000 x 0.09691 + 2000
= 2096.9

aa Ay BT E3385m Y BT AHZE -
2097-1993 =104 (> 100)

EHERKIM - FEEFANIT EIRLE



IREREIR ZIILE
- Fujijfilm CR/DR %#%:

— a filtered (~ 3 mm Al HVL) 80 kVp x-ray beam

— Choose proper mAs approximate to have 1 mR
exposure

— 10 minutes delay after exposure exposure = 200/S
—_ Read the Imaglﬂg plate S is inverse proportional to exposure
— Acceptable range: +/- 20%

In automatic processing mode:
S =14x10¢SK

L =1023 x (5,-S,) / (Q,-Q,)
1024

Pixel value =

m
0
=
=
[l
5
m)
=
O

X loglo(k X § X E) + 511

Raw data is recorded in 12-bit pixel depth
Image data is recorded in 10-bit pixel depth



Bl . & S BER 230 - HERVIRES 20 mR - 55
ARIBRE/ETNR - 2AERNSERME?

2.0 mMRERERE ?

L=108  X#HKERD?

28RBS 1023 - ERFEWEIZDIEE (MR) ?

> wN e



A1)

> wN e

1= S ER 230 - HEREREZ 20 mR - 5B

ARBRE/BENT - 2F#R S BRI ?

2.0 mMRERERE ?

L=108  X#HKERD?

28RBS 1023 - ERFEWEIZDIEE (MR) ?

1.5 = 4><10<4 23) = 200

: r Histogram
\ .'

o
o
£
z
ke
=2
(m]
=
e}

Al EBEREN A 511
1024
511 = —— X log;o(k X 200 X 2.0) + 511
k = 1/400
4.1023 = 1024 x log,((1/400 x 200 x E) + 511
E=6.32mR




E
EEE S B - BUFBHE LEMNATHE - BHE
EE

L

Image
Histogram

@
0
=
—
e
S
=y
s
5
=3
—
o

L=1023 x (S,-S,) / (Q,-Q,)



B REBEWARANRIERES

Manufacturer Exposure indicator Symbol TUnits Exposure dependence, X Detector calibration conditions

name
Fujifilm S value S Unitless 20075 o X (mE) 80 kVp. 3 mm Al “total filtration”™ 5=200 @
1 mR
Carestream Exposure index Mbels 300=2X 80 kVp. 1.0 mm Al+0.5 mm Cu; EI=2000
@ 1 mR
Agfa Log of median of foil Bels =2 400 zpeed class, 73 kVp + 1.5 mm Cu; 1gh=
histogram 1.96 @ 2.5 uGy
Konica Sensitivity number S Unitless For QR =k, 200/8 o X(mR) QR =200, 80 kVp, 5=200 @ 1 mR
Cancn Reached exposure Unitless ightness = cq, Contrast=c). REX o Xl
value Contrast= 10
REX =106 @ 1 mR
Unitless 80 kVp, 26 mm Al HVL =8.2 mm Al DFEI

=15

Brightness = 16

1

EXP=2000@ 1 mR
Uncompensated UDExp uGvair UDEzxp o X (uGy) 80 kVp. standard filtration, no grid
detector exposure kerma

Compensated detector CDExp uGvair  CDExp o X (uGy) Not available

exposure kerma
Detector exposure DEIL Unitless DEI =ratio of actual exposure to expected exposure scaled by techruque and system parameters. Not available
index Expected exposure values can be edited by user as preferences.
3 Dose indicator Unitless  Net avatlable Not available
Imaging Accutech Unitless 2f: = X(mR) Hygt(mR) 80kVp+1mm Cu
Drynamics
Philips Exposure index Unitless 10007 {pGy) RQA5 7T0kV, - 21 mm AL HVL=7.1 mm
Al
Siemens Exposure index uGvar  X(uGy)=EL100 RQAS. 70kV +0.6 mm Cu HVL =68 mm
kerma Al
Alara CR Exposure indicator / Mbels  EIV+300=2X E (’L[ Gy) Sp ee d C l Ob8. §RQAS, 70KV, + 21 mm AL HVL =
value [gM = 1.9607 + ]og _— 21 )] = > EIV = 2000

1CReo Exposure index N Unitless  Exposure index oc log[X (mR]] 2 . 5 4 O 0 1mR @ 80 kVp+1.5mmCu==0




Dose area product (DAP, kerma area product)

X-ray source

v

lon chamber of DAP meter

DAP2=d>x a2

DAP.1=DAP:

DAP HYECEE BT By Gy-cm?

VacuDAP - OEM

VacuDAP Bluetooth®




Eur Radiol (2003) 13:2259-2263
DOI1 10.1007/s00330-003-183 1 -x

VASCULAR-INTERVENTIONAL

V. Neofotistou
E. Vano

R. Padovani
J. Kotre

A. Dowling
M. Toivonen
S. Kottou

Preliminary reference levels
in interventional cardiology

1 V. Tsapaki
S. Willis

G. Bernardi
K. Faulkner

Europe
2003

Diagnostic Reference Levels (DRLS)

for Cardiology

Table 3 Preliminary reference levels proposed

PTCA

DAP (Gyxcm?)
FT (min)

No. of frames

CO




Catheterization and Cardiovascular Interventions 83:729-738 (2014)

Patient Exposure to X-rays During Coronary Fran ce

Angiography and Percutaneous Transluminal Coronary 2
Intervention: Results of a Multicenter National Survey 01 4

Jean-Louis Georges, ~ mp, msc, Loic Belle,” " mp, Cecile Ricard,” mse,

Simon Cattan,” mo, Franck Albert,” mp, Jean-Lou Hirsch,” mo, Jacques Monsegu,” mo,
Alain Dibie,” Mo, Khalife Khalife,” Mo, Christophe Caussin,” mo, Carlo Maccia,’ pho,
Bernard Livarek,' “ mp, and Michel Hanssen,” mp,
on behalf of the RAY'ACT investigators

« To update reference values for the main radiation dose

parameters for coronary angiography (CA) and
percutaneous coronary intervention (PCI).

Multicenter, nationwide French survey, with retrospective
analysis. Radiation parameters registered for 33,937 CAs
and 27,826 PCls performed at 44 centers during 2010.

Updated diagnostic reference \Lakeee=aLe established.
KAP@5 Gy cm?Yor CA and(@5 Gy cm2Jor PCI.




REVISTA ESPANOLA DE
CARDIOLOGIA

AHEAD OF PRINT CURRENT ISSUE ARCHIVE SUPPLEMENTS

('1 Previous Articie | Vol 67. Num 01. January 2014 | Next article "1

Initial Results From a National Follow-up Program
to Monitor Radiation Doses for Patients in
Interventional Cardiology

Median values at the

SCUH in 2013
CA: 31 Gy cm?
PCl: 54 Gy cm?
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Frontal Cylindro 30x75 cm Datos de paciente Setup
Ref AK

3059 may
Fluoro Time Left
152
Gy

No apto para uso dinico

X-Ray Beam

Color-Coded
Skin Dose
Distribution

e Doce Treoking Systom

Vimwing Opmrntion &

AP Vi v U

Rt SRR 80 WY )
Candtnn Presn A
B~ =

Poak Skin Dose

1218.c,

FOV Puak Skin Doxe

856...
15.00.

d @& 45.0..
b 18

Peak Skin
Dose

FOV Peak Skin
Dose




H{hIREEISTE : Deviation index

@ Medical Physics

Current Issue Authl:lrs

An exposure indicator for digital radiography: AAPM Task Group 116
(Executive Summary)

o . a) VAl
S. Jeff Shepard®’ and Jiheng Wang

VOI (Segmented, for-processing pixelvalues) Dev |nde)( mGy sz

4.8 30
3.0 20
1.0 10
-3.0 5

lAll '

KIN )
Originai Pixel Value (Q) -6.0 2.5



S Z IR T =
AVERAGE (MEAN) GLANDULAR DOSE

Procedures:
1. Determine the beam quality
(HVL)

2. Make at least 4 exposures for
ACR phantom using clinical
mode

3. Record the readouts from dose
meter

4. Calculate the mean value of

the exposures (readouts)

—
-—
3L 0.37



BTN ESRBEERE

23

24

25

26

27

BLE A

EBMEERE (mAs)

80

80

63

63

50

IFEZ&EE (mR) :
RBW|EE, E(0a)

522.2

608.5

556.3

625.7

561.7

FEZ¥EE (mmAl)

0.30

0.32

0.33

0.34

0.35

ATz =/ NEERE ( mmAl)

0.26

0.27

0.28

0.29

0.30

B ZBRAEEE ( mmAl)

0.35

0.36

0.37

0.38

0.39

HERR

Passed

Passed

Passed

Passed

Passed

RTHNESBIEESRE

28

29

L

EBMEERE ( mAs)

50

40

EESEA (mR) :

REwWAE, E(0a)

629.6

559.6

FEZ¥EE (mmAl)

0.37

0.38

BEf & NEERE ( mmAl)

0.31

0.32

B ZRZEEE ( mmAl)

0.40

0.41

HER R

Passed

Passed




Conversion factor (K) table for Mo/Mo

HVL of 26 kVp = 0.34 mmAl
Find K=172

AGD = Exposure X K

AGD using 26 kVp
=172 x 686.6 /1000 = 118.1 mrac

E-NER
BE_NERE
BDNEE
BINER
WIERT
FiE
BEEE
BEEZH
HEER




TDI(CT dose index)

Procedures:

1. Find the routine CT scan protocols (i.e adult abdomen, adult head, ...) and the scan
parameters

2. Setup the phantom and align it with the bore center of the gantry

3. Make at least 5 exposures with axial scan mode (change the ion chamber positions —

center and 4 peripherals) and using the parameters found in step 1
Record the readouts



Computed Tomography Dose Index
» Weighted CTDI : CTDI,,

B

CTDIlOO,center

CTDIlOO, P2
CTDIlOO, P3

CTDI
CTD — 100, P1+P2+P3+P4
I100,edge

4



JEHE -

f-C-E-L &0 441

CTDI,,, =
N-T « Multi-slice scanner
- =8.7 mGy/R (if readout in R) — 120 kVp, 400 mA,
C: calibration factor for 0.8-s scan, 4x2.5
electrometer (1.0-2.0) mode
E: average measured value .
L: active length of pencil ion _\__ E_eadmg >0 mR
chamber (100 mm or 160 mm) * 575
N: actual number of data 8.7x1.0x0.54x100
channels (axial) CTDlg, = 4x2.5

=47 mGy

o oo
- » CTDI, .ﬂ .m. » CTDI,

CTDlyy

T: nominal slice width (axial)

CTDI1DD,cen1er



ﬁﬁu ’é‘

CTDI , = %CTDI +§ CTDI, (m&y)

CTDlVO,:CT_D'W (mGy)
Pitch
DLP=CTDI_,, -total scan length maycm)

E=K-DLP s



Computed Tomography Dose Index
Volume CTDI: CTDI,,

CTDI
Pitch

_ 4 mm
In axial scan :
Example: _ o _
Slice thickness = 4 mm Pitch=4+(4+1)=0.8
Inter-slice gap =1 mm
1 mm

C1TDI

\ u]




Bl . B PERIEIEETE CTDL, L&k CTDI,,
(the scan pitch are: brain=0.624, abd=0.641)

FXABRED R RE S
RRMRE
i

A BEE[ w0 | 15 |
—— ExmEom| 2 | a0 |
— mE-—(moy| s00 | 11z |
WA= moy| 4er | a1 |
— mE= oy 4o | in1 |
——— BEmy[ o0 | 100 ]
—— 9BE 4w | 111 |
——— ®#=E ooz | oow |
—— ®wwem| ooz | oom |
 GREE| Pased | Passed |
— CiolemGy| 1994 | 279 |
— EAmEmey)| 571 | 218 |
 AmEmey)| 52 | 10 |
— E@mEmGy)| 561 | 225 |
—— E@mE oy 525 | 255 |




Bl . AU FEREIESTE CTDL, UK CTDI,,
(the scan pitch are: brain=0.624, abd=0.641)

FXABRED R RE S
RRMRE
i

A BEE[ w0 | 15 |
—— ExmEom| 2 | a0 |
— mE-—(moy| s00 | 11z |
WA= moy| 4er | a1 |
— mE= oy 4o | in1 |
——— BEmy[ o0 | 100 ]
—— 9BE 4w | 111 |
——— ®#=E ooz | oow |
—— ®wwem| ooz | oom |
 GREE| Pased | Passed |
— CiolemGy| 1994 | 279 |
— EAmEmey)| 571 | 218 |
 AmEmey)| 52 | 10 |
— E@mEmGy)| 561 | 225 |
—— E@mE oy 525 | 255 |

X ABEED :
(5.71+5.22+5.51+5.26)/4 = 5.42
CTDI, = 5.42 x 100/ 25 = 21.69
CTDI,, = (50.86+21.69x2)/3 = 21.11
CTDI,,, = 21.11/0.624 = 33.83

R ABEEDB :
(2.18+1.94+2.25+2.53)/4 = 2.23
CTDI, = 2.23 x 100/ 40 = 5.58
CTDI,, = (2.79+5.58x2)/3 = 4.65
CTDI,, = 4.65/0.641 = 7.25



DLP — dose length product

Dose Length Product

Table 3. Normalized effective dose per dose-length product (DLP) for adults (standard physique) and pediatric
patients of various ages over various body regions. Conversion factor for adult head and neck and pediatric
patients assume use of the head CT dose phantom (16 cm). All other conversion factors assume use of the
32-cm diameter CT body phantom?8-7?

Region of Body k(mSvmGy 'em )
0 year old 1 year old 5 year old 10 year old Adult

Head and neck 0.013 0.0085 0.0057 0.0042 0.0031
Head 0.011 0.0067 0.0040 0.0032 0.0021
Meck 0.017 D.012 0.011 0.0079 0.0059
Chest 0.038 0.026 0.018 0.013 0.014
Abdomen =& pelvis 0.049 0.030 0.020 0.015 0.015
Trunk 0.044 0.028 0.019 0.014 0.015
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Proprietary Exposure Indicators and Selected Vendor Recommendations

Fuji AGFA Kodak Detectnr Exposure Action
(S Number) (Ig1) (El)

> 1000 <1.45 <1250 <0.20
Underexposed: Repeat

601-1000 1.45-1.74 1250-1549 0.2-0.3
Underexposed: QC exception

301-600 1.75-2.04 1550-1849 0.3-0.7
Underexposed: QC review

150-300 2.05-2.35 1850-2150 0.71.3
Acceptable Range

75-149 2.36-2.65 2151-2450 1.3-2.7
Overexposed: QC review

50-74 2.66-2.95 2451-2750 2.7-4.0
Overexposed: QC exception

<50 >2.95 >27350 >4.0
Overexposed: Repeat if necessary

https://www.imagegently.org/Procedures/Digital-Radiography/Educational-Materials
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Quantum mottle effect



Underexposed direct digital radiography (DR) at 125 kVp and 4.4 mAs caused an exposure
data recognition failure. (B) Repeated exposure at 7 mAs.




Overexposed computed radiography (CR) images demonstrate loss of contrast
in skin and dense features.




automatic

detection of the collimation field
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Introduction-1

Terms

— Shall indicates a recommendation that is necessary
to meet the currently accepted standards of
radiation protection.

— Should indicates an advisory recommendation that
Is to be applied when practicable or practical.
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Introduction-2

« Controlled area and uncontrolled area

— Recommendation for controlled areas—Shielding
design goal (P) (in air kerma):

0.1 mGy / week (5 mGy / year, 2.5 uGy/h)
NCRP 49: 1 mSv/week = 50 mSv/year

— Recommendation for uncontrolled areas—
Shielding design goal (P) (in air kerma):

0.02 mGy / week (1 mGy / year, 0.5 uGy/h)
NCRP 49: 0.1 mSv/week = 5 mSv/year

FHENRFARXLHAB GO EZ AT [JFHEAEBENTREAX LEwAH

FRB AAS 10uSv/he (Z10puSvwhEEmas [R5 ED 30cm R B FERHAA280.5

o -

I 4EA ﬁ 3 & ¥FRESE) - [l W/ (>0 opuSsvVhEEHAL—RA TN 4%

10 uGy/h = 400 uGy/week = 0.4 mGy/week = 20 mGy/year



Concepts and terminology
Shielding design goals (P)
Distance to the occupied area (d)
Occupancy factors (T)
Workload and workload distribution (W)
Use factor (U) Standard Room
Primary barriers
Secondary barriers




Distance to the occupied area (d)

« The source to the nearest likely approach of
the sensitive organs of a person to the barrier

— For a wall this may be assumed to be not <0.3 m.

— For a source located above potentially occupied
spaces, the sensitive organs of the person below
can be assumed to be not >1.7 m above the lower
floor, while for ceiling transmission the distance of
at least 0.5 m above the floor of the room above
IS generally reasonable.



Standard Room

Elevation (left) and plan (right) views of a representative radiographic (or
radiographic and fluoroscopic) room.

Points A, B, C, D and E represent a distance of 0.3 m from the respective walls.
Point F is 1.7 m above the floor below. Point G is taken at 0.5 m above the
floor of the room above.



Occupancy factors (T)

« The average fraction of time that the
maximally exposed individual is present while
the x-ray beam is on.

— the fraction of the working hours in the week that a
given person would occupy the area

Oceupancy

Location p—
Factor (T')

Administrative or clerical offices; laboratories, 1
pharmacies and other work areas fully occupied by

an individual; receptionist areas, attended waiting

rooms, children’s indoor play , adjacent x-ray

rooms, film reading areas, nurse’s stations, x-ray

control rooms

Rooms used for patient examinations and treatments
Corridors, patient rooms, employee lounges, staff rest
rooms

Corridor doors®

Public toilets, unattended vending areas, storage
rooms, outdoor areas with seating, unattended
waiting rooms, patient holding areas

Outdoor areas with only transient pedestrian or

, unattended parking 1 rehicular
drop off areas attended), at tairways,
unattended elevators, janitor’s closets
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Workload (W) and workload distribution

« The time integral of the x-ray tube current
over a specified period
— milliampere-minutes (MAmin/week)
« The total workload per week (1)
M/tot =N M/norm

— The normalized workload (W), the average
workload per patient

— The average number of patients per week (V)

mAmin/wk =
Pt/day x 5 days/wk x projections/Pt x mAs/projection x 1/60 min/s

NCRP 147 report survey:

General x-ray room: 277 mAmin/wk
Chest x-ray room: 45 mAmin/wk
Cardiac angio room: 3050 mAmin/wk



Workload distribution
assuming all exposuras
are made at 100 KWVp

e

-

,@..«*/

Radiographic room workload
distribution for the floor
{Simpkin, 1996a)
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Fig. 4.1. The workload distribution Rad Room (floor or other barriers)
obtained from the AAPM-TGY survey (Simpkin, 1998a) for the x-ray beam
directed at the floor of a radiographic room compared to the workload
distribution assuming all exposures are made at 100 kVp.




Use factor (U)

« The fraction of the primary beam workload
that is directed toward a given primary barrier.

 Type of radiation installation

Cross-table
Rad Room: Lateral Position

—Qo
Chest Bucky Y=
at floor

Rad Room: floor/

(An(:)ther primary wall gets i other barriers applies
U=2% of the floor/ other to Overtable and

barrier distribution; assume Crosstable positions
tube is centered overtable)

Standard Room

Overtable Position
U=89% shooting down

1 for floor, 0.25 for other possible walls
1 for chest bucky wall
1 for all secondary barriers



Distances (d)
d,: focal spot to barrier + 0.3 m

d.... patient surface to barrier + 0.3 m

d... tube housing to barrier + 0.3 m

dsca: dSGC




E: exposure level
1. Ep: W (mAmMIn/wk) x tube output (mR/mAmin)

2. Ec: (Ep/d. 2 x S x (field size/400)

$~0.1-0.15%

3. E:1.67/I(mR/mAmin) x W (mAmin/wk) = 1.67

W/I (mR/wk) 100 mR/I mA/hr = 1.67/ (mR/mAmin)
| ~3-5mA

4. E = (Ep/dpriz) XU + (Es/dsecz) + (EL/dIeakz)

5. Er=ExT P=E;e™ > findx="7

E;: total exposure at test point without shield



Primary barriers

Unshielded Primary Air Kerma

— The weekly unshielded primary air kerma [K:(0)]
In the occupied area due to N patients

examined per week in the room K (0) = KIUN  KIUW
p o d2 B d

—.the unshielded prlmary air kerma per patient
at 1 m TABLE 4.6—Equiv srimary beam preshielding (x,..

 Preshielding




Secondary barriers

 Leakage radiation
 Scatter radiation

« Total contribution from secondary radiation

— The air kerma from unshielded secondary radiation
[K...(0)] at a distance d... for N patients

1
K., (0) = sz

2
sec




Shielding for primary barriers
e The barrier transmission factor (Bp)

norm

KIUN W, TUD!

Bp (Xbarrier + Xpre) — T

P/T _(Pj d,  PdW

K(0)

» The structural barrier thickness (X, ie)

Xbarrier _
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Shielding for secondary barriers
 The barrier transmission factor (B...(Xparrier)

P\ d:
B X Y —| sec
sec( barrler) (Tj@

« The thickness of secondary barrier
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Concrete®

Warkload Distribution®
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DRL — diagnostic reference level

* DRLs should be set for representative
examinations or procedures performed in the local
area, country or region where they are applied.

— NDRL (National DRL): set on the basis of wide scale
surveys of the median doses representing typical
practice for a patient group (e.g. adults or children of
different sizes) at a range of representative healthcare
facilities for a specific type of examination or
procedure.

— LDRL (Local DRL): represent the typical local practice at
a single large centre or group of healthcare facilities, set
as the third quartile of the median doses determined
from samples of patients in the different healthcare
facilities of the group.



=i Protocol
Brain Orbital

Brain Sella

Brain IAC

Brain Seisure

Brain Trigeminal Neuralgia

Brain Routine

Brain MRA (AVM, Cavernoma, SAH, ICH, fistula)
Brain Tumor

Brain Orbital

Brain Sella

Brain IAC

Brain Seisure

Brain Routine

Brain MRA (AVM, Cavernoma, Infarct)
Brain Tumor

Brain Orbital

Brain Sella

Brain IAC

Brain Seisure

Brain Routine



Setup DRLs

Define DRL scale
(national 0]8 |Oca|) LDRL:650.19mGy.cm

Define exam types

Define patient group
(adult/child, body
size/weight)

Collect dose report data
(Dose index, DAP, CTDI,
AGD, ...)

Flnd the 3rd quarter Of Dose length product (DLP) distribution for

chest CT and local diagnostic reference

the dataset = DRL level(LDRL).

Repeat setu p References: Department of Radiology,La
. . Rabta Hospital,Tunis,Tunisia 2015.
periodically

Chest DLP(mGy.cm)
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f:ontents 1. IntrOduction

Introduction

National DRLs for CT The following tables list the National Diagnostic Reference Levels (NDRLs) for the UK.
examinations

MNational DRLs for General
Radiography and
Fluoroscopy

MNational DRLs for dental
radiography

These values should be considered by employers when settings their local DRLs as
required by the lonising Radiation (Medical Exposure) Regulations 2000 (as amended).

These NDRLs supersede those previously published by the Department of Health.

The NDRLs are based on National Reference Doses (NRDs) previously published by
Public Health England (PHE). For details of how these values were obtained please
refer to the PHE reports referenced below.

The values for CT examinations are taken from PHE-CRCE-013: Doses from computed
tomography (CT) examinations in the UK (2011 Review).

The values for radiography, fluoroscopy and dental radiography are taken from HPA-




National DRLs
* CT:
— adult and pediatric
* General radiology and Fluoroscopy:
— individual radiographs on adult patients
— diagnhostic examinations on adult patients

— interventional procedures on adult patients
— diagnostic examinations on paediatric patients

* Dental radiography



2.1 Adult CT examinations

Examination

Cervical spine .
Chest 2

Chest - high resclution

e

Chest-abdomen-pelvis =

Clinical indication

Acute stroke

Fracture

LUMg Cancer

nterstitial lung
disease

Cancer

Scan CTDl, ;| per

region/technique sequence (mGy)

Post fossa a0
Cerebrum 60
Brain (whole) 60
All sequences
All sequences
All sequences

Axial

Helical

All sequences

DLP per complete
examination (mGy cm)
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B Additional Information

From the Department of Radiology, University of ‘Washington, Seattle, Wash (K.M.K.); Depariments of Quality and Safety (PF.B., M.B.) and
Mational Radiclogy Data Registries (0.5, L.P.C_), American College of Radiclogy, 1831 Freston White Dr, Reston, VA 20151; and
Depariment of Radiology, Mayo Clinic Florida, Jacksonville, Fla (R.L.M.).

Address comespendence to F.FE. (e-mail: pbufleni@acrorg)
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Body Part and Examination

Head
CT of head and brain without contrast
material
Total
Neck or cervical spine
CT of neck with contrast material
CT of cervical spine without contrast
material
Total
Chest
CT of chest without contrast material
CT of chest with contrast material
CT of chest pulmonary arteries with
contrast material
Total
Abdomen and pelvis
CT of abdomen and pelvis without
contrast material
CT of abdomen and pelvis with contrast
material
CT of abdomen, pelvis, and Kidney
without contrast material
Total
Chest, abdomen, and pelvis
CT of chest, abdomen, and pelvis with
contrast material
Total
Grand total

Mo. of Examinations Percentage

223908
223908

33740
97586

131326
159909
111898
58986
330793
201754
338056
47748
587 558

37142

37142
1310727




CTOI, (mGy) SSDE (mGy) DLP (mGy-cm)

Examination AD DRL AD : DRL

Chest without contrast material 12 11 443
Chest with contrast material 13 1 469
Chest and pulmonary arteries with contrast material 14 13 445
Abdomen and pelvis without contrast material 16 15 781
Abdomen and pelvis with contrast material 15 15
Abdomen, pelvis, and kidney without contrast material 15 14
Chest, abdomen, and pelvis with contrast material 15 14




DRLs

ACRDIR  ACR-AAPM
Body Part, Examination, and Parameter (2016)*  (2013)t

Head
CT of head and brain without contrast
material
CTDI, (mGy)
DLP (mGy-cm)
Neck/cervical spine
CT of neck with contrast material
CTDI, (mGy) 19
DLP (mGy-cm) 563
CT of cervical spine with contrast material
CTDI,, (mGy) 28
DLP (mGy-cm)
Chest
CT of chest without contrast material
CTDI_, (mGy)
DLP (mGy-cm)
CT of chest with contrast material
CTDI , (mGy)
DLP (mGy-cm)
CT of chest pulmonary arteries with
contrast material
CTDI_, (mGy)
DLP (mGy-cm)
Abdomen and pelvis
CT of abdomen and pelvis without contrast
material
CTDI,, (mGy)
DLP (mGy-cm)
CT of abdomen and pelvis with contrast
material
CTDI,, (mGy) 15
DLP (mGy-cm) 755
CT of abdomen, pelvis, and kidney without
contrast material
CTDI_, (mGy)
DLP (mGy-cm)
Chest, abdomen, and pelvis
CT of chest, abdomen, and pelvis with
contrast material
CTDI, (mGy)
DLP (mGy-cm)

NCRP (2012)*

Japan (2015)

EU (2014)"

400-600

UK (2014)*

Ireland (2012)*

Australia
(2011)1

Canada
(2016)%

The Netherlands
(2012)%

Greece (2014)




sata i NDRL 2 LDRL RY{EGRES

DRL:973.39 mGy.cm

ﬂm-l _i |

DLP APIMmGv.cm)

Dose length product (DLP) distribution for abdomen and pelvis CT (AP) and local
diagnostic reference level(LDRL). References: Department of Radiology, Rabta Hospital,
Tunis, Tunisia 2015.




