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Sources of Radiation Exposure
in the United States

Radon - 55%

Other - <1%

Cosmic - 8%

(Space)
Terrestrial - 8%
(Soil) Internal -11%

Medical X-Rays -11%

Watural Sources - 82% Man-Made Sources - 16%
“=300 milliremn (0.3 rem) =60 millirem (0.3 rem)

Consumer Products - 3%
Muclear Medicine - 4%

MEDICAL IMAGING
3.2 mSv

N =T scunnfng

| Nuclear
medicine

UNSCEAR 2000
KA BHARS: 2.4 mSy
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NCRP 160 (2009)
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O|Z 8rAIAS: 3.2 mSv




SALAI0|2E 2



YNME| R
s M|ZAIS
2 Ab: Ok, HIEtA,
sdAd S
SAHIHIS): Xo, 20t
m Bl & 2|2 A

MO}, 2, MZT4, 0O
2012, Xtel &

—

—

=



I:(I)I.AI.IIL Il_t I:gA Q| K[0|§
B AR UAIS(SHEA L)
ks Arad
X Z=2| HFALAM 1 EF|(MeV)
(60-140kVp)
XM SHE O]+
ol ZMEo| o= 7Is =7t
HEh = ol =
QRO =(Hu L £ 4] = (7171
On/Off 7} On/Off B7l=




"

PN T|Z

m =X}

ALK E S+

271
A Y EAMMR - - .
Ll e S S 7 Ax)so| 2@ ol=yE
BIFIRS s, ~\-__"- o Ha| M7 lE= 3t
) W1 (B }ﬂﬁ\‘ N @9 : Qe 3 FHC/kg)
AN RN = EAR)

B (2HE 20 2EER)

BpuE . - - - WAME X7t
HopLh @A &4
sitEat

t 2] Gy)

- EAtiol CHEE HEE
= ehERIE

: Al E(Sv)




o0 =

il m%_

- 0

<{ < o
of & <+
oF ol .
Ho - =<
o 0

HID n
VAo_LLl m

. .. .__.uA md —

o B S
W< =W o
dooT & &R A~
m._ H B B B B

—t—

D

W) X K- HD <
IJ) A3 o0 OF <r dr
K mmmnmn

p
.
[

O|l5"S AR

i

e gy,

5

w
@

.|:=|-.:|:-

L

o '|__|_
S
B i

- E +*.

R

RO
3

o3

T e H o L
H o - s iy
oy sy o R




SEMO
g7} 0.35 mSv

(0.04 pSv/h)

CHEI oA
47} 0.4 mSv
(0.05 uSv/h)

gy My BiBmEs
ey o sucm MuoIM
. o WEME EZH1.3mSy
(0.15 uSv/h)

e geeiems) (@

o1 ALy O

Ree 07 g

_—
2480 035 % % —

HEREE N R
2304 035 6

H[ 87 [of
(BEeE 18) 007 =y

133t SHTA SH18) 0,026

o

YN AR BB

*
", RalGRAER

¥ Yetolo] H g
/Y Y #%01-03

AR UHA S S
SHAHH005
(Rl ARSI 0,01 oh



"
INMO] RAM° DAl T

m & &=
> ZAFEl &EAFS 0| 21 & DNA O] &=
> 0|23 MHE0IA L2 A XD DNA 0f] &=
s 28 A=
> BEAISO0] Ml oFol CHE | XHLE 2XHES| 2) @
2ol MAE SeI(=A AFA)IJF DNA Ol &=




3

3

L

[

MO RIMI] OIA]

=
o

00 00
m B0 B0
O v Rr
m K0 MUY
— Al T
O | |
.
S -
= W = Lo
O @ (2w o |®
O Bl |2 B0 oll |3
O or| | %o J 50| | A
0z IH |3 R il &l
=1 5l = D .._A.@
S
)
100 100 =
Kl K[ s| | &
7 0 0
_A; - E._E NI ol
OF X0
ERCAE
— 50 50
REETR |G ;
=< X0 K0 RT )
— = g
.A._ 25 ._Jé < Ok
H B B



>

.

4]
o\
e
g

[

=l
alll
]
02

0 RO e
ne ol

=

J4

=,

09
=

o
or Jm

—
e

0z 0
_>|ﬂ
&
JE
0

[z
N
2
ol

vV V V VY VYV V

02 0¥ 4> ML ne JE

10
e
0=

M e RE LS E&l O

Bl [100%AHE M)

G000

0
/m_q S0%AIE Al

(ux| 8 o

)
ST ETED
FERIEEEE "
(ware| 8 2 ) 3000
2000
(z+3n]+3n E'Ei‘// H [PE(0%e M)

WD REE A
(ICAP Pub.-60) 200 fy~{uejgusy 2is )

mSy

1000

500




ERERY
B SE=0AN LIEHL=E S8

MEHE HAMUAE SMHS B0l Jis
> 10 mSv Il ZA] 508/ BE 7 & 474 0/4F &8
> A SEOIAS G4 A4 014 10%
>

BYOIE S 100,0508 01A1 G4 4 014 274
SABNOR MG YAMNANE SEY St




mIB
I
g
i
Lol

(|
o Db Al GH A
. F(threshold dose)
ae ool M= JHAIE 'l "
ol &0 et & /\*2} >
MeF X

00

-0l

0z

2t
=,

Jor T
W 02
i

1
i
[z
o
o
o
o
o



¥ (Stochastic Effect)

3

EN

OF

oo 3

ot U

H

F ol
_ X0 =
W3 X
= U
O L0 D
. X o0 JI0 T
H m.Jl, 53~ =
Fre =W
Loy R OB RO

00 = o

g LM = T+ o)
— | 50 ™ 3l
o 00 ol =
<J @m H R
Ok B 58 W oS
f%l}lao._k.om._o_._
w K0 57 o 3
) S © o) o W w0
oT o0 o0 o B) OO A

A A A A A A

=<
o]

0l
U

i
|l

I
d

=
10

N’

<L

n0
e

-t

Al

<0

bl

n0
g

<0 i
ol o



ical Exposure)

o= (med

= Al
IiTo

O

RS

KIr S ulr

SN—r’

F

A
o

SZUAS ALY S O

uln

-l

ni0

J|J
o)

JIJ

MENREO0A Ol 0Ll

uln

-l

AHOIH & 20ot= A

10k

HID
ol
o]
ol

o
70

O

KH0
[0

—

J

oll



T O |
m S0
= o f0
W S35
) o7 < i
Nz =8
- O
ol ﬂ ) m;
o C =
D QK
|_.M O ) DJ
10} =i % <]
W 2K
_IM o|_. S .z 0
02 O =5 O Hf
~ o) wio) , B
HO x5S
s REE0S
i B OHiS << ) o3
= 3 Ko < |\ A
H B B H B



Diagnostic Reference Level
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Variations of the Chest dose
by hospital (PA projection)

wr

Number of units
on

= >
1 L

<— YOUR HOSPITAL 5 15 25 35 45 55 65
DAP-value (Gy*cm’)

Dose distribution of IVP examination
among 45 centers in Sweden (ICRP 85)

DAP: Dose x Area

Potential for exposure saving

Large differences observed in surveys,
factor 20 or even more ...

0 04 02 03 04 05 06 07 0.8 09 1 _ _
(mGy) plenty of scope for saving, without

loosing diagnostic confidence (IAEA 2006)
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Recommendation of patient dose in diagnostic radiology

B ICRP Supporting Guidance 2 (2003)

- Review of Diagnostic Reference Levels (DRLs) in Medical Imaging

- Approved by ICRP Committee 3 in September 2001
— DRLs should be used by regional, national and local authorised bodies
— The numerical values of DRLs are advisory

- Improve the management of patient doses in medical imaging

- Diagnostic reference level (DRL): & &H&E &<

- XS0l Ciet fgtstJ OtLI JHE A &
- 2/Al= DRLs= ZUtotK| RS2EM AHE £
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(ICRP publication 103, 2008)

| = __I% D—IA'.__I I-ICI-9|.

(Justification for medical procedures)
LU S0HAHE 2ol = A gt

(Optimization of protection in medical exposure)
- A& 1 FE2(Diagnostic Reference Level)

121 Pubiication 160

Pz 0T P prewsdeeem o 1w imgrata
Corws swen o Fadiningica” Prefnci e

- MEFSHE(Dose limits)




Diagnostic Reference Levels
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Measurement of Patient dose(ESD)
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Measurement of Patient dose
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Assessment of Patient dose
— PCXMC

Il 2tE — Radiation and Nuclear Safety Authority, STUKJ} JH& PCXMC(PC—-based
Monte Carlo program)
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Assessment of Patient dose
- CT-EXPO

German Roentgen Society, & X2l 2 ZH| K =& &l (ZVEI)
—-1999438 =< Nation—wide survey, AQI, A0 & XH& &H D}
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Assessment of Patient dose
- ImPACT CT Patient dosimetry Calculator

A= - HPA(Health Protection Agency)
— Imaging Performance and Assessment of CT

— Computed Tomography2l 2t & X €2 Hd0oI2 A2 Z Monte Carlo AIZ2dI0|&S
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Amount of radiation to fetus

from X-ray examinations during pregnancy

Represenlalive Entrance Exposures and Felal Doses
for Selected Examinations

ESEinmGy  Fetal Dese in

{unit: mGy )

. . . _ Examination (mR) mby (mrad)
‘examination site mangudmgfradlnttm Skull (lateral) 0.7 (70) 0 (0)
plain chest 0.01 mGy or less Cervical spine (AP) 1.1 (110) B {0)

P Shoulder 0.9 (90) 0 (0)
e Feici Lo I L) Chest (PA) 01 (1) 0 ()
plain Lumbar spine | 1.7mGy Thoracic spine (AP) 1.8 (180) 0.01 (1)
CT head 0.005mGy or less Cholecystogram (PA) 1.5 (150 0.01 (1)

chest 0.06 mGy _Lumbosacral spine (AP) 2.5 (250) 0.8 (80)
Abdomen or KUB (AP) 2.2 (220) 0.7 (70)

abdomen 8.0mGy Intravenous pyelogram 2.1 (210) 0.6_(60)

pelvis 25.0mGy Hips 2.2 (220) 0.5 {50
Wrist or foot 0.05 (5) 0 (0)
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Example: Justified use of CT

Pregnant Female was in motor vehicle accident

Blood

£ ™. / outside
A "-.,,* uterus
3 IR

5 A ;




" A
3 minute CT exam and taken to the
operation room. She and the child survived.

idney torn
ff aorta (no contrast in it)




" S
Fetal Radiation Risk ICRP

m There are radiation-related risks throughout
bregnancy that are related to the stage of
Dregnancy and absorbed dose.

m Radiation risks are more significant during
organogenesis and in the early fetal period,
somewhat less in the 2nd trimester, and least
in the 3™ trimester.

Maost

risk
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Radiation-induced malformations

m Malformations have a threshold of 100-
200 mGy of higher and are typically
associated with CNS problems.

m Fetal doses of 100 mGy are not reached
even with 3 pelvic CT scans or 20
conventional diagnostic X-ray exam.

m These levels can be reached with
fluoroscopically guided interventional
procedures of the pelvis and with
radiotherapy.




" S
Termination of Pregnancy (I)

m High fetal doses (100-1000 mGy) during
late pregnancy are not likely to result in
malformations or birth defects since all the
organs have been formed.

m A fetal dose of 100 mGy has a small
individual risk of radiation-induced cancer.
There is over a 99% chance that the
exposed fetus will NOT develop childhood
cancer or leukemia




" S
Termination of Pregnancy (II)

m Termination of pregnancy at fetal doses
of less than 100 mGy is NOT justified
based upon radiation risk.

m At fetal doses in excess of 500 mGy,
there can be significant fetal damage, the
magnitude and type of which is a function
of dose and stage of pregnancy

m At fetal doses between 100 and 500 mGy,
decisions should be based upon individual
circumstances.
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