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ELECTROMAGNETIC RADIATION SPECTRUM
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Deterministic effect
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HAYDI5IAADNYYEILUY Deterministic Effect

Threshold absorbd dose Gy

Organftissue Effect Short-term exposure Long-term exposure
single doses
(sing ) (Yearly - repeated for
many years)
Testicles Temporal sterility 0.15 04
permanent sterility 35-6.0 20
Ovaries Sterility 25-6.0 >0.2
Ocular lens Detectable opacities 05-2.0 =01
Visual impairment
(cataract) 5.0 >0.15
Bone marrow Haemopoiesis 0.5 > 0.4
impairment
Skin 1.Erythema (dry 2 -
desquamation).
2. Moist 18 -
desquamation.
3. Epidermal and 25 -
deep skin necrosis
4. Skin atrophy with
complications 10-12 10
and telangiectasia
Whole body Acute radiation -
sickness (mild) 1.0

http://www.icrp.org/docs/rad for gp for web.pdf




Stochastic effect
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Broad levels of risk for common x-ray examinations and isotope scans

X-ray examination (or
nuclear medicine isotope
scan)

Effective doses

(mSv) clustering
around a value of:

Equivalent period of

natural background
radiation

Lifetime additional risk

of cancer per
examination”

Negligible risk
Chest
Teeth
Arms and legs 0.01 A few days
Hands and feet
Minimal risk
Skull 0.1 A few weeks 1in 1 000 000
Head to
Neck 1in 100 000
Very low risk
Breast (mammography)
Hip 1in 100 000
Spine to
Abdomen A few months 1in 10 000
Pelvis to
CT scan of head 1.0 a year
(Lung isotope scan)
(Kidney isotope scan)
Low risk
Kidneys and bladder 1in 10 000
(IVU) to
Stomach - barium meal 10 A few years 1in 1000

Colen - barium enema
CT scan of abdomen
(Bone isotope scan)

* These risk levels represent very small additions to the 1 in 3 chance we all have of getting

cancer.

http://www.icrp.org/docs/Rad_for_GP_for_web.pdf
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Jsurausednvium (Dose limit)

Dose limit from ICRP 103

Dose Limit

Application

Occupational

20 mSv per year
Effective dose Averaged over defined 1 mSv in year

period 5 year

Annual equivalent Dose in

The lens of the eye 150 mSv (20mSv*) 15 mSv
The skin 500 mSv 50 mSv
The hand and feet 500 mSv 50 mSv

* new dose limit from ICRP 2011



New Guideline on Lens Exposure

m [CRP i1ssued a new recommendation

ACRP, 2011)

[.ower threshold for cataract formation: 0.5 Gy
(previous threshold 2-5 Gy)

l.ower ()ccupati(mnl eye

dose limit: 20 mSv/yr

a\'cragcd over 5 years

with no year > 50 mSv

Beth Schueler, AAPM Annual Meeting 2011




Dose limit for patient

or

Medical Exposure

Depend on
Risk and Benefit

Optimization
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CERND)

General

Radiography

Fluoroscopy

CT

Mammography

EEEEEEEEEEEEEEEEEEEEEEEEEE

Dosimetry in Diagnostic
Radiology: An International
Code of Practice

MaNVAIUSUIUSIH

Entrance Surface Air Kerma (K, ESAK)

Dose Area Product (DAP) or Kerma Area Product (P, ,, KAP)
Entrance Surface Air Kerma rate

Dose Area Product (DAP) or Kerma Area Product (PKA, KAP)

CT Dose Index (CTDI)
Dose Length Product (DLP)

Mean Glandular Dose (MGD) or Average Glandular Dose (AGD)



X - ray tube
= Tube focus
I * | Colli
Distance from 3 bl
tube focus 0 [ < KAP meter
Focus o patient d - (air kerma - area product P,
RN
surface distance .
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il _ X - ray tube oulput Y (d)
Focus to image / | \ 3
receplor distance ) .1,/\ Incident air kerma K
Oren ' - (no backscatter)
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Scattered radiation
T~ Absorbed dose to tissue D
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Dose (Kerma) Area Product

(DAP or KAP)

Transmission
lonization chamber
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PPT from IAEA



(1)

VacuDAP duo VacuDAP Bluetooth® duo

DAP meter

(1) http://www.euromed.co.nz/product/radcal-dap-meter-vacudap/ (2) Michael Yong Park, Seung Eun Jung, Patient Dose
Management: Focus on Practical Actions, J Korean Med Sci. 2016 Feb;31(Suppl 1):S45-S54.



Dose Area Product (DAP)

\ g

0.5m
1m
2m
Air Kerma: 40*10%uGy 10*10° pGy 2.5%103 pGy
Area: 2.5%103 m2 10*103 m? 40*103 m?2
DAP 100 uGy m? 100 uGy m? 100 pGy m?2

PPT from IAEA



DRL for Radiography

Recommended national reference doses for individual
radiographs on adult patients - 2000 review

Radiograph ESD per radiograph (mGy) DAP per radiograph (Gy cm
2)
Skull AP/PA 3 -
Skull LAT 1.5 -
Chest PA 0.2 012
Chest LAT 1.0 -
Tharacic spine AP 3.5 -
Thoracic spine LAT 10 -
Lumbar spine AP ] 1.6
Lumbar spine LAT 14 3
Lumbar spine L5J 26 3
Abdomen AP 6 3
Pelvis AP 4 3

http://www.hpa.org.uk



DRL for CT

Adult Diagnostic Reference Levels for CTDlvol (mGy) and DLP (mGy cm)

Head Abdomen Abdomen & Pelvis
Whole Exam Whole Exam Pelvis Whole Exam

CTDIval OLP CTDIval OLP CTDIvol DLP CTDIvol DLP

Sweden 2002 12 75 1200 25 - - - - -
UK 2003 8 65 - 100 930 14 470 - - 14 560
e e s . . . . . - |1s 700
EC 2004 4 &0 - 25 - - - 15 700

ACR 2008 75 - 25 - - - - -

EC = European Commission; ACRE = American College of Radiclogy; UK = United Kingdom

http://www.imagewisely.org/~/media/ImageWisely-Files/Medical-Physicist-Articles/IW-McCullough-Diagnostic-
Reference-Levels.pdf



DRL for Fluoroscopy

Table 2. Listing of Reference Levels (continued)

(General, U.K.) BSS) (CT) (General) (General) (General, U.S.)
Medical IPSM IAEA EC NRPB EC AAPM
Im agiig Task 1992 1996 1988b 1999 1999a 1999
Fluoroscopy [values are in mGy per minute]
Mormal Mode 25 (mode not given)
High-level Mode 100 65
[ESD rate] [ESAK rate]

Examinations [values are DAP in Gy cmz]

Lumbar Spine 15 15 nv 10
Barium Enema &0 60 il 50
Barium hMeal 25 25 25 25
Intervenous Urography 40 40

Abdomen B 8

Pelviz 5 5 v 4

Chest v 1

Urography 40 20

[values cited: UK., then Nordic)
[y, no value]

http://www.icrp.org/docs/DRL_for web.pdf
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A R E A https://www-ns.iaea.org/tech-areas/emergency/iec/fra/img/trefoil jpg

https://www.mysafetysign.com/radiation-labeling-and-safety.aspx
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Distance: Inverse square law
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http://www.coshem.mahidol.ac.th/downloads/Radiation%20Safety.pdf
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31897UNEa OSL

nan1suszliuanSunisdusziiayang
iwssiafeduszdndayana OSL :1%@‘1\15:%'5’1%3@?\.5.9.59) weiud  :10 1297/59
0/ ML | AUTUNNEAERTISINEIUIRTNBUR I INEnLLing Juisuiegne  : 4 W.A.59
GRLREL RGP D)) Juitveaau  : 4 w.A.59
fiog - wauil 270 ouunszTd 6 wwrsjmeln lwasEw3 Wieansiu 11 W.A.59
N33Mwa 10400 (BYoONINEIUY N 5905/4806/2559
383A31eM : Automatic OSL 200 USER MANUAL a3esiin/gunsal : Automatic OSL 200 S/N 104
e e o P Deep Dose | Lens Dose | Shallow Dose | Neutron Dose
Sk wagld voane TR (Hp(10), m$v) | (Hp(), mSv) | (HP(0.07), mSv) (mSv) i
1 | RMHO715071501 XA025715687 Be Be Be
2 | RMH1015101551 XA02943144H Be Bg Be
3 | RMH1015101552 XA02940400Q Bg Be Be
4 | RMH1015101553 XA01654124L Be Bg Bg
5 | RMH1015101554 XA019347852 Bg Bg Be -
6 | RMH1015101555 XA029403400 Be Bg Bg
7 | RMH1015101556 XA02939313F Bg Be Be
8 | RMH1015101557 XA01903505L Bg Bg Be
9 | RMH1015101558 XA029404010 Bg Be Bg

Warning limit A8 4.5 mSv ¢19 3 LAau
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* 1A399 Fluoroscopy
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10 days rule

Safety period for X-ray



Fetal radiation risk

® There are radiation-related risks throughout pregnancy that are
related to the stage of pregnancy and absorbed dose

® Radiation risks are most significant during oreanogenesis and in
the early fetal period, somewhat less in the 2" trimester, and

least in the 3™ trimester

Most
risk
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Pregnant? What you need to know

Unborn babies are more sensitive to radiation.

or think Risk depends on stage of pregnancy, type of
you could be? procedure and the amount of radiation used.

Diagnostic radiological procedures are safe under

Please tell most circumstances even during pregnancy.

the staff

before an X ray ; :
or nuclear medicine DO’s and DON’Ts

procedure Don't avoid the procedure if it's
important for your health.

Do ask the medical staff what measures
will be taken to reduce any risks.

1 to 2 weeks 3 to 15 weeks 16 to 38 weeks , ) i )
Loss risk MORE risk Lossrisk Do seek advice before the procedure

if you are concerned.

(& Do ask if a pregnancy test is needed,
) IAEA 05/ 100D IAER.OIC
_.-;\-._ International Atomic Energy Agency TH _]S..l".” _]E] _].Id'jj.[]f(]

WWW.rpop.iaea.org
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N1537189990US U5 9EN52IR9INN15 LULATDY Portable X-ray

M =l -
YA TIEATIBER ’/,_— o
- ~
p - 44 . : . > 5% R h2N
B an LT tlmER LR Shimuszu §1 MobileDart
— -
gunsolimFannied Solid state detector: Piranha
watiamsrien g i 1. nartnen e narela a-dnuasElung
2. nAEEnen TN N i

Frus AR nATna i i 0.5, 1, 1.5, 2 W AT WARIFININATUE

i3 T i3
Frnurfrsamatienrdssediand auni Wif e armsdndi el 2 afsedu dnduy

= 2*7 = 14 miaradla

S .
-

unoust o semsievaiaad wiuyraaiall 20 pGy T 1 diland o - - 5 P
1 n'mu.ﬂmm‘iﬁ'\amomﬁmms‘qﬁns:Lq\lmnmemmnmeﬂmaauw




N15378299AUS N5 9ENIZIR9INN15 LULATDY Portable X-ray

nsainstnaLuuandisalan

wAtlAAUFLLAN- exposure technigue: Chest X-ray 40 kV, 2.5 mAs (14.59ms)

. 1BanudifinsziRafiinla PBnnfsAflaFusadilam
FLua
(mGy/hr) (HGy)
1. WNINATNENSA TR 0.5 wims 12.586 1.4282
2. WNAINATHNENIA TR 1 Lung 3.527 0.4003
3. WwRmATananai fal 1.5 g 1510 0.1713
4. ﬂﬂaq’mﬁmﬁanmaﬁﬁaﬁz L g 0715 0.1317

» - o o 4 e x el n
WHELUE 1. Fnnfdnee@andaldaun mnwldauilald winlfeu Exposure technique d1uruafraanisanas i ldse dlami

s I -
wazlReuruniaAsaaanmsd

2. inuvTanulsansamaf @ dwiuymasinly 20 pGy Tu 1 dilan



N153718090US N5 98N521R991nN15 L4LASa9 Portable X-ray

ns@inisdrauwuuandistidan
wAtAg InTug lval:

1. UIARAILUNF - exposure technigue: Chest X-ray 60 kV, 5 mAs (22.11 ms)

2. awmInn - exposure technigue: Chest X-ray 80 KV, 8 mAs (43.88 ms)

wwnnsdlanklunjaueng wnasdlasd unamluey
M = = d= s T EE e o = = 2z cad s o o
PFunfdnmtiinls | Banfhanlsidedlant | haanfifnssdfaninld | JFaaf@ilafudediend
(mGylhr) (HGy) (mGy/hr) (HGy)
1. mafﬂnﬁmﬂanwﬁ’ﬁaﬁ 0.5 LuKg 221.78 15.3872 251.64 26.8381
2. maqﬁnﬁmﬁanwﬁﬁaﬂ 1 LHmg 57.69 49774 81.94 8.7387
3. mafﬂnﬁmﬂanwﬁ’ﬁqﬂ 1.5 LUMg 14.90 1.2821 32.32 3.4471
4. maqﬁnﬁm?ﬁnwﬁfﬁaﬁ 2 Lung 11.26 0.9686 2168 1.9858

" P | | . T o P
NHIELUE) 1. Bunndadnsu@andaliaursnn fouwlaald winilfeu Exposure technique Sruaupirenasienas i isadilnnd

-l e oo -
WAL REUA TN UL A TELE L e

2. innsirmulaesianef@dmivymeavialyl 20 pGy Tu 1 #land



N1537189990USH159EN52IR99INN15 LULASDY Portable X-ray

nsdinIsHELUULaNT IS dta4iad
wafimd v luey:

1. WRFAILUNT - exposure technique: Abdomen X-ray 70 kV, 8 mAs (43.69ms)

2. WG - exposure technique: Abdomen X-ray 90 kV, 14 mAs (104.4ms)

a [l - 4 L [l .
wnasddasinglnannmlni vandisfifed iaed lualauralua
Di"ll.L'Iﬂ'l.'H ar = e % a iy war 1 A w r = s oW r Y W 0 ae o
Fanfadinmfaiinld | Waoahiddlsfudedilant | thannfifnmefiiald | Suafidnlafusedilm
(mGy/hr) (WGy) (mGy/hr) (HGy)
1. mamnﬁmﬁaﬂmﬁﬁﬁ 0.5 wmg 234.04 21.7942 277.67 40.2619
2. mamnﬁmﬁaﬂmﬁﬁaﬂ 1Rt 66.20 5.8834 84.71 154147
3. mamnﬁmﬁaﬂmﬁ*ﬁaﬂ 1.5 1umT 25.56 27142 32.39 4.6964
4. mamnﬁmﬁaﬂmﬁ*ﬁaﬂ 2 \umg 16.18 1.7184 19.81 2.8720

- ~ s - 3 ) T o
UNIHLUR 1. Funfdnss@aidalfanmnlfauuladld winulfau Exposure technique Srvmusfeaanisianas i lde &iland

o e T .
wasil R euF Az naed

2. innusTanulaandeniafa@dmiuyaeaialy 20 pGy lu 1 &lewf



