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http://www.assignmentpoint.com/science/physics/ionizing-radiation.html
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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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NATBISIAADNYEE WU Deterministic Effect

NAURITIA Threshold (mGy)
HAUY HULA 2000
[~1 -V o
. L URNUTIAST? 150
AUN - .,,
RIPT IITab 3500-6000
59l Llunaiu 2500-6000
ﬁ%é"ldﬂ']ﬂ Acute radiation sickness 1000

http://www.icrp.org/docs/rad_for_gp_for_ web.pdf



NATUBITIRADNYEE UL stochastic effect

* 47950 Low dose
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* dwFuyenaiialy flennaazifanzde 5 1 100 Ausea0ssad 1000 mSv
* AwFuyAaINITaIUNeXed Alanadauzid 4 11 100 AuseLFuNusd
1000 mSv
? AYINHNALNANN9NUENITH
’ z%m%’uuﬂmﬁqiﬂ NlaniaaziinpNEALNANIIAUENIIN 0.2 % sailTunn
98 1000 mSv

* AUILYAAININTIINIUNINTA HlananaRaUnANI9wLgNIIN 0.1 % sia
17110U598 1000 mSv
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Application

Effective dose

Dose Limit

Occupational

20 mSv per year

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
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http://www.coshem.mahidol.ac.th/downloads/Radiation%20Safety.pdf
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Diagnostic Reference Level (DRL)

+
Mean f Dose

Reference level

Values BELOW reference levels could not be optimized.
Values ABOVE reference levels should required an investigation and optimization of X-

ray system or protocols
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General

Radiography

Fluoroscopy

CT

Mammography
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Dosimetry in Diagnostic
Radiology: An International
Code of Practice
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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)
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Dose (Kerma) Area Product
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Transmission
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(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)

DAP = Dose x Area

¢

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

PPT from IAEA



Dose Area Product (DAP) vs Exposure Index (El)

Operator: 008701 El_s: 600 109KkV 18 mAs 7.2r1s 11.72 uGym?2 Chest AP UPRIGHT
N S L

h System El DAP
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Exposure Index (El)
(PHWPS

The El “Currencies”

Name Symbol Range (typ.) | Value @2.5 pGy
Agfa (CR) Logar'|r:hm|c LgM 1 6-22 Depends on
median selected speed
Canon (DR) Reached REX ) Depends1 on
Exposure processing
Fuji (CR) Sensitivity S 200 — 800 200
Kodak (CR) | Exposure El 1300 — 1800 1500
Index
Philips (DR) Exposure El 200 — 800 400
Index
Siemens (DR) E’iﬁgi’"e EXI 200 — 800 380()

Philips Medical Systems, Ulrich Neitzel, 2006-02- 15 PPT fI'OlTl PhlllpS 2



Exposure Index (El)
(PHWPS

Essenta DR Workspot Eleva
Examination Tab

El s TARGET VALUES

- FORBOTH DR AND CR:

El_s =100 to 300

Where the relationship is PROPORTIONAL to the dose
« This is across all body areas. Chest X-Rays can go to 450 due to the
“Auto Mode”

If the number on the image is higher, you can reduce your dose given

If the number on the image is lower, you have to increase your dose used
and you should check that the quality of the image is good enough for
diagnosis.

« Note: for an 800 speed system, the El_s target values are 50 to 150
respectively

Company confidential Eleva Workspot — Training Material — T.Dom - April 2007 PPT from Philips 12



Exposure Index: AEC Technique

Pelvis ap, 77 kV, AEC
Mean value:
1000 ET = 400
Mean
deviation :
100 +25%
10 E - - I T Nl
] Wias |2 kg ' T I
] I 1] B
100 200 300 400
Image #

Philips Medical Systems, Wirich Meitzel, 2006-02-15 PPT from Philips |9



DAP vs EI

DAP and El are not patient dose
DAP does not indicate appropriateness of exposure level in
iIndividual case

El, Feedback to radiographer about appropriate exposure level in
clinical routine BUT does not replace patient dose related

parameters (like dose-area-product, entrance skin exposure)

Both are necessary for dose-conscious work



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 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



Dose display on CT monitor

DLP=CTDI  x scan range




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
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mAtlad MILLGN- exposure technique: Chest X-ray 40 kV, 2.5 mAs (14.59ms)

. Bannufidnsndaiinlea Bunfdilafusadilam
ALY
(mGyihr) (HGy)
1. WHAINATANENSATE 0.5 wing 12.586 1.4282
2. WHAINATHNANEN TR 1 ng 3.527 0.4003
3. Wnsnganananediad 1.5 g 1.510 0.1713
4. WHARATHNENIENTIR 2 wm 0.715 0.1317




nsoinIsonauuueangsilan

watiaguTud v a:

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

2. wwEa DY - exposure technique: Chest X-ray 80 kV, 8 mAs (43.88 ms)

wenmshlaaglunjanming

- i ' |
wrsde ad luwnjanaluey

runis WBande@nsudaiinld | Banddilsusedlant | Binnffnssfiiials | Bundidnlsfudedilmi
(mGyihr) (HGy) (mGy/hr) (HGy)
1. mamnﬁmﬁaﬂwﬁﬂi’a?« 0.5 LHmg 221.76 15.3872 251.64 26.8381
2. H’IW"Iﬂﬁﬁﬁdﬂwﬁﬂﬁﬂ 11m3 57.89 49774 81.94 8.7387
3. ma@’]ﬂﬁﬁﬁdﬂwﬁ’]i‘iﬂ 1.5 1HRT 14.90 1.2821 32.32 3.4471
4. ma@‘]ﬂﬁﬂﬁdﬂwﬁ’ﬁﬁ 2 Lng 11.26 0.9686 21.68 1.9858




nsoINIS 01 LU U NT LT fTaana
wpTad ML lney:

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

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

L34 L] - o L L] [l
randsfdasiasgivalruimlng lantisdted e luaiauialug]
ﬁ"llk'lﬂ'lj\'ﬂ a o s i . i A i ar L4 . P L ar Y i ar L
PBand@nsndiinla | Bundanladudedlemt | Banaufi@nss@ainlad | WSunddnlafudedilmn
(mGy/hr) (HGy) (mGy/hr) (HGy)
1. W9 NATANEHAYTIR 0.5 Wng 23404 21.7942 277.67 402619
2. 4NGATMNARATIR 1 g 66.20 5.8834 84.71 15.4147
3. W9 NgANANEHAYTIE 1.5 Wng 25,56 27142 32.39 4.6964
4. WINGATHNERATIR 2 g 16.18 1.7184 19.81 2.8720
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CAUTION

A.A
a

a4

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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http://wwwO.tint.or.th/nkc/nkc5003/nkc5003c.html
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Thank you for your attention



