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Model 2 lgamniumsdsaiiiuasmnasadlumaneas Hp(10), Hp(0.07) waz Hp(3) &3y nanoDot
TFdhwsumsusziiuausunassdmmeamunialinanzes Hp(0.07) %38 Absorbed dose
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Relationship between Count and Energy for Diagnostic Radiology Yootthana Bangmuang and Sirichai Theirrattanakul

winewen E1 A Miuinzasuan ALO, N3y C humnsaenilu Open window (OW)
E2 D MUUINYINEN ALO, Ndame C rumnsasiidunwaadin (PL)
=l

E3 @a etuInzeanan AlO, dame C shudinsasiiluazgiitiion (Al)

.

E4 fin etuIngeanan AlO Name C hudmnsaaniflunasuns (Cu)

Togludranasnuandudienlglunusaditatedudiulvg Faluedasniasednlinasny
agluza9 15 keV 49 100 keV lumsasuiiisuusiniaseddilvaazldaseduuy N-Series Faiianune
AUNASNYBINAINIULAY TIuanaMsaauiiauesariamessdidaneninmsldsseaduuy RQR fanuaue
AUnasHRINaIUNIN FlanulnadesnuadnasueasnslEnuaselunusediias
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1. wwinsedlaweauaajy InLight-LDR Model 2 (Wi 2) Usznaudis wanues ALO,
Adome C 1w 4 wdn wazdeaus3y (holder) Aildnsee Y 4 989 (Wi 3) Belieanuvnuiy
dafiuil wasmatmhilumslsafiuisduandfumuanantifuasiagihinl@dudnsas Faanunse

UsziudSinasadiend, unnan wazdanle (aseh 1)

Wi 2 wiuiasdlatoauea ju InLight-LDR Model 2
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a o P v = P ° 2 A v
NINN 3 m?ﬂiaQﬂaguuﬁaQ‘USS%Naﬂﬂa\j 1412()3 NRAang C IUIU 4 Naﬂ"ﬂa%ﬂ’]ulu

MMM 1 NYazBeavaNiingae 4 989 uugaussywiuinsedlaeauas Ju InLight - LDR Model 2

Position (primary filter) Filtration (approx mg-cm™) Use
OW (open window) 29 Beta response
i Beta characterization

PL (plastic) 275

photon response
Al (aluminum) 375 Photon characterization

Photon response

Cu (copper) 545

and characterization

=

2. 1AIUUINIUNATY InLight 200A (Mwi 4) Fszuumuanmemnnulumssuunuinieg
ZaUsznauaie vasa LED &der wialdlumsussliudfinased lagld 6 wasa dwmsuasanused
gand 150 WadZI0 waz 36 aae AmsumUTINUSIFNNT 150 FadZITe NIudvasanigauas (PMT)

Wprenadyanauss@intuinseseanan wazulswaduanmoaninlumiieuss Counts

MM 4 @39 UUKUINTE 18 1ad woa ¥indnlulld Ju InLight 200A nl#lumsdnm
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3. YUTBBY WA 30 x 30 x 15 cm MNNIF PMMA dwmsumsdauiieuuininiadyana
(MWNH 5)

30 cm

v 15 cm

F 3

Y

30 cm

7NN 5 PMMA slab phantom dwSumsaauiiguukuiniagynaa

v

4. P3N EENTNAITINEYR GE 1 Isovolt Triton NRuantifinesanfaduuy N-Series
ez RQR (9199 2)

MM 2 NEazBEaYaaNNFLUY N-Series uaz RQR nldlumsmesadusiuinssdloteausa ju-LDR
Model 2"

Hp(d) RQ Tube potential (kV) Mean Energy (keV) Conversion Coefficient
N-60 60 48 1.65
N-80 80 65 1.88
N-100 100 83 1.88

Hp(10) N-120 120 100 1.81
N-150 148 118 1.73
RQR4 60 34.44 0.79
RQRe6 80 41.64 0.91
RQRS8 100 48.64 1.06
RQR9 120 56.2 1.24
RQRI10 150 66.56 1.55
N-60 60 48 1.55
N-80 80 65 1.72

Hp(0.07) N-120 120 100 1.67
RQR4 60 34.44 1.29
RQRe6 80 41.64 1.36
RQR9 120 56.2 1.5
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nsAnwANNFNNESIERINANTUIazaunInsIFlaaauas 314 InLight-LDR Model 2 unuinaad
PMMA na1s9aduuy N-Series waz RQR

§one Wudaes PMMA vuuiumsdmdumesid udasssezuaziunislagldiawaseua
Tumsmuuasses uwarlfamasmundsiiyaienassasiuiness PMMA (mwil 6) thusiuiaSdaaiiuinm
90RenaseILTIaEY PMMA $110u 4 usiys damsme$id 1 wianu udhmeSiddeaduuy N-Series

4} o a U o e cl'
waz RQR 1NATaMLliniadiandanasgiu wasnuag 2,000 pSv (1319 2)
TagmmnanuazasmsmeluudazaSadnngas
t = Hp(d)/h.K* e, (1)

dle Hp(d) @a ﬂ%mm%’qﬁaugaﬁtﬁﬂﬁﬂmﬁmﬁ'a fiszduannan d faawes 1Flumsuszdiv
Ysmnasedyaaa Ussnaueis Hp(10), Hp(0.07) waz Hp(3)

h @8 Conversion Coefficient (Sv/Gy)

t A9 NaEUSUMIMESE (sec)

K° @8 Air Kerma Rate (Gy/sec)

} ud1aal PMMA

uUNN U189

s unesaa

MW 6 MIANTEEE uazimuninraaiuiiaes PMMA uuuvume

wasnmeidend 24 $lue hndumnsuaUsinedid Hp(d) setnisesiuunu’iosed
Totaausa wuudalusl® 3u 200A Wnanledanmanuduiussening Hp(d) anarseduuy N-Series
waz RQR TagheiuiaiilszdiuldunussuidisuiuszwieanivSannudazudnlumaneas E2/E1,
Es/E1 uaz E4/E1 uazinmenuduiusuawsiniasidlaausaiichudinsan 4 xiie
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We

NAMIANANNFNNUSTEH I USINUSFMa leana5aduuy N - Series uaz RQR luwnaw

Hp(10) waz Hp(0.07) MALKUINSIE D6 i;u InLight-LDR Model 2 (mﬁmﬁ 3)

37 3 Usinasidndsadivldnnunuiassdlaieausa u InLight-LDR Model 2 fimnaluman Hp(10)
wor Hp(0.07)

Tube Mean

Hp(10) Hp(0.07) Hp(3 Diff Diff Diff
Hp(d) RQ voltage Energy p(10) Hp( ) Hp(3)  %Di 7%D1 %01

(uSv)  (uSv)  (uSv) Hp(10) Hp(0.07) Hp(3)

(kV) (keV)
N-60 60.0 48.0 1773 1683 1745 -11.38 -15.88  -12.75
N-80 80.0 65.0 1993 1818 1910 -0.38 -9.13 -4.50
N-100 100.0 83.0 1923 1788 1875 -3.88 -10.63 -6.25
N-120 120.0 100.0 1945 1883 1945 -2.75 -5.88 -2.75
N-150 148.0 118.0 1773 1750 1773 -11.38 -12.50 -11.38
Hp(10)
RQR4 60.1 34.4 2563 2993 2868 28.13 49.63 43.38
RQR6 80.4 41.6 2455 2600 2588 22.75 30.00 29.38
RQRS8 100.6 48.6 2408 2443 2470 20.38 22.13 23.50
RQR9 121.0 56.2 2185 2180 2220 9.25 9.00 11.00
RQR10 151.6 66.6 1863 1822 1870 -6.85 -8.90 -6.50
N-60 60.0 48.0 1998 1910 1978 -0.13 -4.50 -1.13
N-80 80.0 65.0 2115 1935 2033 5.75 -3.25 1.63
N-120 120.0 100.0 2030 1938 2030 1.50 -3.13 1.50
Hp(0.07)
RQR4 60.1 34.4 1533 1775 1705 -23.38 -11.25  -14.75
RQR6 80.4 41.6 1613 1800 1733 -19.38 -10.00 -13.38
RQR9 121.0 56.2 2113 2178 2190 5.63 8.88 9.50

Asnasedivssduldnnuiuiosidloeausa §u InLight-LDR Model 2 fimadasd3ed
wuu N-Series waz RQR Tuman Hp(10) azienuuaneeiy TasemuSinassdimasioaseduda: RQR
i Hp(10) @iy 2,563, 2,455, 2,408, 2,185 Waz 1,863 USV ANEIGU dumUsnasidiamese
a59dufaz N-series 7 Hp(10) flawhfu 1,773, 1,993, 1,923, 1,945 Waz 1,773 uSv Muaau
FanuheUsinasidimelumen Hp(10) drea3eduuy RQR azdenanasmuaianuaedndntau
T Funanatansise uaeUSinasdimemesseduuu N - series azienlngidaetu (mwit 7 (A))
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druadsinassdnaneaisasedunas N-series 9 Hp(0.07) §evnu 1,910, 1,935 waz 1,938 pSv
MuOU FanunamUsnasdnmearsadlumen Hp(0.07) nauuy RQR waz N-series aslaiiuzuy

MUSINUSIFNNeMIeM5aFuuY N-Series war RQR luwman Hp(0.07) azianwaelnatdaany
TosanUSunasidnamadieaseduaaz RQR 7 Hp(0.07) Hawmnu 1,775, 1,800 Wae 2,178 uSv auaIaU

mumeanuandngntlaulinurasaanaisd (mwi 7 (B))

Comparison between Personal Equivalent Dose from Radiation Quality
type N-Series and RQR in term of Hp(10)

3500 A)
3000
2500 == Deep (N-Series)
& 2000 ~@—Shal (N-Series)
5 1500 —de—Len (N-Series)
o
1000 =—==—Deep (RQR)
—+—Shal (RQR
500 al{Rey.
—&—Len (RQR)
0
60 70 80 90 100 110 120 130 140 150
Tube potential (kV)
Comparison between Personal Equivalent Dose from Radiation Quality
type N-Series and RQR in term of Hp(0.07) B)
2500
2000 —g{ 1 -
=&—Deep (N-Series)
@ 1300 e —8—Shal (N-Series)
@ ’
é 1000 —d—Len (N-Series)
=== Deep (RQR)
500 Shal (RQR)
=@ Len (RQR)
0
55 65 75 85 95 105 115 125

Tube potential (kV)

i 7 mMsuSeudsuaUsinasedlumenareq anmsaneseduuy N-Series uar RQR lutnaw
A) Hp(10) waz B) Hp(0.07)
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drumsdszdiumtiuiaonnuiuinidlaeausa 31 InLight-LDR Model 2 3103 Mo
@2881598ULUy RQR waz N-series ey Hp(10) waz Hp(0.07) WUINNABUSUDILADLWAIIU
A9 (M5199 1)

3Nd 4 enlulawnuiassdlataauaasu InLight-LDR Model 2 uazannaiussninaiuioudasuan

Tube Mean
Hp(d) RQ  Voltage Energy Ei1 E2 Es E4 E2/E1 E3/E1 E4/E1

(kV) (keV)

N-60 60.0 48.0 526 532 491 231 1.01 0.95 0.44
N-80 80.0 65.0 370 374 365 255 1.01 1.00 0.70
N-100 100.0 83.0 267 270 272 221 1.01 1.03 0.84
N-120 120.0 100.0 2117 219 220 195 1.01 1.03 0.91
N-150 148.0 118.0 179 186 186 171 1.04 1.05 0.97

Hp(10)
RQR4 60.1 34.4 1102 1109 866 229 1.01 0.80 0.21
RQR6 80.4 41.6 951 940 787 264 0.99 0.84 0.28
RQRS 100.6 48.6 771 765 672 270 0.99 0.88 0.35
RQR9  121.0 56.2 597 603 541 242 1.01 0.92 0.41
RQR10 151.6 66.6 458 460 416 213 1.01 0.92 0.47
N-60 60.0 48.0 554 550 514 244 0.99 0.94 0.45
Hp(0.07) N-80 80.0 65.0 394 400 390 270 1.02 1.00 0.70
N-120 120.0 100.0 247 250 248 216 1.02 1.02 0.89
RQR4 60.1 34.4 674 664 531 137 0.99 0.80 0.21
RQRG 80.4 41.6 648 630 532 178 0.97 0.83 0.28
RQRQ 121.0 56.2 510 520 453 207 1.02 0.90 0.41

Asasduatiuse E2/E1 vaemanstimaciosieduuy RQR uay N-series Aenlndidas 1
vaving Tasfidagluig 0.97 - 1.04 iesmnwdinuuesfidiendaninsashuiinsasdasiiiiu OW was
PL ladwhldanivia E1 uaz E2 fienlnaidseiu daudanduaivia Es/E1 fieaglugi 0.80 - 1.05
ilasnndas E3 fichnsasiiiluazgiiiion Fanansonsaandsnuansisden lianiuiaddanasly
wagidamnduaiiuia Ea/E1 fiedfiimsiwdsunlonnniige didagluzn .21 - 0.47 dmdumsms
METS9FLUU RQR U8t 0.44 - 0.97 §MSUMSANEMBaSITLUY N-series Mnsasdiuaiuiile
fanamea @iy RQR uat N-series fimnalumay Hp(10) asziialngidasiunmsanslumay
Hp(0.07)
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ANNENRUSsENATUTarasudaHEnimngnna3aduuy N-Series uaz RQR Tuman Hp(10)
wor Hp(0.07) (mwil 8) Fdnwazmilautuilonnnndinsasiildianumnauyauandudulaginms
avgfidiey uazvauasazaInsansassadiondldilianiuialuged 3 uas 4 fidanaennmsgndinsas
fusedly Fsenansnhinldlumsiinnsiwdsnuiwiviefdlaauealdsunnmsmesd

Characteristic of OSL from RQ in term of Hp(10) A
1300
—— N-60
1100 T
=—fi— N-80
900 —de—N-100
G —e—N-120
5 700
S _ s N-150
500 i —$— RQR4
~—— RQR6
300
% RQRS
100 - RQR9
1 - RQR10
element
Characteristic of OSL from RQ in term of Hp(0.07) ©
800
700
600
? ——N-60
& 500 ——N-80
=
S 400 m —se—N-120
—&— RCOR4
300
200 -RQRS
100
1
element

NN 8 NIINUFAIANNTNNUSTENINAIUUINYDILADEHEN Al O3 Mdame C 29uHuInsIdlaadwas
AUaNSIduUU N-Series uaz RQR fanglumanwas A) Hp(10) waz B) Hp(0.07)
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20918I1UsenIN E2/E1, E3/E1 waz E4/E1 2a9a1598uuu N-Series (mwﬁ 9, 10) Uz
RQR (mwit 11, 12) fiangluman Hp(10) uaz Hp(0.07) wuhidnuazaamefumuiuuesssadfime
Fdadu E2/E1 asiienlndiden 1.0, Es/E1 arfienlndidessu E2/E1 Taewfinduelszans 0.9
ulndldes 1 mundeny du E4/E1 fsnvasiisiumandsny udieniasni E2/E1 uaz E3/E1l

(MNN 13)

Ratio from N-series in term of Hp(10)

1.00 w

——E2/E1

—=—E3/E1
0.60 ; "~ —a—E4/E1

0.50
rd

40 50 60 70 80 90 100 110 120
Energy (keV)

P v v ¢ o ] Vv oo v o v o . a
MNAN 9 ﬂ‘ﬂwLLﬂﬂ\?ﬂ'ﬂNﬁN‘W‘uﬁﬂBQBﬂi']ﬂ')u‘ll'ﬂﬁu&lu')ﬂiﬁ&ﬂaLBﬂLLaaﬂUa’]iﬁﬂLL‘UUN- Series 'nmtflumau

224 Hp(10)
Ratio from RQR in term of Hp(10)
1.10
1.00 o ————————— —& ®
0.80 T
o 0.70
€ ——E2/E1
e 0.60
—8—E3/E1
0.50
e E4 /E1
0.40 =
0.30
0.20
30 35 40 45 50 55 60 65 70
Energy (keV)

P 4 o < v 1] | L= | v ° W o o
NMNN 10 ﬂS']WLLﬂﬂQﬂ'J']NﬁNWHﬁ‘ZIBQBG]T]G')N‘ZJENLLNH')G]SQG‘[BLE]ﬂLLBaﬂ‘Ui;“SQﬁLL‘U‘U RQR ‘YIQWEIEL'L!L‘VIE’)N

284 Hp(10)
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Ratio

1.10

1.00

0.90

0.80

0.70

0.60

0.50

0.40

Ratio from N-series in term of Hp(0.07)

// —e—E2/E1
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40 50 60 70 80 90 100
Energy (keV)

MWD 11 ANWULFNANNTNNUSYIDNTIFIUYDY YBIHUINSIF DLaaLaNUMSIFUUY N - Series Niane

Twwnenves Hp(0.07)

Ratio

1.10
1.00
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0.80
0.70
0.60
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0.40
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0.20

Ratio from RQR in term of Hp(0.07)
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2N 12 ANNLEIMNANUTNNUS VI8N TIUBUNUINSIF lataduaanumeaduuy RQR e luwnay

2N Hp(0.07)

NIINTHINENENFNTNIUNWNE
U 59 afui 2 wweu - AUy 2560




Relationship between Count and Energy for Diagnostic Radiology Yootthana Bangmuang and Sirichai Theirrattanakul

Comparison ratio between N-Series and RQR due to exposure in term Hp(10)

X

i ———
e

0.80 W —=—[E2/E1 (N-Series)

—@—E3/E1(N-Series)

[=]

s 0.60

o —a—E4/E1 (N-Series)
0.40 E2/E1(RQR)
0.20 —=E3/E1 (RQR)

—&—E4/E1 (RQR)
0.00
30 35 40 45 50 55 60 65 70

Mean Energy (keV)

2N 13 NNNULFANNFUN USRI NTINVDILKUIN ST IDLladuaanua 59Uy N-Series uaz RQR
nmalunanves Hp(10)

a L4
AU

msdauiisuwsiuiasedlasmlvagldmmnaspuaFiduuy N-Series Aifanlnadunwdsnueglu
Frfiuay AlFdusiimwuesSidusudasndsny FazuandeiuaSiduasengsdnldlumsanadiase
Sudanusdnuinm Geilisalnadundsnuiinii Tosfuediuaievamdsnuuassumisitldlums
a193Tiase Fawamsaneilewunen Hp(10) anarisduuy N-Series uaz RQR g luga9 1,773 - 1,993
Uar 1,863 - 2,563 USV MUAIGU Fananlanna5ed N-Series Aenlngidsstueniimmwualumsaeed
#t 2,000 pSv laswmzdreanudedngfiaaliiuaaatenasdani 60 kV dwiu N-Series waz

I
o~

g 100 kV dw3u RQR FeaziiehanuuandaiiuaineSanassdnae + 10% # Hp(10), Hp(0.07)
waz Hp(3) (m3ud 3) dumnazthlvlFonulumsineiamusmasedlunuseditaseazaasiiasan
FrmnssnuLazmanusdnduamasaildlumsanniimnzay
dwmiumsdnmenuduiusiusevinseniuiovasndn ALO_ fidame C veuuiuiasdlaeausa
FmadaaSaduuy N-Series waz RQR wuiaziisnwaclndidesty daflsumumimasndsnuiily
lunmsae Tegdandiuwes E2/E1, E3/E1 uaz E4/E1 289 N-Series asiimgani) RQR (m‘wﬁ 13)
Tosawzdandiuas E3/E1 uay E4/E1 fifeagluge 0.80 - 1.05 uaz 0.21 - 0.47 amaey
Faunamusnhdayamaianlilumsdnmeusinasedlunududiditeiy wesnudidsninm s
Puunwisnuiwiuiefidldsu anmsliukuiadidleeauss ju InLight-LDR Model 2 anifuia
aiuialuudazdauninsanmusansiu fezasdimsanmiindsludiueaimsasnneisaansisd
Afadeitldase Fefivmedssian Fasfidnvasrasanadundanuiiuandedy nudssluuuienasd
Flumsme tiaihindayalumsdnmenuduiuseasnuiodidlowaueadldlunu waznuide

A!' t!' v e el t!lt!' aa e ' el 1
Mnedpenusadn lalumsifiane LLa%ﬁ'JNiﬂ‘lﬂ'WlBl‘lJ

M58 IN5NINENFFASMSUNNE

140 U 59 atiun 2 wweu - ineu 2560



ANNFNNUSYBIM BN UAWSINUAI VS UNUSIFI TR gNEUY UNNN waz §3%8 Besiauna

a5

9

MSAN AN NFNNUS TeNINATUIALILANYULYDIANSIENILUY N-Series waz RQR Huly
muinguszaedlumsihinldidudayaiiugprulumsivuazauwamsdnmnUsnasadlunuieditas
TagahansothinldiauSinasidiendlanauanasnusnnni 50 keV Felimanuuanelaiifiuamysana

v
U o

Sedfie + 109 wianmdsainsassydeszdundsnuuasiidiandildsulanndnvasaiuiannusiu
Jo%sdloteausn u InLight-LDR Model 2 ifisufunsmsandueniuia Es/E1 uaz E4/E1 flme
Mea3eduuy RQR (MW 9 war 10) 6’2’%@%3‘31]3:1%141%15%1&1dwﬂ‘%mm%’ﬁém%’uqﬂmﬂﬁﬁ'm%'qﬁ
wlunudiditesy waznusidsindnm wsumsliunuiaded Tataauss %fia nanoDot Faumanzfu
i lWldlumsAnnivedaly

Aeenssndszne

= J

pagauaninWand5ed naumasinemesednlvanueyansilumsawminnaiwazas

bl
= [

Fdendlunsnw wazinWdndsed nussduaeanlvanuayenzdlumseienuazitenzimusnn

SaFNAEUInSIEaLaELDS

ENENTDINDY

1. International Commission on Radiological Protection (ICRP). Statement on tissue reactions,
approved by the commission on. [online]. April 21, 2011; [2 screens]. Available from: URL: http://
www.icrp.org/docs/2011%20Seoul.pdf.

2. Whole body Dose. Algorithm for the landauer. InLight basic-OSLN dosimeter. Revision:
InLight_Basic_OSNL_N_2008 09/19/08. Gaithersburg, MD: Validated by National Voluntary
Laboratory Accreditation Program: (NVLAP); 2008.

3. International Atomic Energy Agency. Calibration of radiation protection monitoring instruments,
Safety reports series No.16. Vienna: IAEA; 2000.

4. International Eletrotechnical Commission, IEC-61267: 2005, Medical diagnostic X-ray

equipment-radiation conditions for use in the determination of characteristics. Geneva: IEC; 2005.

NIINTHINENENFNTNIUNWNE
U 59 afui 2 wwneu - 19w 2560




Relationship between Count and Energy for Diagnostic Radiology Yootthana Bangmuang and Sirichai Theirrattanakul

Relationship between Count and Energy

for Diagnostic Radiology

Yootthana Bangmuang and Sirichai Theirrattanakul
Burean of Radiation and Medical device, Department of Medical Science, Tiwanon Road, Nonthaburi

11000

ABSTRACT At present, radiation is used in many fields including medical diagnosis and treatment.
Thus the radiation measurement is necessary for monitoring hazardous for occupational workers and
patients due to radiation. OSL dosimeter InLight-LDR model 2 composes of four AleS: C elements
with different filters is used for estimating the personal dose. It is used to evaluate the personal dose
from the different radiation and energies in term of effective dose, equivalent dose at skin and equivalent
dose at lens of eye along with analyzing radiation energy.

In this study, OSL dosimeters were exposed with x-ray for calibration in radiation protection
level and diagnostic quality control level by using radiation beam in term N-Series and RQR,
respectively. Tube voltages in both radiation beams qualities were similar for studying relationship
between count and x-ray energies. From the result, the ratio of E2/E1 was approximate to 1.0 in all
range of x-ray energies. However, the ratio of E3/E1 and E4/E1 increased numerously by x-ray
energies. The result can be used to determine the diagnostic radiation energies by comparison with
the graph between E3/E1 and E4/E1 with mean energy of each radiation quality. Moreover, the mean
energy determined from this study can be used as reference for further studies for determination of
mean energy of the dose in diagnostic radiology and the study in lens dose for interventional

radiology worker.

Key words: Optically Stimulated Luminescence, Diagnostic Radiology
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