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Fig 1. Schematic diagram of the calibration set-up of TLD system for external dose measurement (A) photon, (B) beta particles [11].
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Table 1. Dose Conversion Coefficients of Lens of Eye Dose for Photons and Beta with Energies from ISO 12794 and ICRP 74.

Conversion Coefficients for Lens of Eye, C,, (Sv/Gy)
Category Energy
1SO 12794 ICRP 74
15 keV 0.683 0.664
30 keV 1.223 1.197
40 keV 1.496 1.334
Photons 80 keV 1.809 1.55
100 keV 1.743 1.53
P7Cs 1.226 -
%Co 1.182 -
"8ty 0.6 -
Beta
2047 _ _

2.2 iR GFFAZA

I ol ARREFAL Qe TEAaAl TID Al28S A2t
Aboll W} Harshaw TLD A|2~8l3} Panasonic TLD A2~
g 2714 geolr}, B A oA = HarshawAle] TLD &
8814 type= ARE-3FYIT}. Harshaw 8814 TLDE 8805 A1
A 2Eell &atr 7] HFBAAHTL element) 2 -
A=e] ot a9 25 B AYoA AFEE Harshaw
8814 TLD ZAbe] FAEZ gl FE o vjgh Aot} &
PFaas A BEe 2HTUERES EilelE
(LiF:Mg, THe.Z Lig] ¥ol wje} TLD-600, TLD-700<]
e 2 7585 4 Y}, Harshaw 8814 TLD9] 1, 2, 39
of Xt FYFFAA= Li-69] FE 0.01%=2 T4
TLD-7002.2 & SHE = glow 49l $x|g
Y FAARE Li-62] % 95.60F TAJE TLD-600S.Z
AEAAE 24T + k. TP 27 e o) e
Arle] AL 9 A9 Folg ol HEH Al
de) 7 9 B UAE BEate W} 2 5

ATt

Position 1. Low Energy Photon
Discrimination

TLD-700( .015"), .091" THK ABS
+.004" THK Cu (242 mg/cmi ABS)
(91 mg/em Cu)

Position 2, Deep Dose
TLD-700( .015"), .040" THK ABS+
.162" THK PTFE (1000 mg/cn)

Position 3, Shallow Dose
TLD-700( .006"), Open window
.0015" THK Mylar (17 mg/em’ Total)

Position 4. Lens of Eye
TLD-600( .015"), 113" THK ABS
(300 mg/cn)

Fig. 2. The specific TL materials and filters of Harshaw 8814 TLD badge.

2.3 AFHrt daEE

M7 daglFolsdk TILD 47] o Y(position)
o] oekst T ZEE B ARl oigk &)
TS E(L1,12,L3,14)7Fe]  Hl(ratio)E  o]&ste] W
AP g oouRE FEskal Z4zte] ARl 3
= AFwA A (dose  calibration  factor)E 1L
gate] AL Al JiRle]l =2H AR, ZSAH
FAA A, FARA MRS 3 4 Qe A
A g gao|t)

A =HellA] 738 S Harshaw TLD #55 A|2=F] 9
A7t daelEe Zh7 19934 7iEE DOELAP il
=051 20033 AdE WIN Zag]E{16]o] QT
DOELAP &118]&8 JAPAA U -(decision tree) S El &
d1F 02 DOS SAJAAE ARSI o WIN &
18]Z2e  AAH(neural network)HE] daglEZo=w
WINDOW JAAE AHE3l= Zo| Ao} =gl
DOELAP &3 g]&-2 1986 o] DOE/EH-00272] A%
71F171E USRS 39tESy, wWIN daEEe
2001 9] ANSI N13.119] 57151819 875 v
AN=5 A, ol ¢aelEe] Fe 2 7o
pol|2 Gug|FERE TREE YAKE 2 ofuAE
7F7] S8 AR EE A=) v AR A] A}
S5 dHgugJAES 42 2oz} ok, 18jal 4
Al S7HAHES Frlshs WAe gatgls ghel ZFolzt 3l
o] DOELAP ¢85 S92t EAleh= 4%, T894
7} EAEHA] g B2 FEIIY A SUAR(H)
S Frisky ZHz 24 () 2 2 3 wEp ALk
WIN &a18]&e Fd72] &9k daglo] 2 (4] AF

gHr},

H, =(L2—L1)/(r,*TC2/1.03), only beta particles
H, =12/ (ry* TC2/1.03), H&MEPH, photons (2)

H =(14—IL1)/(r,* TC4/1.03) only beta particles,
H&MEPB

H = L4/ (r* TC4/1.03), H&MEPH, LEPB and
photons (3)
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Table 2. TL Data Input to Algorithm.

TLD No. L1 L2 L3 14
1 0.273 2.045 11.011 3.368
2 0.543 6.671 40.358 11.455
3 0.137 0.431 1.915 0.613
4 0.686 5.643 31.528 9.103
5 0.199 1.316 7916 2.332
6 6.943 10.175 27.289 12.950
7 8.552 11.402 27.775 14.072
8 7.096 8.543 15.998 10.272
9 7.837 8.666 12.224 10.267

B 32 AsAAle ARRE e 2 FxHEr &
AR VR, G5, ATATE e

slor] ol H571ES wEw

e Z2a3 g 4 282 ARkE WIN gaejE
o) 47 $7H1% % DOELAP el 44 57}
HEE 4 ()% olgstel wmsisch

Lensny— Lens MN—LensDOELAPX 100(%) 5)
Lens yy
o714,
Lensyy @ WIN @alg]gel o8 H7ME A
7% (msv)
Lenspogap - DOELAP @kalg]&e] ofs) 7}
TAA S7Hd=(mSy)
Lensge * WIN &aLtg]gell ofs) g7he 44 s7Hd

ol Uigk DOELAP melzal olaf 7
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Table 3. Performance Testing Results from Beta and Photon Mixed with Beta Fields.

TLD Deep dose (mSv) Shallow dose (mSv)

No. Radiation Field H; (Delivered) | H’,(Reported) Pi* H; (Delivered) | H'.(Reported) Pi*
1 Beta - - - 10.19 10.24 0.005
2 Beta - - - 353 37.53 0.063
3 Beta - - - 1.6 1.78 0.113
4 Beta - - - 28.04 29.32 0.046
5 Beta - - - 6.59 7.36 0.117
6 Beta+Photons 7.01 5.79 -0.174 27.28 23.98 -0.121
7 Beta+Photons 8.85 6.31 -0.286 25.57 23.16 -0.094
8 Beta+Photons 7.31 6.31 -0.136 16.42 13.78 -0.161
9 Beta+Photons 8.47 7.83 -0.074 12.68 11.16 -0.120

" : performance coefficient, P,= (H',— H,)/ H,
For beta field B=0.07, $=0.05 and [BI+5=0.12 of shallow dose. For photon with mixed beta field, B=-0.17, $=0.09

and | BI+5=0.26 of deep dose, B=-0.12, 5=0.03 and |BI+5=0.15 of shallow dose.

(1/n)Y, P, , Standard deviation(s): §=

i=1 i=1

(Bias(B): B= F:
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Table 4. Comparison of Lens of Eye Doses and Their Radiation Fields Calculated by DOELAP Algorithm and WIN Algorithm.

TLD Radiation Type Lens Dose Equivalent (mSv)
No. Relative Error (%)
WIN DOELAP WIN DOELAP
1 Beta Beta 4.09 3.16 22.74
2 Beta Beta 13.34 11.14 16.49
3 Beta LEPB’ 0.86 0.44 48.84
4 Beta Beta 11.29 8.60 23.82
5 Beta Beta 2.63 2.18 17.11
6 Beta+Photons LEPB’ 13.61 9.20 32.41
7 Beta+Photons H&MEPB' 13.99 13.81 1.29
8 Beta+Photons H&MEPB' 9.69 10.02 -3.41
9 Beta+Photons Photons 9.12 7.58 16.84
"t Low energy photons mixed with beta
" High and Intermediate energy photons mixed with beta,
3. 2% 4 B9 N *
s
= SNl A TID BEg F ek w7 : )
BAMIT £l HolEE 22te] dneios . ’ . 0
e A A, S4B R w7
o AR FAA BT leAE Ve = £ Ty 1 s e o #
ATl AREE WEPI-S Vst My ol ¢
WIN GejEow Boh A el go BoE del
E]E2 DOELAP ¢g]Z&o 2 H7} A 3 TLDES A9
sfal o wlebdg o2 dAjstlon datels 3k A -
A T7HdFS il oA} ML= 16.49~48.84%¢ ATt Number of TLDs

39 TLD= DOELAP Zalego ' H7istele ul Ak
e AR Fabue EEAPIZLEPB) 22 Q14
stlon 7 darglE 7he] A TR et
+ 48.84%= 7P AA JEITH

WIN %}j_ra]—%o 7t Al FA/HEr S8R 2
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A elshar B %1}/3115} sFaFem dAsiien 4
A TP A oAk Wgls -3.41~32.41%¢0 SIS
o 9¥l TLDE WIN &ag]&olae Fxl/wer &34
Fo2 QS YA DOELAP dite|Folis WA
& B (photons) 0. 2 F7Fet ik, &3k 691 TLD
= 7 s 7o FEA SRS ddexrt
(32.41%) F2b/er 347 dloly F 7 2 o=
LR

B A7l AR-E ZIE e F sgAb/ler &
%] s TID A=#E2 AR WIN dags
o] DOELAP dare|&3t vuskls w A4 57
< =/ Frkehe Aoz SIEinh s Akl AR
WERAA 9 gxl/wel T3] Gug]Eo 2 by
FAA STAES] A 2= 29 339 2o

Fig 3. Relative errors of lens of eye doses calculated by DOELAP
algorithm and WIN algorithm.
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A Feasibility Study on the Lens of Eye Dose Assessment Using the System of
Multi-Element TLD

Na-Rae Lee’, Seung-Jae Han" ", Byung-Il Lee ", and Kun-Woo Cho™ "
“University of Science and Technology, "Korea Institute of Nuclear Safety,
*Radiation Health Research Institute, KHNP

Abstract - International Commission on Radiological Protection (ICRP) has revised its recommendations concerning the tissue
reaction to ionizing radiation in accordance with consideration of the detriment arising from non-cancer effects of radiation
on health based on recent epidemiological basis. Particularly, for the lens of the eye, the threshold in absorbed dose revised
to be 0.5 Gy, for occupational exposure in planned exposure situation the commission recommended "An equivalent dose
limit for the lens of the eye of 20 mSv in a year, averaged over defined periods of 5 years, with no single year exceeding
50 mSv." To monitor the radiation exposure of radiation worker, TLD is typically provided and the lens of eye dose can be
assessed by run of dose calculation algorithm with TL element response data. This study is to assess equivalent dose of the
lens of eye using the Harshaw TLD system and its two different dose calculation algorithms, The result provides the Harshaw

TLD system showed the assessment of the lens of eye dose with 48.84% error range.

Keywords : New ICRP recommendation, Lens of eye dose, TLD, Dose calculation algorithm
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