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Abstract: By using the buildup characteristics of the radiophotoluminescence glass dosimeter(RPLGD), it is aimed
to help the measurement of the accurate dose by measuring the radiation dose according to the time of the glass
element. Five glass elements were arranged on the table and the source to image receptor distance(SID) was set
to 100 cm for the build-up radiation dose measurement of the fluorescent glass dosimeter glass element(GD-352M).
Radiation doses and saturation rates were measured over time according to irradiation time, with the tube voltage
(30, 60, 90 kVp) and tube current (50, 100 mAs) Repeatability test was repeated ten times to measure the coefficient
of variation. The radiation dose increased from 0.182 mGy to 12.902 mGy and the saturation rate increased from
58.3% with increasing exposure condition and time. The coefficient of variation of the glass elements of the fluo-
rescent glass dosimeter was ranged from 0.2 to 0.77 according to the X - ray exposure conditions. X - ray exposure
showed that the radiation dose and saturation rate were increased with buildup characteristics, and degeneration of
glass elements was not observed. The reproducibility of the variation coefficient of the radiation generator was
included within the error range and the reproducibility of the radiation dose was excellent.
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Fig. 2. X-ray dose measurement of radiophotoluminescent

glass dosimeters.

Technical parameters:
Tube voltage and tube current

Q X-ray tube

RN R P B P
Table 1. Evaluation parameters of the RPL dosimeter system

Added filtration(1.5 mmaAl)

/ R 100 cm

/ [cp-352Mm] N

37 x 37 cm

2. e e o] Ak Mg 57 e
Fig. 1. Schematic illustration for measuring physical prop-

erties of the RPL glass dosimetry.

(5].

Code GD-352M
Material Silver activated phosphate
glass

Origin Japan
Size(mm) d1.5x12
Preirradiation annealing

Temperature(°C) 400

Time(min) 20
Pre-heating

Temperature(°C) 70

Time(min) 30
Readout UV excitation
Reader Dose Ace FGD-1000
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2. RPL Dosimeter system
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Table 2. Dosimetric characteristic of the RPL dosimeter
system [5].

Characteristic RPL results Conditions
Uniformity (%) 1.0-1.7
Reproducibility(%) 0.4
. . Dose range:
Linearity (%) 0.6-4.8 0.1-500 mGy
Detection threshold 50 unirradiated
5.89 .
(mGy) dosimeter

2! 3. GD-352M9] 14.5 mm Zo]9} HAIHEQ} 2| 4x}.
Fig. 3. Image of GD-352M which had low energy com-
pensation filter was 14.5 mm in length and 4.3 mm in
diameter. Tin was used as a filter material and a gap
(1.5 mm in length) was made at the reading position.

T2 4. JYKAAA) Sekae) Bdent 74 e,
Fig. 4. RPL dosimeters made of phosphate glass with a
plastic capsule and tin filer.
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Calibration of RPLGD
|

Annealing of RPL glass element
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Pre-dose reading

!
X-ray exposure

!

Pre-heating

!
Dose of Reading

T8 5. FYRel HA oM A 2.
Fig. 5. RPLD for measuring radiation dose in X-ray
exposure.
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3. Buildup and Fading
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4. Statistical Analysis

o o] B W BARE Ak whe Mee] Wagk
© 2 Microsoft Excel 2010 T2 13(MS Excel; Micro-
soft, Redmond, MA, USA)& o]|&3}lo] Igj=& 18|x

}_‘

2R w2 S Ae olgsigrt. =1 WA y=a
In x +boR 2AHS HARIE ojajgh 27 2AHL o
A Aol WEB BAA FUR ¥ AR RS &
Al 9ol kst TAlolth. aladle] Azt HE

ALY Azpe] HFTAE Q-Q Plot ez wmslgict.
nz

FYRYUMGAY o] LS o]gs
9 gP5e] APAZol T WAL Aeke] 4

AP Y, BdFe

Tl

N

(IR
~{
&
T e
¥Q,
i
=
>
o rx

o &
My £
o =
Mol
o s

o
>,

U
Y
4>
il
2
a4
_c|>L
X2
v

flo > of o

Wi
Ean

H

at

°

S

o

=

o

BN N ofh et o
ox, do
=
2
o
n
s|
ot
i)
2
ol
X
r)v
i)
oX
o3
2
o
N
~
Rl
Y
of

=2

lo
o
Py
2
O,

i)

e AgA o] FeEjarte] AAAbAES 4kl
of ZAME &AE 108 THEIE Hoigh, Ak, 3
TFokeh ol 7o R A7 W MgERE vt
UeR it AAax o] &z o] whal Aol A7t
2} Skt X3 3 S A 2L
o] 30 kVp, 50 mAso| A= 0.182 mGy o], 168
AZF Fojl= 0.312 mGy2 2718191, E3HE-S 58.3%9)
A A&Fste] F7tEm Z3RE|QICH(LE 6a). TS 30 kVp,
100 mAso| A 0.331 mGyol|A] 168 A7+ Tof= 0.572
mGy=2 Z7151931, E3HE 58%olA Z715ko] 319
CH1® 6b). Aol ZALZZ0] 60 kVp, 50 mAso]A]
0.509 mGyol|A] 168 A7k $olli= 1.12 mGy= F7F3H3l AL,
ASHEE 45.4%0) 4] F7Fete] EZ3HEQUTHIE Ta). EF
60 kVp, 100 mAs®] ZA}oA 0.768 mGyollA 168 A|7t
So|= 2.13 mGyR Z7}389 a1, ZIEE 36%0)A =7}
slo] 3wty 7b). AAAl AL 90 kVp, 50
mAso A 3.992 mGyol| 4] 168 AlZF o= 6.713 mGy&

N o

o =Y
N Ho 1

émﬁir:liz
X

N

oA

(a) 30 kVp and 50 mAs

(mey)
4
g
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diation dose (m

Time (hours)

(b) 30 kVp and 100 mAs

¥ = 01938In(q) + 01269
R = 0.8867

aiton dose (mGy)

Time (hours)

3 6. dAA 30 kVp2} 50 mAs, 100 mAs?} l=Z A7t &
w=q S5 SRR,

Fig. 6. Buildup characteristics of log regression analysis of
time and radiation dose log counts from X-ray exposure of
30 kVp and 50 (a) 100 mAs (b).
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A0 ZAX| 7] w2

60 kVp and 50 mAs
1 (a)

¥ = 0.4051in( + 01911
Re = 09184

Time (hours)

60 kVp and 100 mAs

R = 09402

Background  Ontime os 1 2 3 4 s u s 168
Time (hours)

J8 7. 24 60 kVpet 50 mAs, 100 mAse} =ZA| 7o) w2
] 549 3JHEA.

Fig. 7. Buildup characteristics of log regression analysis of
time and radiation dose log counts from X-ray exposure of
60 kVp and 50 (a) 100 mAs (b).
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90 kVp and 50 mAs

¥ = 23506In(q) + 15702
Re = 08446

—— 90 kVp and 50 mas
——— Log (90 kVp and 50 mAs)

Radiation dose (mGy)

Time (hours)

90 kVp and 100 mAs

1 ¥ = 46179In() + 2969
Re = 0.8498

—— 90 kVp and 100 mas
Lo 90 KVp and 100 mAD)

Radiation dose (mGy)

o
Background  Ontime o5 1 2 3 4 8 u s 168
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Fig. 8. Buildup characteristics of log regression analysis of

time and radiation dose log counts from X-ray exposure of
90 kVp and 50 (a) 100 mAs (b).

H|-S-2 %3} Zho] Egslgth(E 3). AAM AT} A7l
we PPaeldeA GD-352Me] WEASE dal s
27 30 kVp, 50 mAso|A4] 0.61, 100 mAs= 0.482 A

31t} 60 kVp, 50 mAso|A 0.41, 100 mAsE= 0.342 &
Al 43R AL, 90 kVp, 50 mAsoA 0.25, 100 mAs=
0.342 WHEAFE AEste] AAM 7o) whef 0.2004

Table 3. Tube voltage and tube current according to radiation dose and time of and saturation rate.

unit: mGy

Tube Voltage(kVp), Tube Current(mAs) and Saturation Rate

Time 3 kVp Saturati 30 kVp Saturati 60 kVp Saturati 60 kVp Saturati 90 kVp Saturati 90 kVp Saturati
(hours) 5nd° onRate and onRate and onRate and onRate and onRate and on Rate
50 mAs (%) 100 mAs (%) 50 mAs 100 mAs (%) 50 mAs (%) 100 mAs (%)
gﬁ?ﬁlr‘l‘d 0.022 0.022 0.025 0.022 0.021 0.021
On time 0.182 58.3 0.331 58 0.509 45.4 0.768 36 3.992 59.4 7.538 58.4
0.5 0.232 74.1 0.418 73.1 0.787 70.3 1.432 67.2 5.285 78.7 10.264 79.5
1 0.236 75.5 0.429 75 0.855 76.3 1.641 77 5.481 81.6 10.690 82.8
2 0.250 79.9 0.468 81.8 0.929 82.9 1.771 83.1 5.794 86.3 11.332 87.8
3 0.256 81.9 0.473 82.7 0.935 83.4 1.821 85.4 5.899 87.8 11.614 90
4 0.260 83.2 0.485 84.9 0.948 84.6 1.887 88.5 6.154 91.6 11.734 90.9
8 0.267 85.3 0.493 86.1 0.991 88.4 1.941 91.1 6.247 93 12.070 93.5
24 0.281 89.8 0.530 92.6 1.039 92.7 2.040 95.7 6.373 94.9 12.642 97.9
48 0.290 92.8 0.566 99 1.055 94.1 2.051 96.2 6.454 96.1 12.676 98.2
168 0.312 100 0.572 100 1.12 100.0 2.130 100.0 6.713 100 12.902 100
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Table 4. Coefficient of variation of tube voltage and tube current according to X-ray exposure time.

Tube Voltage(kVp) and Tube Current(mAs)

(}Té?res) 30 kVp and 30 kVp and 60 kVp and 60 kVp and 90 kVp and 90 kVp and
50 mAs 100 mAs 50 mAs 100 mAs 50 mAs 100 mAs

On time 0.77 0.72 0.39 0.35 0.45 0.48
0.5 0.69 0.44 0.42 0.34 0.21 0.27
1 0.58 0.58 0.45 0.44 0.23 0.40
2 0.58 0.44 0.41 0.32 0.25 0.34
3 0.58 0.49 0.38 0.33 0.23 0.41
4 0.52 0.50 0.35 0.40 0.26 0.33
8 0.57 0.47 0.37 0.35 0.23 0.34
24 0.62 0.36 0.37 0.34 0.20 0.28
48 0.69 0.42 0.49 0.30 0.22 0.30
168 0.57 0.40 0.51 0.31 0.23 0.33
Mean 0.61 0.48 0.41 0.34 0.25 0.34
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Fig. 9. The readout of reproducibility of RPLGD GD-352M. ¢t} IAQF 2 ZAA|ZF] Z7to] whE dl=¢] JARS 3
7] $lste] A7) me AARe Aelst @l A
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Table 5. Regression analysis according to voltage and tube current.

Tube Voltage(kVp) Tube Current(mAs) Regression Equation R?
30 50 Y =0.0983In(x) + 0.0788 0.8717
100 Y =0.1983In(x) + 0.1269 0.8867
60 50 Y =0.4051In(x) + 0.1911 0.9184
100 Y =0.8399In(x) + 0.2548 0.9402
90 50 Y = 2.3506In(x) + 1.5702 0.8446

100 Y = 4.6179In(x) + 2.969 0.8498
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50 mAs (e) 90 kVp 100 mAs (f).

Fig. 10. Normal Q-Q plot of percentage of 30 kVp 50 mAs
(a), 30 kVp 10mAs (b), 60 kVp 50 mAs (c), 60 kVp 100 mAs
(d) and 90 kVp 50 mAs (e) 90 kVp 100 mAs (f).

=g olAe] 51%e] ALARAC 7]ojsta sate] 23
2% NES Ags FRGNPAY hEolel B
wolbd] A3 g B A0 s|gEth. FFGAMPA §
Pante WEY B4 Brlsc. BrllA axel B
A HepgRe e 24t 4
ool whet m8} gro] theA] thehdrhs A2 o 4 ik,
A7) FAlEge] B24% w3t glo] A ehdtit 2
B Fhalgel A oot mat gk w3 L
e ulgE F7hHe A2 gl & 4 gtk 2y %
o} ghe ok ek S7hee Al mAgle] At
A ehdthe e o 4 dgln Az 24} ol 3087

o

b ekt on] 24417k Aol

oL
ol
2
O
Jo
o
g
o
e
Iy
o 2
rlo
%,

elane] Hakgh Z7o] o] Rolx|t v W] 74
of Z3t gl EHHAOER ofAg F27] Yol 24
s Sl 247k 8t A mel] A Tae
7\7k0] Aamgich. HAEIE 302e] oF 1% olste] A7
A3k L, B M= Ek 790 90%0]913, 100

lo o 2

U2 99%E HISHCHI0]. & ATFME 220 90%¢]
Weel Fabh gloich BRGENAL HY xte] Y
7t A 9% WAT Uk, 71E

, S0 AU &= 22°CE Ha1sH{cH10]. £
T AYLEL 22.23°CE AU 2w 2dskgc)
o] S Foll FanE oA d3s gelst
FRedFAE 47 4 mUEG Aokl
chefeh TAY 9 IR keF 2A FYT
Reb@d 7,8). Bl AdgAo] J24
Al 20 RPLO| g4l 5.9] o gk Al7to] Ao
w2t Z7Igon, 2 AREE = Ao askgo] 90% ol
o7 Z7PIATHGEE 3). WA YA TS A2 A=
EollA nAFETA] Kol Z fA kL Harskgl
Ao z] AAMgAL 0.5-0.8%F HaFITH12].
B AollAl= AR 9] dAME weEsto] 7F 479
As 0.2-0.77%2 W50l WA SHEUTHGE 4).

> K
ofl
j:._l‘

2
lo

o nlJE 19 %@ oX x>
n

N

Bl 2
el TAY O 4% JlEAwET B e Kol
Aol glon], 1E A 2AAZ W) oA HyEE}
Gl AU ARA LA HEASTL Aon, na%E o
5% ETE RS 2T 5 Yotk /1E FFRA
A WEA SRS Aagte] ATLHE 0.6, 6, 20 mGyE
Higo] F7kgol we 0.63, 0.48, 0512 WEAL7} Ak

S1H10]
FRGEAPAL SH 2AEA HPATE A%
&4 WS AFsk qlov] B 24, Pt
AR A Eolimre Qe wold Bl NRA A

ke, g A
, IMRTS] QA, Ak XA2]9] QA, =44 &
, AR &7t R 54 ‘=
oz 9 4tgollA 8= AL S AR Y=Y
07kl 7HA L g A o it 7] H e S E
o] SHoflA AAE|ojof & AR FZbETt wepb 2 A
T o= 9 ARAoA WA T]2£2] ALARA(as low as
reasonably achievable)d] 7|o{stal E5H Q3 u]&S A3+
st FFR gAY destet SEEE Fol=d A=
28 g Zo= 7|HHrt.

4

FUo2 ol x N
= 19
o 1o T
(| O ol
ox



Journal of Biomedical Engineering Research 38: 256-263 (2017)

o _g‘
o o
7y
2o
o
oL o>
X o
(AP
r* 1o do
rEF.
ot
)
.
12
T
o
roox
r]o
lo
_>‘~l_|‘
0T
o
=
2

o] QAL L4359t AAA HE
Ao AR oAl dol m% Ea
g A o) AR AISEe] AR S4sheict,
S0 T P U] Lol ol
% 2] wet e SAE o
17LQ1°1] 2 HlER E3} glo] =gkt

o3
2
1o
rE
T 5

12 2 o
o
[>
H o

=
2

ol-rl::‘

m9 e
r_>i

T
flo

Reference

[1] Piesch E, Burgkhardt B, Fischer M, Rober HG, Ugi S, “Prop-
erties of radiophotoluminescencent glass dosemeter systems
using pulsed laser UV excitation,” Radiat Prot Dosim, vol.
17, pp. 293-297, 1986.

[2] Burgkhardt B, Festag JG, Piesh E, Ugi S, “New aspects of
environmental monitoring using flat phosphate glass and
thermoluminescence dosemeters,” Radiat Prot Dosim, vol.
66, no. 1, pp. 187-192, 1996.

[3] Asahi Techno Glass Corporation. Technical information for
RPL glass dosemeter type SC-1. Tokyo, Japan, 2000.

[4] Piesch E, Burgkhardt B, Vilgis M, “Photoluminescence dosim-
etry: progress and present state of art,” Radiat Prot Dosim,
vol. 33, no. 1-4, pp. 215-226, 1990.

[5] KneZevié Z, Beck N, Milkovié B, Miljanié S, Ranogajec-
Komor M, “Characterisation of RPL and TL dosimetry sys-

tems and comparison in medical dosimetry applications,”
Radiat Mes, vol. 46, pp. 1582-1585, 2011.

[6] Rah EJ, Hong JY, Kim GY, Kim YL, Shin DO, Suh TS, “A
comparison of the dosimetric characteristics of a glass rod
dosimeter and a thermoluminescent dosimeter for mailed
dosimeter,” Radiat Meas, vol. 44 no. 1, pp. 18-22, 2009.

[7] Araki F, Ikegami T, Ishidoya T, Kubo HD, “Measurements of
gamma-knife helmet output factors using a radiophotolumi-
nescent glass rod dosimeter and a diode detector,” Med Phys,
vol. 30, no. 8, pp. 1976-1981, 2003.

[8]. Lee JH. Lin MS, Hsu SM, Chen 1J, Chen WL, Wang CF,
“Dosimertry characteristics and performance comparisons:
Environmental radiophotoluminescent glass dosemeters ver-
sus thermoluminescent dosemeters,” Radiat Meas, vol. 44, pp.
86-91, 2009.

[9] Asahi Techno Glass Corporation. New RPL glass dosemeter
system for large scale personal monitoring. Tokyo, Japan,
2001.

[10] Hsu SM, Yeh SH, Lin MS, Chen WL, “Comparison on char-
acteristics of radiophotoluminescent glass dosemeters and
thermoluminescent dosemeters,” Radiat Prot Dosim, vol.
119, pp. 327-331, 2006.

[11] Rah JE, Shin DO, Hong JY, Kim HS, Lim CI, Jeong HG, Suh
TS, “Study on dosimetric properties of radiophotolumines-
cent glass rod detector,” J Korea Asso Radiat Prot, vol. 31,
no. 4, pp. 181-186, 2006.

[12] Son JH, Kim SH, Mun HH, Kim LK, Son IH, Kim YJ, Min
JW, Kim KW, “A study on characteristic of glass dosimeter
according to graded change of tube current,” J Radiol Sci
Technol, vol. 37, no. 2, pp. 135-141, 2014.

[13] Lim SN, Pradhan AK, Barth RF, Nahar SN, Nakkula RJ,
Yang W, Palmer AM, Turro C, Weldon M, Bell EH, Mo X,
“Tumoricidal activity of low-energy 160-kV versus 6-MV X-
rays against platinum-sensitized F98 glioma cells,” J Radiat
Res, vol. 56, no. 1, pp. 77-89, 2015.

263



