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Linking up international radiation protection technical
specifications and improving radiation detection capabilities
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The project adopted a roll-on approach to improve the technical ability in control
practice and the technology of radiation protection measurement according to the
updated regulations of the radiation management structure and technical specifications
suggested from the International Atomic Energy Agency and the European Union.

To improve the research and the technology on the evaluation of radiation detectors
for testing and calibration, and to enhance the personnel and biological doses
assessment considering the domestic and international trends is the priority of our
national laboratory to strengthen the accuracy and credibility of radiation measurement
and dosimetry.

There are three subprojects in our four-year project: (1) Researches on the
establishment for the updated regulations of the radiation protection management
system: the radiation protection technical specifications referring to the latest
international trend and the impact of new regulations, and the radiation doses to the
lens of the eye and to the fetus are investigated in this project; (2) Researches on the
improvement of radiation detection and measurement system, and the dose
verification methodology: the performances of the certification technology for
personnel dose evaluation and radiation detector calibration are assessed in this project;
and (3) Researches on the improvement of the evaluation and technology for human
chromosome abnormality analysis: a continuous research on the domestic database for
background value and dose response curve of the chromosome. All efforts of this
project aims to pursue and to provide a higher level of the regulation of radiation safety.

Keywords: lonizing Radiation, Radiation Protection, Radiation Measurement,
Biological Dose.
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THE UTERUS DOSE CONVERSION COEFFICIENTS OF EXTERNAL
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The Oak Ridge National Luboratory (ORNL) phantom series adopted from the data of Caucasians are used widely for
fetal dosimetry. Heowever, Taiwanese and Caucasians differ significantly in size, height. and uterine size daring
pregnancy. In this study, the Taiwanese pregnant phuntons were established and compared with the ORNL's preguant
phantoms and the ICRF 74 report results. Fetus dose was estimated using the mean uterus dose. and the uterus dose

and ulerine vnlune than the

tars (DOFs) were caleulated for external photons from 005 MeV to 2 MeV. The uterus DOFs from the
oms are generally larger than the ORNL because the Taiwanese phantoms has a smaller trunk thickness
ORNL. rence in the uterus

me maore sbvious with the increase of

gestutional perkod. This sty provides the verlication of the Talwanese preguant wonen phantoms which can be 3

reference for future fetal dose assessment in Taiwan.

INTRODUCTION

Duc to the radioscnsitivity associated with fotal
development, protecting pregnant women and their
embryos/fetuses  from  ionizing and nen-ionizing
radiation is particularly important in health and medical
physics''. Pregnant women may receive radiation
through eccupation, medical treatment, environment,
etc., therefore special regulations and dosimetry
considerations  are  necessary.  The  previous

. ¢ " o Rudiol . ;
(ICRP) Recommendations in Publication 60 had
recommended a dose limit of 2 mSv to the surface of
sbdomen. The dose limit of the ICRP
Recommendations in Publication 103 is intuitive to
proicct the fetus more dircetly. ICRP 103 recommends
that the dosc limit for cmbryos/fetuses is 1 mSv.
Recently, the implementation of [ICRP 103

ations for radiation 1

by the radiation dosimetry community'™.

adopted

Stabin'” added the fetus and placenta to the ORNL 15-
year-old adult female phantom representing the adult
female at, 6, and 9 months of gestation. Later Chen'™
updated phantoms for pregnant women and the fotuses
based on ICRP 2002 and relisble information of human
embryo and fetus™ for potential use in internal and
external dosimetry calculations. Chen extended the
stylized pregnant women computational phantoms into
four pregnancy periods (0, 3, 6, and 9 months), which
is an important reference for the development of
pregnant women phantom.

Although Chen had established relisble phantoms,
the size, beight and uterus size of Asians during
pregnancy are different from those of Caucasians.
Thercfore, the establishment of the Taiwancse pregnant
phantoms is nccessary for fcial dosc cvaluation in
Taiwan. In this study, a scrics of Taiwancse pregnant
phantoms and ORNL's pregnant phantoms  were

blished d with the ICRP 74" dosc

including fetal dose limits, has been planned in Taiwan.

For desimetry evaluation purpose, a series of models
of the human body have been designed. In the
beginning, the anthropomorphic  phantoms  are
mathematical descriptions of human bodies and organs
based on Caucasians at ORNL for the Medical Intemal
Radiation Dose (MIRD) Committee of the Society of
Nuclear Medicine'™'. After a couple of improvements,
the stylized computational phamoms became widely

1

e e e pregnant phantoms
can be used as a reference for future fotal dose
assessment in Taiwan.

MATERIALS AND METHODS

*C ding authoe: fyhsui@ b e tw

© The author (year). Published by Crufocd University Press; all rights reserved

FRERE R

&)

Radiation Protection Dosimetry #f 7]

26



4010 A BIME L S PR YR A UL B A TEINA R T

PP NFER

4 IRE B R R A

HE 4 ARE 3B 6 " 9 "

2 {8 " [f(cm) 67.00 700 83.00 92.00
B~ B8  (cm) 1500  21.50 2400  28.00
T ¥as 627% B (cm) 7.97 7.10 7.92 9.24

F 21 R AR IFL R E BRIERD TS 7 2 L0 S
R R i W

4 2 AWz 3B 6 1 9 i
F 7 B (g) 93.8 230.4 415.2 900.0
+ENEF( 0 200.0  1800.0 1500
545 (g) 0 82.3 269.6 650.0
s I E () 0 124.0 882.7  3056.6
FFFE A () 93.8 636.7  3367.5  6106.6

# 3 ORNL R & %7~ #icE BAUE IR 3+ ¢ 2 Pn 5240 B S dic
ORNL % %+ #c% B4

£ 4 3) AWE 3B 6 1 7 9 i 8
+ ¥ B () 79.0 374.0 8340  1095.0
FEPESF(Q 0 349.0  1403.0  3904.0
*aE(g) 0 66.0 383.0 640.0
L2 E (9) 0 103.6  1331.0  4240.0
+FFE AR 79.0 892.6  3951.0  9879.0
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% 4:ORNL % % 48 (ORNL-DCC) frt # % % 54 (TW-DCC)

b7 4z 3 g DCC 12 A b BAgz B eng At £ 8 (Diff%)

(a) 0 Month
AP PA LAT ISO
il ORN ORN ORN
(MeV) O]?gCL' g?’c Diff%*  L- gg’c Diff%*  L- gzvc Diff%*  L- gg’c Diff%%*
DCC DCC DCC
0.05 1 1.02 2.00% 0.51 0.58 13.73% 0.24 0.24 0.00% 0.41 0.52 26.83%
0.1 1.44 1.26 -12.50% 1.06 0.9 -15.09% 0.54 0.51 -5.56% 0.71 0.75 5.63%
0.3 0.96 0.94 -2.08% 0.78 0.73 -6.41% 0.51 0.48 -5.88% 0.57 0.61 7.02%
0.662 0.87 0.88 1.15% 0.81 0.72 -11.11% 0.55 0.54 -1.82% 0.59 0.63 6.78%
1 0.86 0.88 2.33% 0.8 0.74 -7.50% 0.59 0.57 -3.39% 0.6 0.66 10.00%
1.25 0.86 0.88 2.33% 0.81 0.75 -7.41% 0.61 0.59 -3.28% 0.63 0.68 7.94%
2 0.88 0.88 0.00% 0.81 0.8 -1.23% 0.66 0.66 0.00% 0.68 0.72 5.88%
(b) 3 Month
AP PA LAT ISO
i g ORN ORN ORN
(MeV) 0];1ch- ;gj Diff%*  L- ;?’C Diff%* L- ;ZVC Diff%*  L- ;ZVC Diff%*
DCC DCC DCC
0.05 1.22 1.28 4.92% 0.44 0.4 -9.09% 0.31 0.35 12.90% 0.46 0.59 28.26%
0.1 1.38 1.35 -2.17% 0.87 0.7 -19.54% 0.57 0.56 -1.75% 0.7 0.76 8.57%
0.3 1 0.97 -3.00% 0.73 0.6 -17.81% 0.53 0.54 1.89% 0.58 0.62 6.90%
0.662 0.91 0.9 -1.10% 0.72 0.63 -12.50% 0.57 0.59 3.51% 0.6 0.65 8.33%
1 0.9 0.91 1.11% 0.73 0.65 -10.96% 0.61 0.62 1.64% 0.63 0.68 7.94%
1.25 0.9 0.92 2.22% 0.74 0.67 -9.46% 0.64 0.64 0.00% 0.65 0.7 7.69%
2 0.9 0.92 2.22% 0.77 0.72 -6.49% 0.69 0.69 0.00% 0.69 0.74 7.25%

*F ~ b £ 3 (Diff%) = ((TW-DCC - ORNL-DCC-) / ORNL-DCC ) *100%
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(¢) 6 Months

AP PA LAT 1SO
i g ORN ORN ORN
(MeV) 0];2ch- gzvc Diff%*  L- gzvc Diff%*  L- ;Zvc Diff%*  L- gg’c Diff%*
pCC pCC pCC
0.05 0.94 1.4 48.94% 0.23 0.35 52.17% 0.57 0.56 -1.75% 0.51 0.63 23.53%
0.1 1.11 1.38 24.32% 0.56 0.65 16.07% 0.8 0.74 -7.50% 0.7 0.78 11.43%
0.3 0.82 1.01 23.17% 0.51 0.58 13.73% 0.67 0.64 -4.48% 0.59 0.64 8.47%
0.662 0.78 0.93 19.23% 0.55 0.61 10.91% 0.68 0.67 -1.47% 0.61 0.66 8.20%
1 0.79 0.92 16.46% 0.59 0.65 10.17% 0.7 0.7 0.00% 0.63 0.68 7.94%
1.25 0.79 0.93 17.72% 0.61 0.67 9.84% 0.73 0.72 -1.37% 0.65 0.71 9.23%
2 0.82 0.93 13.41% 0.66 0.72 9.09% 0.76 0.75 -1.32% 0.7 0.75 7.14%
(d) 9 Months
AP PA LAT 1SO
il ORN ORN ORN
(MeV) O];‘gé“' gZVC Diff%*  L- &Vc Diff%*  L- ggc Diff%*  L- g::vc Diff%%*
DCC DCC DCC
0.05 0.77 1.19 54.55% 0.19 0.35 84.21% 0.57 0.59 3.51% 0.48 0.65 35.42%
0.1 0.95 1.22 28.42% 0.45 0.6 33.33% 0.81 0.76 -6.17% 0.68 0.78 14.71%
0.3 0.73 091 24.66% 0.43 0.54 25.58% 0.67 0.64 -4.48% 0.57 0.64 12.28%
0.662 0.71 0.87 22.54% 0.48 0.6 25.00% 0.68 0.67 -1.47% 0.59 0.67 13.56%
1 0.72 0.85 18.06% 0.52 0.63 21.15% 0.71 0.71 0.00% 0.62 0.69 11.29%
1.25 0.74 0.86 16.22% 0.55 0.65 18.18% 0.72 0.72 0.00% 0.64 0.71 10.94%
2 0.77 0.88 14.29% 0.61 0.7 14.75% 0.76 0.75 -1.43% 0.68 0.75 10.06%

*F A L B (Diff%) = ((TW-DCC - ORNL-DCC-) / ORNL-DCC ) *100%
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PEAEHPhF - 21 0FRE P 11l £ R 50 26 p ByF
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3 100 mSv] ~ fr IV B s 22k 37 £ #[35 1 100 mSv](4r %
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FRFEES BARE £ 15 BHE D F BEBPEY
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ISO 7 W200 £ £ B & 7J& 8 T = 7 Fe(National Institute
of Standards and Technology, NIST) 7 M100 = M150 » +c & &
F 5 WICso B SR 5 NSIOY o P TR HIEAEA LR
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e e YRR £ 3 Bd B 4 (PMMA) R = 2 HE e 4
o2 /e3 25 73mm> £ &I YA 300 mm; (2)+ 4k B
(rod phantom) : & £ 45 > MRIEI TR FINHE o Ed R
o4 (PMMA)® =2 48T Rl 2 /232 > 5 19mm- £ &
205 300mm e A=A 4 RS AR A 2 dg enie sk BB
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4 9:1S04037-1 f2 trp s ¥ - L ek 2 A ASMAREL

First HVL Inherent filtration
mmAl at 60kV mmAl
0.33 0.25
0.38 0.3
0.54 0.4
0.67 0.5
0.82 0.6
1.02 0.8
1.15 1
1.54 1.5
1.82 2
0.8
0.7 %
Z o6 Y y=-16987x° + S8.656x" - 80.129x* + 54.697x - 19.231x + 2.9945
= 05 I R*=0.9998
;';' 0.4 h
%03 “\h
T o "
. —
0.1 ———
0 T
0 0.2 0.4 0.6 0.8 1 1.2
A PF L e
i A
y=-1698Tx% + 58.656x" - 80.129x* + 54.697x% - 19.231x + 2.9945
FAE (mmAl) 0.1723

Bl 19:60kV izt T2z XEEERERSS
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71

# 10 : INER 035 42 Boa ¥k 3'131'%7—'1—' R ERES
Radiation | Tube Additional INER IEC | IstHVL HOIEgEeIfleity
Quality potential filtration IstHVL | 1st HVL diff Coefficient
kv mm Cu | mm Al mm Al mm Al % H
RQC3 50 0.5 2.358 461 450 2.53 0.96
RQC5 70 1.5 2.6 8.62 5.40 2.56 0.95
RQC8 100 2.0 3.2 11.56 11.50 0.55 0.92
) g; | y=0705x+0.0237
E R? =1),9982
E 0.5 -
i 0.4 -
W 03
w02
o0l
= g : : : :
0.2 0.4 0.6 0.8 1
FAiK (mmAl)
HEK
v =0.705x + 0.0237
48 x(mmAl) BE#Hi&EH (mmAl)
0.17 0.15

W 20 FF Bk 5k B

B 21 : INER 2pzz RQC é,:]—?:"fx;,“t@;}é;#
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A1 i%3E P oizdg ISO 6980: 2006 F*EHE & » 22 § ¥ * ¢
P R R B AR R hgd /b S (OSTY) BB e
& Ao S o F] Lo ek da N psaee§0p) 0.07 mm
Poe M E S o E R F S T - fp(PEDE P Y 2
3 mm b s B fTH R 5 o

b4 3N PEREE R R 0.07 mm Aol B ST Em B 2 N e
LA

qw_@ﬂﬁﬁiiL“&kunﬂ

Pao &

PR o Dpp BB RFAETEH B po R

50 (R & T=293.15K - = # ﬁﬂ‘ P=101.325 kPa - #pﬁ,ﬂ)ﬁ
RH=65%) e % % & > H &5 11974Okgm3 Ca s cE R
e e B o ff | S5EERR CK L BRIFRE ¢
iz FF oA KR 2 FIRERDERIPFECE S F0id
PR [%{kk'l(l)}} S s on kK Hasaper

1=0
GER | ehandic o S| A 15 O o 8 B i e
b R e 8 R AR
TR 2 BEHE e S TR /PJ Timehg it 2 fhy
TRYG TR Y S s TR B4R 22

1=0

T B AF

y = 6.42251E-15x - 7.87782E-05
R2=9.99999E-01
0.0030

0.0025 |
E£0.0020
nﬂo 0015 |
HO 0010 |
00005 |
0.0000

0.0E+00 5.0E+11

EEBIB(F)

Bl 22 @ *H3E N PERRAE T ok 2R i% i\%l“%él’% 230
y=6.42251x10"° x-7.87782x107 » 3+ & 3 »cijc & & # 5 4EF R
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_A_ 642251 x10™" Fm

¢ 8.8541x107* F/m
TFF VA AAEoHY - FFAREYF LAY o
TEgenig ¢ F) S H sﬁg;f Ko & 7 wATE B T F|F kpy > F1H
FEHEIFF kBT BTF)F g~ BEBT TS ks F @
BT FF kn kS A RB D F)F ke B¢ 2R E R
g 1 F) 3 AP EE S I F S ko

B 23 41455418 & F1F ky o 290% 2 F 5 R 0 PET &
'J?{:‘T » 120.07 mm = %i‘i}%)i/f@mmm Iy 5 A% >

B miesgand REIY (Th &g sad Lo 4]F

ﬁ:g,krj'll/_ﬁ '_*‘]—i- m;; DES ,1 kbr (]0 ]br)/IO

=7.2537 x10™* m? =725.37 mm? o

\\i

5.0
45 hﬁ—A
40 \
= 30 O
o 2.5 AN
=20
Rl e ——— —\—“m _______
1.0
0.5
0‘0 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400
total PET thickness(mg/cm”2)

Bl 23 : HIEdG o2 1 B3 R (Hnd A R E i)

V- s Bl €2 a0 7 DT F]F
i,fl %7]% ?5 k> & %.‘ :E}G?)é“‘ﬁ %{Eﬂ‘@i ]+ kabs‘%?‘)?\“/'%—ll ¥+ kac‘
ZFBRRBEFF kg FRFRBIEFF ke~ Fhe 23593 B
BEFF ki~ EFB L F]F ke 2 HFREB L FF ko H
P SHBREFFTHES BAARL 1 TR FUFEER
T R R AT I F]F kg

FREAE B F]F Kaps A8 B AR PER R 2 on
Ja ¥ B A E0 007 mm A E e h R o f1% 2 PET
ERBETINE 12 0.07 mm /f@né{ii AR, gV FAarp
WAL E g P ERE B ki o Jlﬁﬂz’— fLeh g ond A S
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7% 38k Td) > 4B 24 0 F R E $2508 1 F|F Ky F3° 1/
T(d) -

1015 y = -3.60548E+02x2 + 3.40452E+01x + 2.15762E-01
. —_
1.005 ——
1.000 =
0995 o
.0.990 P
= 0.985
0.980 /
0.975
0.970 ,/
0.965 ' . L
0.035 0.037 0.039 0.041 0.043
tissue thickness from source (g/cm”2)

Bl 24 : % i S0 (0.07 mm 255 B 3T # 0.04 glom? )

B0 T ARG PRAYES JBE AT EER I N R
, , C[d g
ABF R ARF AR AT L {a{kk |(|)}} » 4o 25 o
1=0
d LS E AN E A 112 4k 735 0.07mm

| £ F Drp=2.41x10" Gy/s °

2.0E-12
vy = 5.58124E-13x + 4.57047E-14

SE-12 }
LOE-12 R* =9.99990E-01

% 1.0E-12

— S5.0E-13
0.0E+00 ' L

0.0 1.0 2.0 3.0

depth(mm)

B 25 3 OStOY sfiR et s
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Z 110 9Sr/Y *r 8T 0.07 mm o H £ 348

P ey Hix iE i

d(kk’I(1))/dl (1=0) 5.58124x107" A/mm
a 725.3713 mm?

Wie 33.83 J/Coul

Sta 1.11

Da0 1.1974x10°° kg/mm® B R 293.15K

# & 101.325 kPa
E R 65%

B BEHL SR 30 cm 0 R H b PET BB T 0 ik Tl 4o T
% 12 -

% 12: £467 F PET K& T chE in

t PET ek | .
o REFECRER | 0um T B D
(wm) (1 m)
0.0 17.00 0.96
15.9 32.61 0.98
317 48.19 0.99
47.6 64.40 1.00
63.5 80.32 1.00
952 111.88 1.02
111 127.67 1.02
129.4 145.44 1.03
2966.2 2981.02 0.44
2982.1 2996.81 0.43
3000.4 3016.16 0.43
3016.3 3030.93 0.42
3530.1 3544.74 0.30

d PR T Y St e T 3000 um ¥ 70 pgmih
ot Em s 1.515/3.509=0.4317 -
WSr/0Y bRgtie T 3 mm B @ A E ok R 5 (H(3))
o TN —‘;J-;nT o
Hp(3)beta =(h_Tbr) X DRB / (1 _Tbr)
=(0.4317—0.000487) x Dgg / (1 —0.000487)
=0.4314% Dgg
=1.04x107 Gy/s
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+ . N Ke 23 4 , 0o .
% 13 1 INER 035 42 % ai 3 4 5|52 B £ Rl %
Radiation | Tube Additional MER | NeR IS0 IS0 st HVL 2nd HVL Hon?;’;;ei o
Quality potential filtration HVL 2nd HVL 1st HVL 2nd HVL diff diff Coofficient
mm | mm | mm (HVL- ISO) (HVL- ISO)
kv sn Cu Al mm Cu mm Cu mm Cu mm Cu 1SO /1SO H

W-60 60 03 | 40 0.181 0.207 0.180 0.215 0.68 -3.62% 0.87
W-80 80 05 | 4.0 0.350 0.428 0.349 0.433 0.15 -1.09% 0.82
W-110 110 2.0 4.0 0.939 1.157 0.933 1.08 0.61 7.09% 0.81
W-150 150 1.0 4.0 1.859 2111 1.78 2.03 4.44 4.00% 0.88
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o R ARE IR y-

AMBAuESFE

1 B&y: e B ARS8 -H2AX food BARIEF ik -

AX foci %, 7% % 5 BA KSR AR Lok b WAE

2. R :HA L duEHe sk I2AX R G E S BB B AN 2 Uk

1husk sl - R AMBSET MK -

3wtk
LT 2 TSRS ¢ v
4 K®NE:

41 A R
(1) Lk A0
@ »
(3) 5
(4) A% 3k [BD]
(5) Phosphate buffer (PBS) [Elabscience]
(6) RBC Lysis buffer [abeam]
(7) # A # [Lymphoprep]

(8) 1 JPhospho-Histone H2A X (Serl139) Antibody  [Cell signaling]

(9) 2 JuAnti-rabbit IgG(H+L), F(ab"); Fragment (Alexa Fluor®488 Conjugatc)

[Cell signaling]
(10) Paraformaldehyde [Merck]
(11) Triton X-100 [Sigma-aldrich]
(12) Bovine Serum Albumin (BSA) [Sigma-aldrich]
(13) # K 4-well.Glass Chamber Slide  [Merck]
(14) mounting medium with DAPI [VECTASGIELD]

42 RHRE
(1) =fesskh [Nulie]
2) AREBEI DR B
(3) %¥ X #hwi [ECOTOMYAX-311. 114 K% %]
(4) H ¥ X#-ui [Eppendorf SSI0R. 114A 8 ¥]
(5) Vortex [Corning, LSE6775]
(6) M gRE S HEA LS [Eppendorf/pipetman]
(7) & BaR %
(8) 4°Cukii [phebi]

4IRARE
43.1 RBC Lysis Buffer (ag) :
3t 10 mL 10X RBC Lysis Buffer feA 90 mL DI water » #4344 -
432 0.2%Triton X-100-4% paraformaldehyde i# &5 %&
Tk 20 pL Triton X-100 %% v A 10 mL 4% paraformaldehyde 5% i
RAEH -
433 1%BSAinPBS
B 0.15 g BSA » fuA 15 mLPBS + 4449 -
434 14i(aq)(1:400)
Bl ffpik 10 pL » jwa 4ml 2 1%BSAin PBS i #%(43.3 A& B
BT RAMY o BRAS
435 2 Fi(aq)(1:200)
B2 Pk 20 L e 4ml z 1%BSAin PBS k(433 A E
FAOF 0 mAYY (B E 24 AbrEk].
3 1 4.3.1-435 4

4.36 4% paraformaldehyde :

(1) ZesbfA Y » 35 SOmL 49 IX PBS fo A s 5 AT » s it i

fodhE 8 60°C » E R 0 AR HRIE R A
B PBS iR b pon g ZHF @K -
WP B KT R G I BEAR 0 T

BYRGpHM  AESRFEMKLDER
(4) 545 + A PBS ¥ @ A4 E 100mL -
(5) M INHCI# 4 pH £ 69 £4 «

9

(3)

Ty
51 2 pmplsnde

(1) ffthArREHLTP -
2
3)

AA 4mL i

78 A IN NaOH $#4f

) H=RALSIS R ARG AR 0 AT SR B RGRE HOMEE -

52 sk BB B GRE HOF
(1) #sn AR B 15 mL s b+ 40 114A K8 % 8w i
(Eppendorf, S810R) » 24 1300 ref $# 3 4% 5 & 10 5748 -
() BH2aS0mlEad  HFHEEA B

P ies 3
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