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In order to respond to the radiation management structure and
technical specifications of international organizations (such as the
International Atomic Energy Agency, the European Union, etc.),
this plan adopted an roll-on approach to cooperate with the
updated regulations on the improvement of technical ability in
control practice and radiation protection measurement technology,
in two main directions. Considering the domestic and international
trends, it aimed to strengthen the accuracy and credibility of
radiation measurement and dosimetry, to improve the evaluation
technology research of radiation detectors for testing and
calibration, and to enhance the personnel and biological doses
assessment technology. This plan also considered the full-scale
radiation protection system, including radiation dose measurement
system, dose \verification method, radiation protection
management procedure and regulations, radiation biological dose
responses and radiation accident prevention strategies. It can
improve the techniques for radiation protection management to
ensure the public’s health and safety.

The main research categories included in this year are: 1.
Improvement on radiation protection technical specifications and
dose assessment; 2. Radiation protection proficiency testing
techniques; 3. Radiation application research of radiation dose
evaluation and detection equipment calibration; 4. Evaluation of
human biodosimetry/chromosome abnormality. The work items are
to develop the radiation protection technical specifications

referring to the latest international trend, to research the eye lens



dose, evaluate the impact of new regulations, research the
personnel and extremity doses performances certification
technology, establish the beam quality of dose calibration for
medical exposure fluoroscopy, construct dynamic
anthropomorphic prosthesis for radiation protection, extend the
linear energy transfer system for particle therapy, and continue to
establish the domestic background value and dose response curve
of the dicentric chromosome. The final purpose is to pursue and
provide a higher level of radiation protection management based

on the improvement of the relative technical ability and quality.

Keywords: lonizing Radiation, Radiation Protection, Radiation
Safety Standards, Radiation Measurement, Biological
Dose.
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3). FHIHME K2 HEARHEL 2 RES Y
PAIBE Op JIPEE REFIRITS -
TR L PGH GRS 2R
B RAERER: 3 AES R TEELE - B e

R FERY R T H AT
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BERET ORFHIEERA § S FEA R R EAREA

duEikRiEe F o HERFEFL € F WA 2018 # 2% 69 W
R e TP s R SZRERE PRI ZABE o F
b2 W4T ASN Report on the state of nuclear safety and
radiation protection in France in 2017 ; #& 3|45 B & 2 45 54
P& FERRIKGEORE > AP RDRTUE
(2022 #% % 5 20mSv /& ) E A KB EF i & p oA

#52018# 17 1p 3 2022 & 127 31 p - 4oie R TRk F

TRALRHI TR o APMR ] R R e E 0 3R
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1).a e 3975 (Workplace monitoring);

2).< }*Jc #enig * (Use of literature data);

3).tickr g * (Use of simulations);
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A).k B B b * > do— RPER hiE A %P (Use of
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=
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2). BRE{ew IR it E K45 2 g5 156 %
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1L 23 FARBSRBINE L 0T

y5 IEC 61276 b= » = ¥ F?)%Fﬁ‘;%a?fi%ﬁ % e

ﬁ#;&‘f o |EC 61267 445 5 £-$1 3o it # X b v 3+ e
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(1).

2).

(3).

(4).

(5).

(6).

FUSEE A WG e RS RO BT E 0 o T A

RQR i 74 (Radiation Qualities in Radiation Beams
Emerging from the X-ray Source Assembly) : g b & *
MG X SR AR B2 SRS o

RQA & 7| & % (Radiation Qualities based on a
Phantom made up of an Aluminium Added Filter) : p* &+
Fr s Gl dRip ¥ 2 X SRS {5 200
X AT E A8 e

RQC i 7%t % (Radiation Qualities based on Copper
Added Filter): g+ i 7] 54 5 B 36 e df g & 22 X B4R >
* 3 HokE i AR 4B (fluoroscopy) shist . 5 o

RQT s 7[5t 5 : fr RQC - th» £ * dFig s > T g T
BREL® o TR T TR de s S e

RON £ RQB i 7|58 & %] % & F ¢ L 82 F 8 | i
ML

RQR-M + RQA-M + RQN-M 4= RQB-M % } it 2 % 7] é¢

AR S ETRER Ry T
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(7). T 7@ 4-18 A~ w74 IEC 61267 f* 7% &2 F1§
RQR k7|8t f=rig * 2 ¢ R B{cL B » X sfmiEd
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ket B Sk o I 5 (AP) iR A Pl g % o
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10% > @ s E {8628 % & 3%Up ;& (ISO)utih

£ 10°MeVE £ 955 13%

M i B 478 3x108 MeV 180z act 3% p o
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Gif BB { X 0 SRR R USRI B SRR
PRk e T kR L 602 A R B K% #121(6)

i ] B TR O TR A iA(5) £ 2 2 B R

HENLFEFE L o f b i BB PT Y G I i £ 4
LA BRI D RTFIE RS g S o B

€ e BRS PET R o HOA(B)HATHECAN(T) A 5 0 I ey %
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B
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40% o Ft B RS K ARG e MR LA 2 o LBy

Tehd R kg yv'ﬁ IR etk o

BEREAFEEENIE T CR39 i ELS P A
+ f% 4 fin (DiallyGlycolCarbonates) » Ci2H1807) #7 %o = » H
A AR AT F LA TR A MR EHRE
BETRERE o BT 247 R KRR eH B
g1 E cCR39OT ¥ R LET i ¥ L7521 3%
ip B2 15 54 (E LET § + »t 10 keV/pm)ie » CR-39 {4 » #-
e E L TR CR39 A R4 T A A4 O sta
#if CR-39 Jo & chit F 4k lg » S0 LuPFafy S enpt /i L 2 =
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Az (latent track) » BB @ * i it AR (M4cd § o1
)8 5] (etching) i » d S 4R IR T 15 50 1 B3 iR F s
AREFAR > X BLEP RS H B AR PR
BER B L WA F R - BT SRS AR
(CONE)EF™ » @ p LB ™ vL it * % B Bkt 4 enR 5

4 B R A 4 B B %aﬁw?%°#%aﬁ@ﬁ%%%

fs e Y 803 R enAb %) I (track etch rate, Vi) € - %
H R B 2 4 % QMkahamAMkﬁi%’%ﬂ&
) w16 CR-39 et it v B34 & £ fl%_)i(amount of
bulk etch, B) > £ 5d £ & Michist 3 1R+ 4 Bcst ki
# CR-39 % 6 )= 2 {17/ & #FF A /29 > Qv B-WH 5 2

PR § ] A6 2L b(Da) ~ Edb(De) i L5~ it
() v+ = pn& G BEBERT F A 2575 R TP
L (etch rate ratio, V) » 247 H jsprag vt T s B LET #)cig i®
MRS TrEs - ELET R d R A %k f’-@,fﬁd
P ot CR-39 & 47 H [T i vt > 2 0 JL R AT P47
Brigsfe B - o 2 LET 303t > = 2 S 3 03] 7 Hde ]
4-35 #7151 o

am&%%§7 BRGZEF e AR TR ARAG
ERERMEFELR > EREE P TR P E (micrometer
method)® &€ 4% ¢ CR39 2 ER L2 > BT 5E
ESE A %%K,%J;%Es:  BER OV E HTume A R RIA T R
£ ;# (weight method) ~ 4 %] j= ;% (fission track method)#

% & ; (optical method)= #& -
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fed 3% 2 CR-39 B & % 0.15¢cm» ¥ CR-39 54 %] 15
§RIBHPE R AN FR T ERERZT NS IR
X HREL o FIPt > FEMEEE T ELET A T amiEk
bR ERZ A AL AR RRARS I AR
J2o % fERIEEAeT AN D ERla s £ 8 (my
mﬂ~%@ﬁmy%£dﬁf%Jé@EU@%%i%ﬁﬁ%
B R e

Bz(ml—mz)-Tz ( PTz)

| ———
2my 24

513G CR-39 RS ik B/ S FI5H2
T2 R & & A% CR-39 ;‘f'gﬁ Fom P ATE 2
LET e B+ A8 2 M %> W LET sos#2 A€ &3k &
B~ 10 B H £ 8 #F€_7 3 115 cGy (7, 14, 28, 35, 43, 57,
71, 85,100, 115 cGy) » & A £ 8¢ * 2 ¥ CR39» it * 4&
vEAFIRT G Fsah Y o 2 R0 N AR
A4 FF i B 5 230 MeV 2z st { et ¥ bR ER 3 H
CRI3QF:Z#H P iEiTm « "REHPFRCR-39E]1 L5
ZERIHE LD > P AR Y R AR 2R
(PTW Advanced Marckus) &zt %o & & > F %4k

¢___\

* N ArBl4-36(a) T o d T R PR B o dodf SR 6
ML E R AP RGN BT I X kh ST R
¥ g &R 2 Dorschel & 4 2+ 2002 % 4 ¢h LET fe i & 417
FlEEE SO 2B S B 2 B OBl (4o @) 4-36(b)) 0 B
% CR-39% % I+ AR RS2 B L BHA N Fg



4@ 4-37 - CR-39 #£ % % Fﬁfﬁf—?é?llfi_i LET se 3% d ggd %
=4 B 5 7cGy, 14 cGy, ..., 110cGy, 115cGy .2 % B 7 »

il

LR HEERAS L L%(LET<100keV/um) 2 H % (LET
> 100 keV/pm) > $t L % @ 3 &%m HE G AT k2 R
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y Testing and Dose C for External Personnel Dosimeters 1 F Abstract |
Evaluation in Taiwan ,
3 i 2 This sudy invemigaed the proficiency testing based oo the lamtest Amesicm
4 Yi<Chun Lin', Min-Chi Chiu'*, Chin-Chi Chen', Chux-Liang Chen', Ming-Chen

5 Yoar', ChissHes Che', Teng-Husng Trow', Teang-Ta Homg' 3 Nationsl Standard Institute Health Physics Sociay (ANSIHPS) N13.11-2009(R2015)
2 ‘Health Piyzic: Divizion, bustitze of Nuciear Exergy Recearch. Taoyuamn Ciy 4 peformance testing stamdard and the benchmark of dose evalumion system for
$ TasasR 0.C).

9o §  pasonnal dosimetens in Taiwan. The parsonnel dose equivalent J(d) data of the
10

£  proficiency testing programs bald by the Insstute of Nuclesr Energy Rasearch (INER)
:£ 7 from 2010 to 2017 were reanalyzad 1o research the dose assessment shility and the
: criveria update feasibility. The results showsd thar the tolerance level (L), sbaclute of
: ¢ biss (BY) ad standard deviaSon (S) for all catagories of all the sight lsboratories met
j . 10 the latest ANSIHPS N13.11 criteria. In addtion, the measurements of the H(d) with
3- TLD-700 typed personnel dosimeters were also demonstrated by comparing with the
-. 12 MCNP6 Monte Carlo code. For sadistion protection spplication, the responses of
$ e

E‘f 13 Hauhew 8814 TLD sysem were also satisfactory in *"Cs including the angle tests,
9 14 MI00 and M150 X-ray besmms prodhuced by INER. .«

*Coerasponding muthor. Tal.: ~8863-4711400 ext. 7742
Email addeuss: mica@iner gov. w0

33 Postal addouss:

34 Healthy Physics Division

3 Instinue of Nuclesr Energy Rasasrch ,

36 No.J00O, WambusRd. Lacgien Tonmship, Taoynan Connty 32356, Taivan (RO.C) i

16 Kewords: Perzonal doze equivaior Hyd). Peprmance tsthg Persovsl

17 dosimeters, Monte Cario method, Radiation sqfey.«

B 4-1. REE %> T Proficiency Testing and Dose
Comparison for External Personnel Dosimeters Evaluation in
Taiwan ; # f&*" Radiation Measurement

Radiation Measurements .

™ o ™y LETV 1n Proton T o Thermoluminescent Detectors 1o Measure LET Vartations in Proton Therapy of
Prostate Cancer: Comparison of Bllateral and Anterior-obliquo Beams. )

Sl aeon Duy ‘ Prostate Cancer: Comparison of Bilateral and Anterior-oblique beams
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Hsinchu 30013, Taiwan
“ CEA, DRF, IRFU, Université Paris-Saclay, 91191 Gifesur-Yvette, France
* Department of Medscal Imaging and Radiological Scicnces, Chang Gung
University, Taoyuan, Taiwan
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" Department of Enginccring and System Science, National Tsing Hua University,
Hsinchu 300, Taiwan

*Corresponding author: Hui-Yu Teai, PRD
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TEL: +836 3 2712131 ext 34236,
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Evaluation of Biodosimery by Human Chromosome Variation

AAIR
Internal Symp of Rad, Emergency Me Chang, Kang-Wei
A AR
. s .30~12:
B R] 6 A 22 A(EMN) 08:30~12:30 Division of Isotcpe Application, Intitute of Nuclear Energy Research (INER)
¥ GILBEFRGIME S 20IE K E
Abstract
Personal Biological Laboratories should plan the staffto receive dose as a later dose assessment and.
L | @A x % A o of i .
osc of laied wi
08:30-08:50 L] o Radiation Exposure in Taiwan, R_O. C., 2017, there are 52,248 radiation workers in Taiwan,
Opening Remarks & & 3 1 including in nuclear power plants, industrial and hospital areas. In order to copethe accidental exposure of
08:5000:00| ¥ L& B EZ  Deputy Minister Wen-Zhong Liu
$ei% M &  Director Kin-Fu Lin radiation, itis necessary build a biological dosimetry laboratory. When exposed with radiation accident, the
BAF 3 Director Hung Tsangven ) biological analysis could as exposure dose assessment, and as a follow-upmedical care.
R TrEs
(!M"I ’: /:bl'nfchi Cherng) International studies on the current bio-dose-related effects ofindividuals; biclogical dosimetry by
A G HRAA S LB RN Kk chromesome analysisis a quick, simple and effective method. In INER (institute of nuclear energyresearch)
of Internal Radiation Dosimetry- Dr. Chih-Hsien Chang| had established varistion analysis from 2012t 2016,
09:2009:40 & MASFIE EOC Pk A L L
- Radiation Emergency Management in Taiwan Role of EOC Dr.Ming Tai Cheng we were completed four dose-effect curve, and combined into a standard curve for the standard curve. We
09:40-10:00 Ek B R4 SBH e also participatedin the Intemational Competency Test with Canadian Ministry of Health, as well as received
Drs. Yu-Ming Fan/ Chuang-Hsin Chiu)
702  certi ‘ dible and i onalized national
Gﬂhﬂ'&!l T semn B9 15017025 Laboratory certification. Expectto become a
Radiation E in Taiwan -Role of VGHTPE | Dr. Shan-Fan Yao biological dosimeuy.
10:00-10:20 | &AM SRR E-SBFTFAFHE P LD BIREK BUE B . .
In the object, w and
Radiation Emergency Management in Taiwan -Roleof KMUH | Dr.Yu-Wen Chen ¢ oplect e At assis
iques. Through the establishment of biological
10:20-10:30 Coffee Break promote . e establishment of biologic
— e ot s and d 3 ishing and level radiation biodosimetry
10:30-11:15 | 28 fe: WAk ddR / RARIE E4E
( Moderators: Prof: Mu-Chang Shieh / Dr. Cheng-Pei Chang ) laboratory. Wish the biodosimetry laboratory could reconstruet the radiation exposure level of pecple which
B R AR Dr. Noboru S
Recovery Effects from the Nuclear Disater TAKAMURA inradiation accidents.
11:15-12:00 | 45 4 B & £ KIRAMS fosk Dr. Y. Woo Ji
" - . . Young Woo Jin
Radiation Emergency Management Experience in KIRAMS Reywords
12:00.12:30 | FEHMAATRE

Panel discussion and closing remarks
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Table 3-1 Recommended action levels per year for monitoring of the eye lens

Recommendation by Survey Foutine monitoring
IAEA TECDOC 1731 [18) . =5 mSv
150-15382 [19] Mot specified = 15 mSv (single year)
or = 6 mSv (consecutive years)
IRPA guidance [20] 1-6 mSv =G mSy
This report 10-15 mSv =15 mSv

(@)

The following flow chart' can be used:

Willemployee be exposed to ionising radiation? NO 3| Noactionrequired
YES
\
Perform prior risk assessment
Is the calculated eye lens dose
<15 mSv/year? > 15 mSv/year?
- ALARAshouldbe applied Based on the eye lensdose:
Based on the eye lensdose: - Employee isclassified as category Aworker
- Employee not classified as exposed worker - Adequate individualmonitoring of the eye lens
- Individualmonitoring isnot mandatory ismandatory
- Protection measures are recommended - Medical surveillance is mandatory
- Protection measures should be optimised

* AREBHEHEALBBEIIMEAR THERIA ) BBEITEAR
* R 5& 4w BRFK K S 2818 ) B A 75 H] BR BR K &4 2R B ) B5 A
miEibEgEA s BRHIEBRHE
KiEibE s E R
(b)

i 4 Wissta &L B ¢ (NCS)iF fre ok -k & 25 1 {o

£4501% 315482 (NCS 312018 & 5 1 )2 ()R AL E

Rl2 Bk E R RT L R ORI S EE R 4514
g o
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Radiation in the field

Beta Necessary types of dosimeters
Nentron | Photon | above
0.7 MeV
al Ome H(10}-dosimeter for nenfrons
X Ome H(0.07)- and'or one Hy(10)-dosimeter for photons

X Ome Hy(3)-dosimeter for beta radiation

Che H(10}-dosimeter for neutrons and

* * one Hg({0.07)- and'or one Hp10)-dosimeter for photons
51 « Cme Hp(lll}}-dc_r:imfta' for nea.ltro_us_aud
cne Hy(3)-dosimeter for beta radiation
X X Che H(3)-dosimeter for photons and beta radiation
x x . One H(10)-dosimeter for neutrons and

ome Hy(3)-dosimeter for photons and beta radiation

! It is noted that neutron radiation is almost always accompanied by photon radiation but the
possibility of neutron radiation alone is listed here for the sake of completeness.

Bl 4-13. IAEA 1731 jis~ & L;;gﬁxi SEAR T RIR & i
St R B 4 5 SR A
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6 e
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CIER uE (L)

DUEE D) #MEHEE
R A
I Féta,AF
A—f (B & C MAESZ) 0.05t0 5 Gy 0.24  Fimk
B. s
C. M150
IL. #F/AF L%
A —# (Ez220keV» FE<TO keVetsf § B 4)
0.5 to 50 mSv 0.3 0.3

B. % & (V7Cs.%Co: BHEH R a<60R)
C. P8 (E>T0keV. WHA K a <608)
D. #% M

II. A##F

A —# (B & C REM%F)
B. ¥ (OsrY)

c. s ¥ (¥Kr)

D. 44}

IV. XFRR#RESH #%3:3.0t0300mSv~ N/A 0.3

2.5 to 250 mSv A 33K 0.3

SE36: 0.5 to 50 mSv 0.3 N/A

V. P FRAEF LY

A —# (B A C Hi#:%F) 1.5 to 50 mSv 0.3 A 33K
B. PXCf+1I

C.PXCf(D,0)+ I

] 4-15. TAF-CNLA-TO8(4)37 5% B 2 57 ] &

Table 1b. Limits on number of dosimeters irradiated in particular conditions in category |1

Subcategory [IA Subcategory 11B Subcategory [IC Subcategory 11D
At least No At least No At least No At least No

more more more more
than : than than than
Non-L 3 5 3 7§ 3 5 3 5
angles
E <70keV 3 5 - — — — 5 10
Mixtures 5 10 — — 5 10 5 10
with "¥'Cs,
$co
Mes, ®Co 5 10 — — 5 10 5 10
1 only

B 4-16. ANSIN13.11-2009(R2015) % Il 5§ & & PR &2 2
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B | F 2R % - Lk (393 nik
KV jmm Al

RQR 3 50 1.78 0.76
RQR 4 60 2.19 0.74
RQR 5 70 2.58 0.71
RQR 6 80 3.01 0.69
RQR 7 90 3.48 0.68
RQR 8 100 3.97 0.68
RQR 9 120 5.00 0.68
RQR 10 | 150 6.57 0.72

¥l 4-18. IEC 61267 7372 RQR /i 7154 i 4

Bl 4-19. PS4 s % HeFiE R & Hi
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g 4 % - L EA(HVL) 323 Tidk(H)

FE oY
) mm Al -
R
mm ’ 3 N
kV A INER .4~ Z £ (%) INER ¥ Z 2 (%)

RQR3 &0 23 1.79 1.78 -0.55 0.77 0.76 -0.69
RQR4 60 24 217 219 0.70 0.75 0.74 -1.67
RQRS 70 26 257 258 057 0.73 0.71 -2.44
RQR6 80 3.1 3.08 3.01 -236 0.69 0.69 -0.41
RQR7 90 31 356 348 -239 0.68 0.68 0.52
RQR8 100 3.2 396 397 027 0.67 068 1.73
RQR9 120 3.7 5.056 500 -1.09 0.67 0.68 1.66
RQR10 150 45 6.59 6.57 -0.24 0.70 0.72 2.67

Bl 4-23. RQR X &k & Bls %

i % - X ik (HVL))
e 5
b BT B R mm Al

kV. mmAl mmCu INER #®# Z2£(%)

RQC 3 50 2.3 05 460 4.5 2.2
RQC 5 70 2.6 1.5 8.62 84 2.7
RQC 8 100 3.2 20 1155 115 04

B 4-24. RQC % &k £l %
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Effective dose per unit fluence (pSv cm?)
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