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SET RICSD

Abstract

This project aims to establish and maintain national standards of ionization radiation in
Taiwan, perform tasks of traceability, calibration and testing and develop related

technologies of measurement standards. The work items planned in this year include:
1. Laboratory accreditation and drafting technical criteria

(1) The third radiation survey meters calibration proficiency testing (94-95)

(2) The sixth personal dosimeters proficiency testing (93-94)

(3) New criteria and accreditation techniques of personal dosimeters

(4) Workshop on '*’Ir dose calibration in brachytherapy

2. Measurement standards, international comparisons and the global mutual

recognition arrangement (MRA)

(1) Establish liquid scintillating detector system and CIEMAT/NIST techniques (94-95)

(2) International comparisons

3. Atomic applications in medicine and radiation protection
(1) Patient effective dose evaluation using IMRT (94-95)
(2) Establish primary standard for radioactivity of the medical source of *'I
(3) Provide calibration services that meet ISO 17025 quality assurance
criteria
(4) Mammography x-ray dose measurement quality assurance technology.
(5) Establish environment level calibration technology for gamma-emitting

radionuclides

Keyword: national standard; ionizing radiation, primary standard; calibration,

proficiency testing.
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(1) FrERER

) ) Measurement .
Calibration or Measurand Level .. : Reference Standard used in
: Conditions / Expanded Uncertainty o
Measurement Service or Range : calibration
Independent Variable
NMI Service : .. | Minimum | Maximum e . Coverage | Standard / Source ~ o
Identification Quantity | Units value value Parameter | Specifications | Value | Units Factor of traceability SEAR R G RY F )
primary standard [eqzyeyu APRANSA <55 =
INER-1001 |air kerma ratemGy h'| 1.98E+03 | 2.30E+04 %Co 1SO-4037-1 | 1 % 2 ionization chamber|,, Jfgm
/ INER >=1(2003) -
, dard SEEIA NMIJ ~ R
primary standar APRANSA = 3%
INER-1002 |air kerma ratemGy h”| 6.12E+00 | 1.58E+03 BCs 1SO-4037-1 1 % 2 ionization chamber Dt fm !
/INER (2002) - HFH[EI V= B
APMP/TCRI =$}(2005) °
X-ray, 50 kV BIPM free air chamber / APMP/TCRI sl 1
INER-1003 |air kerma ratemGy h”| 6.10E+02 | 1.51E+03 t‘éa;’(’)o W | NISTOD 1 % 2 ree allrl\?E';‘{m 7 12003) - EUROMETS545 ]
F=¥1(2005)
CEI = NIST(2002) -
. 1 X-ray, 10 kV 0 free air chamber / EUROMET545 515}
INER-1004 |air kerma ratemGyh"| 2.30E+01 | 5.04E+03 t0 50 KV NIST(M) 2 Z 2 INER (2005) = 1~ [ 1es51=5f
(2005)
absorbed primary standard sz ey APRANSA “&5 1+
INER-1005 | dose rate to | Gys' | 5.50E-04 | 6.40E-03 Co AAPM TG-51| 1 % 2 ionization chamber|, ;1?303
water / INER Ea ( )
absorbed calibrated source /
INER-1006 | dose rate to mGy h'| 4.28E+00| 4.28E+00 | *°Sr/™Y 1SO-6980 2 % 2 PTR S TAF F5E(2004) -
tissue
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Measurement

Calibration or Measurand Level Conditions / Expanded Uncertaint Reference Standard used in
Measurement Service or Range : p Y calibration
Independent Variable
Reference air 1 192 0 Calibrated source /| .
INER-1007 |"F 20 SmGy ) 50 0.5 Ir 15 | % 2 s SELMZ PTB(2005)
47~y absolute =L R NMID SRR )
.. . . 192
] activity per 1 N L0 | Single nuclide ] o measurement, set | 1r(2003) > APMP/TCRI
INER-2001 unit mass Bqg" | 1.OOE+051 5.00E+05 solution source NCRP-58 ! & 2 of standard weights[-=55f '*°Ce(2004) - **Cs %
/ INER S5 EEE£(2005)

lgtose high pressure well | s pp 1p/TCRT ©Co i Ik

. . . . EI J‘\
INER-2002 | activity | Bq |4.14E+06 | 8.27E+09 |Single nuclide| solutionin 3 ) % 2 type ionization |, o fFVE

solution source] mL glass hamber / F55(2004) -
ampoule chamber / NPL
el.ectroplate, ' H[ NN AN N FH
INER-2003 |emission rate| s” |1.00E+02| 1.00E+04 | L@rgearea jactivearea>10f 5 | o 2 proportional . s 360y 4 38 e =
surface source| cm by 10 counter / INER
(2002) -
cm
ambient dose
equivalent
INER-3001 rate’é’:sr:"nal ”flslv 6.41E-06 | 1.78E-04 | **Cfsource | 1SO-8529-3 | 5 | % 2 Cahbraﬁ%;o“me/ SH3 TAF R2(2004) -
equivalent
rate
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Calibration or
Measurement Service

Measurand Level
or Range

Measurement
Conditions /
Independent Variable

Expanded Uncertainty

Reference Standard used in

calibration

INER-3002

ambient dose
equivalent
rate, personal
dose
equivalent
rate

mSv
h—l

1.44E-06 | 5.83E-06

2 Am/’Be
source

ISO-8529-3

calibrated source /

NPL

j[E_J:LIﬁ] TAF

L (2004) -
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FF[F i 4 ~ EUROMET 545 B 5 I ik o

Participant

Date of Chamber
leaving PI'B for
participant

Measurement
duration at
laboratory

Date of chamber
leaving participant
for PTB

OMH

19-Jan-2004

02-Feb-2004 to
20-Feh-2004

23-Feb-2004

NMi

22-Mar-2004

05-Apr-2004 to
23-Apr-2004

26-Apr-2004

BLEY

24-May-2004

07-Jun-2004 to
25-Jun-2004

28-Jun-2004

ARPANSA

26-Jul-2004

09-Aug-2004 to
27-Aug-2004

30-Aug-2004

NPL

27-5ep-2004

H-Cet-2004 to
29-0¢t-2004

01-Nov-2004

NIST

29-Nov-2004

13-Dec-2004 to
14-Jan-2005

17-Jan-2005

STUK

14-Febh-2005

28-Feb-2005 to
18-Mar-2005

21-Mar-2005

ENEA

18-Apr-2005

02-May-2005 to
20-May-2005

23-May-2005

NMLFVAIST

20-Jun-=2005

04-Jul-2005 to
22-Jul-2005

25-Jul-2005

INER

22-Aug-2005

05-Sept-2005 to
23-Sept-2005

26-Sep-2005
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NRSL/Taiwan
BNM-LNHB/Brazil
VNIIM/Russia
NMIJ/Japan

VNIIM/Russia
SCK-CEN/Belgium
RC/Poland
NRC/Canada

NPL/UK

NM1J/Japan
NIM/China
IRMM/European Union
IRA/Switzerland
IFIN/Romania
CSIR-NML/South Africa
CMI-IIR/Czech
ANSTO/Australia

CIEMAT/Spain
KRISS/Korea
LNMRI/Brazil
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IRA/Switzerland
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PRI 6 TR IR RRRSTIAD DR iR 2 £ e

st Kl
Organs Gy % of prescribed
dose
Upper Lung (L) 3.8 0.95%
Upper Lung (R) 3.9 0.97%
Middle Lung(L) 2.1 0.53%
Middle Lung(R) 2.2 0.54%
Lower Lung(L) 1.7 0.43%
Lower Lung(R) 1.8 0.45%
Liver 1.4 0.36%
Breast(L) 1.6 0.39%
Breast(R) 1.6 0.40%
Stomach 1.6 0.39%
Bladder 1.0 0.25%
Testis(L) 1.0 0.25%
Testis(R) 1.0 0.25%

LY RIS A e ettt R et PR S e Sin Ll

()
PR e A
(pA/MBq) (k=1)
ISOCAL-IV 4.0447 0.23
I1G11-A20 16.7897 0.23
1G12-A20 12.8055 0.22
IG11-N20 8.2869 0.22
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WP 8 ~ Ak sk b I 27 XM By FF TR (Mo/Rh > Rh/Rh)

Beam Tube Added HVL( mmAl) Homogeneity
code voltage Filter(mm) coefficient

Mo/Rh 28 0.03 Rh 0.408 0.796
28

Mo/Rh 32 0.03 Rh 0.445 0.821
32

Rh/Rh 25 0.03 Rh 0.351 0.755
25

Rh/Rh 30 0.03 Rh 0.438 0.812
30

Rh/Rh 35 0.03 Rh 0.512 0.858
35

Rh/Rh 40 0.03 Rh 0.559 0.895
40

KR O ~ BRI A ST A

RS (S PR TS S S R

R
5 7 1 F 678
SEVE L 07 RE e
e ps | BETTR 25 BT p) 930 5 An-241
5 cc 7]
SEVE L 97 -
gy | RERRC 2Ty g g0
5 cc 7]
1 MR > <5 cer |Eu-152 > ?Ei VR~ Co-60
TR 1100 o~ 1000 ce | Cs-137 » . 54
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l |JH. Lee, C.Y. 94.12 |Performance evaluation{Radiation 41 (2005)
Lin, C.F.Wang, of  graphite  pancakeMeasurements |304 - 316
D.J. Butler, ionization chamber by

comparing the absorbed
D.V.Webb, dose towater calibration
C.Y.Yeh,W.S.
Hwang

2 |Shang-Lung 94.09 |Dosimetric Investigation|Journal of|25(3):87-91
Dong, Tieh-Chi of a New BreastMedical  and
Chu, Wen-Song Brachytherapy Ballgon Biolpgicgl
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’ microMOSFET Radiation
Liang-Hsiao Sensors
Chao,
Tung-Sheng
Hsieh, Sang-Hue
Yen
3 |Uei-Tyng Lin, Correction factors |Applied 04 F 12 F] =l
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INER- improved Isotopes
free-air ionization
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calculated with the
Monte Carlo method
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(as 1t appears in Appendix B of the MRA)
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(as 1t appears in Appendix B of the MRA)
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Performance evaluation of graphite pancake ionization chamber by
comparing the absorbed dose to water calibration

J.H. Lee®"* C.Y. Lin®, C.F. Wang?, D.JI. Butler®, D.V. Webb®, C.Y. Yeh?, W.S. Hwang®

ADepartment of Atomic Science, National Tsing Hua University, Hsinchu 300, Taiwan
bNational Radiation Standard Laboratory, Institute of Nuclear Energy Research, PO, Box 3-10, Longtan 325, Taiwan
“lonizing Radiation Standard Section, Medical Radiation Branch, Australian Radiation Protection and Nuclear Safety Agency, Lower
Plenty Road, Yallambie, Victoria 3085, Australia
4 Radiation Oncology Department, Chang Gung Memorial Hospital, Linkou 333, Taiwan

Abstract

This paper describes modifications to an original design, correction factors and uncertainty evaluations for a graphite pancake
ionization chamber constructed at the Institute of Nuclear Energy Research (INER, Taiwan). A bilateral comparison of the
absorbed dose to water standards for %°Co using transfer chambers was performed to verify the graphite chamber experimental
accuracy and measurement consistency. The comparison results showed a satisfactory agreement in the measurements within
the combined standard uncertainties (k = 1). This paper also compares the absorbed dose to water calibration in medical
accelerator photon beams traceable to INER standards following the recommendations given in the AAPM TG-21 and TG-
51 dosimetry protocols. For all types of linear accelerators and cylindrical chambers at 13 participating hospitals in Taiwan,
the TG-51/TG-21 dose ratios were the same within £1.5%, less than the combined uncertainty, irrespective of the chamber
make and model for each photon included here. A quality assurance guide for institutions switching from the TG-21 to TG-51
protocol was suggested based on the comparison results for the two dosimetry protocols.
© 2005 Elsevier Lid. All rights reserved.

Keywords: Graphite pancake ionization chamber; Absorbed dose to water; TG-21: TG-51
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Correction factors for the INER-improved free-air ionization chambers
calculated with the Monte Carlo method

Uei-Tyng Lin*"*, Chien-Hau Chu*®

*Health Physics Division, Institute of Nuclear Energy Research, 1000, Wimhua Road, Jiaan Village, Longtan Township, Taoyuan, Taiwan, ROC
® Deparmment of Biomedical Imaging and Radiological Sciences, National Yang-Ming University, Taiwan, ROC

Recaved 13 September 2005; received in revised form 30 November 2005; accepted 9 December 2005

Abstract

Monte Carlo method was used to simulate the correction factors for electron loss and scattered photons for two improved cvlindrical
free-air iomzation chambers (FACs) constructed at the Institute of Nuclear Energy Research (INER, Taiwan). The method is based on
weighting correction factors for mono-energetic photons with X-ray spectra. The newly obtained correction factors for the medium-
energy free-air chamber were compared with the current values. which were based on a least-squares fit to expenmental data published in
the NBS Handbook 64 [Wyckoff, H.O., Attix, F.H., 1969, Design of free-air ionization chambers. National Bureau Standards
Handbook, No. 64. US Government Printing Office. Washington, DC, pp. 1-16; Chen, W.L.. Su, S.H., Su, L.L.. Hwang, W.5., 1999.
Improved free-air ionization chamber for the measurement of X-rays. Metrologia 36, 19-24]. The companson results showed the
agreement between the Monte Carlo method and experimental data is within 0.22%. In addition, mono-energetic correction factors for
the low-energy free-air chamber were calculated. Average correction factors were then derived for measured and theoretical X-ray
spectra at 30-50kVp. Although the measured and calculated spectra differ slightly, the resulting differences in the derived correction
factors are less than 0.02%.

0 2006 Published by Elsevier Lid.

Keywords: Free-air ionization chamber: Electron loss: Scattered photons; Monte Carlo
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Elemental Determinations of Airborne Particulate Matter Collected on
PTFE-Membrane Filters by SRXRF: A Feasibility Study

b*

Chu- Fang Wang a, Ming-Chen Yuan ) , Cheng-Yuan Chang ’ and Su-Chen Huang ’

a
. Department of Nuclear Science, National Tsing Hua University, Hsinchu, Taiwan

b
. National Radiation Standard Laboratory, Institute of Nuclear Energy Research, No. 1000,

Wunhua Rd., Jiaan Village, Longtan Township, Taoyuan County 32546, Taiwan (R.O.C.)
E-mail: mcyuan@iner.gov.tw. Fax: 886 3 4714132

ABSTRACT

Direct analysis of airborne particulate matter collected on PTFE-membrane filters using
synchrotron radiation X-ray fluorescence (SRXRF) was performed. Standard filter samples
prepared in the laboratory were utilized to evaluate the setup performance as well as the
capability of the proposed method. The influence of experimental parameters including the
beam size and sample-to-detector distance were thoroughly examined. A total of 10 elements on
the filter can be determined. It was found that the optimum detection efficiency for the system
can be achieved if using a 3 mm X 3 mm beam size as well as a 7 cm sample-to-detector
distance. To obtain a better elemental detectability, a two-step measurement procedure with
photon energy less than 7 keV and 14 keV respectively is also suggested.

Keywords: airborne, SRXRF, elemental analyses.
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15th International Conference on Radionuclide Metrology and its Applications
September 5-9, 2005, Oxford, England

P-050 ICRM 2005

188

Absolute Counting of “"Re Radiopharmaceuticals

Ming-Chen Yuan *°, Hsiao-Fang Pang * and Chu-Fang Wang °

# National Radiation Standard Laboratory, Institute of Nuclear Energy Research, No. 1000, Wunhua Rd., Jiaan
Village, Longtan Township, Taoyuan County 32546, Taiwan (R.O.C.)

® Department of Atomic Science, National Tsing Hua University, Hsinchu 300, Taiwan (R.O.C.)
FAX: 886 3471 4132, E-mail: mcyuan@iner.gov.tw

Abstract

The Institute of Nuclear Energy Research (INER) has provided 185Re radiopharmaceuticals
for hospitals in Taiwan. To enhance the accuracy of commercial dose calibrators used by
radiopharmacies and hospitals, and to ensure that patients receive proper doses of these
radiopharmaceuticals, it is very important to standardize this nuclide. The 4nf-y coincidence
counting method was used to standardize the mass activities of '**Re in this study. At the same
time, three well type ionization chambers, Centronic 1G11-N20, Centronic 1G11-A20, and
ISOCAL-IV, were calibrated by the standardized solutions of the nuclide. In this research, the
calibration figures of ISOCAL-IV for the nuclide were consistent with the results of National
Physical Laboratory (NPL, UK). The outcome implied that the results of coincidence counting
did mutually agree. On the other hand, the measurement error of the dose calibrator of the
radiopharmacy was also corrected via divided by a correction factor of 1.173(0.008) in this

study.

Keywords: '**Re; standardization; coincidence counting.
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21th APMP General Assembly » 5-9, Sep. 2005, Jeju, Korea

Laboratory Report for 21" APMP General Assembly in Jeju, Korea

Wen-Song Hwang and Jeng-Hung Lee
Institute of Nuclear Energy Research
P. O. Box 3-10 Longtan Taiwan 325

http//:nrsl.iner.gov.tw

1.Introduction

The Institute of Nuclear Energy Research (INER) was entrusted by the Bureau of Standards,
Metrology and Inspection, Ministry of Economic Affairs of Taiwan, to establish the National
Radiation Standard Laboratory (NRSL) in 1992. NRSL has a scientific/technical team of 14
persons led by Mr. Wen-Song Hwang. The structure frame of the laboratory consists of three
groups including: Laboratory Quality and Management, Dosimetry Standards and Radioactivity
Standards. INER has developed 12 measurement standards for photon, beta, neutron and
radioactivity and 8 of them successfully passed re-accreditation by rules of the TAF-CNLA
(Chinese National Laboratory Accreditation) in January 2005. This report provides an overview
of the facilities and standards maintained by INER and the activities undertaken since October

2004.
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