M9ETIMENAARTYIN TIT 26 (1L 1) HNTIAN — LHBEIU W.A. 2564

BURAPHA SCIENCE JOURNAL Volume 26 (No.1) January — April 2021 UNANNIRE

nsszanarianaliniuauaaszuunsInlE i usi @ douynnadInsy
ATLIANAMNINLATAIRNESIRAILITILATISRUAZIBNITAS AU LLNDURASLS
The Estimation Uncertainty Measurement for Personal Dosimetry Use for Dose Audit

by Analytical Method and Monte Carlo Simulation Method
Weoum Sunmenssnd’, 53 ms UndsT? way anm deru’

Pongphanot Rindhatayathorﬂ, Theraporn Phapakhee” and Vithit Pungkunr
" NgNAATFINNITANNTUARETUAZTIE NOITRILNSLULUAZNIATTIMITLGUARIINLIABASTE ziwu”nmuﬂfmzyl,ﬁéﬂ”uﬁr
* a9 Wandilszgnd anusAnenmaniuazimalulag swidnenausaigiuaniasneze
"Radiation Metrology Section Regulatory Technical Support Division Office of Atoms for Peace
ZApp/ied physics major, Faculty of Science, Bansomdejchaopraya Rajabhat University
Received : 9 July 2019
Revised : 6 April 2020
Accepted : 13 July 2020

UNARER
[ o a = o o a o o oa v a s o a A

nsdntunuiaddauyanaiinnnudanylunisianiunisiuiadeUiReunieie@visenisasuau
AN nTesATasRn g T luilaqiiulfidenldsruunisdnliunnis@diuyrnatianssiuionuas (Optically
Simulated Luminescence : OSL) a1 11aan (nanoDot) e tssiiuAAN LB U897 LUN1TB1A LEY
o o o o A o a o o A o oa e o al yo
TP TunnuFaAdouyara A UFLATLANANIN LA 8 5 A TasdIn Ul s N AR windRLBun iR 1H5y
n13UsziRunanisa1 Ul svNNuF9AN 4.35 mGy 184 Cs-137 n1sdsuifiuAan ldwineulunisdnilsznaudiae
1@ d’l a o 1 o al 1 1 o al o 1 o
AN ldifuillamaaesninnlaresineulBuinied anuudsdsauaesnisauadinnuiadresinaueu

o

Wasnnainanlaianiauasfa@nNumas AruulslsuduiieaunainnisanuA AN NsTURLAINAIIULAY
a o a d‘ I G a ¥ o d‘ a d!/

AN19299598 n1snauauasnliifudadu nrsanneudnyyiuduiiiasniaingungiingsauuas ANy
WAYANNLLTUIIUANNTIZNUNAY HANTLNUFUIBINIANLAY ATHARIALAADUANNNTEBUNEYL IABINL9N
WaAuaMsana AT AfTNIuTANeulE Ae 4.60 + 1.42 MGy NFALANTRNY 95% HaedEne
A2 B ANA TN AL AENTUNNIAN IR LA TN TAFIUL LA AR NAURAS AN AR AL TN 0WEIR 4.44 + 1.32

A o A o | aal a L o aalaly | e R
MGy NIEALAINNTANU 95% WUQWQﬁﬂ’]?ﬂi:LNumﬂmﬂNLLuuﬂumﬂ’a\mﬁuVLN LANFANNUBINHNULANATY

Adany - Anuldudueulunieds | n1sALANAIUNINLATEIRE59A ; nanoDot

285



M9ETIMENAARTYIN TIT 26 (1L 1) HNTIAN — LHBEIU W.A. 2564

BURAPHA SCIENCE JOURNAL Volume 26 (No.1) January — April 2021 UNANNIRE

Abstract

The personal dosimetry measurement is important for monitoring radiation workers or quality control.
Present, Optically Simulated Luminescence ( OSL), nanoDot dosimeter uses for medical dosimeter, was
selected to evaluate the uncertainty for the personal dose system for quality control of Office of Atoms for Peace.
The dosimeter wes irradiated at 4.35 mSv of Cs-137 and evaluated their uncertainty. The uncertainty was
combined from Inhomogeneity of detector sensitivity, Variability of detector reading due to limited sensitivity
and background, Variability of detector reading at zero dose, Energy and direction dependence, Non-linearity
of response, Fading, dependence ambient temperature and humidity and variation in local natural background,
Effects of light, Calibration error, Correction error for reading algorithm. The combination uncertainty result, the
reading dose is 4.60 + 1.42 mGy at a 95% confidence with the analysis method. This is similar to the calculation

using the Monte Carlo modeling method that shows the dose is 4.44 £ 1.32 mGy at a 95% confidence level.

Keywords : measurement uncertainty ; dose audit ; nanoDot
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12,057 19.01 100.544 1.0043 27.60
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A15199 3 wanLBENIURENeWlFANULTAENBILATIELEATR ANIRLaUeY wazAAdN lHuiuewluNg
99N NITALANNTRNU 95% TneiNTNTzanefawLL t-distribution (International Electrotechnical

Commission et al., 2015) lngl R An AN@ALTIEINNIRAUAUINE WA LA LAz Aa |y A

com

lusduanreseiady
dszinn BT TaVERT unmusediaded ) U,
H, (mGy) B11AN I "= /H_m at
H(mGy) 95% confidence
ST LENGN 5 1.412 0.282 -
0.2 0.094 0.471 0.138
0.5 0.186 0.373 0.061
1 0.308 0.308 0.037
109 2 0.656 0.328 0.017
4.35 1.230 0.282 0.009
9 2.738 0.304 0.004
14 3.947 0.282 0.003

1
o A

~ % o o & ! o aa ,
RINA19NT 3 AINI0ATIANNANT LTI TN UREN AT uLAZL BN ATLATRE Y
ANN130EUAN IENAILA A A LAA M LTURe1RT Tae A uandua IERINNINA 2 WATAINITNAFINENNT

ANFNAUSITAE WA
y = 0.2835x + 0.0509 (7)

wazrAauALisuHasaInAN ldulueuaasntsnauauasi ldiflwdadu(K | ) Aa 1.0000
uaz ArAN lluueuNIRSFUTEALAMNTRLT 95% 71 0.010 MNAAL ANARALNUAIUHNEDIANA

ANgAR9L NN UATIATRIE UL BN AN s0aulEN 0.051 mGy
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4.5

y =0.2835x + 0.0509
R?=0.9978

Reading Dose (mGy)
= N w
RN W s

©
"

0 2 4 6 8 10 12 14 16
Standard dose (mGy)

o al

NINT 2 LaAINT3ANL BN AN B LE AT nAILS U WA A UA LA 81N N1ANTUADUAT N 9811

AFH0UER (Reading dose) ARANLFHIRLYENMI91% (Standard dose)

o o
(7) wanTzUSUUBINNAINLAS (K o, )

1 ' '
A 1 2 1

Ha(ngua 1) uaznguiegNadne (ngud 2)

5115799 4 WhisuWaunaniseuAiuuiidasngy nguagh

U

uelii n@:m'fi 1 (mGy) ﬂ@:&l‘ﬁl 2 (mGy)
1 0.065 0.069
2 0.067 0.070
3 0.072 0.077
4 0.090 0.092
Anlede (mGy) 0.074 0.077

AN997 4 LA BN ANE W IFUAIAN A LN AN SR I Tuniana iU 13 lunwn

o aa

AAuad19 1,000 Wm? wudnanunussdnauldazunnsneii 0.003 mGy uwazALSauiaIn1ain

al

ugs A 0.999 laeBFauauiuBuuFedn 4.35 mGy

nsAuIEATINTIMIatAd N lkew AR WINIMINAENIRIEIW IEC TR 62461:2015 Uaz
ISO/ASTM 51707:2015 Tae/lfasnnsh (5) Aananalslumnsnedi 5
NN 3 LAAIHARNENIAMUIUANAINANNIIT (2) HaefinedBaiauuuAnaesneuf Ansla Insnisgu

FnasiN9ANUIUNIIANUINIANUIL 10,000,000 A5 Taellé I Fm LB NALINE AU IAINANNNTT (2) ANNATNALTL
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o

Al LEAIANH AN A NN AL BN T A R AW L HANEuENNINsTane LU ULNR (EWANN)
Ry ' & a = a = A A
nfAANAzilugeandag 3.25 mGy 111 4.25 mGy HAaAY 4.44 mGy HANTEUUUNIATIIN 0.66 MGy
AnFudutssdnn lAnanataereiuAnTesiy 20 Wradszunns 95% matiuardin1sndssuinianmanld
. . 2 4. 4 4 . v am o
WULAUAINNNTATUIEUN 1.32 MGy NIZAUAINLTRT 95% TIAN9RNNNITANUIDIALEATNNTAATIZHNEINNTD
AULENTRTA 4.60 mGy NRAAMN I wRaUAINNTANIR 1.42 MGy NTLALANNLTRIL 95% il

A o

aunT0uans liiuInissadniuA i la luszaulndirseiu ldunnsnetueeredidadAny

0.7 4

0.6 A

Probability
o o
. I

o
w
L

o
N
)

0.1 1

0.0 -

1 2 3 4 5 6 7
Dose(mGy)

NINA 3 LAASEANIIANLIRAN AN THkLe RN 99 RL BN TR FasN1 9451 MLILRN A D
Naus A5la N uIUFaeE1e 10,000,000 AFS WuINlRARALT 4.44 MGy

ANDIENILUNIATFIU 0.66 MGy

ANTUNANTINE
nsauanAtAd lduduanlunisdnesssundn Buinfiddiuyanad i miunisacLANANNINLATES
o a P ] L o A T g o o =
8393 dsznavfiasArannldulusuduiiasainau e basrasaaiulasesinguiunuied Ao
wilsilsausesnisauAiniuisdnasinguduiiasnnainannulanannauasf@nunas aanuulslsoudu
WesnnannissuAAud 1HA1urdaadsn1smeana n1sluiuAINaIuLazIANI9199598 N1saANaY
ArynyruduiliasnnaingungilnasauuazaudulaANilslmuainiaanumas 1ig98eananasnig
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A199% 5 Lane1an17AN ldkiuauteeBunuFdnauan 18 4.60 mGy aanndedriLA1a3en 4.35 mGy Faedan15alANzT

W Alszanaia AN lauuuau szianaas guluvunisnszans szauANaula (%) Adnsz@na HRRNE(MGy)
fign wasguaNysm Anuliuiuey A9

K, 1.000 0.004 A Normal 68.27 3.72 0.016

K 1.000 0.001 A Normal 68.27 3.72 0.003

K; 0.986 0.000 A Normal 68.27 3.78 0.001

K, 1.000 0.010 B Normal 99.7 4.61 0.312
Ke, 1.000 0.133 B Normal 99.7 3.72 0.479
K. 1.000 0.041 B Rectangular 100 3.72 0.152

K 0.999 0.033 B Normal 99.7 3.73 0.124

N, 1.000 0.002 B Rectangular 100 3.72 0.006

K, 3.768 0.071 B Rectangular 100 0.99 0.070

H 1.240 mGy 0.025 0.025

D 4.60 mGy +0.71 mGy (15.39%) Combined 4.60 = 1.42 mGy (relative 0.308 k = 2)

298



M9ETIMENAARTYIN TIT 26 (1L 1) HNTIAN — LHBEIU W.A. 2564

BURAPHA SCIENCE JOURNAL Volume 26 (No.1) January — April 2021 UNANNIRE

1 1 o al ] o o dd‘ 1 o 1 1 ‘ﬂl 1 1 o al
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a319faununaumniila TnaquaA19eudAIAI4Ag9II89UAaIRNI 47191 10,000,000 AFY WUANTINABNAT
gunsatszifiuAeasannisenuAlENNA LA In A At uasi acn il wineni IndAeaiuisy AuANNL T
= o = . o aa s a . o '
weaniu Genisszunmuanuliuiuvauainisasdsil arnsadssifiuAiannuliuduesulinsaungunuiasaay
C < o 2 4 o . e a e . 4 . o o 4 o

Tduduau aviunisiiuaudesdiures suudaiuuidsesdinaulsunnyive dus uasiinaauidesiuly

NNIAPIARDLAUNINNNIANTIRVDALATDIRNETA

nnAnssuNsznA

a

nddeiegnialinsaiuayuaeddasanisimuinaranssiuninsgaunisdnEanuialussduyl guni

a

Aninaudssnnunedus

1aNA19219DY
B Scarboro, S., Cody, D., Alvarez, P., Followill, D., Court, L., Stingo, F., ... Kry, S. (2015). Characterization of
the nanoDot OSLD dosimeter in CT. Medical Physics. https://doi.org/10.1118/1.4914398]

Bell, S. (n.d.). Measurement Good Practice Guide No. 11 (Issue 2), 41.

European Federation of National Associations of. (2007). Measurement uncertainty revisited: Alternative
approaches to uncertainty evaluation (No. 1/2007) (p. 62). EUROLAB Technical Secretariat -
EUROLAB 1 rue Gaston Boissier 75724 PARIS Cedex 15 France: European Federation of National

Associations of Measurement.

Hosseini Pooya, S., & Orouiji, T. (2014). Evaluation of Effective Sources in Uncertainty Measurements of
Personal Dosimetry by a Harshaw TLD System. Journal of Biomedical Physics & Engineering, 4(2),

43-48.

299



M9ETIMENAARTYIN TIT 26 (1L 1) HNTIAN — LHBEIU W.A. 2564

BURAPHA SCIENCE JOURNAL Volume 26 (No.1) January — April 2021 UNANNIRE

International Commission on Radiation Protection. (2007). The 2007 Recommendations of the International

Commission on Radiological Protection, 703, 37, 334.

International Electrotechnical Commission. (2012). Radiation protection instrumentation--passive integrating
dosimetry systems for personal and environmental monitoring of photon and beta radiation =
Instrumentation pour la radioprotection--systéemes dosimétriques intégrés passifs pour la
surveillance de l'individu et de I'environnement des rayonnements photoniques et béta. Geneva:

International Electrotechnical Commission.

International Electrotechnical Commission. (2015). IEC TR 62461:2015 Radlation protection

instrumentation—Determination of uncertainty in measurement (2.0).

International Electrotechnical Commission, International Electrotechnical Commission, Technical Committe 45,
International Electrotechnical Commission, & Subcommittee 45B. (2015). Radiation protection

instrumentation: determination of uncertainty in measurement.

International Organization for Standardization. (2017). ISO/IEC 17025:2017 - General requirements for the
competence of testing and calibration laboratories. Retrieved April 2019,1 from

https://www.iso.org/standard/66912.html

Izewska, J. (n.d.). Radiation Dosimeters, Radiation Oncology Physics Handbook. (pp 71-99). Vienna:

International Atomic Energy Agency

Kerns, J., Kry, S., Sahoo, N., S Followill, D., & lbbott, G. (2011). Angular dependence of the nanoDot OSL
dosimeter. Medical Physics, 38, 3955-3962. https://doi.org/10.1118/1.3596533

Kocher, D. C. (2000). ASSESSMENT OF OCCUPATIONAL EXPOSURE DUE TO EXTERNAL SOURCES OF
RADIATION: Health Physics, 78(5), 567-568. https://doi.org/10.1097/00004032-200005000-00019

MEYE, P. O. (2016, July). INTERCOMPARISON OF PERFORMANCE CHARACTERISTICS OF OSLDs AND
TLDs USED FOR INDIVIDUAL MONITORING. UNIVERSITY OF GHANA, GHANA.

Stanford Dosimetry LLC. (2010). Whole Body Dose Algorithm for the Landauer Inlight OSLN MOD2 NVLAP

(p. 44).

300



M9ETIMENAARTYIN TIT 26 (1L 1) HNTIAN — LHBEIU W.A. 2564

BURAPHA SCIENCE JOURNAL Volume 26 (No.1) January — April 2021 UNANNIRE

NMANUIN

e ldsunsnguiunisatuaniAn A ldidue ufedsas kL uNeuRATla HaantenTwneu
(Python programming)
import numpy.random as random
from scipy import stats as stats

import matplotlib.pyplot as plt

#Measurment

Measure = 10000000 #M measurement

X_mean_normal = {'H_m":1.24,'k_in":1.00,'k_r":1.00,'k_z":0.99,'k_L":0.81,'k_E":1.00,'k_light':0.99}

Ux_normal = {'H_m":0.0246,'k_in":0.0044,'k_r":0.0007,'k_z':0.0002,'k_L":0.0677,'k_E":0.1333,'k_light':0.0333}
X_mean_rec = {'N0"1.00,'k_e"3.77}

Ux_rec = {'N0":0.0017,'k_e":0.0709}

X_mean_tri = {'k_env":1.00}

Ux_tri = {'k_env":0.0408}

#for generate random number

Xrn = {}
Xrr={}
Xtr={}

for kin X_mean_normal:

Xrn[k] = random.normal(X_mean_normal[k],Ux_normal[k],Measure)

for jin X_mean_rec:

Xrr[j] = random.uniform(X_mean_rec[j]-Ux_rec[j],X_mean_rec[j]-Ux_recl[j],Measure)

foriin X_mean_tri:

Xtr[i] = random.triangular(X_mean_tri[i]-Ux_tri[i],X_mean_tri[i],X_mean_tri[i]+Ux_tri[i], Measure)
#Calculate dose
y = Xrn['H_m'T*Xrr['NO'T*Xrn['k_in'T*Xrn['k_r'T*Xrn['k_z'T*Xrn['k_L'T*Xrn['k_E'T*Xtr['k_env'T*Xrn['k_light'T*Xrr['k_e']

y.sort()
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#MonteCarlo Calculation

mean = y.mean()

stdev = y.std()

skew = stats.skew(y)

cover_low = y.mean() - 2*y.std()

cover_above = y.mean() + 2*y.std()
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