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Abstract
Aim : Individual monitoring is necessary for radiation staffs to make sure the
radiation exposures that they received were allowed in ALARA principle. However,
personal dosimetry laboratories in Taiwan follow their own calibration management
of personal dosimeters. In this study, we executed the on-site visit and blind test for
personnel dosimeters quality performance for evaluation on quality control
management improvement,

Material & Method : We survey 8 personal dosimetry laboratories in Taiwan,

including a questionnaire for business information and inspect with random sample
selection. The samples would be sent to standard laboratory for irradiation and sent
back to their own facilities for radiation dose conversion. Only category | and Il listed
in TAF were performed in this study, and we investigate the tolerance level (L?) from
reported data. Also, we perform statistical analyses for dose deviation which would
be influenced or not by usage year and reading history.

Result : Eight personal dosimeters laboratories held the qualifications of TAF

certification, and half of the on-duty badges were over 10 years. The blind test
showed that the L2 for category | and Il were 0.002~0.013 and 0.002~0.071,
respectively. The results of statistical analyses, there were no significant difference
(p>0.05) between dose deviation and influence by usage year or reading history.

Conclusion : Personal dosimetry laboratories in Taiwan were all held the

qualifications of TAF certification. For abnormal events, each facility followed the
notification process with records keeping. We also recommended that the blind test
can provide the routine performance test for checking management quality of

dosimetry laboratories.

Keyword : blind test, dosimetry badge, individual monitoring, intercomparison
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$r 4 (as low as reasonably achievable, ALARA) =R B] » 5§55+ 4 B 4% k45 517 £

% 22 RE o DR RH R S RILE 2 et A 45 2 B [L] -

SRS S 3

BARETRPEE > TEH P 1920 & & (B 1) EEX RS HE =0 B
£ Z A ¢ (International Commission on Radiation Units and Measurements, ICRU)
2 W%kt 4 R ¢ (International Commission on Radiological Protection,
ICRP)= = » % p* 4% I % 3% & & (tolerance dose)si x4 1T 5 £ [2] - 5§ s & %
SR THEHAREDE A REPUNAH S B ARETFR Y E I
e F)FAREE I o 5 1970 £ X ICRP % 26 8248 2 # # [3]0 * s A2 L B R
i R HE 2 % & 0 hoex Jod] £ (absorb dose) ~ % i A £ (equivalent dose) 2 i
A % »zH| £ (personal dose equivalent) & #£ 4 -

MEEZRIETRY MR FEFHBEHAZAARTEG] - F2 0 F)
g 4 0 H I EF 5 PRI NS T S A RRRHAET L2
FAHg

B2 & (film badge) @ 1920 & (B 4ot * > A R S {5 Stac P o B2 ATy
R R RRSH A2 FRRIPEELSLRR > BHELTRERF
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#@ B £ 3+ (thermoluminescent dosimeter, TLD) © p 1950 # i B 4238 B -
AP AER Y L MEAY B R LA RH A R F LR
PRAAR PS> AR IR S R SR IS RSB R R B R

B UBLR s BB AR S 2 G AAR > 1 d ALIRH e 2 0 AR R

EA
Mr LR ¥ 100 pSv 3| B5Sv > F L A MR X on 2 4 4 [4] -
% oy kA £ 3+ (optically stimulated luminescent dosimeter, OSLD) : 4 & *%

1980 & i o = F i = 4R(ALOs) R 5 11 o H B Fapdg 51T {2550 0 B RIZ

B TLD o e = o A5 % PO K 2 LR FELMT 2 2 g > )i

HE4F @ 4501 - OSLD it & 1cGy I 20 Gy # ¥ e M EF oo » %
i}k s e B TLD #= #4[5] -

738 A £ 3+ (glass dosimeter, GD) : ** 1960 & i #& 2. Hjke > fe & 1990 f&

sl A

FH G ARFE MBI RE TR BRER TS > B GHa R

L

TIQ\: 7Ioﬁlumi'f#’jﬁ_§5]&"i¢h ]"IDI)/%' 3371 nm /;Iéﬁb’—r%{q ﬂ_‘*%,lc
(600-700 nm)zt 5L » 7= o OSLD ¥ & 4 3+ 3% o GD e <X & £ # 1810 pGy 2 500

Gy ¢tttz A RER 22 aFhoityj ARER"[6]-



ICRP-26
Personal dose equivalent (Hp)

ICRU/ICRP ICRP-2
Tolerance Dose Maximum permissible dose

i

Film Badge TLD Badge

Harmonization, quality assurance
etc. for individual monitoring
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ROAERT > p 1990 # & B 403 ) DR S s 2 B cndp B < /I?#f G
[2] - % B A& a0 4 35 $RE 5% 00 4 Lors #[9,10] 0 4 & $30pE 6 T
BBl E e M G P AT o R B RN R L R A K H .

% M > & 12 European Dosimetry Group (EURADOS) t Z # {7 4p B 3+ &
[11-15] > f 2000 & & B 4G * RB2 =T WHEF RN A > ¢ 7 L FTHRY 2R
B R Rl AR AT (£ 2) 2 EE SRl (R 2)[12,13] # - 7 g B3t 2008

I 02014 E2 T RFRF ESEHEERFLT R FBPEFAG(X

3.)[14] -

201 %A RAIE a4 54 MR $E[10] -

cJERY o i

ISO/IEC 17025 General requirements for the competence of testing and
calibration laboratories (1999)
ISO 14146 Radiological protection — Criteria and performance limits
for the periodic evaluation of dosimetry services (1999)
ANSI/HPS N13.11 Personal Dosimetry Performance-Criteria for Testing (2009)
ANSI/HPS N13.32 Performance Testing of Extremity Dosimeters (2008)




% 2. EURADOS 2% B % 2ipPl:2w 387 P 21325 &) 8 £8[12] -

Code Measurement quantity to be reported by the service for Routine use of correction  Corrections for special
factors* according to circumstances
photons T Yoias work-place conditions
A Hy[H,(10), H(0.07)]) H (10) H(0.07)*"  For neutrons only No
B H,(10), H, f1,(10) H(10)H,  Dependent on type of ==
dosemeter and service
(e.g. sometimes for
neutrons)
CH  H,(10) and H,(0.07) H,(10) H,(0.07) No Yes, if dose above
) annual limit
D Hy H, (dose — Photons: no Yes, if monthly dose
equivalent ceiling) Neutrons: yes, 4 areas of above 1/10 of annual
use limit
DK H_(10) and H,(0.07) H,(10) H,(0.07) No Yes, if dose above a
relevant dose limit*
E  H,(10) and H,0.07) for H,(10) H,(0.07) Photons: no Only in case of
low energy photons Neutrons: sometimes“"’  exceeding the dose
limits(2)
EL H (10) H (10) — No No
F Huyane[H,(10)] Huaoe Ho(10)]™  [H,(0.07)]  Photons: no Yes, if dose above 1/10
Neutrons: yes'™ of dose limit™
FIN H,(10) H,(10) H,(0.07) No If the measured dose in
near the dose limits
I Air kerma K, or dose in Hiuiise D,(0.07) None No
tissue, D,
IRL H,(10) H,(10) H,(0.07) No No
I; H,(10) and H_(0.07) — H,(0.07) If monllhly dose is above
1 mSv™"
NL H,(10) H,(10) H,(0.07) No On request and after
official authorisation
P H,(10)® = = No No
S H,(10) H,(10) H,(0.07) Yes —
UK Hy(10) or H,(0.07). H,(10). reported  H,(10) or Photons: sometimes Yes. if dose above a

rcportcd as an assessment as an assessment

of Hg, or dose equivalent
to the skin(ukhuk2)

Of Hﬁ(ukll

I,(0 07), reported Neutrons: yes™*®
as an assessment
of Hg, or dose
equivalent to the
skin(ukl Nuk2)

relevant dose limit™*%

B 2.

2.4
2.2
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14445
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trumpet curve ¥ 7_%[13] °

1 10
Hp,s1ab(10) (MmSv)
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422 EURADOS 2 & {8H# 8 F b # > + T 21 ICRP-60/75 3 it ¢h



# 3. EURADOS #3284 2 it 4 385 2 AZB R4 % 5[14] -

IC Cuality TLD %) Film (%) OSL* (%) Other (%) All (%5)
2008 X-ray N60 2 15 0 7
M6 /45 g 50 8 15
N150/45 4 20 ] 7
Gamma 5-Cs 3 15 1] 5
5-Co 7 20 ] 8
Mixed MAD ST 0 45 i] 7
S-Cs/MNaD 5 20 1] 7
All 4 25 l 7
2010 X-ray W40 /%) 10 4 1] 1] ]
WL10/45 2 17 0 0 4
Gamma 5-Cs 4 | 0 0 3
5-Co & 19 ] 0 &
Mined M40 /5Cs 7 8 19 ] 8
W25 /5-Cs 2 15 ] 0 4
All 5 9 2 1] 5
22 X-ray [l g 4 5 0 fi
M 6 14 25 1] 1] 13
Cramma 5-Cs 4 0 0 0 3
5-Co 8 ] 3 5 f
All & 4 2 3 f
2014 X-ray ROR7 5 f ] ] 5
W-ED 6 & 0 0 5
W-R0/ 60 g 25 ] 5 4
W-150 5 17 1] 1] 5
Cramma 5-Cs 2 14 0 2 3
5-Co 5 24 ] ] f
All 4 17 i] 2 5

s %d W% RS a8 F (International Atomic Energy Agency, IAEA) = B4

LHERZ BAREERPERRAA[L6] ¢ TS L I AET R
A~ n TR TR (F 4)% REHE AR (R 3)[L7] -

10



o4 LA B R TR Y 2 R SdaT | [17] -

Category 1995 1996
1 X-rays XK-rays
ISO Wide Spectrum Series ISO Wide Spectrum Series
60 kV (45 keV) 60KV (45keV) +
200 kV (134 keV)
2 X-rays X-rays
ISO Wide Spectrum Series ISO Wide Spectrum Series
200 kV (134 keV) 60 kV (45keV) +
%Co gamma rays
3 X-rays
“co ganmma rays ISO High Air Kerma Rate Series
30KV (19.7 keV)
4 i X-rays
Bics ganma rays ISO Wide Spectrum Series
110KV (79 keV)
(Non-perpendicular - 60%)
5 X-rays B¢ gamma rays
ISO High Air Kerma Rate Series {(Low Dose = 0.3 mSv)
30kV (19.7 keV)
6 X-rays “co ganuna rays
ISO Wide Spectrum Series (High Dose = 20 mSv)
110 kV (79 keV)
0 60kv+200kv O 60kv+Co60 0O 30KV ONP110kv B Cs137 0O Cof0
100
80 |
60 |
2 |
< D}
=
c 0
2
g o
& wf
60 |
80 |
-100
1234567 8 910M1M121314151617 18192021 22324 2%
Dosimeter Sort No.
B3 L %5 % & BARma s b Moo R AR 28R 6 L0 1[17] -

G P13 1970 & & 451 ) (7 ELRGRERALE A7 > 2 1983 1K B

4 37 45 (ANSI/HPS N13.11)[18,19] » it 4 1R » A fi A2 1 B

11



& (bias) ~ % X (standard deviation) % 7 % (tolerance Ievel)~ R enfd N\ (GER
AL E B2 -CHA) A AN B IR RS S R F S AR R R

MR

N\
—

L F 2B R BIT(E5)

% 5. ANSI/HPS N13.11 +:(A)1983 £ <27 (B)2001 4 s 2_ A 7 1 #[18] -

N13.11 - 1983 N13.11 - 2001
Category Source Range Category Source Range
I. Accidents. 150 kV medium 10500 rad I. Accidents, A. General 130 kV medlum 0.1-5 Gy
filtered or '¥'Cs
low-energy filtered
phnmn_s - B. high-energyphotons  *7Cs 150 kV 0.1-5 Gy
IL. Accidents, T Cs 10-500 rad C. low-energy photons  medium filtered
high-energy
pl'-n-nmns o I1. Photons A. General 70+ NIST and 0.3-100 mSv
I1I. Low-energy 6 NBS 0.03-10 rem ISO techniques
hotons techniques (30-300 kVp),
P ’ o ques angles for
(30150 kVp) E>70 keV
B. High energy E =500 keV, 0.3-100 mSv
C. Medium energy angles £=70 keV,
D. Narrow spectrum angles NS20, NS8O,
E =500 keV, angles
IV. High-energy '¥Cs 0.03-10 rem for E> 70keV
photons
V. Be ety 0.15-10 g By Mdp . :
- 1A T L M 111 Beta, o307 Y or 1, 1.5-100 mSv
A. General TKr STy
B. High Energy
V1. Photon 30-150 kVp+'¥'Cs  005-5rem  C.Low Energy 4TI, K 1.5-100 mSy
mixtures w0 5 | IV. Photon mixtures ,J':“ S}E:Fkk\f%— 0.6-100 mSv
: . o ;o 137 4 = =500 ke
‘lr'él. Mixtures, S/ Cs 02-3rem v pictures, photons ':;Sr_-"f‘,l-““l'l, 2100 mSv
pROtons and betas BKr+ s
and betas .
VI Mixtures, —-Cf (D=0 0155 em VL Mixtures, neutrons  —2Cf (moderated ) *CF 1.5-50 mSv
neutrons moderated) and high-energy photons  (unmoderated)
and high-energy
photons

BIp SR B A 2FREA £ ¢ (Taiwan Accreditation Foundation,
TAF)# # 2. (RI3R4 8 < B 88 2 £ 725 H 4 ) (TAF-CNLA-TO08) [20] »

Ry EFT ANSI/HPS N13.11-2009 p % i 5 %4 [21] > EERR AR € L3R 2372

,‘t\'

fe A7 7 T2 B RAR & F % % (National Radiation Standard
12

bﬁfﬁi%ﬁﬁ ¥



Laboratory of the Institute of NuclearEnergy Research, NRSL/INER)#% {7 .4~ 7| &
FRHEP > L i AP R I v AL > NEFFRFE(RI4) 0 uE 3
& WRCNT 2010 £ B 4SS 2019 & ¢ F 5 3= 2o iR (B D)o B R ATIRA
PR TR A RBE)FRN O RE LR F AT
%18 5 # + B4 (Monte Carlo, MC)se 25 # 4+ 32 42 4 B2 85(% 6.) > £ 1 p % iy 4

PR R R AR S SRRk [22] ¢

I e

(ﬁ-bmit the Proflclency Testing
~.._Application for Laboratory
--_____‘_T_'____.--

Pre-quality assurance for irradlation system
& re-calibration for dosimeter system

¥

Carry out the Performance test
I. Deelmater Recalving Process
= 16 In total: 3 batches, § each time for 2001 ¥
verslon) Report
__________ Il. Dosimeter Irradiation
] ™+ Test Categories | 1o VI for 2001 version . ;ﬂ"&:‘;ﬁfd
Retest s Duallty control {<3%8)with monltor chamber Il. Sumemary
(Limited lll. Dosimeter Malling Workshop
Once lll. Final Test
; ) IV, Irradiation Data Processing Report
"‘:-._-__'_l'_ﬁﬂﬂﬂ categories all-pns?_____..:-‘h— Accreditation

B4 BN ERARAE 2 04 Bk F4e[22] -

13



” . M. Photons (2001 versio
(A) £ Accldeng photons (2001 & 2009 versions) (B) M. Photons/photon ////;rt(‘ums (2009 ;2/5/27/))
o4 P
D10): Deep absorbed dose ~ | 2001 version~- - - [B| +$ <= 0.3 #(10), #(0.07) " | 2001 version- - - [B] + S<=0.4
m  LabA:OSLD 2009 version -+~ B + % <= 0.24° ., O LabA OSLD 2009 version------ B + §° <= 0.3
¢ LabA TLD-H ¢ . O LabATLDH ok
& LabB:TLD-H 03k L7032 & . O LabB:TLD-H s \L=04
¢ LabC:TLD-H TS L 3 Lab C: TLD-H A 8
Lab D: TLD-H i . i LabD: TLD-H \
¢ LabE:TLD-H ,‘/_ ------ R, & . O LabE:TLD-H /"__0.3--—-”‘___\\\
A LabF:TLD-P T A, A LabF:TLDP," M
S| A wbHTDP 7 02T N Lm0 S|4 A Lbups N L=03
¥ LabG:TLOR ., e v. v LlaG rw R ozgf o
P /., % 00 Y
£y ¢ A", 3— Ly ‘.‘/ ? k.
i ’ * A M s’ oA SJ RN
] — Al 7Y v4 A Y
% v A i a I N
i3 Je a ':\\\ (a) e A (b)
K 3d Il Il 100 i Il Il Il [T il i N N
T T T ' T T T T T T T T
04 03 02 -0.1 00 01 02 03 04 05 -04 -03 01 01 02 03 04 05

Bl S.$HEPN 8 4845 17 #7(N13.11-2009) & % 4% (N13.11-2001) 2 #;

Ao REAHT - (A)F R

2 6.fk 5 H| £

3R AR

&k S

Cﬁﬁ%i“ﬁﬂiﬁ

< (B)- 4% 5 [22] -

AR 2 b

[22]

Source Delivered dose TLD measured dose Monte Carlo calculated dose  Hpeas/Hearc.
H, (mSv) Hmeas. (MSV) Diff%* Heare. (MSV) Diff%* ratio

'37Cs (0 degree) 28.7 30.4 5.9 27.6 -3.8 1.10

37Cs (40 degree) 5.0 54 7.8 49 -2.6 1.11

37Cs (-40 degree) 5.0 5.4 74 4.8 -4.0 1.12

37Cs (60 degree) 7.0 8.6 224 6.8 -3.1 1.26

37Cs (-60 degree) 7.0 7.5 7.4 6.9 2.2 1.10

M100 33.4 37.9 13.5 35.2 5.5 1.08

M150 11.3 12.2 7.3 11.5 1.8 1.05

* Diff%=(Hmeas OF Heaice-Hp)/Hp

E AP ER
p\ig,kfj- iT ‘;’f’ ’\ﬁﬁ:xiS T 3 F AL ’Eiﬁ.'&*}ai‘g'ﬁéﬁé@%’c,u%%

ZALF (PR 1 Ee-%)2 458 T4 f A 3[1] 0 3% ICRP 5 26 54

[

2 ER[EBl 1 TA R L EREF T AARLEHEVE N L2 0 %A

N

EAE TR - AR (ipdgstigiz) % 72 ATiE[23] 0 ¢

St RER B ACEA R VR Y L0 B A RIS 4

B

H A E R

Bl SRR PG PR 2L RE AT

14
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FREOBHEXEAAHETHE 7

AR AR MR E T CER] (CRERRMET U ERT 2 R
yEiZ) TAHREE[24] e ¢ FWMOE) ERABW O ORIEPN 7 8B KK
CRARIEAIRIE (L T) e A ERAE R SR LG5 0 F SRR A
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mie
5
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ot
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W
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ot
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e
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Ay

B LR RE

L TRPN AR AR E RIRISE -
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FEFZ A TR RBEFHRBIEFNRRR > TR AREF
BT L AR WE R ARRYRFARIENTE > SR E
FETTV AR A RE QI T ST = S B2 2 2 Iy HRRF(blind
test)2 H 42 HEUNER > $d P HAAEBFHRAPIRBFLHAGFT ek

LR TR A REIE . S ARERPL R Tie- HA B i

TR 2 Rt TR T REE o dopt L dE > JRE R IR R

PR LTI R R M BR s R 28 SR
B TA A BERG 2 P GHEHLTA A IS BYAEE
RloVAE 20 TP EEETFEHO FORP =BT A AL
ZAFERM o AT EFT A LRI IF

LByt BRI U g 4815 % 3R

2. v h AR

AT A S BAEMF 7 KB

4. FAMETTWHEL SR IFE -

AFETREEERL TR R Y RARP I TR A EE RS
FIrRERE e 2R Ay 2 e BB RIRTSHEL B A 4 B

FERFFLEE-TALABEM A EHETTIREASTALE RO
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1. Department of Biomedical Imaging and Radiological Sciences, National Yang Ming University
2. Department of Radiation Protection, Atomic Energy Agency

Introduction

Individual monitoring Is necessary for radiation staffs to
make sure the radiation exposures that they received
were allowed in ALARA principle. However, personal
dosimetry laboratories In Taiwan follow their own
calibration management of personal dosimeters.

In this study, we executed the on-site visit and blind test
for personnel dosimeters quality performance for
evaluation on quality control management improvement.

I T ORI )

We survey 8 personal dosimetry laboratories in Taiwan,
Including a questionnaire for business Information and
Inspect with random sample selection. The samples
would be sent to standard laboratory for irradiation and
sent back to their own facilities for radiation dose
conversion.

Only category | and Il listed In TAF were performed In
this study, and we investigate the tolerance level (L?)
from reported data. Also, we perform statistical analyses
for dose deviation which would be influenced or not by
usage year and reading history..
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within 8 personal dosimetry laboratories.
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Chen-Ju Feng?, Yi-Hui Huang?, Shih-Ming Hsu'

Results & Discussions

personal

dosimeters

laboratories

held

the

qualifications of TAF certification, and half of the on-
duty badges were over 10 years. The blind test showed
that the L? for category | and Il were 0.002~0.013 and

0.002~0.071, respectively.

The

results of statistical

analyses, there were no

significant difference (p>0.05) between dose deviation
and Influence by usage year or reading history.

T O m m O O W >

0.011
0.009
0.009
0.008
0.006
0.005
0.003
0.003

0.020
0.007
0.018
0.028
0.013
0.007
0.015
0.003

0.021
0.038
0.027
0.071
0.024
0.006
0.020
0.003

Table 1. Tolerance level of blind test for category | and II
within 8 personal dosimetry laboratories..

Conclusion
Personal dosimetry laboratories in Taiwan were all held

the qualifications of TAF certification.
recommended that the blind test can provide the routine

performance test for checking management quality of

dosimetry laboratories.

. - _ 1. American National
Figure 1. The age distribution of personal dosimetry badges performance — Criteria for Testing, in ANSI/HPS N13.11-2009. New York.

(2009)
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