J. Korean Asso. Radiat. Prot |
Vol 22, No. 2 (1997)
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Abstract—TLD and film badges have been traditionally used as formal dosimeters in personal moni-
toring and are still most widely used. Recently, electronic personal dosimeters based upon Si diode
or miniature G-M tube were developed and are getting attractions due to their merits of active nature ;
indication of dose rates and the cummulative dose, and facilitation of record keeping and radiological
control. Response characteristics of the electronic dosimeters including reproducibility, accuracy, linearity,
energy and angular dependencies, detection threshold, and response time were examined for three
commercial types ;s EPD2, STEPHENG6000, and PD-3i. The results were compared with the relevant
requirements of IEC standards and Ontario Hydro standards to conclude that their general performances
were good. Some specific deficiencies, e.g. incapability of shallow dose measurement of STEPHEN6000,
and PD-3i, however, should be corrected to be used as a formal dosimeter.
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ANJAAZAZL AP E o] AL AIAFZA N FEE AHTE AFste] FHIFAZ AFWE
=934tk STEPHEN6000 ¥ PD-3ic E34%F 33589 2ol Yasgich
FHo I AGA, NAPA, AANJAEGA, 5, THEZA
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Fig 1. Electronic personal dosimeters tested in this
study.
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AIEEIARMEN R mfAR|
AEE AT AR 2Ale FFAAFHATLNA
olFojxony ALH AR AP IgF 2
(D p-43(3]
%Y BuchlerAlZ2 28 =€ W ef2AMEA 9
9Sr/®Y (Enax=2.284 MeV), “Pm(E..=0.225
MeV) A9E o]&3lch AUoZ5H 10 cm
Azjol We} FAAE Tol7] U3kl “beam flat-
tening filter’ & AM&-3IH )
(2) Xx-2%
NIST X-41 5] M30(Es=18.9 keV)[4] R ISO
narrow-spectrum X-A (E=48, 63, 81, 97, 114,
1634, 207.6, 2502 keV)[5]-& A8-3%ch.
(3) y-87%
3.7 GBq, 185 GBq, 3.5 TBq9 M5 e
3709} WCs(E=662 keV) A9& ARE3A)
(4) QA 2HeE g ZAREE] H3 1S09] A
(510 w}e} FAlol dhsirs Water HE (30X 30
X 15 cm®)& ARE3EAL g-Ael disiAe PMMA
RE(30X30X5 cm®) & AHE38L

oLl 7IF

HANA AANAL LA g FAH ‘Eol
2o} 91x) 97] wiEo)| IEC(International Elect-
rotechnical Commission) standard{6]9} Ontario
Hydro standard[8]1Z2 FZ3I¥1, A% FEA Al
Poll $1ojME ANSI N13.11-1993[71¢ FZstq
7vel 7128 AAsh Aol Bl e IEC sta-
ndardE A8t 8 71Ee G 2k

[AEA AE] 1 mSvell 108 2AE o 339
AU EEAAI}E 5% ojfolofof itk

[(Azkel AT AFY ko] 0358 FAY
Zolok 3t}

[(HEFsg 2841 1 Svwhell c2e AFENA
A -5 2 ZH(relative intrinsic error)7t 20% ©o]ti
ojojo} sirt,

[(Meke] A¥A] 1 Svoll ol2& AFallA oL
Fox7t 20% ole]ofor stk

(BA AF odxuke] 20 keV 1.5 MeVe
Yz 8elal A WCsoll g Addiukg-o] 30% ool

ojof gt}

(wle}de] gk oixur-3] 0.78 MeVAlAl 35
MeVel ol2E oldAE Yol A “Sr/@Yel tig Hp(0.
07) 9] Ariurg-o] +30% olujolojof Frt

[rare)&A] 0°olA 82 gtoll tid -60°~ +60°
Zteo Mol EAgkel BI7b £20% olujelojop et

[(HNagAr] 439 ABAZFERT 20% 3
AZgo)] 108 ¢ Fol FAE W AR7} 2HM=
orE)i1, 20% EL AFE ZAEHAE AldE 5
ol AR oo & 1 B¢ ¢ AZFES 10
pSv oltjeleor Fheh

[(HEAR] ARNEET} 15% e AFzAA
Z

ARG WAElA] golof 3l 15% ¥ 2NN T
BARE o} Pt

[(H%E FAANNEA] FEEHANA dFAZ A
g pRad Foteh pER2Y Ak 3le o
HEAe 2gAE AR A 52 Wl I ¥
2] A4S 102 ol 10% Hr} e 23AE /A

mEIxtef #Y

wWCs Zrub Aol A 30.66 mGy/hel F71A & (air-
kerma rate) 2 877 uGyE 992 AAsd 103
zAb8Q ). ICRU-tissue slabolA e Mg
Q8 9]& Fod TV AR HEAA o]@He=
e Aatsta X9 wiaste) AT wgAA}

(calibration factor)= ¥ 17 Zt}

Table 1. Calibration factors of the electronic dosi-

meters.
EPD2
Dosimeter Hp(10)  Hp(0.07) STEPH* PD-3i
#1 1.018 1.064 0.968 1.025
#2 0.987 1.001 1.003 1.020
#3 1.011 0.982 0.984 1.035

(* : STEPHENG6000)
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B A gko] 7124 1 mSvETH 22 986 uSv7h A€
HE 2AMA 019 71443 9] FAlojn e A 9F
A@EH ulEAe et

Table 2. Results of the reproducibility test.
Hp(10) (uSv)  Hp(0.07) (uSw)

Dosimeter "~ can SD_SD(%) Mean SD SD(%)
EPD2 #1 9573 15 016 9704 193 198
#2 9552 31 032 9540 253 265
#3 0582 19 020 9516 198 209

STEPH #1 9630 18 019
#2 9823 11 012 N/A
#3 9696 20 020

PD-3I  #1 9615 46 048
#2 9469 78 081 N/A
#3 9646 40 042

APATNE & 2¢] JeRARAT Hp(10) 9] % PD-
3i #2 AFAT & HAE HYAT FNEEAX=
+5% o]tk Hp(0.07) &< |7F Hp(10) &
\xRe} 3A e

Had AE

AFAE THEE AN W &8 F3 ¥Cs
Aee AT Fo® Hp(100% Hp(0.07) &
7179 A& N AFTHF SAAAE F3HA
olgAoz It ZZ 103 SAHE WEG F
BeArS VL 7 oY UFL OF Mo

EAETHE),
B=P= (1/n)é} P;
4714 Pit A¥AFolch,

(D) Agge] ASA

876 uGy/hol ¥7] AvtgE ZARBlL XS

D204 BE25R 19975

712389k F-olg Hp(10)= 1069 uSv/hE Al
A5k $327%= ¥ 39 Ueht %ol A
Zo] "ol 007o1AL £ Agel i H
ANEe FYslo] YRR Aol
(2) 239 34

7884 mGy/hZ 876 uGyE ZAFst #7138k
2o = Hp(10) & Hp(0.07) 7+ 242t 1068.7 pSvet
1060 uSve W ®Fe FHdigte] 0.03°1HZ
ANSI®l 71&& FE3] nE3ATh

MEM AE

AFEL HMPAP ANPAMe AFAE & AR,
aglzn Azl A AgdAe 3t B F 9
ABAE Aol 23sle] ¥Cs A Yo FAYAPLE
(normal incidence) &2 ZAMSIAA CCTVE %3
ZAXE 715350

Table 3. Results of dose rate measurements of the

accuracy test.

) Dose rate  Mean

Dosimeter (Svh)  (uSw/h) sb IBI
EPD2 #1 HpQo® 996  0.049
#2  HpQ10) = =

#3  HpQ10) 989  0.040 0.072
STEPH #1 Hp(10) 1037 0.020
#2  HpQo0) 1100  0.023

#3  Hp(10) 1067 0011 0.001

PD-3i #1 HpQ0) 1090  0.060 ‘
#2  HpQ10) 994  0.162

#3  HpQ10) 1060  0.055 0.019

* . Mechanical failure

(1) MEkEel MEy
0.026 mGy/holA 262.8 mGy/hol °l2% F71A

nhg 2 RARIHA F3X7F @3MAH 102 HF
o2 1 g 7IgdYth 28 fE HFE ¥4
A F71AHEE Eorin wE FAdAAT AF

AL EARCE FET ARE IEF AW
HEd o} Re AABANE EFO B} Aol
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ROl AT 7 HE

2 NZHE 7HIE & % AT BPD
29 A% M8

FA] Hrt Fol zARRE Al A
FEL Hp(10)9+ Hp 007 didted zHzt 7.01
mGy/h3 61.32 mGy/hZ AFE A

Table 4. Results of dose measurements of the ac-

curacy test.

Dose Mean

Dosimeter (WS WSV SO Bl
EPD2 #1 Hp(10) 1101 0.003
Hp(0.07) 1080 0019
#2  HpQ1®) 1099  0.003
Hp(0.07) 1072 0.025

#3  Hp(10) 1101 0.003 0029

Hp(0.07) 1045 0011 0005
STEPH #1  Hp(i0) 1029 0.004
#2  Hp(1®) 1036 0.002

#3  HpQo) 1054 0003 0.027
PD3i  #1  Hp(l®) = -
#2  Hp(l®) 1078 0.004

#3  Hp(® 1085 0005 0012

* | Mechanical failure

A ZAFe 37 229 2bo M9} o] A F7
Avkge] it FAHE AFEY HE FANEY
?&-’Fi*ﬂ Jebd, ol Al M@AEE A% 4

W9l A Hp(10) 8] 7B-¢olle 1228, 283 Hp
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Fig 2a. Response of the linearity of Hp(10) rate

as a function of air kerma rate.
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Fig 2b. Response of the linearity of Hp(0.07) rate

as a function of air kerma rate.
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Fig 3a. Response of the linearity of Hp(10) as a

function of air kerma.
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PSr/*Y Al i gL 12302 dAE =AY
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Table 5. Delivered and measured beta dose equi-

valents,
. Delivered Dosim Measured  Hp(0.07)
eta

Hp(0.07) -eter dose(uSv) beta
source ————

(uSv)  No.  Hp(10) Hp(0.07) response
St/*Y 4275 #1 1738 52432 123

#2 1908 52522 123

“Pm 1440 %1 13.1 404 0.03
#2 12.8 396 0.03

dattisol] ME Mabye w2

AFAE Bl Rag & 14279 F4L 34
o023 99 JALEE HAF|HA WCsom
2946 mGy/hel F717AE&2 3942 uGyS ZAMSHY
AgAel Ll E8-e Hrlsigch ol QatZe]
Mshe AUYPAH0)E NEL2 15°0Feg 190
(+ A AR R sgT PHEe $AY &
B F 7z gk

Zh EistE RE dojd FAHAE 0o =
AR g i ik(relative reading) .2 AAFsted
13 5a~5d9 VERAATE BE MIAI} 00 = BE
+75°7HAE 0.8~1.059 AR EE Bo] Hrlr)Ed|
AP A28 F5E FAHes AFNAS
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Fig 5a. Hp(10) relative angular response about the

vertical axis.
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o} vla AAS ARAFERD 20% F AFEQG,
28 mGy/h) & 20% E-& AFE(4.92 mGy/h) 2 VA
ZARID WA NFES 701, 2628 mGy/hE E
74 AFAS ARE Ll ALE EAEAGD A3
Ae E 69 FoA 9k E 694 HXo| EPD27}
338 mGy/he) AFENAN HEE g2e AL A9
&4 2t A=A IEC standardE 25 T3 3L
AFgol Fugdl wel AR Folde ¢

Ak

4 K

(2) MHR
1 mSv(820 pGy) 2 AFAS AFARE AT
% Melo] 2atste] WCs0 2 48.18 mGy/he) AFER

D224 H25% 19974

231} vlE) 4R% ARAFRD 15% R AF
(0.85 mSv) ¥ 15% ¥ AF(1L15 mSv) 22 A}
A ARJE gEleA AR ZARJL gEed 2
g A7He 233G ® 79 A ARREEH

[EC standard® TEF3l3 &2 ¢ & Utk

Table 6. Results of the dose rate alarm test. The‘
last column shows the air kerma received .

by the each dosimeter by time the alarm

came on.
Airkerma Mean(s) Airkerma
Dosimeter rate time received
(mGy/h) +18D (uGy)
EPD2  #1 328 Activate
492 431+040 6.00
701 4244068 827
2628 301+043 220
#2 328 Activate
492 359+066 485
701 3914046 763
2628 3004069 26
#3 328 Activate
492 41214074 5%
701 410+061 800
2628 325+0.74 237
STEPH #2 328 Not activate
492 2114017 289
701 2144050 417
2628 156017 114
#3 328 Not activate
492 255+021 443
701 2464042 430
2628 1454015 106
PD3i - #2 328 Not activate
492 4704106 655
701 4644157 906
2628 279+050 204
#3 328 Not activate
492 4694076 6,63
701 468+165 913
2628 288+023 210
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Table 7. Results of the dose alarm test. The last
column shows the air kerma received by

the each dosimeter by time the alarm

came on.
Air-kerma
Dosimeter Airkerma Mean(s) received
(uGy) time+1SD
(uGy)
EPD2 #1 6% Not activate
943 63.50+061 8653
2 & Not activate
U3 6187+0.76 8172
#3 697 Not activate
943 63734086 8624
STEPH #2 697 Not activate
943 61774006 8295
83 &7 Not activate
943 60.73+055 8000
PD3i #2 697 Not activate
043 5887+064 8038
#3 697 Not activate
943 5790+053 8021

(3) MAE TAAZH BH

AZAE B FH3pe ¥Cs APo 2 AFES
23an  2AEle T ABAY
CCTVE &3 #&33th 1139 uGy/h=E 120& &
ZAMAX ZAgko]l SAHUE W A 54875
uGy/hZ AFES E9M 1202 F¢ 2AHET Bt

Table 8. Results of the dose rate display test.

AR R EAgo] HAHE g UL o=
AZFES 1139 pGy/hE 24AA 331 360
5 52 Hez FAXNE VIBAAS 715F d
OBl ZH-E F7HAIZl F71ARIE(548.75 uGy/h) & +
10% 2o Fe oxE 7HA EAF#E BEAEEY
Age AF gA] ZaA F71AE139
uGy/h& +10% 2k e exXE /M ZAFGE
FAEted dee AtE RS B 8% 19
6ol 2 A3Ach

STEPHEN6000 A &ARte} 71E& W& Uv
A AFAE hgAIRbel =EA Jehgth ang
AAF NFENM FHE de o AFEY A
Zto] STEPHEN6000S] %% #&€ ¢ + Utk k&
AFZA JolME #eE&E7t 4743 Agoez A
g AL =¥ R oprh

e % =of

Ho JEEo] olm AAAWAHI EUEFA
FEAoz AMRHI e ARAQAFA N st
IEC standard®} Ontario Hydro standard 8]
ANSIE CAZ dAdE JrP1Es 7IZsd A F
Fo AAAJALBA Y e 2¥Hoz g
Z23%E E 99 A3k FeIM EXEol Al
AHE-E AR BF BE 71EE UEE UE3ln
Aok 28U AFAES 47 dE 53E QYL
Ak F, AUAEE BJXE Si pi-n TOlER
=2 EPD27} Ao Aol o] 27 74A] AFEA A o)

] Time to reach within Air-kerma Time to reach within Air-kerm
Dosimeter 10% error of high dose(s) received(uGy)  10% error of low dose(s) received(uGy)
EPD2 £3 15 2.29 35 0.11
STEPH #1 5 - 0.76 10 0.03
#2 5 0.76 30 0.10
#3 5 0.76 10 0.03
PD-3i #2 35 533 9% 0.30
#3 10 1.52 85 027
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Fig 6. Hp(10) dose rates recorded from each dosi-
meter display at 5 sec intervals for the dose

rate display test.
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Table 9. Summary of test results compared with

standards.
Standard requirement met
Test title EPD2
Hp(10) Hp(007) STEPH PD-3i

Reproducibility Yes Yes Yes Tes
Accuracy

dose rate = =2 - —a

dose Yes Yes Yes Yes
Linearity Yes Yes Yes Yes
Gamma energy Yes Patial® Partial® Partial®
Beta energy - - - —c
Angular response Yes Yes Yes Yes
Response time

Dose rate alarm No Yes Yes

Dose alarm Yes Yes Yes

Dose rate display - No Yes No

! Standards are not available.
®. It meets standards partially.

¢ We can’t conclude it from tests.
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(D STEPHEN60003+ PD-3i%] %% Hp(0.07) 37382
AP & dx Bl B '

@ 23 ARz FA=Y dx, 53 % dg
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® AAzAe AFAe @717F 500,000~800,0009
g2 AFA F=7F 39 veFgEel AR
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