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Characteristic Tests of Ionization Chamber and GM Counter

Survey Meters for Beta-Rays;—(2) Estimation of Skin Dose Rates

Shin-ichi SUGA, Kazuyoshi BINGO and Yoichi KAJIMOTO
Division of Health Physics, Tokai Research Establishment, JAERI
{ Received February 1, 1979 )

To estimate a beta-ray absorbed dose rate of contaminated skin,
measurements were done twice by a survey meter without and with
‘a filter, keeping the distance from the contaminated skin surface
to the survey meter at 10 mm. The absorbed dose rate was obtain-
ed multiplying a net reading ( equals a reading of survey meter’s
indicator measured without the filter minrus that measured with the
filter ) by a multiplying factor. Calibrations were made with
reference plane sources of natural uranium, 198Au and 204Tl, vary-
ing their area.

The five types of ionization chamber survey meters had nearly
same multiplying factors when the diameter of source was larger
than the diameter of the chamber cylinder. Estimation of the
absorbed doses due to beta-emitting nuclides was possible when the
measured value without filter was larger by 20 % or more than that
of with filter. In the case of small sources, the multiplying
factor varied significantly with area of the source.

The multiplying factors agreed within 430 % in the respective types
i.e. manufacturers and in maximum beta-ray energies from 0.7 up to
2.5 Mev. In the source to detector distance of 1 cm +0.2 cm,

the multiplying factor varied within +20 %.

The multiplying factor of a GM counter survey meter varied
with beta-ray energy, the multiplying factor for uranium was 1/3

that of 204Tl.

Keywords: Dosimetry, Absorbed Dose Rate, Survey Meter, Ionization
Chamber, GM Counter, Beta-Rays, Skin Contamination, Plane
Source, Thallium 204, Gold 198, Natural Uranium
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ST, lBRER, -
BRE~NOBEM[FRE!, KIZCDOWTET .

421 GMEHEBHNY—~1 21 —2DHG

FEEMNOH —~A A —2 M TOEHL lasl, CMIAKEORB QDL LERRED
sl EicA&ETHEL K, HBRECERAZEAZ N EXOAEREBSIURATERARI L, B
EAKERY S vV, "WArBLTNT| 0BEEHO>NT, ENE¥hTabledl, 42 8LU43
C%To%(2~3m&ﬁf)@EE%H%@%A%é%t%%®ﬂﬁﬁﬂﬁﬁbf.3mm
BE7ni=unD7 43 (H08F /o DES) CELALLHEAPHEREININ T,
A, PCAUBBEICHLTH2ZBUTR, THEEBNIRRYFT Vi LTH T RET
it o te : :

Fig dCBEEHORBAYIC DV TOEHESLY, BEZEI LI, BROERZRMICL
S TRTe RRYT VY ( FBREBERT AV —Bpax » 2 MeV) KOO TORBEHEROT 1%,
199 A0 (Emag+ 0.9 6 MEV) S OH3EAEC, SVEINAEL, BEMNELS = LOERR
BRCHBETDIBTE, TALF—OBVSOOFBOMIBEORENMIBLITLIDZL
EMATONLHEEZLN S ' -
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422 BEEY—~A4F—20HE

HRENISH—~A + —FEWMITOERL Ims L, BEFOLEAE T «+ v 1 2Ok,
HEENRERENINBCHRELB O LES:, BFodocHAREOERBEOHELCE L.
A EDEAILSNT, 7402 OEBAICELNE I ThThOREHELTES LD, ThbomE
DB SIS NTHREEREZHE L, #84, Table51 25 Tableb5FRd - TNH5D
DEFFHNEFNSEHEOTREY — R4 7 —2 IR TE2DTHB. EHIL, £XKE, BOE
D, K&Ew oY, A, ' TIORBECH LT, 2, b, cD3IFILTT o 5EEOY —
N4 A —2OFEEIT, XOMFICNDR13101, ICS—203, IC8—-202, SBI—52101
BHELUDR—3TH b, EBELE, TR EKB(2~4 )20 THEL, &P
CHEEOESSENR M BEIIC Lite BIEEMBRELGINBLRBELBOLBG L, 8
BEoh+BERoBRBoM LB BALOBRERZEROEL KT 572, NDRI3101
BT Au28ELEBEFAICL-THE, BREEBBCELT, Z20BEERELT 0 v b
FhiZ, FigsD&IThb. BAAECEOBAORESERE, HEMWLICRBEDLOENE S
HBADREREEOL2ZBEOEATLT S,

FEOEHEREFERATILLTLEESSEEFELALNI L, FLERETEERS
é%ﬁﬁﬁ@ﬁ%&&@,%%ﬁﬁ%k&K5QETMiféﬁ&®ﬁﬁEm&%iBnac
LF, BREY —~A 2 — 2 OBWEERERTEEEE, IEESBRRELLABTOREME
MORHIBERRELLEEDET S,

Fig.6iENDRI3101BIEHNT, BHFEOURLERMICED . BMAEHEROLHELRE
DER IOy P LIELDOTHL, BEFRET, BEOERCECKFLT S BED
BE&EHMNS5mm »5 8 0 mm :{Tﬁbéa%_, MEERITI2ZX10° 15 2x10' ((mrad/h)/
MB/ M EFRT7RER) 1ZTHALT B KB 77V ( Brpax W2 MeV)ICH T 2HEHFRI,
BAT | ( Bpax 7 6 6MeV ) KR T 2MELEQOL2EETH S, REOEARMAZ(A
BEFOENBETIEMNNEON S

Fig 7l [CS—203RicH0T, AL 7oy A LEbDTHE, AIOS 77 ERAEK
SHEETHD. BEOEEMASCHLERR? 7 v T3 REERL AT LB'TI
T AMBEROERETL, BE—KT B, ThiE bR, BREOEBICLAEADDL
(L, —EOHEICESEERS .

Fgﬁdl@&—ﬂﬂﬁmomt®TUybféécﬁﬁmﬁﬁtﬁﬁéﬁﬁﬁﬁmﬁmu
2B LR L EMEA B S, ICS—2023I1C8—203 DREATH> T, BEER
QEEEﬁﬁiﬁﬁﬁ%ﬁEﬂ5®a?ééo%%ﬁ@ﬁﬁﬁ&U#&MI&%ﬂo3tﬁU
THHERZILEN S,

Fig.9/l3SBI—52101 BRES\To. BRAFOEBCINT A RE[FROT o 1 TH
2. BEOEENAELHIL, RRY I VEIEACS VLTORESEROZRITLALLL
HAe LInLEHE, BEOEES Omm CRALBEAEN~EDBICESIVTLS LEE
4, BEOEBEMAE(NDLEEIDLIILNELITHD. TORARXIEIDOIHOR
DY —~A A — 2 OBERBOECER (LHIMNE60%/E64mm THLDIL, SBI—
52101BETIZ7 0mm THoT, ENARFNIELKLEbDLEELN S,
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Figl0DR-3MI->LTDO7 Ty F CHB, DR—3HINDRIZ101 HOFER
THL, BRERBROSRHITHER ~TH5LRET SN, Figl0dFigbll{—HRLTW%,
chi, SEEOHKEOEREY —~4 2 —FIXD0TEKRY 7Y, "AuT ™' TIE
EEOEREA-EE L E2DOBRERSEITZI0GOEMERT—HTHI&H, Figb~10

DT I 7TDODHENL DS

2, BEOEBEONZ NI B (65 ~20mm ¢ ) FBRELSKT, BRECERD 2RI
FLTIAECHY, BEOHEENAXLHL(100mm@dUESSWNYE, BR-EDHEIICY
ot FOBBELTHE, CHALOBEERY —~A A —2 il 20T, /BREBOBER
365~Tmg/ o » BEEIR14~185c’ (¥HE), BEHABAKILIS500~57 0’ DHEA
AL, BERICHTDENLLOT, FRIENTIBRE LGS IVENLNILLLSHDL
225005, BBV TOREERALTHEIETAE, Figll L3l 5,

4.3 ERFOEFELIEBRME

A 2B DT 4 NVEEENCLEDOHEENS, TANVEEALLLIOAEEEE
LOWFEAEHRORER ¢RI 0T 5, Figl2 BARAY S VREOESE (mm ) 25
it D, FEROMERE (mRADVEHBICLST, ThOoDEKET Ty PLILEDTH S,
557 FIicEOBEE (mm@) 28 Lice Figl3 A&, "MAuBRFEOBEIHT, RiR
OEREE, FHOMEELOBEFEAS 7oy P LEbDTHD. FROT A L F— il X 5BEK
EHEIL, OMEIMBRY —~A 2 —2 Tid A3 0A, BEAY —~4 2 —2 THEBRHNDME O,
BEOEEMNIVIBEFROMEFELBEEORICHKA L TRE(AD, REOERENK
X BEMEBI—EOLBRMBEICAI . COBRFTHATHRLEE, EWpAlEE R (mRS
hYHEDEILHEEEZLND,

R= Spax (1 ;e"bzfz) ........................ @)
T, Spax 3 ABROBRIILE—, BOEXEL (mm), BOMALLIVCEILLICH
B4 ABEAOHEBE (mRA ) TH2. %, 7 (mm ) FRFOFEE, s (mm™ ) EH5
A, FNENETHDLET3..QREriZ>VT2EBIT S L,

'R
d vt

-y g
= 28max* ble (1= 2 srdY(1+V 2 br)

CHEEDD, cOMGH, r=1/ 2 b)) CEHLAEE D Pigl2 5L UFigl13%55
L, BESATHE, EEOEBHNBOERICSE LA Holtd it THhbb r Z 0K HMAN
BhHo LizmoT, b=S2/0L7 5. EMBHMOERMEM%E Ric (mR/)ELT, @A
2ESERE, | :

2 7
. e
Ric= Smax® (l1—e . ) M (4)

auéowﬁmg.T=J3/MWEE.?ubaf#~&4x—aoug®ﬁL2%uL®

g

e i e v a9 2o vttt Al L S e L B e e oo A CPCaR e |
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EROGRECHSDOVTOREZET ~EO@ICRLY ., AIEHER LG oTVD. GMEAKERT
i, r= 20DHEHICEHMANDHOT, EHAEME Rgy (mBAh) & T hid .

z
”

RGM = Smax * (1 —e 2p° ) IRLL L AR I LTI IR (5)
LA, MEMMAMLTEL DL, BEOEENM, CMHAMEOEROK2S5BLUERINLS
EXTHbH, '

4.4 BELHEBOMOIER

BECIRHEOROERA 1 @ic 3 LTRIELT T/, COEBSEALILLD
i, FROBEMIE LS LT EHMHEICHET. Figsl4dNDR13101 HEEHY —~ 4
A — BN T, BEIBRHBOMOERH% 05a, 08m: L2ZaBLlU¥flLbalZi
Ex, B lall o BACH LT, EhOMEMEMUEIZLEr, EORERLITEDT
Do MHREHLHLBY S VETHI, HWIEREOEBEATR LTV 3. EHRFOERET 23
mm@ H 568 8mm @ ThbH. CORAT, BERMSLlailHLTE2mm BLTSE, EK
OflEEIE+1 030 oBECNKES, 4, EEMLESmm BL TS, EKDOAEME
2, T2 00BEAAICINETELEZ S,

Fig: 1502, OMHKEHY —~A 2 —2iC20 T, ABELAELT>THIHERTH 20
HEMECHEMNMNI NI L., REBSLBHE OBRIINT I ERAMEFEOEMLNRE (LS,
BEOEER23mmeTH, B0 mDE3d, ERlan 30 L3 EREOEROHNEM
EHD, EBLSa® s X308 EREOAEMELE, ULEOBBEORAEEOE(OEHA
B, BELIRHBSOESHMBLELLTL, BIECHASIUEBRITNVEEIILNTE S,

4.5 REIFTDITIRICIDIER

TEICHTAREER. BET7AVALEIoTHLELBE L, ROBOBE L TR EA
BB, TROI AL —MNENZEE, 7404 2HBBALT, BOBQREMBERA LD,
FRODHEE ot CCT, 7404 EZRUABEOREHREL &L, HIRIEFaY 2T —
k@%%@$f.%@%®%élm?ﬁotorﬁu4ﬂﬁﬁﬁﬁﬁé%,ﬁﬁﬁiUﬁ—N
£ 2 =25 2 mElmICIZED, 8L e~BIEENLLELIE L. Tablebid, ZORR
%ﬁﬁﬁbt%®féaoﬁ®ﬁﬁ1&bk$<t%®m.74wau;5rﬁ®ﬁﬁa,7
AN AABNEEEXDBRATFOERICLAEDTHE, OMAIHERTIE. MIBOHBEL
e FTHOIALF—2HELE OMeV TiE, 2320450 Thb, BRAATL. BED
ﬁﬁ%buﬁ.74mﬁ®%%a;5%u40mvxbzmwif®rﬁ®11w¥—m%b,
g OWEAICNI>TNB, /B, rENRETIBATORETH, CITRLEBED
S s OEMBIE L MREOERN D TR IRRISRRLFET 52 LETERL. FHR
NRBRANET 2-Hic Al eEoXE, BHEHNOBATH2 04K L, GMAKEROD
BATHIOFLULELBETHELELEZLON S
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BHMER Y —~A 2 —2 58, CMAKEHY —~ A2 -2 1BEHC-T, ZEHRC
IARBRAAEIMT AP ORERBREZER L. REBE 7T meg/o O REELX LA
EHMT B0, FLRINAIEBETMPOYF —~A4 2 — 2 s TOHEEL 1 i & >TH
EFBET B PR —~A A —F DL THRENA T 4 v EBOLRESL, HLUARE
LT Y. ZO22OWEMOEIT R LLERNEELOKMBRERIBE LBSHEE( (
mrad /h )/ (mBR/h EEHER) JoRD, COERAMAFRLIER LIZL .

1) BEMpEA Yy —~A 2 —25B5B(BLNDRI32101, IC8~—203, IC8S—202,

SBI52101BELUDR—3)OMEBED, BEZENKRY 7Y ( Enax 23MeV),

AU (Bpax 009 6MeV ) BETF*'T] (Bpax 0.7 TMeV ) ThHoTh, £3 0508

BAT KL, BEEEL, GHRFOEENNI(BHEFEOOROL2EELUTTH, &

EEREOB2ROBRCR-T/NELL L, ARFEOEENOBRONL2/EULET, 20 (

(mrad/6)/(mB/ h SMHiEr) JEET—RES 5,

2) OMEHERYy—~( 2 —2 (NSM150H ) oBERLRIT, BREGHEOMEIZ, FROD

TR E—AXERET A, WAu L XA Sy T, BEEBICHIEOHEMND B,

HRBOERNOMAKSOBRREUTTHRERER, RRERON 2 ROBFRICHE>T/H

XA, AREOERNERD 25 FRELECREZRT, REKBJLD—EDEL

E R, BATALE—D0T7~25MeV OBEHOBBEHERIZ, XLMITEo T AT RE

BT W TCOBEFBEREB NVENETH S0

3) RHBABIGHELOMOERES Ilas Lich, COHBECE 2mm OREBS o

B, BEEE 2l coBEERoE G, EEEROBE. £10%LUN. GMAK

ERTIE, +20BHURICINE 3,

4) fRrTESRETEETE, 7arssBBALLLY, FRENBREREZFMET S L

MTx2WEEOS2L. ERADOBATHZ04LLE, CMAHEBEIORESTHI 0%

toBAETHD.

2 £ X W

1) EHER, #ixEE, HRES  ATHRB L2 /8RIRRONM. JAERI 1065
(1964)

2) Hik—%, BAS5—, BEF— EHHEABLUCMAKER Y —~A4 2 —s O FREN
HE (1) GEBEOSBEFAEOL-HORR ., REBHE vol. 13(4) pp- 279—
285(1978)
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5. & ¥ U

BB — A —2 5EE, CMHEEHY A2 —2 18EBICHO>NT, ZEBHFRC
JABBEANEFMIT 3O ORERREZERB L. REBET7 mg/ /o OEGRERZH
BT A, BREINTEBREAILOY —~A A — 2 R ETCOEHRZ 1l il & oTH
HF B ld 5, B —RA A —F DL« TEBEBM 7 4 vz ZBOIREL, AUCRE
LT 90 TD2OOWMEMBMOET LU OLEKRNEBEOOFEMRBERICBHE LB SEE( (
mrad /h )/ (mR/7hEHIER) JxRDi. COBERLBEFRLFREI LIZL .

1) EMERY —~4 A —258B(HMELZNDR1I3101, ICS—203, ICS—202.,
: ' SBI52101BBLUDR—~3)Y0BEEEI, BESGEMNKAY I ¥ ( Egax 23MeV),
15 Ay ( Bpax 0.9 6MeV ) BEU™'TL (Epax 07 TMeV ) TH2TH, £3 05DH
AR T—K L. MBEERL, AEEOEENNACEHHOIROL2BELTTI, &
EEEOH 2 BROBEFBICH-THEHE, GHREOHEENOROWL2ZHEL LT, 20(
(mrad /b)) (mBR/7hEflitgR ) JBEET—E LML Do
2) GMEFHMER Y —~4 2 —% ( NSM15 0% ) oBBHERT, BEGEOMAIL, FBROD
THAAE—CKEIRET S "Au L KRRV 5 LT, BESKICWIFEOHEND L,
FEFEOHBNOMHAKBEOZEEL FTCHAREMEERE, REEROH 2 ORI > T/
X1 b, BREEOEENERO25 EREL LTHERRY, BERECLO—EDHEL
LB, BATANE —HO0T~25MVOBEEOBEFRT, T2 LT AT AR
WM HONWTOBRBEEAFLLENETH .

3) BHEABEIEHRELONOERL Lk Lo, COEHICL Z2mm ORENHSL
BA, BEEE2all tTtohEERoE 0, ERHBENOBE, 1 0%LA, GMTHK
BRTIE, £ 20FBRICNE S,

4) FRrRARETEETCR, T4 vs2BBALLES, SRERRBBREFMEST S L
MTAAWMEMOEE, EREDOEATH204UE, OCMARERNOCBETHI 0 %L
togeaTHr s,

5 % X ®

1) BEEE, AEL., HFREH: AWPERIC L 2 SRBIEBROFEM. JAERI 1065

(1964
2) Wik —%, RAS—. AEF—: EUBDSLCOMHAMELY —~4 4 — 5 O FREY
it (I ) HEBEORBRUEDCLHORER ., RE@YE vol. 13(4) pp. 279—
285(1978) - '
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3) g —%: PHRBUSBROEFAHESE, BARTFHERE vol. 19 pp. 247—
255(1977)
4) H: Bass», etc. ¢+ AECD—2753(1949)

AEMRBAERTAICHD, OEYEC - EBTIATARYESRBFAREATAR
BRI LI T, 32, VALAZHENFEL -HRBAARLREX, REESICTSE
HERCBRHEK LI T. 74 v AL EMENEICE L THENRHEH O RN RRA
e, FEBRTRCRIRLEIT, '
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3) g % ARRERGROEHRAMEE, BEEFHFRLHE vol. 19 pp. 247—

255(1977)
4) H. Bass» etc- + AECD—2753(1949)

ABEHRBEERTIICHLD, OEREHO-HEREREVESREFMRRBTAR
HECEHEE LT, 272, VAVAHERECAREFARLREL, BRESIUHEGE
AR ICEBEZELEIT. 74020 E 3 BERECELTHENEDE FEOCRES REA
R, FRFHRCERHKLIIT, '
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Specification of sources

film

Tablel
Source name BT %A Metallic Ufanium
Haif life 378y 2696d 4468%x10¢° ¥y
Max imum energy(MeV) 0.766 0960 229 (**™pa)
. Vacuuwmn .
Source materials Filter paper evapolated Metal
gold{activated)

66, 103¢, 139 5¢. 11.2¢, 20¢| 23¢, 40¢.59¢
Size of sources{mm) 65xX75 _

b, 300, 55¢ 40¢, 7949 (=788¢)
Thickness of sources ~4mg /e’ > 2mmt
Thickness of covered‘

Smg./cn L2mg./ o0 Tmg/ o

Table2 Absorbed dose rate under 7mg/ e of tissue from
the plane sources prepared for calibration experiments
Radiontel ide Size of —ray| Estimated skin dose

source{mm) rate(mrad./h)
6 ¢ 58x10°
103¢ 57x10°
T 13.9¢ 82x10°
300 7.0%10°
55¢ L5x10°%:
23¢
409
U 230x10°
59¢
75X65
50 521x10*
11.2¢ 7.27x10*
P A0 209 538x10*
40¢ 559x10*
794¢ L70x10
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Fig.l Structure of '™

Au plate source

1;Au, 2;Polyester film 3;Acrylic

(Lucite) ring

4;Vacuum grease 5;Polyester film for contamina-

tion protection 6;Acdhesive tape
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Fig.2 Structure of the extrapol ation chamber
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Fig.3

dose rate measurement

The source to detector distance is 1 cm.

Photograph of survey meter calibrated for
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Fig.4

size for GM counter survey meter type NSM 150
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Relation between multiplying factor and source
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