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WHg | WA | A EZIIERIEED 3.8E-11 | 4.7E-11 4.7E-11
WMy | AR | WA FIFARRIEAE Y 2.1E-10 | 2.4E-10 | 2.4E-10

Wby | R AJEE | S 3.2E-10 | 2.3E-10 | 2.3E-10
WG | W AJEHR 1.5E-10 | 1.8E—10 1.8E-10
212Fy W AFEHY 2.7E-09 | 2.9E—09 2.9E-09
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v W/ Vi
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(a) ZRR LIS D IKER D WU R % (b) KERART DOWLULHE S

3-2  PRRE D B LK~ D WL RE

322 T KU ROZEDOTFEHE O ZNRER O FHE

ICRP (% OIR Part 3 [I5]ICBWV T, 7 RUIC L2 IE S MEEZBREFLHIC, T72bbitholk
SHERETR & [FERICIRNENREE T /L, fEHEY 7 > N AICHES< SAF 7 — 4 | BT — 2 %%
AWTHREZHETHIOORFEMEET NV EIRTHEEBIC, 7 RV EOZEO TR
. EIENEM TR AR L 7R 0 IR BRI A R LTz, £Z2°C, IDCC Z#HWTIhb
DB Z B TE 50, WAk L7z,

(1) 2Rn KT 2°Rn O AFBEUZ 3 2 Fh#k B4R 5K

IDCC % VT, FHEEREA S £720) 2 Rn 7213 2Rn % 1 Bq WA L 72K D ERRE DG
BaiTolz, 20L&, TRV EZWRALEBICENTERT 2 FREMEICE 280E< 2558
L7z, ¥ 3-3 KON 3-4 12, 2Rn & 2Rn DEERINE TN EoRT, S MEZEEB L
TR HE AR TR LTz, IDCC IZHAAATET R O EEEE T L O [X 3-5 |12,
BATiRE a2 3-2 1O T, 7 U8R E L TERL -0 FREMOEREE T /11T,
OIR Part 3 DOFEHIZHEV, ShE B L L CER LD F MO T VA @A LT, # 3-
312, IDCCIZ X B 3tHAE R L. OIR Part 3 @ Table 12.5 K Of OIR Data Viewer UX#iE & o brii
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R, ROEBY, LW—EEEZZ NS, T RUOORFEIRET T L ORIARITIE T
EE T L HM LT,
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0.035s
a 21871 a
15s B
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3.10m JB 1.6E-4 s 138 d
0.02%
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99 95% 19.9m 5.01m [B
99.98%
214pp a . 210pp a 206pp
26.8m 0.02% 222y [B Stable
2107 a 2067 |
1.3m [ B ///ﬁAQOm B
206H g
815m [B
3-3 22Rn OIEZERF
FRITBIEHME, BITREREICED - T REEERT,

A
216PO 212P0
0.145 s 3.0E-7 s
a 212B; a
60.6m [0
64.06%
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2087
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Euli[IR HE MR A5 2 65.4

Euli[QI0R T ek 1243

Bk i J ik 4252

EuliI08 2 (RHE) 58.9

Bk . BB (RFR) 39.2

B R . REE R 196.2

B R i FLIR 0.981

B, BN 0.327

B R, Z DD K% 4250

REWHRE 1 Ffe R . 4.52
REWHEAR 2 R . 1.13

R Nk R . 8523

JHF Mk R I 1970
28 (IKHH) FR I 363.8
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IR E R Ffe R . 33.4
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7% 3-3  22Rn KON 2°Rn O AFBRUZ )T 5 Eahf EAREL (Sv/Bq) DR R
K IDCC OIR Part 3, Table 12.5 OIR Data Viewer
222Rn 435X10710 4.4%10710 4.36X10710
20Rn 1.78 X 10710 1.8 X 10710 1.77 X 10710

(2) 7 R THREFEOW AU 2 FZRHkEiRE

7 R OMERIE (BAEIE EH720 OFEDHE) X, 7 R 20 FREFEND 5 E|
A TRELIRUADIZ BEEE L CTHAEIND, 20 L XBET 5 T HREMIL, 2Rn i
DUNT I 28Po, 24Pb K TN 24Bi, 2°Rn 2O T 212Pb KN 2Bl Th %, %+ 2 T, IDCC % M
T, 2B8po, 24Pb KON 2M4Bi, A ONT 22Pb Je ON 2?Bi & BT 1 Bq W AFEEL L 72 R D SE5h#R
AR A FHE LT, 28Po, 2MBi L OV 22Bi W AFBEL L 72 Re D MR & A 71X F, 24Pb LY
22pp (T X A M & L72[15], 7272 L, 2MPb JL OV 22Pb (22U TCid, Publ. 137, Table A.2 [Z/R &
N7 RO HREE LTOBRAEDONTA—2Z2EA L7, E<EI TV ARR=T ey
IV DRIPELIAT DT — RIZIE U7 R KGEIL A FIA X, 2Rn OFFREZFRIZ-OVWTUE Publ. 137,
Table A.6 D% . 2°Rn (22 TIL[A] Table A.8 DMl % IDCC IZHIAAA THEM LT, #
3-4 JL OV 3-5 12, IDCC 12 & % 22Rn J Y 2Rn O FREE TR & B T AT L 72 BF o> F242h#R
BRI OFEFER & . OIR Part 3 O Table 12.6 D% & DIk A R~ RIRT LB Luv—
A2/ enb, 7 RO FREFE L TOSRDER D/3T A —F OfIAFL S OFE 2 DX <
BT VA - B NICBIT =7 0 Y LOMRKGEILEEIGT — % OMIAHZN#EE TH D &
I L 7=,

# 3-4 2Rn OT-FREFEOW ANBIUZ KT 5 Tt EfR 5 (Sv/Bq) DORERSF
I & ) 218pg 214py, 214Bj
SFUA | T ) IDCC OIR” IDCC OIR* IDCC OIR*
TRT | EMFE | 11X10° | 1.1X10°° | 62X10°° | 6.1X10° — —
BN IR | 3.9%X10° | 3.8X10° | 1.8X107® | 1.8X107® | 1.5X107® | 1.5X1078
(== LR | 1.3X107° | 1.3X107° | 6.7X107° | 6.7X107° | 5.9X10° | 5.9%X107°
NI LS | 14X107° | 1.4X107° | 6.7X107° | 6.7X107° | 5.6X107° | 5.6 X107
BUOGIRE | ZFE | 1.6X107° | 1.6X107° | 7.9X107° | 7.9X107° | 6.6X107° | 6.6X107°

“Publ. 137, Table 12.6 DA,
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7 3-5 2Rn O PR OWABEU K5 Fahft &5k (Sv/Bq) DR R
X< & SRS *1’Pb *’Bi
U IDCC OIR’ IDCC OIR’
TXT | FEMHE | 49X107 | 49X1077 — —
EN g | 1.7X107 | 1.7X107 | 3.3X107® | 3.3X 107
(== ZfE | 6.5%X108 | 6.5X108 | 1.4X108 | 1.3X10°8
1N R | 7.5X108 | 7.5X10°8 | 1.5X 1078 | 1.4X10°8
*Publ. 137, Table 12.6 DK1E,
323 T NUATKT 2 BUBREIZ 3T D M EE B EORE ORI
1 B
%#E@7h/ THPT DRAERLYEMIX, RIZKEEROBIRS 2 1280 T, 1EEEINF R
HAD KILIZ I T D 2R IRE L O 7 OHERHFIREICOW T, Pl R REc

gow&rma Lfnzzsb%nm\zo[z]o INOOREMRET, EhfaEEs L CaiEI 1 EfH
IZ2& I mSv, BFIIHE 1 mSv ITHY T 5 ST FARE THDH, 2D L = Publ.65[31]
@iﬁ%f<%%k@@%ﬁﬁ%ﬁﬁ%én_oa% 2007 FFENE 2 ENIESICED ALd

WZHTe>T, 7 ROPFEREEICOWVWTERETT O ERNH L, £2T, 7 RAZKT S
B FLYEAE & MR B B EOFUEIZOW T, T R ORIECRR ERHMIZ A% 2 BN OB [
HBv A ZIT, BB LT,

2) B REOXG K Ok

7 3-6 12, HEO FAEICHNDTEWTEEMEZ DY X R ERT, %ﬁ@%ﬁi
L7e3CGEAERNCEM L, FmTEE, i3t o4 0
£V I L7z,

HREE 2R
CEVERZEEEZGDS Z LI

#3-6 T FUATKT 2 BOHREIC OV THEERYD FiA U725 BRsg, T EIE)

K4 P
B RN | AR IAFER A NP IRBREE Sl > & —
ERE R | RIGERZER# G 2 —
Rk BE | SARTRZFEPUE < R S IF5EiT
WROE— | B RFERE R R e
M IEFE | SARTR R ZEBEAR AT TR
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(3) BHLY A DR
HHFZA~OERM &G L2 BRI L O b BE %2 L FICEN T 5,

B 1 RS OWIE < FHEP/ERES - Mk OF ISRV T, BIEREZEH ., 2R L 7Z7RER
DD, XiE, 95 LICrietto b 2818, M5 3H 50,
BHOEM : 7 AT 28 ER N, EEEOBURICOWTHES 2,
[EIk2a
T RUVBEZNETAZEEH-TH, RIZEERICHD) BERE LTS LD
AN = AN SNl = AN AV
FLILNEZY LG50, ENTHY T 25 LA LW EEbhs,
%< O RIMiHETIEZT R OPFRHPIREFEBEOMLEITIE L A E 72 L HOZER A4
T RUBEICHERMZR U CREZ RO D LWV oW E S LRV, £072H, RIEK
EEROMEITRAENMELS . EHINDEENITE AL ERNEKT 5,
BRI EINEBR R (LU, TEMF) & v o, ) ©F RUFEBRBUIEITO RI &
HRICHID EEH L TV D,
IAEA D2 FEMEIZFEH D b 5 1 TIEHES (BRILCHRBLKERESE) BA B ORISR E L

TEF LD,
BIE < Bt e A FRIZ 35\ C RI B S /R D RIER O HEE & V72 3 LT
QAN
FMTLGIIRIBBILECT RURERTHL, ZNHOBIIENITIZE A ERWER
Livd,

CEY <N

EROERERER L LT, BUTORERE CEEFM T N RE T 3,000 Bg/m?) (21ZET 5~
NNH LGN E Y TH D, FRIZHOWTH, FREMIZTZ A VX ThRETEL %
BET DL, BT FUOEBBIZE O THIRERE CEE%I 7 FRE T 20 Bg/m?®) (Zxt
LCHRRRERND LD EHEEIND,

B 2 1 2007 4EENE OERLD ARUCHT- - T ﬁﬁ@ﬁﬁﬁ@f@ﬁ(ﬁﬁ%ﬁ?Fy%W’
KO REREZ LB L T 2) 2HEFT 28568, EOX I 22 EREROXIR LR D0,
g%@%ﬂz?FVK%?%%%%E@%%E?_%tof®ﬁé%%m¢éo
[
ICRP [15] & JR B #t D 5 B2 B 9~ 5 [E# B 7 Z B4 (UNSCEAR: United Nations
Scientific Committee on the Effects of Atomic Radiation) [32]D & H & DR EARE Z BT 5
MNZEV, T RUVBERRIUSFEHETHS THMENED LATERITRD T EnD, &
AT 2MEREOREICOWCdiEm e B9 5,
T — IS BRI L . METFHFEICESBERBIO ELLEZRAT 50
Hn T AMENH D, T O Publ. 137 DEITBEFAOICEB SN TEY . oS T —
(CHEES<ES, BB L IFITRMETH Y, bot b b LWt WnR D,
Publ. 137 TIIREFLNT 7o —F LIEFRNT 7 0 —F OB HFERICIHE & T
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O, FHICBELUIZO T e —F 2RI LZBEHAEEE D, REFENT T —F
ERATHHAE REREENEEOIEX D DX &2 ORI RO FFORHEN SITON T,
JET — H TS MG B & il L C RS M R MR S 2 L NS Th D,
ICRP D#F EARBUITE HARILAS AP 72 0 | REUEIC —EOZ YL H D LEZE 2 HLD,
ICRP 2007 “E&) S DD A2 DT, ICRP OMEMAKZERTH Z L0 Liv/
[
7 RUBIROH D EEEFAS Tld, UNSCEAR DT — X IZHSENB WO TIEaWn
2, LW ERND T,
BATOERBZIL M EM T RORE L T RUBENFLIN TV D, HEMFELAT
EH D Z@EIRT NE)RELT 5 & B,
WHRE R AARIZE — T A XTI ONTOEmbLELEE 2 D,
ARSI RIS A BT 5 DT, —1I2 04 & L CEHESES DiEm T RETH D,
BAREOMEED L HIC, 7 RUBIE DV R 7 2G5 T2 BME< B G L 72 -
TWRWEFIZOWT, FEIRLE T RENE I NDIZONTUTEROR G LD, 20
L& I OOV TIZIAEA DRI MELBEIZTHERWEEZ D,
B
T R AZBET 2 HAT OB #E I EE X Publ. 65 OREEARENHEH SN TE Y [34]. ZHICE
X i DRI DR & LT ICRP @ Publ. 137 [15]& UNSCEAR O 2019 £E# 45 #[32] D
BRI Bz, ICRP O ESRENITE LM BB T O 7 71— X0 Gl S,
FN=FHZRLTWDLZLENE, WTNDOHFFE S ICRP O @R OB 2 3K L Tuve,
PHAREIZ DWW TIE, 04 TRICEHT L2 2 L ORYMEORIENME L DERNRH -T2, £
7o, HIELEHROMNREFAICONTEH, HMFZMCHEER HD Z L bahoT,

B3 R OLEY 7 & LT, P T NI RS BREREDORE., 7 R EEIC
HEAOLKBEBELNVOREEND D, TNENOTEORHEC, TBEOLHEBOTED i
DWTERZFNTZU,

BRI OER : 3EMNEICIB T DT RACKT 28] « BELOTEY HThkkx Th D Z & 1T,
BUR OB OFE Y 8@ E 5 o>, HMFOMES#RE2TEET 5,

[EIpASs

WAL T R AREIZED2HENET FOIT N FREFBICLID26DTHD LWV IR
HICRETH Y, FifrEas e nicd EMFITES 007\, —F T, BED
LZA, T RUFREBOBRMICKNERE Sy O TREHRNZIZE A LR BR
E A ROWET — L LAN T S BB T TRy, 7 RUREIC X 288
TS ST HEFIENEE D 2 - OBHEIG U FEEZBIR TE 508, RO ZY
PEIZOWTHMRBMLETH D, /2. EHLLOEALHITICBIT D RN ST NE LI
AN

AT R IR CREEAR T D56, FREMBIREZZIELTL00, 7 R
BEIE 2 JE U TE U7 AR Tl 7 KR L L TRV, 1220 Thim
A2 D DT 7200,
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FIEDLE LT 7 Vg v LU TN 2 En S FEITHEORES
FRREIIS L TBE LV EARE L, WERSE Lo 2 GBI LT
LEBbND, = TEEOEBEKEIZZ FroSE L LR R S LT 100-300
Bgm® £ W I fEER LTV D, WA CRENRMEEEAT Z Y Th D,
MR T R PRENT FUBED LS Ik - TEET 20 0OHWrIc BV T, Hi
22T HRRE Lo TVMEEZ AT 2003 %9 ThH 5,

BATO BAROEFRIRHNIL, T FoH AR REERT 5 2 L TREEMT N
EEEHLTWD, 20D YEERER DO L4 EERFTT 2 0ERH D,

AN T R YR T, EAE CERAE L, Le o T, T RUTRARED
ENSAA° IAEA DR BE L~V EEE LN S, SHEINREEEZRD S Z L 25
BThdEBERD, Fio, BEHERET LRLITE=F Y T KHIOEENLETH
D, ZOTOIZIIEERIESGSGETH L, E=F2 ) Y 7OHBIZL>TUL b —H%E
VT A IRRDEE LB TH D, 7 NI EROBEHESHEZ AT E b, 7K
DHE ICBET A EBHE L) A7 ala=r—vay, BRHOREEE LIZERE
IR DO EHi I DV TR A MZE L 72 D,

ERAIIZBE L~ E W) B TOEBANTERTHY . ZNEHITY AT LITHRIA
T BARRIMOR 2 ifim T DREIIZ & B 2 5,

7 RUDOMREN L mSVAEEB X DBITEBEICH D . FHEEEDAIC/R D LERALOM
SMBEERLS OIINETH D, 207D, BUTOREREIC L D86 & 1TR_ 0555 L
NI LD EHZ BHIEAL FROBFLFONDRHI LR T RELERD,
M T R PRSI S S IREIREE IS X 2 HHNTEHEE < o o Ml ch o, T
RUREIZED2Z2B L2 HOWTEEBITBARIEC S LTOT RUERENWIZR
TRV, 7 RUREOREIL, FHEMT7 FAREOMEIZHASTES -, &
HIEMEL LTI RUVRBEDSBLNLVERETHZ LITAHEALEEZ D,

FHEHHE < ICHRT D EEMOED FITZNEFTERELEDLD Z LIV TIERWD,
—J5, BUFHIE < OFBIZOWTIE, BABEOEFE T o T2 EERF « IS LE &
EZD,

5 723y ¥ 7T EFIED ML TEIT M T FRE, £ 9 TRITUUXT FUR
FEIZLAEENRBNEEZEZ D,

T RATEHBEIZHFEELTEBY , AROWIBMENGWGIRH D, Z0 L X, fFist
BN < OB EM A @A 95 2 L I kv, HHENCEE L 3o
RI SITMEICE 2, BB LNV EEATRELER D,

G

TRUVBEICLDBEL UL ERTE L, LEIGCTHRRAERD 2 HH (BH) OEAL

XFFTOEANE o Te, —5T BUTOREREIZ L 2 BHENEEH BT RBISET 25 6
DTHY, ZE LIV OREFIAPIT KRBT DEBTH D L IR H o7, FhIk
OV T R AREICE S REREIZ L D8HNT, FEARELIZHL DD, FE
HOHL SHRETH L Z ENER ST,
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B 4: 5%, 7 RACETHEEHEZ B L T IZH - T, 74 0 —FT XEHFIERE,
E IR CILAYALAN

BMOEKX : 7 R AT 2R OMZERRISRGL. Bia 2R 5,

[EIF2a
N CiE, 7 RUIESROM AT R RN D OBMGEERORE T vy =7 MBI H
ERoTnD, —HT, ENDOT RAREOHFFEANNITD 2L BFERE ST —4
7, OO ERGEEIC LD T — X OFFIIRFHIAET 5,
M ERITT=T 7 Y M E LTy & 0 bR ~OLERH G R m< 20, [T
7 FURETHIMER DS ITME~ORELRKRE N, Lo T, HFMEKRDEE
X, BREORHE S AR T D 720 DJEMNT O & 72D,
a BEREONEHHEIE 2T RUOTERET 2 & W o e FRITa A S LitZzu,
PESEHATRAFIREITIL T R > Ol E D rl e 7o igs 2 BI7 LT\ 2,
PR DA (REE, 5% ([CBT 2 ROEHENEEND,
AN T R R ORERN & LT, A CRIE R Ny ORI = 2 — (2D
WTHEHLTEBLIRETH D,
222Rn & 22Rn OEABIT <, 2Rn OHE R OUE TG EEEORfFIoLE L E X 5,
T RUZBET DEICEENE L 2 D EECHIR ORISR, KIES ORfF & o7z, aEk
AEDEFHHEETH D,
KL RDMEEED DR OIET R OHILARBIEDTE S 7+ 1 — L TE LERH
%, BSREIEBEEYE (NORM: Naturally Occurring Radioactive Materials) 2 ¢, 5 Ko 73
BES 20 CHERICMET 5,
T RURENHBREWEESICX LT, 3B LV OEANE X DB LR 0 0E
MWD, Fio, Bl 7 FUBIE< OFHIR E RV EHLEEEN, ERIZENL B
HHONEVSTZFAELEZETHY . ZHITIE NORM OFENFIHATE 5 L Bbid,
F=X ) T REFIW OB LD T, MU TFEORENLETH D,
NORM CEAMICBIRT M TIE, 7 R T b iE< IcBT 2 AN L E
EEbNS,

B

HIE FIEOMRBRICET a2y b Ehotz, BE LUK HEHOENIHT--
T, BT <UEBIEOFFRIC T 2P A DO MLEMED R S 7z, 2°Rn X° NORM (ZOW\WTh
T O EEME SRR S,

B S  WEHIE S BERHI 2 — RO 7 R URERHli~DOTEHIZOW T, BERA N2V,

BOEM : IDCC AT F MR bIEH SN2 1D Bl B R 2t 5,

[EIpASs
T R AREE R > THREZ N T 5856, Bym® H720 O Sy THHLTWD, HIC
& ORI AR R I DOIE D O G RO EARREZHHTE, Zhe T N
T APRECMT AN 7 R AR BRI R T E SN ST L 0 REYL S
BRI FRE L 725, 72, REMRBLEMRETOR R 2— R ThHo IMBA (Integrated
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Modules for Bioassay Analysis) TIIJELL L 7= #AIEDFIRETH 5,
A 25 [E] ek B 15 7# % (NRPB: National Radiological Protection Board) 73Bf% L 7= ICRP t k
I 5GE B 7 /L [B5]IC YEHL L 7= N 1E < i #: 5+ = — K LUDEP (LUng Dose
Evaluation Program) <° IMBA % i o TIEEMTZ L T\ 572, [HFE = — RNIZIFFEFIC
LR H 5,
HARNZFHE LTl T OISR T — % 2 fldmA D 2 K 5 oA n 2% L < IDCC DT «
BT IVIRRHE RN 72 D LT B,
EEOREDILEE S 2 BEEH /R AT v a v (7 K4y) B, SR
MERE DR MNES L7207 N OBEFHIFZEICB W TREFHZR D L2 5,
BRERM ORI T 2T HEOR b 2R T 272 0IcA L b s,
FEAR AR A AR O DD JRHE TIEH TE 2 DTV,
FRICHETE2a— N THIVUIES THET HAMANRETE 2 LKL 5,
PR
B E DIRBUZ DN TS N7 B2 S LB MHICIERA CE 2 L oax vy R %o
2o IDCC 1%, FFRAGEIL ARG & G Itk 2 187 — 2 70 IA U CREBERHRIC K S & 5 2
ENTEDLN, WEFHEDHAEZDLDONTEL LRI EAHTHL EDOERNH ST,

Zoftt (AHER) :
20Rn OFFEAREUT R D 10 fFLVA, HRHOH S & BRZRT~OHAGIRTH %
G DBEFHT T O REZE BT IUTHMEITIZZNIE EFG LR E Bbh b,

(4) FREOHH
HRELREKL
TEEIRIE 25 9 5 - O DR EARE L LT, ICRP & UNSCEAR O¥fEn el & 72 %, Jicht
BREGRED BRO T, JE2EH) « BRSO O T 7 —F THpT &7z ICRP Of LR (Publ.
137) ZBHINAZENHEITHD ERONLD, (IONOFRE T T EANRKELZ X LI
%, fRIZ, Publ. 137 THEE S N7-f &M% B mSv/(mIhm™) ZHAWTEITER LY F Y 4
(1 ERIZ->E 1 mSv OIEL <) [34] TIREIRE 28 17 5 & A2 1 #77C 1,000 Bg/m®, 2
HiT 1,500 Bg/m® & 720 . BATOERERED 12 06 13 128D T 5, LnLRnb, 1E¥E
WHERNLHADKIETZ ) LIo@ O ST R RE & 725 L5 X EN Tldd T F
NTHDEHN SN, BERENTFTONDZ LKV HT SRS BT L 72 D akiE7e
LTINS,
7 RUREERREE & SRk
BT OBFESLMEMEIZ 1T, FHR I 0.4 DYED T RURERENJFRIN TS, 2l
DVWTIE, FEREOEOZH ML, “HEOBES B I N TND Z LICRRT 25500
I DN T A MR DHoTe, 7 RUVREICE DIEEREOHILZM T 256, 7
T2 VHARER O OWE, —FEOEMEOSRIFEOMPENRETH DL LB 2 5,

BEL YL DIE A
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BE, BAENCIE, BUFEEIEKRE LTO T RATKH 2 B EEIT RV, 3F L1 D
BANZHT->TE, TOBESLEEDOFFSBEWREZAM L, AT =7 SNV OMREFGD Z L
WIRETH D LEER D,

3.2.4  FEREMIFRAR~DOHERERIFR BN

IDCC I, EMEBAIEOHE TBRT LT AT — X OMENHETH D 2 & DR D
—OThbH, LonLaens, #BETIHNER LT —2OWE FEBFENR T A —X
DRFELE) ZEHOFIRICET2ENH 5 2 LD | BEARBGHAREE TIX ICRP OREE DE
HRSAE D B3 T RE 2R B RE I IR 2 I LT\ 5, — 7, BRI B EHE ERRE IC B\ T,
EHHERR & BRI B, BT =4Y 7 BHOE=% Y > 7 PRI LR
RECTholz, BHEIOBRLE=4 ) v 7 ZFRHIE BT 58 S DWW TR % #
ET DI, EMR R RIS HIBAMEIC 2 D Z LoD, HERERI PRI O RS B
TEREEEIC OV T 1 EHEEL, 1 [RIE=F U U 7 ORIHIGETHHIRZBMTHZ & & L,

4 3-6 12, BERERIRZ 83 D A1, BIREHESFGEANTLV 4V RUZRT, U g v
R EEOE, BIRLEBREEZANTIMTH D, £ FH0Q1E, £=4 Y v 7 FiEEER
TEHEMTHD, ATEHOOF, E=FV 7 OfERE LT, HE KRR R2 AT
LMTHD, E=F D TICHETORELBETEDLL). RETHT T —OFHECMEE A
NTHMRH D, O, QIZBELTIE. HF27 Y v 7L 0iTa28N, HENTREE 25,

EEREE R ERERRIC DV T, BEREHIRRIIC X L, AT OB AEMMZ 52 & & Lz,

BEHKA 1 FOAFERREE T 5

T=F )T FEE | FEEORRIRAEE T 5

E=F VTR E LEOARANTIAREE T 5
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% Intake estimation

Intake
“Nuclide | [Route | ~Gender fmkenoe'—z ~Exposure period
{05-137 ‘ ( ti ‘ \male W |7300.0 [13250.0 1 1)
Year | Month | Day | Hour | Elapsed day
2018 9 1 0.0 0.0
2018 10 9 0.0 38.0
[ Open calendar ] | Apply elapsed day |
M
Lungs |M|
Limit detection Error type [i Sample unit
100.0 relative ‘!--. | Bq
~
Year | Month | Day | Hour | Measur... | Error | Elapse...
2018 9 2 0.0 880000 1.2 0.0
z 2018 9 9 0.0 600000 12 70
Urine ‘ 2018 9 18 0.0 930000 12 16.0
Faeces 2018 10 1 0.0 830000 12 290
\ 2018 10 17 0.0 48000.. 1.2 45.0
3 1] 2018 10 21 0.0 46000.. 1.2 49.0
Ahyrold 1 44000
[Wnotegos |
delete
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@ | Open calendar | | Applyelapsedday |

[@m
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# Intake estimation

Thyroid

WholeBody

" Intake
Nuclide Route Gender Intake age Exposure period
’705—137 ’Vingesﬁon [male T |77300.0 T |V18250.0 —|
Year | Wonth | Day | Hour
2018 1 19 2.0
Open calendar
M "
) WholeBody
Nuclide
Cs-137 Sample unit
Bg
- Sample
Urine Year Month Day | Hour | Measured a...
Faeces 2018 11 20 2000.0
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Lungs

Open calendar

Lox ] o
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Incorporation of the Latest Biokinetic Models for
Workers into the Internal Dose Calculation Code

@ O Shuhei MUROTA, Kentaro MANABE, Fumiaki TAKAHASHI @
> Japan Atomic Energy Agency, Nuclear Safety Research Center U
1. Needs for the Dose Assessment Tool in Japan
O To Revise the Regulatory Standards O To Improve Dose Assessment & Management Scene
> The current regulatory standards for radiation protection in > Engineers in each nuclear site conduct dose assessments aligned with
Japan are based on the ICRP 1990 Recommendations. the 1990 Recommendations, and they will have to update assessment
. o R . . protocols in line with the 2007 Recommendations by themselves.
» The Radiation Council has been considering implementing the N - . Lo
ICRP 2007 Recommendations into the regulatory standards. > Radiation protection researchers and Students majoring in pharmacy,
medicine, and nursing will have to update their dosimetry tools, dose
— For revision of the regulatory standards, a tool is needed assessment skills, and dose management protocols.
to calculate the reference values aligned with the 2007 — For engineers, researchers, and students with related to dose
Recommendations that suit the circumstances in Japan. assessment and management, a user-friendly tool is needed.

— As a Dose Assessment Code originated in Japan, the Development of IDCC is Ongoing.

2. The Fu nCtionS Of the IDCC I Setting intake conditions and parameters (age, gender, Nuclide, Chemical form, Biokinetics, etc.) ‘
. . . . _w J 4
O Function 1: Calculating Effective Dose Coefficient, e(50) Models and Data V¥ Function 1 ¢4 GUI console screen
S : (| Calculating e(T) [ ) Function 2 5
> Assgssment procedure is in line wnj'h ICRP Publ.130. SAFS (S/Be) _l;nmamg intakes (Bq)
» Dosimetry models and data are editable. (ICRP133)
» Nuclides with half-lives less than 10 min are supported. Radiation S coefficient” | Input monitoring
= * The equivalent dose results
= o . o T Weighting (Sv) per nuclear
O Function 2: Estimating Intakes from Monitoring results Factor (Ws) transformation (8a/s) _ _
» Several Intake conditions can be set (7able 1). HCRR103) 5 etup Filing manitoring
» Time course of Activity in the body and excretion rate are Nuclear [T LIlJ . Retention results (Bq);
calculated using Function 1. leecogéﬁ)a;f 1 { Excretion Excretion rate
» The Maximum Likelihood Estimation is used to fit calculations v Activity in the body
to actual monitoring results such as activities in urine and feces. ;y;skt;r;lli Set up ODES of by time course
Table 1. Input and Output data for each function Models Eq”i"ar':t"et dose
Nuclide, Chemical form, Biokinetics, Deposition fractions in (ICRP130, T Derive Committed ke
Parameters ; ; 4 134,137, Equivalent d : sy
respiratory tracts, and Absorption from alimentary tracts 141, 151) quivarent. gose Effective Dose (Sv)
(T8 (T Tntake scenario; Single acute / Multiple acute / Chronic : C°f'f?§'§;t' — I S
Ll dlo 138 B Intake route; Inhalation / Ingestion / Injection Tissue "l/ Integration of
Input for o : — Weighting function 1 & 2 with R
Function2 Estimated intake dates, Monitoring dates, Measured activities Fgg;;l(gg)) Effective dose the Graphical User
PR el e(50) (Sv/Bq), Equivalent dose coefficients (Sv/Bq), coefficlent; e(50) Interface (GUI)
F pct' 1 Time course of activities in organs per unit intake (Bq/Bq), N B
RS UER Excretion rate (Bg/day) Fig.1 Scheme about IDCC’s calculations
Lo IT1 5 T &7 )| Intake amount (Bq), Committed doses (Sv), Predicted activity
P in the body at the time of monitoring (Bq) O We generated the dose coefficients using the updated IDCC, and

i i % i in this study, we rounded results to two significant digits.
3. Incorporation of the Latest Biokinetic Models O Next, We compared the results of the IDCC with values in the
O The final part of the OIR series, OIR Part 5, was released in April 2022. OIRDV. Then, we checked whether the difference in the second
The OIR Data Viewer (OIRDV) was also updated to ver.5.27.9.21, digit was within the range of +1 or not.
adding data for 38 elements (315 nuclides, 1,361 cases). O As a result, 1351 cases were found to be within the range. It

The elements included in the OIR part 5 showed that 99.3% agreed with the data stored in OIRDV. On the
other hand, 10 cases were out of range (Table 2).

El ts: 38 el ts/315 nuclides/1361 cases

Be, F, Na,:Mg, Al, Si, Cl, K, Sc, Ti, V, Cr, Mn, Ni, Cu, Ga, Ge, As, Se, Br, O The 10 cases concerned mainly inhalation of mercury (Hg), and
Rb, Rh, Pd, Ag, Cd, In, Sn, Hf, Ta, W, Re, Os, Pt, Au, Hg, Tl, At, Fr differences are up to approximately a factor of 1.4 between the
A - : IDCC and the OIRDV.
O Biokinetic models for the 38 elements have been incorporated into the
IDCC as XML data, by the end of FY2022 (March 2023). Table 2. The 10 cases value of e(50) IDCC vs. OIRDV
» Workers' dosimetry models and data for 4,333 cases (91 elements) Nuclides Route of Material and €(50) (Sv/Bq)
have been completely incorporated. Intake Absorption type IDCC OIRDV Ratio
» The IDCC can be applied to internal dosimetry for occupational Sn-125 _ |inhalation E 7.1E-10|6.7E-10| 1.06
exposures for all elements in the OIR series. Hg-190 |inhalation| Gas or Vapour |8.3E-12[8.5E-12| 0.98

Hg-192 [inhalation| Gas or Vapour |7.4E-11(8.2E-11| 0.90

—I Dataset about 38 elements incorporated
- Hg-193 |inhalation| Gas or Vapour |3.8E-11|4.3E-11| 0.88
Material ID, Organ ID, Hg-193m |inhalation| Gas or Vapour |1.4E-10|1.6E-10| 0.88
OIREarts Comparsment D, Hg-195 |[inhalation| Gas or V 3.86-11]4.76-11] 0.81
1 XML HATM / HRTM kinetics, 9- NAaHON|IFaas DIIVAPOURT 2,082 |t )
files Absorption rate, Hg-195m |inhalation| Gas or Vapour [2.1E-10|2.4E-10| 0.88
f(".Z“L'ef't to Deposition rate, Hg-197m |inhalation S 3.2E-10(2.3E-10| 1.39
orm Systemic transfer rate - 10cC Hg-197m [inhalation| Gas or Vapour [1.5E-10[1.8E-10] 0.83
Fig.2 Procedure to incorporate the latest Models into the IDCC Fr-212  |inhalation E 2.7E-09|2.9E-09| 0.93
— The IDCC is completely Incorporated Models and Data of OIR series to Generate Dose Coefficients for Workers.
4. Summary and Future Plan 5. Contacts
O We incorporated biokinetic data regarding the 38 elements and compared ;
If you have any questions
e(50) on 1,361 cases related to the 38 elements between the IDCC and the Y y 4 o
OIR Data Viewer. As a result, the 1,351 cases agreed (99.3% agreement). comments, or interactions about

O The remaining 10 disagreed cases are mainly about inhaled-vapour Hg. the IDCC, Please contact us!

Further investigation is currently underway.

O Through this study, the IDCC becomes able to use as a dose assessment
tool for Workers. Next, we plan to incorporate models and data for the public. TEL : +81-29-284-3758

E-mail: manabe.kentaro@jaea.go.jp

Fund: This study is funded by the Nuclear Regulation Authority of Japan (Radiation Safety Research Promotion Fund, R05J012).
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