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BTN T —E DT 7 AT DI (774»@774»@&0‘%%#5%4 L7 hU)
MRS TWD, T 5 SAF 77— IZET 2 1F#H % inputxml [ZIBFLT 5 Z & T, IDCC
XD SAF 7 — & 7 7 A V&R U CHi A, FHRICMEHT 2 2 L3 n[ge L 72 %,

B 3-1 12, 0 mIZxf9 % SAF 7 — & kAL T2 DIEFLHI A R T, & 7 <SAF>OHIZ,
F— X OFEHE (Hin) BFHWE 72D ¥ /<DayOld> & | EHRE O+, B, akif., FEF)
MR DA D F 7 <PhotonMale>5 % flE L, ¥ 7 OHICEMRE LT 5, T X TOFHn
FECOWTRBRDIE R Z BT 2 Z L2k D, 32105379 X 912 IDCC IZHEETER] SAF 7
— X T 7 AN B SET,

BIFSEIE &7 — Z 12O\ T, BIfTD IDCC 1, T X CTOHEMEEEL OPERNZ B9 B EH# %
—DDT 7 A IAKEHNT DAEIE L oo T D, —J5, Publ. 155 OFREEIE &ICET 55
T ANV EICHES N TWele), EF7 7 A NVICEEND T —4 % IDCC DRESF
ORIEERE T — % 7 7 A WITIBIN LTz,

YL EORABEIEIZ LY . 6 HOFEFRIZKTT 2 S EDOFHEZAIREL L7z, IDCC 7% 6 f#
DFMFEICKT LT SWEZEFR L, AL TV AT Z2 K 3-3 1277,

Saf>.
<Day0ld>0.0</Day0ld>.
{PhotonMale>./dat/saf/rcp-00M photon.SAF</PhotonMale>
<ElectronMale>./dat/saf/rcp-00M electron.SAF</ElectronMale>.
<hlphaMale>./dat/saf/rcp-00M alpha.SAF</AlphaMale>.
<MeutronMale>./dat/saf/rcp-00M neutron.SAF</NeutronMale>.
<PhotonFemale>./dat/saf/rcp-00F photon.SAF</PhotonFemale>.
<ElectronFemale>./dat/saf/rcp-00F electron.SAF</ElectronFemale>!
<AlphaFemale>. /dat/saf/rcp-00F alpha.SAF</AlphaFemale>.

, <MeutronFemale>./dat/07-saf/rcp-00F neutron.3AF</NeutronFemale>.

{foaftr

3-1 SAF 7 —& 7 7 A JLDOFHIA T



#I Data file X
Data |(Saf!
Intake age 0.0
o e
365.0 Edit
1825.0
3650.0 Add
5475.0
7200 0 v | Del
| Gender | Radiation | File ‘
Male Photon Idav07-safircp-00M_photon. SAF
Male Electron Jdat07-safircp-00M_electron. SAF
Male Alpha Idav07-saflrcp-00M_alpha SAF 1
Male Neutron Jdat07-saflircp-00M_neutron. SAF
Female Photon 1dat/07-safircp-00F_photon.SAF
Female Electron Jdat07-safircp-00F _electron.SAF
Female Alpha 1dat07-safircp-00F_alpha. SAF
| Female Neutron 1dat07-safircp-00F _neutron.SAF
<% -7 y> |
l OK | Cancel

LR SAF 7 — ¥ BSHAAE NIRRT

= S5-Coefficient X
Unit - S-Coefficient
Suint Target | source 0.0 365.0 1825.0 3650.0 5475.0 7300.0 |
0O-mucosa O-cavity 17262E-12 6.04751E-13 318248613  18911E-13 107968E-13  B.28651E-14 L
Gender Oesophagus  O-cavity 240477E-18  651695E-19  366214E-19 202282619 319202619  2.25373E-19
male |v Ststem O-cavity 3.32363E-19  110772E-19  4.65556E-20  2.1289E-20 8.84122E21  1.15605E-20
Sl-stem O-cavity 113928E-19  277606E-20  9.02186E-21  4.63084E-21  170172E-21  0.37207E-22
RC-stem O-cavity 152777E-19  3.2125E-20 910772621 435112621 1.23282E-21  7.07852E-22
LC-stem O-cavity 166272E-19  368361E-20 113842620  6.38203E-21  203807E-21  3.28481E-21
RS-stem O-cavity 497771E-20  B.82967E-21  274750E-21 110074621  3.02719E-22  4.509E-24
) ET1-bas O-cavity 3.80031E-15  223752E-17  7.75034E-17  9.6133E-18 6.67814E-17  1.03654E-18
[} Systemic source—— | 1o o O-cavity 241331E-16  6.52626E-18  502574E-18  346071E-18  2.0299E-15 2.20844E-15
Other v LN-ET O-cavity 140026E-15  6.39975E-16  7.36647E-16  7.32894E-18  1.1948E-15 9.7981E-16
S —— K Bronch-bas O-cavity 3.35830E-18  7.62355E-19  3.80419E-19  2.80606E-19  330599E-19  3.83248E-20
Bronch-sec O-cavity 3.358309E-18 762355619  3.89419E-19  280606E-19  330599E-19  3.83248E-20
Ureters Behiol-sec O-cavity 144673E-18 35114319 211843619 125419819 1.00233E-19  3.6307E-20
C-bone-V Al O-cavity 144673E-18 35114319 211843619 125419519 1.00233E-19  3.6307E-20
S_glands LM-Th O-cavity 7.84519E-19  357477E-19  107633E-19 573535620 117749619  1.16737E-19
E— R-marrow O-cavity 439717E-17  9.5253E-18 7.89552E-18  1.3579E-18 6.1904E-19 1.26454E-17
Endost-BS O-cavity 327393E-17  3.1162E-18 169532E-18  3.9556-19 3.7197E-19 2.08908E-17
LN-ET Brain O-cavity 1.3144E-18 455768E-19  357E-19 313623619 2581E-19 4.23106E-19
uB-wall Eye-lens O-cavity 675976E-18 2093455618 1235342E-18 143185618  95191E-19 5.85821E-19
LN-TH P-gland O-cavity 3.1529E-18 156367E-18  998189E-19  9.00944E19  582684E-19  164851E-18
ool Tongue O-cavity 42482513 6.79421E-14  49478E-14 270402E-14  374667E-14  2.40489E-13
. Tonsils O-cavity 215543E-13  B69725E-15  441649E-18  356987E-18  767768E15  5.09674E-18
Thymus S-glands O-cavity 5.4895E-16 6.40286E-18 401323618 28200218  119079E-15  1.23518E-20
Thyroid O-cavity 512262E-16  133791E-18  117199E-18  8.9718E-19 125003618 2.81256E-19
Breast O-cavity 353406E-18  643554E-10 252588619 21021719 552658E-20  212218E-20
Thymus O-cavity 477518E-18  768200E19  427431E-19  278580E19  3.00816E19  1.2081E-19 L
v | | Htwall O-cavity 187428E-18  415194E19 181133619 1.0702E-19 672606E20  271504E-20 v
@ Cancel
y ! = LAY >
3-3  AEEEED Sy IEOFEM RS SN TV S8k F




® FHEEER Sy B O FHRAE R O RRGE

TR EAREL DGR OB B TH D Sy 1L, ICRP FUTHCT — & R—AETARE N
TV, £Z T, IDCCIZ LD SWEDFHREAEROMAETHEN T 22 E L LT, Manabe 5
BS|0O#AET v 7T ML AHMEE WD Z L L Lic, 207 a7 T A%, i1 18D B
B LTI AN BARN T 7 > b A[36)IC 3 < SAF [37] CHEMMEICHY T2 EAFH L,
ICRP fZHERR N7 7 > b MZES S EME & OEEZFMM T 2BICHE SO TH 5,
FRIFAEIR & AZRSEIR O A Z L IRV X — OB 72 B L THE SN EE D SAF
F—H R L CEDRBEREEHERETH D 2 LB TH D, H—DFERITHT 55
BOHBOxIE (I U Sy EOWNIRIZFATARR) ThDH23, PCHIP T SAF 7 —F %N
9 5%, Publ. 155 LRBEDFIET SWEDOFHENBAIRETH 5.

H-3, Sr-90 & X Cs-137 122\ T, LR SAF 7 — % ZflA3A AT IDCC & Eft 7' v 75
DT XD S MEDOFEFERA R LT, DD S, HORR & OEA R oA 8
X, LR O LD ICRIE Lz, MURMEIL, TN 2N O AR DB L 7- BB i b
ZVEIRE . EHEIEET VB TEBIO a2 = A R E L TR ENTHDRNED
LKA - 2% (Other) Z N L7-, #i\ T, BN L7-MIRERO Sy ED 5 Bk b EIEN K
TUOVREIR A RO REIE & U CG®RIR L=, 72, H-3 3B 42250, Sr90 i34tk Cs-137 135
PEIZ DWW TR LT,

FEERER] Sy EDO I HE R A & 3-1 5% 3-4 £TITRT, IDCC T X 5 FHHfE & Manabe
O s T ML DFBMEDOED (%)L, WAUTIVEELE,

D = (IDCC IZ &k 5% /Manabe H D71 2T A L HEHAEE — 1) x 100 (3-5)

FRIFAEIR 23 2 OO TIE A2 WIEEIE, WTHOBRE S T X TOFMmEE Tl 1L L < —3
Lice LILZRD 6, Z OO BIRTER L 722 S fiX, FRCmERN—ET 57— A
WD, AR B L oT-, ZOJRKIL, IDCC ORAJREEE &7 — ¥ OB AR E
ERHLTZOEEZLND, IDCCIE, THFA T —% (ARG TFAN) ThHHBIFE
T =2 7 7 ANDOEET — X EatAiAI, TivE XML 7 7 A VAL B L2 O
ZEFREICHAL T\, BATOT /LY XA T, XML 7 7 A JUIZE#$ 2B 228
HMAHSNTELT, MREBEET — % ~OFEIERO X 7T NIEL < AT TR
o7, 1EEE (RAN) OHOEGEITFRN | FHE TH L7720, FhnfE®O & 713 I MER
WELholbDEEZ LD,

SHOMEE LT, MIEERERET — X OB OBBRLETH L, SRIETEIRE &IT.
SAF O}l 727 7 NAKGF LT — 2 Th b, LB T, (RNEIREET LM R
BEIREFISEITHAT, MESVELRDIHEIMINEHEIND, 22C, 7F AT —
ZME XMLAZEBETIZ, L6 XML 7T —# & LCTEM LTS ZENRMRELTEZD
ns,

LIEX Y| IDCC iZ, BRI Z OO TRWEGE L. FlER] Sy E 2 8ONG5
LTWbabDEZEZHND, —F, IDCC TOMFRFIRE &T — & OEHRNIZHOW T, 5%
WERTIHIVENDD Z ENTNoT,

10



#3-1 H-3 OFERED Sl (BHE) o Hlks R
o MR 7> & fififa~ Z DA ORAE D & % Sl B~
FRE IDCC Manabe 5 D (%) IDCC Manabe 5 D (%)
0 7% 1.75E—15 1.75E-15 0.0 2.93E-16 2.94E-16 —0.3
1 7k 7.96E—-16 7.96E—-16 0.0 1.72E-16 9.97E-17 72.5
5 ik 3.70E—-16 3.70E—16 0.0 5.35E-17 5.35E-17 0.0
10 7% 2.21E-16 2.21E-16 0.0 3.63E-17 3.17E-17 14.5
15 7% 1.24E-16 1.24E-16 0.0 2.21E-17 1.82E—-17 21.4
BN 9.77E—-17 9.77TE-17 0.0 1.38E-17 1.38E-17 0.0
# 32 H-3 OFERED Syl (k) o Helges
o & 7> O Bififa~ Z DA ORAE D & % Sl FE A~
TR IDCC Manabe 5 D (%) IDCC Manabe 5 D (%)
0 7% 1.75E—15 1.75E-15 0.0 6.66E—14 2.94E-16 22553.1
1 7% 7.96E—-16 7.96E—16 0.0 3.70E—-14 9.97E-17 37011.3
5 Jek 3.70E—16 3.70E—16 0.0 1.90E—14 5.35E-17 35414.0
10 7% 2.21E-16 2.21E-16 0.0 1.23E-14 3.17E-17 38701.3
15 7% 1.59E-16 1.59E-16 0.0 9.52E-15 1.89E—-17 50270.4
BN 1.21E-16 1.21E-16 0.0 1.67E—-17 1.67E—-17 0.0
# 33 Sr-90 DAERREER Sy B (o) o FRlgeis A
- AR RRE D DB K ik~ T O DR BRI FSE Y 2 i~
TR IDCC Manabe 5 D (%) IDCC Manabe 5 D (%)
0 7% 1.46E—-13 1.46E—-13 0.0 9.20E-13 1.07E-14 8498.1
1 7k 1.32E-13 1.32E—13 0.0 2.85E—-13 3.22E-15 8750.9
5 Ik 4.62E—14 4.62E-14 0.0 1.62E—-13 2.09E-15 7651.2
10 7% 1.90E—-14 1.90E-14 0.0 9.62E-14 1.39E-15 6820.9
15 % 1.12E-14 1.12E-14 0.0 6.53E-14 9.44E-16 6817.4
BN 1.16E—14 1.16E—14 0.0 6.25E—16 6.04E—16 3.5
# 3-4  Cs-137 DEHERED Syl (FHE) ol R
s AR & B ERAR U N Efi o~ Z O DOFERE D B 1 PR BT~
TR IDCC Manabe 5 D (%) IDCC Manabe 5 D (%)
0 7% 1.01E-14 1.01E-14 0.0 1.00E-13 1.01E-13 -1.0
1 ik 2.66E—15 2.66E—15 0.0 3.86E—14 3.43E-14 12.5
5 % 1.66E—15 1.66E—15 0.0 1.53E-14 1.53E-14 0.0
10 7% 1.14E—15 1.14E-15 0.0 9.03E-15 7.58E—15 19.1
15 ik 9.08E—-16 9.08E—-16 0.0 5.82E-15 3.87E-15 50.4
BN 3.85E-17 3.85E-17 0.0 3.34E-15 3.34E-15 0.0
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® FHEEER SWEOWNFFT LY X ADHE

BT IDCC 1E, Fnl i U7 R E O ECTHEERER] Sy B2 NI+ 27 13U X 525 H]
LTW5, 2T, AHEQTH L7 Publ. 155 R7|OHETEITTHE Y, TAITY XLEE
WL, ®HL7ed Y —A7 7 A% IEvaluationS.java] T, interpolateSc A Y v R&ILE L
Tre WRHBED Y —A %K 3-4 1277,

[/ 1A
if(currentYear0Old < 1.0) {

double x;

// 100 H Al

if(currentDayOld < 100.0) {

X = Math.pow(currentYearOld, 0.3 + 0.7 * Math.pow(1.0 - currentYear0Old,

10.0) );

// 10@ Hmll I 1 ARl

} else {
x = Math.pow(currentYearOld, .16 + ©.84 * Math.pow(1l.0 -
currentYear0ld, 5.0) );
}

for (int jt = @; jt < target.length; jt++) {
for (int ks = 0@; ks < source.length; ks++) {
int 1d_len = 2; // @& 17%
double[] sc = new double[ld_len];

for (int 1d = 0; 1d < 1d len; 1ld++) {
sc[1ld] = sCoefficient[indexNuc][jt][ks][1ld];
}

currentDay0ldSc[jt][ks] = x * (sc[1] - sc[@]) + sc[@];
}
}
// 1kl |k
else {

for (int jt = 0; jt < target.length; jt++) {
for (int ks = 9; ks < source.length; ks++) {

double[] sc = new double[dayOld.length];

for (int 1d = 9; 1d < dayOld.length; 1ld++) {
sc[1ld] = sCoefficient[indexNuc][jt][ks][1ld];
}

currentDayOldSc[jt][ks] = interpolate.interpolate(dayOld, sc,
currentDay0Old);
}
}

3-4  AEEEER] SVIEOWIF Y T ADUE Y — A
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@ BT AITY XADRKGEE
IDCC MEPNHURRE S OVEAT#R 538 oD IR 256 O BB AR AT % HE 6D T < BRI 2 7 AT
BT D Sy NiffEZ H 1 S5 A2 U7 k% EvaluationS.java (ZiBIN L, Sy fEO NGO
TR Lc, ZRUEIL. IDCC 233 2 FEEER] Sy B2 FW T 1 AdifiiE Excel T2
(3-3) KO (3-4) ICX Y AFEEZFE L, 1Ll B2V CIXLAH @ Fortran PCHIP Y /L
N3 L VW NIFETH Z & THE L, REG TR L7 & OFRIFAEIk & B2 fE O F1 &
HIZT 5 Sy B2V T, IDCC OWNHFE & S IO I DR % X 3-5 72 51X 3-8 £ TITR
T, WDTINDORMTEH IDCC 12 &L D WNHEE & Excel & (Y Fortran |2 X A2 BEIZ L < —F L7,
212U, ZOMIEFEE IDCC ICHAAATEAZ U 7 A HE LB OFfEEZ L Tn5b Z
& ORE (verification) & 72> TRV, HE L“CU\E)@WEOD‘;&%’[‘%OM%% (validation) & %72
STWRWRICHEE T D UNER D D, 292 iR T 5720121 ICRP 2346 L T2 4,
ThbbEYMEREAESHE L L IDCC @Hjﬁﬁ%kﬁ%\?“é%%ﬁ%@ LsL7edns,
Z OO SRR DA D Sy A IE L < FHRTE TV Wiz BIRER CII s 4o
RUTEITTERVRILTH 5,

[X1O-15] [0} T T T T T T
H-3, %’I‘i " ]
1.5} RRGEI MR
1 ZErYnaELs : fbfz ]
o o IEHREERIS
s x IDCCPUIEME |
@j i —— Excel + Fortran |
I
O-

0 2000 4000 6000
Higs (H)
3-5 H-3. B S(iE— k) o N OFE 7

13



[x107°] ¢

D ' '
H-3, &
1.5} SESAI R
1 IO T T

o EEREIRIS
x IDCCIRIEIE

—— Excel + Fortran .

SAE (Sv)

0 2000 4000 6000
Hiin (H)
3-6 H-3. ZMED Sy(ififd«1ik) » N DAL+

[x1073 1:5 ' ' ' ' ' '
Sr-90, i '
IREART, | R B
| P60 BRE
T o fEEBEIRIS,
S X IDCCPUIFIE |
@ —— Excel + Fortran _
V')g r
0.5]
O0——2000 4000 000

Hiin (H)
3-7 Sr-90, LMD So(HF R E KR O N O T
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[x1 0-14] : : : , : , :
1 Cs-137, BE -
i Ty N

1RRYPRIS, : MEBSiaREtEk ) > ) (i

0.8 .
_ O FERELRIS
3 o6 x IDCCPUFIE |
@ | Excel + Fortran
z
Y 04F .
0.2+ ]
O \ ] \ ] \ ] Q
0 2000 4000 6000
Hin (BH)

%] 3-8 Cs-137. BHED S (MW RGE U > 2 Ei A O NIR DAL

® Lo

Publ. 155 & L CAB & 72/ SAF 7 —# 225\ T, IDCC ~DFIAA % i LT-, #HA
IAENT/NSAF 7 — % ERRREET — 2 X0 | 6 [HOEMEEICH T D Sy EOFHE 2N TATHE
ThoHIEZMER LT, 722 L., B ERE &7 — % OFIER & O3 T IZ A il
WV | OO KIFEIR & 72 2556 O S EOFHRITIE L < FATTE T RVWIREET
HDZ ENbroT, Sk BRIFEERERET — X OB WICHR L UH A2 S E T 0ERH 5,

FEBRER] Sy DEERHIZ & 2 PIRIZ OV T, Publ. 155 ICFE# DS54 IDCC IZFETE - L%
A HNDD, HUEDOHERNEBRDOBETH D,

322 EIRPartl (F7 7 ) : ARIZ K DS EEFEOBEU R 28 &5 53— b 1

EIR Part 1 X, AROEEFENOEDMESRE L. ZHEZFHET DD OFERKFERSET
Joy BERSGE DN D MR~ OWIL ST A — 5 ROV LERICEGT — 2 123 2 Tl T8¢, /8
TV ar s NHORT 7 RSFSH2 A A%éhtoﬁh77h [ZIE S el
FREET UL, DROENREREZHET 5 OICMEDOET NV THD, FF 6 FFEFO
FIATAS RAA F TN 23, Aﬁ7$3ﬂﬁ£f%ﬁéh@#oko%;T\%ﬁ6$§$¥

T, 2 EET T LOMBEN R EM e N Y F 7 A2, BT —# . EIR Part 1
KT 7 MIE S =25 8iET 7L, Publ. 155 O SAF 57— 4 /75, EIR Part 1 K77 oD
U F U LKOBABEUC KT 5 T ERMOBET 5 Z & T, EIRPart1 KT 7 MIUGHK
ST BRI DO E M O MR Z R T,

O KANEHBEOHER
EIR Part 1 K7 7 MZWE I N7z MY F U LK T D EHET VOBITREE & BITHRE(28]
Zo 33510 WA SN b U F T AKISHT D ML ~DWRILZ A 7 1% V (Very fast)
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Lo TRV, WAL NI FULKOEENAEICIEICIEBITT S E S TW5[28],
Leggett D71 77 A[39]1% W TR MSEEFRE 25 HE LR A 3-9 [TRT, Fiin
WHNRDHE & BITRBHEDELS 720 | FREROWA BRI DM R TE T,

72 3-5 EIRPartl K77 hD kU F 7 LKOWAFBEUZ T 2BEET T /WIZ G- 2 HILHBITIREL

BATRE (R

BATRERE

37 H

1%

5 %

10 7%

15 %

DN

M-8 1

4.00E+02

4.00E+02

4.00E+02

4.00E+02

4.00E+02

4.00E+02

2 -85 2

1.32E-03

1.26E-03

1.26E-03

9.00E-04

6.60E-04

6.00E-04

2H 1> 3

1.76E-04

1.68E-04

1.68E-04

1.20E-04

8.80E-05

8.00E-05

I — B3P

3.85E-01

3.85E-01

3.85E-01

3.85E-01

3.85E-01

3.85E-01

BEREN A — IR

4.00E+01

3.20E+01

1.20E+01

1.20E+01

1.20E+01

1.20E+01

18— PN )

2.80E-02

2.80E-02

2.80E-02

2.80E-02

2.80E-02

2.80E-02

ey lak sy
— LRGN

3.00E+00

2.40E+00

2.18E+00

2.18E+00

2.18E+00

2.00E+00

TEREPN )
—S RGN A

3.00E+00

2.40E+00

2.18E+00

2.18E+00

2.18E+00

2.00E+00

S IRAE NG N — 3E

2.00E+00

2.00E+00

2.00E+00

2.00E+00

2.00E+00

2.00E+00

it~ T4

2.87E-01

2.87E-01

2.87E-01

2.87E-01

2.87E-01

2.87E-01

A8 1Mk

9.68E+01

9.24E+01

9.24E+01

6.60E+01

4.84E+01

4.40E+01

2 228 |

6.93E-02

4.33E-02

4.33E-02

3.47E-02

2.08E-02

1.73E-02

B 3-8y 1

7.60E-03

4.75E-03

4.75E-03

3.80E-03

2.28E-03

1.90E-03

107

B 1073
B
# 10

i

H-3 (HTO), I AEEY

— 3428
—— 107%
__EEA

m1o-5-

107
10771

1078
10°

10' 102
EEERERRE (B)
X 3-9 Leggett 5D 7' 17 Z A[3INZ L D HTO W NFEHU. O 4By 7R 57 S FHRASE R
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© AR ERE VERREARE O F A

Publ. 107 DZAREET — # [32] & Y Publ. 155 D/ SAF 57— #[27]% FiV T, Manabe & D~
777 ABSIC L AFEFEO SwEAFE L, 3.2.1 HDIZFL L7 Excel &% ¥ Fortran 7' 1 7
7 LEANT SWIEONEEIT > 72, RIEOIZ/R L7 Legget DO 7' 11 7 F A[39]1%, R
REFTR K VAR R O 2 BERIHIT T 2 b O Th 523, LB OKRHR T 5
RELEKAZHNTHZ LN TE 5, KX Z & OBEEEKIC, XISk E L Sw il
ZHE U THRINTT 2 2 &I X0 MR R Z KD, EOMBERE A RN Lz, S &R
DFBERERZ R 3-6 12, EHBELEOFEF LKL NEIR Part 1| K7 7 MGHTE[28] & O g
w3 3-TIZENENRT, EREREOFREAR L EIRPart] F T 7 MMGRAE & O 7T
THE 10% LN THY, Tn—FHERLTZ,

#3-6 U F U LKOWMATERUGT 5 MR B ORER R (12)

Y 374 1 % 5%
RELAE - Bldn - - -
FE =gl FE Tz M QL

piNERER il 1.2E—-10 1.2E—-10 7.9E-11 7.9E-11 3.8E-11 3.8E-11
i 1.2E—-10 1.2E—-10 7.8E-11 7.8E-11 3.9E-11 3.9E-11
Jiti 1.1E-10 1.1E-10 7.9E-11 7.9E-11 3.8E-11 3.8E-11
= 1.1E-10 1.1E-10 7.7E-11 7.7E-11 3.8E-11 3.8E-11
LA 9.5E-11 9.5E-11 6.3E-11 6.3E-11 3.3E-11 3.3E-11
AR B iR 9.2E-12 9.9E-11 6.3E-12 6.4E—11 4.7E-12 3.2E-11
B 8.9E-11 8.9E—11 5.9E-11 5.9E-11 3.1E-11 3.1E-11
"B 1.1E-10 1.1E-10 7.7E-11 7.7E-11 3.9E-11 3.8E-11
Jr Mk 1.2E-10 1.2E-10 7.9E-11 7.9E-11 4.0E-11 4.0E-11
FFR i 1.0E-10 1.0E-10 6.9E-11 6.9E-11 3.5E-11 3.5E-11
CE3L] 1.1E-10 1.1E-10 7.7E-11 7.7E-11 3.7E-11 3.7E-11
Jibd 9.2E-11 9.2E-11 6.0E—11 6.0E—11 3.2E-11 3.2E-11
PEE ¢ i 9.5E-11 9.5E-11 6.3E-11 6.3E-11 3.3E-11 3.3E-11
B 9.2E-11 9.2E-11 6.0E-11 6.0E-11 3.2E-11 3.2E-11
0 Off% | 9.7E-11 1.0E-10 6.4E—11 6.8E—11 3.3E-11 3.5E-11
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#3-6 MU FULKOWAEBEUS KT 2 EMAt ERE OB R (2/2)
. 10 7% 15 7% [HUN
RELAE - Bsan - - -
Bk Qi Bk Qi B QL
piNERER il 2.8E-11 2.8E-11 2.0E-11 2.2E-11 1.8E-11 2.2E-11
i 2.9E-11 2.9E-11 2.0E-11 2.2E-11 1.7E-11 2.1E-11
Jifi 2.6E—11 2.6E—11 1.7E-11 2.0E-11 2.0E-11 2.4E-11
H 2.9E-11 2.9E-11 2.0E-11 2.1E-11 1.8E-11 2.2E-11
LB 2.6E—11 2.6E-11 2.0E-11 2.1E-11 1.7E-11 2.0E-11
AT IR 3.7E-12 2.6E-11 1.5E-12 2.1E-11 1.7E-11 2.2E-11
isliio 2.5E-11 2.5E-11 2.0E-11 2.0E-11 1.6E-11 2.0E-11
iE 2.9E-11 2.9E-11 2.0E-11 2.2E-11 1.7E—-11 2.1E-11
Jr ek 2.9E-11 2.9E-11 2.0E-11 2.3E-11 1.7E-11 2.2E-11
SE/NI 2.7E-11 2.7E-11 2.0E-11 2.2E-11 1.7E-11 2.1E-11
BRI 2.8E-11 2.8E-11 2.1E-11 2.0E-11 1.5E-11 1.7E-11
Jibd 2.6E-11 2.6E—-11 2.0E-11 2.1E-11 1.7E-11 2.0E-11
PEE ¢ i 2.6E-11 2.6E-11 2.0E-11 2.1E-11 1.7E-11 2.0E-11
B 2.6E—11 2.6E—11 2.0E-11 2.1E-11 1.7E-11 2.0E-11
e O | 2.5E-11 2.7E-11 1.9E—-11 2.2E-11 1.7E-11 2.1E-11
#3-7 MU FULKOWAERUT KT 2 Eh BRI O R R R
e | REME | BIRPatl K77~ | % (%)
374 1.0E-10 1.1E-10 -9
1 7% 7.0E-11 7.2E-11 -3
5 ik 3.5E-11 3.6E-11 -3
10 7% 2.6E-11 2.7E-11 —4
15 i 2.0E-11 2.1E-11 -5
[BPN 1.9E-11 2.0E-11 -5
3.3  HINMIFEEHEE OB I 1T DR ORI E DG

EIR Part 1 K77 KZ
FREL DS, S AU TN 5 [28],
MEMRE6] L R CTH D, LImid o T, HER L OPEK T O BERR 4385 113~ 2% A [40]12 D T

X, kDb 0EZF0FFHHTE 5,

EIRPart 1 K7 7 s OULEHAZTEI, Publ. 107 [32]i
UEObDE7e->TEY, OIR vV —XEWHZMIIFRI U TH D, =771, m%%@
. —EOILFEIZOVWT EIR VY — ROBRGFIET AIHENR B - 7=, BARMHIC

DWTIE
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a=ULh, BEVTTFU, TIRFTLKROT UFELTIE, BRAOBRICBIT 2{LFEDO S
IZBWT TR MBS, olbF e 8B s ol GEEERIE) 18526
NTW5B, Rz, Ova=g AR OT U TFEAZONTIE, BT OILEITKT 5 fa @M
DILF LD REL, BRABR TIEEDRERBED R RO FIER Iy &> TW D, BATO
RI B EERR2]IDH 1 - B PERIN TR OO T IR, 1FEE I ﬂ#é%%ﬁiﬁﬁ®
TATH Td % Publ. 68 [SIIZHEL TV 5, RIFEEHROLEITHTZ > T, (LFIED53EEE OIR
VU —RIZHET D LTI, 2D 4 iR, RO =0 AROT T QPR TIRE
FREEDEH ORI & DAL F BT K T 2 EMERE A T _E 0, BT 208N H
D

EIRPart] F7 7 FTi&, 7 RAZHOWTH 6 [HOFERHEC KT 2 EfREtrtt (X< &E&E
B0 OFEFRE) NS NT[28], BITO RIFEEERICBIT KT O T R REERRE
(%5 5 H) [2]1%. Publ.65[41]DH—D (EEEF L EBR L TUWVRVY) EfERE) 58 H
SINTNDH[42], RI BHEEROKIEIZHTZ-> T, 7 RATHOWTH 5] & fe & HER IR R
ZED DAL, MO —MH e B RISk D HER PR B R & FRR ISRk A B
T 50, BETLHLATEHFIECOWTRHRFNT2LERH 5,

3.4 ICRP T3 243 < MR EFHAMBEE FIA T4 D FH A
S 6 AL, AEORAENSE E2D KT 7 MEEIR Part 2 [31]0 1 TH - 7=,

341 EIRPart2 (KT 7 F) : ARIZ X DB OERII T 5 EREN— b 2

A6 S5 HIZ, EIR Part 2 D X7 Y w7 a Xy WHRTZ 7 MAAB &7z, i
TRCOTUE ) A REORT2NVITLETOTI7F /)4 ROFFH 21 EETH-T=, Tz,
THTIITE ATk & U TEDBRERE CF MR BRI S5 & ORI H - 7203,
RNRE PRI R EOBMANE =4V T AT — Z 2O\ LR e o 7o,

EIR ¥ U — XD DEEET /L OBITRICC MK ST A —Z 1%, EARIZ OIR vV
—ADHLDEL—ET D, LnLRnn, 7% O—HOLFRITT D I LE W OE
23, OIR ¥V —X[13]1& —FH Lo o7z, BARMICIE, bW RO = it O W AR 3
T 5 fLEIZOWT, OIR TIX2.5x10%, EIRPart2 K77 hTIE3x 104 ThH-o7=, ZhiZ
EIR Part2 FT 7 MZFdk S N7 iz b2 T D MR SGE 2> B DR WIRILER £ &8 DB
DO HENLEHET D & fAfliF25x107* £ 23, I EASIZZ Licky 3x107
EWVWIHEIZR>Tb D e HEESND, MiciZ, F Y =7 LA0MmEH K 1 ~OBITHRE
23, OIR TlX 349 THSL[I3]H DN KT 7 FTIE 582 L7goTuie, ficd . ATt
BOBNZELDZTWR LT EOD, ZO X5 ITHEICE R Z2BATRED RSN TS IT
FX o7,
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35 =— FORHMER EO7- 0 O

35.1 HRHASOFEMGEIZ XL DSES ORI

a— NICHIFFT 2 ik, BBEH D WIFERZRRE, BEZR D 0T L RSER N VR
92 HRYT, HARREI#E 2 B O M S0, MBI OEGHE L o7o 2 — FIEAA
B ORI EE SN D E 2 RICHAN S % 3 BIREL. 2INE~HI HEx21To72, £
7o, MARMRPOREAZHH L, 2 — FOGEGEADOT-ODORIEEA 2 A LT,

© FEIFEERORE

BN S AR RARE I IV TRRE L 7o IR IE < BTl = — R oo K AZ BT 2 #st
ZEA T, ZNMEOMBEOENEZHD, —EDOLVLL RICT 50575k E LT, FiH
MET HIIZ[26], £ LT, FAFEEHOHES LT, FEHERORA, 4 —7 L BM OFIH,
e 7—= VT OEBENFTF BN, £Z T, LTOEEEZHRE L,

A) BTN AMEREFERE T —7 B BORET ARE R A — 7 a— 2T = 7 [43]
B) HMUNHRIC & DR EEICET D — AR RS RE, BREEE[44]
C) HWHMBET XA, BART A Y b—TWH2[45]

AT, CERIFE MBI EE - R IAMERRA =37 7 4 7HEO—BR & LT Kt
FEN B AR 17 2R B - BRI O /12 K 0 AR S 7o U g o &
LENEE R ALEE R FA—T v a— AT =T O = 7P A MIBWTABR S TW5H[43],
RO E AR 3817, 2095, IEREFHE) o8 (Bh#ERE & NEHE< i
THHD) & TSRS ICHET 28R 2 FaTFEER OB L L,

# 3-8 JRTIIAMEREE 4 —7 B BB O 2

HA Fv g N
S KA R 5747 | SRR ORI H
TSR O Wy B 44 %y | BZFE, HEZ. MHAAEH
TSR D 5 86 4y | WO, EH
TSR O I E 5274y | IERR O & R

P < BREFFAT 694y | Ui, SMEBBIE < - PEHIE <
T RRB AR 73 4y | BEAARK - ARBE. iR AR
OIS 124 55 | JRF-7) - TR R D 2B, IR B

https://ocw.hokudai.ac.jp/lecture/radiation-protection?movie_id=25767

B) X, FEHRR oD SRR & R B C B A B R0 2 SRR A T O BURL A DWW T
THBICDE 1 RX—=UTEEOOLNIZERT, BEADRM L TV D [44], KRERIOEN. T
#3977, TDH b, 2.1 Hi, 238, 24 Hi. 41 HiLO42 Hix FHAFEHEROBEME L
7=,
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55 WHO #7 #
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O, FHK « EMEFROBBEEIT L, BUBBE 217 2 1[Zd 7c > THHHBRIZT DWW T
OEfFZIVIEDTHHHI T EEZHME LT, HAY AV b7 SR L ST =
TERR LT=b D TH H[45], NEE L TUE BTV H DD, IDCC OAEEFR HE BT KA E
THY, MPHEERICBNTH BMNOR—EE S EORI BRI N0, Faiegg
BloEEm & 1X Lo 7z,

@ EREEOEREK

MR DMERICOVWT, M 5 FEEMMEEFEOBTNEERIZB W T, BMEICREL

TV D HEZRRANTH O ke LT, MR — MO L, BERA— 225 L

TH 6 ) HIEPRESNI[26], ZNaziT, 55 FEE LeEFEETHE LIGEEE k&

3= MIpEI LT, %R0 B E M 2K 3-10 1TR7, k38 113, PRgREo& 2350
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LETNRT =4, FHE 7 —%
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EWNFERZTHH 9,
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OV EENOES ]
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HRHAESTIH. 2IMEKBED /) — b PCIZIDCC A A b —/V L CEMiT 5720, 11
WO7 7 ANZE L LHAA T4 AL —Y 3 A7 5 (PrimeDrive) ZFf L C, IDCC DA
YA M= =R UOGERERE SINEICEREST Lc, SMEITIEFRTA A b—L 2 BN
L7, A VA =T —DOREEOHEIT -T2,

#Z3-11 12, ZhENORASOERA, ZMFELKONT > — FMElgk, #H L7z IDCC
DT v ay (SHERERR. BEREFIRAR) . Bl OKRH 2R3, Rl Rk Q& HRIZEIRE
DN, BLRTKITFAENEZDBMME L RAENT720, HHZT > a VIOV THIE L2
REAR. % 2 BEREMIBRI & IR Y 7010 72, BAREEIE. YU A OBERISEITIA T Google 7 4 —
DK DF L TA T o= e vz, BEFEIZOWTL, RIERTIEISME B
BRI ENAHREER TRENNR -T2, MPREZER L2 81k, e
FEEAR_THEBF L 22572, BLRTRTIX. BIE 164D H b TANEFEAEE 72120, Gk
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| v B pcooEmRicETsror-r 0 X + -

< c 2% docs.google.com/forms/d/e/1FAIpQLScmRdYylhaalc48z2zICzwlcxzjSVz6M_wQsruSov3r...  T¥

IDCCOERRCEET D7 >0 — bk (11
B11Hi&{ %) Survay on the IDCC for
the workshop on Nov. 11th.

COERIDCCOFASCTEMTF=nENAE DT ENELRE. IDCCOERD/(T—T
wIDizE, BEFOEERERFEHLLZ<ELEY. DSFLTRMTOPI—+
CCmZEOEEBRBEOLELET.,

Thank you very much for participating in the IDCC Trial use workshop, and we would like to
receive your valuable feedback to improve the IDCC. Please take a moment to fill out the
following survey.

OIEFrERmE : £9109

Response time: approx. 10 minutes

Google [CO4 1> 9 2 FENBERETCSEY. HiE

<1> ZNECDNT
Concerning your attributes

11, EROBRCEBRFRCOVWTSEZIZEN (BEER) . E8ER
(& TOMDBCF TV IEIANTHFEZEALTLZEN., BRFIVIND
BEESEFHER > TIRICADULTLZEE W,

Check type of work and enter years of experience. Multiple checking is acceptable.
To enter the number of years of experience, check the box, "Zd4il". Then the
writing box is available. If there are multiple checks, please enter them in order,
separating the years.

[] #A%E%; Research
(] #4fi%; Engineering
[ EE% Medical
[[J #&= Education
[ zoft:

% 3-10 IDCC#HHAET 7 —h7+—2L4 (1/8)
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| v B pcooEmRicETsror-r 0 X + -

<« c 2% docs.google.com/forms/d/e/1FAlpQLScmRdYyJhaalc4822zICzwlcxzjSVz6M_wQsruSov3r...  Tr

1-2. EEREOREET - - FICFI v IZANTLZEEW (B8ED

Check boxes of keywords relevant to your job. Multiple checking is acceptable.

|:| FEEFETE; Facility management

AHEEE - 817, Radiation control and/or measurement

O

[[] #®=%32 - 8 Dose control and/or measurement

EE1HEE; Decommissioning

EEIILIE - &I, Waste treatment and/or conrtol

FERENS - iRl - ERULIE; Nuclear fuel production, handling and/or reprocessing
REFEENSE - BuilkLY; Radioisotopes manufacturing and/or treatment
SAEREEETATE, External radiation therapy

A4 EEE; Planning of radiation thrapy

TR R X =T F > A; Maintenance of radiation equipment

JERFIEI®E; Non-destructive inspection

Oo0O0000000

A A—%247; Imaging

1-3. EUZZRINISPES. EEREZHEZIZE . (Bl JAEA, RET
1)

If you don't mind, please tell us where you work and what you do. (e.g. JAEA, dose
assessment)

E&E AN

1-4. BIRLVVEBRI S IEIC DVWTIRALIEEL, (- H-3, |-
131, =« +)
Please enter the nuclides you have handled. (e.g. H-3, I-131, etc.)

ElEE AN

% 3-10 IDCCHHAET 77—~ 7+—2L4 (2/8)
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22 docs.google.com/forms/d/e/1FAlpQLScmRdYylhaalcd8z2zICzwlexzjSVz6M_wQsruSov3r...

<2> |IDCCOMERRICDLT
Concerning the feelings for using the IDCC

2.1 IBESNBERBARICDOVWTIRALIESL. FRICEL, BEERDED
RTEMBIUZTEALTEELY (B : BEFRFEFEN3 000ANMNE TR EE.

Tell us the possible situations when you use the IDCC. In addition, show us
possible probrems you might encounte in using it. (e.g. Administrative fee, 13,000
yen is required.)

EEEAN

2.2 BT E(CDONWTARE T L TLIEE .

1 IEBICHE. 2.BE. 3 OONE. 4 &ETEARAE

How about the ease of use. Rate on a scale of 4.

1: Very satisfied, 2: Satisfied, 3: Somewhat dissatisfied, 4: Very dissatisfied

1) T—=ADANBEO LT E
Operation of data input

1 2 3 4

SEEITEE,; Very satisfied O O O O & THEAS; Very dissatisfied

2) AT —4DIEE - NEDREE
Data input for setting calculation conditions

1 2 3 4

SEE (TR, Very satisfied O O O O & THEANE; Very dissatisfied

% 3-10 IDCC#HHAET 77—~ 7+—2L4 (3/8)
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c 2 docs.google.com/forms/d/e/1FAlpQLScmRdYylhaalc48z2zICzwlexzjSVz6M_wQsruSov3r

3) T—ADENEFO LTS
Easiness of data input and output

1 2 3 4

ER(THEE,; Very satisfied O O O O & TETE, Very dissatisfied

H ENT—FDEE - AEDOREE
Data output for viewing results

1 2 3 4

JEE(TTEE,; Very satisfied O O O O & THNE; Very dissatisfied

5) GUIDFASBI/2ETM
Overall rating of the GUI

1 2 3 4

FEE (TR, Very satisfied O O O O

& THRE; Very dissatisfied

6) IRERIETE R ORI TR
Overall rating for the function to calculate dose coefficients

1 2 3 4

SEEITEE,; Very satisfied O O O O & THEAS; Very dissatisfied

7) EEEH#TEEE RS
Overall rating for the function to estimate intake

1 2 3 4

SEE (TR, Very satisfied O O O O & THEAE; Very dissatisfied

% 3-10 IDCC#HHAET 7 — h7+—2L (4/3)
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23 EEFEH S EX(FENFERBRUIEHEEORUL T (8En)

Check the features that you are interested in. Multiple checking is acceptable.
[J 1) 7—%®mAHEE Operation of data input

2) AhFT—4MIER « MENFEESE, Data input for setting calculation conditions
3) 7 — &M 2FE; Easiness of data input and output

4) ¥ HF7—AHMIER « WEDFENE, Data output for viewing results

5) GUI

6) SFERHETEAE (&4 8(0) ; Function to calculate dose coefficients

000000

7) EREHTEEE (24F8Y(2) ; Function to estimate intake

24 WEOHNENG R ERUZEBTHERZEN (BE3E)

Select the items you feel need improvement. Multiple checking is acceptable.
[(J 1) T—%mAHiEE Operation of data input

2) A7 —4MIER - B MIEESE, Data input for setting calculation conditions
3) T — M N#EFE; Easiness of data input and output

4) HhF—4MER « WEDOFTERE, Data output for viewing results

5) GUI

6) FEREETEMEE (2EH(D) ; Function to calculate dose coefficients

7) EEEHGTEES (248(C) ; Function to estimate intake

Zh:

Ooo000000

25 AIMTF TV IZIANZEEZ E(C, BEBOMENSZEBLUIZRICDONT
BHENICIRALIEZ.

Write in detail about the points you feel need improvement for each item you
checked in the previous question.

EEzE AN

¥ 3-10 IDCC#HHAET 7 —h7+—2L (5/8)
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<3> EEAEDMET - EEHRTCDOVT

The contents and the management of the lectures

3. FREN T UEHERLEDOSFIR TRV T EFZBEL. BTICDNT4
BETIHHLTI{EEN,

1 EBICHE. 2288, 3 0RE. 4 & TERE

Evaluate the following on a four-point scale, with assuming that the participants are
not necessarily experts in radiation protection.

1: Very satisfied, 2: Satisfied, 3: Somewhat dissatisfied, 4: Very dissatisfied

1) BE2 [MEHEREORS SPEREL (FEMH nSE

Difficulty of Lecture 2 “Concept of Radiation Protection and Internal Dose
Estimation”

1 2 3 4

IER (TR, Very satisfied O O O O & TENS; Very dissatisfied

2)ERE3 [EMEERMOENFE] OHBE
Difficulty of Lecture 3 "Calculation Procedure of Effective Dose Coefficient”

1 2 3 4

SEE (TR, Very satisfied O O O O & THEAE; Very dissatisfied

3)EFE4 [IDCCOEV ] DHBE
Difficulty of Lecture 4 "Let's Use the IDCC"

1 2 3 4

JERE(CTRE, Very satisfied O O O O & THAE; Very dissatisfied

¥

% 3-10 IDCC#HHAET 7 — h7+—2L4 (6/3)
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4) BEOETEE

Lecture speed

1 2 3 4

JERE(CTRE, Very satisfied O O O O & THAE; Very dissatisfied

5) EEDEITEE
Excersice speed

1 2 3 4

ER(THEE,; Very satisfied O O O O & TETE, Very dissatisfied

6) BRI LT =
Atmosphere to make it easy to ask questions

1 2 3 4

JEZE (TR, Very satisfied O O O O & THETE; Very dissatisfied

32 WEBOKEN D ERUEERZGEUIZEW (S0

Check the items you feel need improvement.

1) iEE=2 [HEHEIREOES S PIENEL <FE5HE) DNE; Contents of Lecture 2

“Concept of Radiation Protection and Internal Dose Estimation”

2) =3 [=SHEEESMWELR L] MAE, Contents of Lecture 3 "Calculation
Procedure of Effective Dose Coefficient”

3) :£&4 [IDCCOMELT] MIE; Contents of Lecture 4 "Let's Use the IDCC”
4) EEEDIEITHEE, Lecture speed
5) BB DEITIEE; Excersice speed

6) B L1279 =; Atmosphere to make it easy to ask questions

O0000 O O

T

¥

% 3-10 IDCC#HHAET 7 —h7+—2L (7/8)
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IBJAETF Vv OEANCZERD&(C. EONRENGSERCZRCDNT
BEfICTRALTEEN,

Write in detail about the points you feel need improvement for each item you
checked in the previous question.

ElEE AN

4. 7M., Z8R - CEREISVWELESIEATORBVLLET.,
If you have any other comments or questions, please feel free to write them here.

E&E AN

Fr— MEM ETY ., BBIOEERY EHLTIIZEN.
CHBAZDAESIZTETNELREL.

That's all for the questionnaire. Please press the send button "“%{E" at the end.
Thank you for your cooperation.

FAHEES

HARFARHELE

AR TS

) 275 - BRI —

EVI6EAER

manabe.kentaro@jasa.go.jp

029-284-3758

Contact

Risk Analysis Research Group
Nuclear Safety Research Center
Japan Atomic Energy Agency
Kentaro MANABE

E-mail: manabe kentaro@jaea.go.jp
Tel: 029-284-3758

¥

BiE IJA—hEIIT

Google 7+ — AT/ IAT— FEEELRWTCIEEL.

ZM T Y(E Google IMERF L REFZLEOTRENFEA- -FEEN - TS5/ E— MUz —

Does this form look suspicious? Li—

Google J A4 — /I

% 3-10 IDCC#HHAET 7 —h7+—2L (8/8)
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T4 & LT Publ. 155 /N SAF 7 — 2 3FIfT S iz, /N SAF 7 —Z 25\ T, £DT —
4 D IDCC ~DHLIAF & AFRHER Sy B OFMRIZ K 2 N 715D IDCC ~D F2%E 4 FEhE L 7=,
Z O OMFE KRR & 72 D Sy EOFET L TY X LAOSKE, FEEER] Sy 0 NE 715
(2% 2D 2 Y PEMERB ISR TR D b D D ABR 4172 ICRP TIIT#) % IDCC 12k S 5 & Ak
VAR ST, £o, SR 6 FEFITTITRIAATH -7 EIRPart 1 IZTOWTiX, R 7
M SN Y F 7 LAOLHPEERTT AL BN EREE BB TH D 2 & 2R
L7z,

FAfr RS OB BT 2R OMEHI B W TIL, EIRPartl K7 7 b OFEERICES
&, OIR ¥ U —XDIbF A L DU, 7 R ORERE S ISR D Mt 2 il U
7=

ICRP |23 1T 613 < MR EFHIBE T T OFA L LT, EIR Part 2 O K7 7 M&FHA L,
OIR ¥ U —X & OhERZ I LT,

a— ROF MR Lo 7= OF7E Tid, IDCC RAS % 3 [FBE L, 2T S 2 HEED
b a— FOMBEWBEFOMREBICET 22 mMR T 4 — RNy 7 24572, £72. NEIERE
A BT 2 i E B IDCC HEEEHI DWW T b B REEAITV, WESEEH L, &
BT, T4 Y b—7 « R RERER BN TT —AHE L, MTOEMZE - HifiFIC b
AKa— RO & B A A FElE L7z,

PLEZE Y EFoOBREFMHAET V-« 7 —% O IDCC ~DRIAFIZ X D@L T &
EBIT, FIHENSDT 4 — RNy 7 25 TEENT S om RIZmiT 28 25T 5 2 &
MTET,
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WATE B R 5 HLBICE A OO B L 1 7 B

41 HMEOERBNE

B0 S AR REIETIL, 2007 FFEIE OIES ~O BN # B HEE O S E 28 B RO BL
G ~RIAETRBEZRA D720, ENOBE P F 0B B i 0 & B 2 Y i A % e
L. BEA e B E B AT 5 L CRUE T R EFHIEOMGT T N & FH A L 72 [24], £ OfE
. NEBIE < ICB LTk, FFATHFEE OB E TO RIEESROBERS 2 KO 3 O R
WMERET 2 2 N T, £, Bl s LT RUBE S /RICIE T & BRI T35
OFEFED LB LIZBWTIE, OIR YU —XDNHEEZOFEFEATLHOTIERL, Hxlly
Bamad 52 & CilE TR EHE 2R T 5 2 L ANk L . FEOABMER W BT
HREHEMERSH D Z N mhoTz, IMNBHHIEICEI L Tid, ARG & U iU AR iE % L
FREFHMOFEFIZNEE L T2 &b H V| FFr HEESE T RILEE S R O Eoh# ErR 5L
NS, BT A nESEE AW OB ICHRETMMEZIT OB LFIEZAFLTVWD Z R
A LTz, 202 &6, RUBESERICINETT 2 EZhf &5 o fiE LI B3 2R o
T2OITIE, BREAEAML Z 0 B2 S U 72 S48 O 72 W R B i 5% 1 k9 5 R O B SR
ST, BEREZEHT 537 A= CB LT, MEERRE, MR EROEKEIZONT
LHRFAEZ AT o 72, T ORER, 1FERFM K OPEREICOWTIE, oS, 7 — X IS5
XN LR gnoT, BKEICOWTIE, L L TR LGS ETOR LnldEIER -
DB IR TS, EBIO MR LD, (EROEME L IZIER UKHETH D 2 LB S
7-[24],

B 6 AFFEFEFETIL, 2007 FEENE OIES ~DO AN 7 FLEE O S E 28 i BR O 8L
P~ RAE TR B 5 B 0 FHA Akt L C M L7z, HFIC. RIBEEROSEIEL I
3% ERR LR A R T RIR O RIRM 2 R T 2720, K= R 1B ELAR A B
PRI & 7 DR A S & LT, £72. IR IR OB O BT HE D H 2
IR EUA B BEOFHEOT=d DU A BTV, RT A —2 BT 2 5 oA
[ZOWTHfle RN L7z, S 512, RIZESRICIE, V7 ~—U 3 VRIS IR RE
HINFH SN TWAZEEZEZEEL T, V7 ~—V g VBRI T HREREZEHNT HI2HT-
> TOEIZHONT BRI LT,

42 RIBELRICET DY A

421 FHEDIIE

RI B EE ROWIEICET 2 B2 HRET 5720, S SEEICH i &, Rk
DEFEZEL, FRITHFLZEL L L THITA- TWDRMEE TR LTI F88 2 %5 L
Too M6 AT, FRHC RIFESROBIERE S (0.01 MeV 205 10MeV £ TOHFIHT 5
T8RN — U2 0 OFERE) LOBIERSE 6 (1x107°MeV 225 20 MeV F TOHPEFIZx
HI7NT U AT ) OFE) OZRRNEZHRET 5720, Ko ¥ —OHELIRSE 723
FER RS & 72 DNk, T 700 b IFE B U MR O Bl % 0 U BRI a0 & FF -
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ToIRBEIZ 31T D S HRE B . RO OFFR W HGEEF OFFAERE 2R & Lo, #4-1 12,
I FAEICH ITEAWTEEE O E & K4 2, B A, EREE 2508 L7z
FEFEANCEM L, HHSAERITF T4 E/ICL 0V FER L, EHEBIZOWTIL,
422 HTHEIZE L L HITRT,

F4-1 FEIRYREORE (WFRE)

WO & 7 1224 4,
SRR N FEEERKET A Y h— TG v 7 — B e
ST R
LR FIE N B R b 5B
A
BB TRAT 7 /L T

422 HHELY FREORE R

MY EICB T 2EME ZOERK, KOVERBA~ORIZEICOWT, BEE 2 &IZiT,
¥, BIEIE, Ol - FIEE PO ORIZEEZEN L THERGEESITL,
(1) s < BT 2 - M
R 1 BUEOFFATHGER:, A HXIECHEFT R A OMERITE D K 5 IZFHIE L7272y RI K
BRI 5 OBERE 6 2720 HDWVITE T B it TRl L7722,
B OBER : RUBESRINESE 5 LIRS 6 o Rz iiET 5,
[EIR=a
Rk 12 AR IERF O R R AI[46] TR SN2 FIETEE LTz,
JR - et v 2 —DES~NOVE R~ =2 7 L[47] (LT, HE~WEHE~ =270
EWVNVD ) ITEDSWTHE Lz, F~==o 7 VR OBRESRET, R &S RITESH
T2 B,
A AN ZERE LT, ZTREE TR, EAVWETE Y = 2 T VSRRSO BREARE A L T
RSN L7 BV TV D,
E2T AV aFRIEER LTV,
BEE 6 (FHET) IZOWTIEHBI LI Z B3y,

R 2 AR KRB R OMERZFHET DB, BIRFE S5 (10MeV £ TOXT) ., HlIF
6 QMeV £ TOFMET) O FNF—HHZE AT Z & OSSR NFHR SR L 72
STZEEZHDHN?

B OEX : HAE RIBEERICGGEHO RV R VX —#i, BSREIC OV T =— X DA
RS 5,

[EIR-g

TRV —HHE X 722 LT,
JGHHRAR O IBIN & L EE 72N,
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B 3 02007 AFEENE ICHEIL U 72 AR < SRR ARSI, ICRP @ Publ. 116 & L TARA X
NTW5D, HTFOMEREIT, RUEES SOBEIZT L, 15 keV LU T Tl 20~40%H 15
HZH0OD, 20 keV 5 3 MeV FEE E TIHIZIZER T, 4 MeV LA ETIEIREROME X VKL 72
Do HHEFIZOWTIX, 1 MeV FREEE TIIERDME L VIR 72D 1 MeV 725 20 MeV T
(TR 10%FREHINT 5, 2007 FEVE ODEAILSCEEHEO &H D HIZHOW T, BIfE, Ko
MEBES TN TH DN, MEREN LD X Y ICEFE SNZGA, SHhOEFEFF A H
ARG E BRI AT S D,

B OB : 2007 FE)VE OBAIIC L A BORFHRILZ HIET 5,

[EIEaa

AT W B 20, BEROFFHEIIITo 72,

FHEML > TEIEERS L AREENRH Y, FIMEALELEEZEZ TN D,

EHRAY =7 v 7 FIIRKIREOSFMETHEMA L TWAHIR% < il REEOLEDE
BN D ATREVED & D,

B 4 : 2007 FEYE & 52 TR ST RIS k9 2 AR S, (Publ. 116) 1E, 1EkD b
@ (Publ. 74) (T~ THURE & = R L —HA A KB ICIER S L7z, BRIz I ied
L2 N EWEZZ DHBIHEN & 5, KT R OHFPEFIZONWT, =RV —HiH 2§k
BRI R XD,

BEHOBEM : M EREIERO =— XD F EL2 T 2,

[ =R X —HPHOPEIR, RO BINTLEE 7R,

Q) WX BT 2™
B 52007 FEVE TliE, RNEIRETE 7 /Lo N R R AR O RINE A7 — Z OB FNIT LD
TR (RI Z 1 Bq B L 72RO FHFEENM &) N L, ZHITHEWVIREREE &4
t9 %, HLWBREREIIMRIUTOREME v /NS WME L 720 | FHRGIEICERER 2T
TLOREEIRE L U CIIMERBUTE D REWEL 22D, LR, —HoBRCEIS
fECid, BERENBITLV/NSWVEERDGERH D, HH L T DO ERE D
NS B Ik, EHMREEZ RETVEND L%, EBITRERD HHisIH D
Z 9 M
B OER : 2007 FE1E ORANIC L 2 EEBORFHRRZIET S,
[EIR=a
IRERENEDDEMIZONTIX, RETHLERH LN LI,
RERREE SRR SN DN S <. EBITHEBIT 20,
—EBRR BRI N T AR A > TV DA, EHFICEEIT RV E RIAA TN D,
(3) HEEOSEICBET 52EM
B 6 1 PRk 12 O U BRIE R B I EEA TR - RUBE S ROBAEIZ DUV T, Rl OfR R
RIMBHIS KT D TR E~OBRELREDBE LT INZ LIZx L TED L D Zexhic & Lz
Do FRK 12 4 10 AT S, ek 13 4F 4 AIChifT SN 7c, ZOMMIZ+5372 o720,
BHRIOER : 5O BARR 25 is 2 HifE L7z,
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WIEIZ A THBF R ZITV, LEITES U TR OO FLE U5 D28 B GE
Fehi Uiz, Fio. MERFHRE O ERMEOEENRERG AL, RIEZLE HFERFZEHA
HEOETEIT o7,
AN LTl 2 ENEE,
THEOTEMRICRERIZ 00, HIRE D &0 oxtih & o7z, ERHREIZL - EEW
FTRE,
RS TR O BOEIC bR 23 D o 72,
2 AFELINICHIEEICH A S5 5 OMEBEMAH A, TEELERIGAIT 2 FTHLH
[
B 7 1 2007 FEEYE OES ~OBAIIZOWT, RICHBEFIEILH 50,
BEMOEM : B ANUCHT- > THIS OB FEAZ RS 5,
[
WAV R~ =27 VAT 50T, IEFLRARICY =27 L HWE L TIELLY,
BRI ORE R, 16k & L TRESHEM LA WG I OW AR s 2 A B L5
BEAZPI L L TE LY,
ATETECAAURE, TR O#E RILEM LA E 2355 13K B O E M O 28 T 155 £ Tl T
AL 7o TV, JAMMARIE SN TE O AHEFFATHGFENES L CEEMNER LT,
4 HAEOELD
SN < ICBI LT, A RIFHERI G & Lg% Ik, LT IcBI T 2 &R O HIZ R
EERORIERE S EASVHE~=2 7 VOFALED) ZIEALTRBY, ErT7 e
ab—Ya bt TWie oo, FRIRE 6 ICE L Tk, 2RI TR oTz, £,
RI #EERICFEHE O ERERBUZHONT, BIATO Rl FESH RO L WEURHAE - =
INX—HAEBZ D =— R X2 o7z, £ LT, RI FEE/RIC 2007 FEENERD AS
NIEGEIE, FFR AR IR DM EREIL, EANICHFFMALE L Z X TWD I &R0
oz, —J7. WEBHIEITBI L TiE, 2007 81 OBUAIIC X 2 FFR3 rTHIGE ICFR D R & 75
BIIREZILWVIBHETHDLZ LBy hoTz,
HHIEEEOWEICE LT, THEORMEE E~VWoBEME) NUNEICRL L +50
RRBATHIRIN LI L EZ CWD I Engmoiz, -, BEEOKIEL & bz, MERDE
BB L RNV A~ =2 T VOREERDDLIERBRH T,

423 FREOHH

PR AT AR I3V T RI B &R OAMIIE < BRELRE O 28 oA £ D fiax 2 Hi iz
D A Lo, £ ORR, =0 —#iH OFLR-L B RIE D IB N 63 5 =— X3 7227
olz, 7272 L, ARIOBEY FEXGHE T, BT ORERBEOSRERFITR <. RI
BREERBIES 6 OBMERITILE TS ol

HLWEEEORANICE L TR, +a2BTHR 2 Z0RENZ < BITHIRIC SN T
DRENLETH L, £io, HaHlORR, BUR TRBIIEEED T 5256 OXIS Ol
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fBicky, FEEODEGAHLZBRE TX D, &6, EFICAEbEEE~WHE~=2T7 1
DLENLEEFN TV D,

43 WERIE < ORRERHIIZ AR 2 HHISCOE A EE OB S0 U A ITHR D s

=(ll

431 PHEXNRLIRDHNRTA—X

RS FEFEICH S E, REREOEHIIRD /T A =X OHREEITo 7o, RUHES
AR 2121, BEPERINL G OFEE G5 1) Z & ICLL T OBUEA R STV 5 [2],

52 MR VESEE SRR L7256 O FE R B AR
55 3 MR VESEE DS DRI L 72 56 O FE R B AR
5 AR VEREE DNVERRSL D A D oD 22 5 i FE R
55 500 2 M D B OHER T O FERREE
556 Al 2 Mk H B OPEAKH OB FERRE

%4 M OZEK P PRERE OB > ) U AiE, (EEFDEERER R, HREZ O O2R %2R
AT D EMGE LIz E &I, 1HBICOE 1mSy OFERBREICHY T HRETHH[40], DL
X, REREZEHTIICHTE > TONRT A= 1F, 1B HZ0 OVEERER, BAREM S 72
DOMREE RS,

55 M OVR 6 i OHER R R OEKHIREERREE OB T ) F1d, ARO & D — ADFHEAE
LTD 710 mEll72 % £ TOHRICOWT, HERERA LFET 5, F7213H0 AT KN T
PKTHDEMME LI &I, 7 ImSv LR BBETHDH[40], 20L& &, JRIERAEH
(AR D /XT A—ZE, 6 DOFRHEICKTH 1 BHT- D O EK OEKEL 2D,

432 NNTA—HFDOHE
B 6 R TIL, BKEICET D E 1 A LT,

European Food Safety Authority, Scientific Opinion on Dietary Reference Values of Water, EFSA
Journal 2010; 8(3): 1459. [48]

ZOWAEEL, BN 2R (EFSA) X 2RMEME R TH Y, FINE AN [E 2K
DBERT — 2 IR ENTZ b D TH D, ZOWEETIL, WL ONDOEREE L iR K&
ORAF LMK T 5 1 BHD 0BKE (ml/A) (72721, 0~6 » HRIZKLTIX1H
HT-VIRE 1kg H7-0 OE/AKE (ml H'kg")) BRI TS, £4-212, AREZOE
HEEAKEZ T, T, BTO RIBES ROPKFIRERE OB S, S
BT < R ONERBEIE < DOFEMEIZ LR D BATAIFES[40] TR a7 1 Hd7z D OFKE (ml/H)
EEDETRT, T DHEMOXSNRWIEEIEL T—) TRl 72, 1990 FFE)E I3
LU 72 AR KT 2 TR R OF A TIX, 3 » HIROEREREIT 6 kg [49]& STV 5D
Z &M, EFSA OREERIKED 3 » AIZHT 2 EIX 600~1140 mI/H & 72 5,

W & i35 &L SR B W TIBUT OIS OBKENRLLZ VL OO, #ih
FAKETHD EF XD,
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# 4-2 EFSA OFEMEE/KE & BT RI BEES R T S -8k

X4y EFSA OFEAEER K & AT RO FEET[40]
0~6 » H 100~190 ml/(kg H) 1400 ml/H (3 # H)
6~12 » A 800~1000 ml/H .

- 1400 mI/H (1 %%)

1~2 % 1100~1200 ml/H
2~3 % 1300 ml/H —
4~8 % 1600 ml/ H 1600 mI/H (5 5%)

9~13 J% B 2 2100 ml/H, %% : 1900 ml/H 1800 ml/H (10 7%)
2400 ml/H (15 7%)
2650 ml/H (5% )
AR A 2o 2300 ml/H —
Rt 2700 ml/H —

14 % LA = B 2500 ml/H, %M 2000 ml/H

44 V7<= a9 UEREICKT 2 EEEEICAR D Mt
441

RI &5 RmpNERE 2 121X, B 1O FERE IO W, [T ~—T g0 W) 55N E
ETOBEND D[2], V7 ~—Ta bl BV ABSEEED L O ICRAEBIRLTHITE
Ao EENIZIRY IAE T, ZORER, MRECIREZEY A E AV U PEEFED O OfF R LY
b, IR Ol O ZEKUAFAET D B & O R E D F 23T 5 2T K& WHIE ki
DZETHD, ZLTC, ZOXIRFEE b THEE Y 7 ~— Y a VR LIS,

BATO RI FEERBIES 2 BT DY T ~— g UERICHT 2 RERE L, Publ. 68,
ANNEX D 27 &5 FMf R[S & BT HH ST 5, T OFEDMRERAHIL, #
X< AR EFEMI G S MR IS > TV DIFD, MRZER CEENFEH A BITRO 5 50
) ICHARE T T ~— 3 VEHENTEE L TV DRI T DML < fraEg L | §F
RGO SGEICE FNAZERPICFE CRECHFEL TWAY T ~v— a VN D DK
R L DX MEREZE LADEZL DO E RS> TS, LT, MRSERZERIZE T
LY T~—Ta VDD ORRIC LA HIE< & NEIRE & RS, ICRP 1%, Publ. 68 @
YT~ =T a VI T D TR E R A B E R D, 2007 RIS ICYERL L 728 LUVVE
B B RAR A Publ. 151 (OIR Part 5) @ ANNEX A [14]& LTABI L=, L LARns, 4
M3 AEEREZERINTHRM L2 L 21T, O LWEDBRERGREIT, NERHIC X 26H=
FENBE ST, UEDOZ EnD, 2007 FRIEICESW =) 7 ~— a UEREITK
THREREICOVWTASERFEZED TV ICHTZ-> T, V7~ —Va Ik V2T rBE
A®W%%%®%5%AZOVTE%T6’&ﬁﬁ%f%éoK%Tﬁ\majmiﬁbk
2007 FEENE IS S ERHMEET LV - 7 — & % VN, OIR Part 5, ANNEX A (ZFE# D & 5 % A4
V\Twﬁy\79?%/&0#ﬁ//mn6#@_owa%%%’ié%@ﬁi$ﬁﬁ%
REL, NEHBEHOFEEAICOWTHRHF LIEREE LD, £z, ZEEOHEIIRIT
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TR O RIEOBEIZ L D R OBGELAE U5 2 & 258 L, OIR Part 5, ANNEX A (21X, ¥

HERRZEMICIN A C 3 MO R (FEF. EREXROAE) B T2 7~v—Va izon

THMBHIL I X 2 FEERBRED B I TN D, 22T, ZH O <RI (BLF,
LSRR & 9,) OEWVIZE DMERBEA~DOEZEIZONTHRE LT,

4.4.2 WNIEBRRHTIC K 2 ER BRI DR H A 1L
(1) Publ. 68 DFHE 75

e AGE % ET1 : A&, ET2 : #&5E, BB K&K, bb: i E . AL: il - &0 5
EOEIKIC X L, SHERICE TN DZEROEIN U BSiEs . SEkoREIZH 125
LTS EUE L, FFREGE ORISR 2 D28 Ok « IEs~OZMR R 2 HE L
72[42], FEMIZRETE L (20 & M Lo A0 2255 &, MR RUE O FEIE [ 2 & 25
DK - ffgs~ SAF %%) (X Bailey H[SO)ZFLHEiNH D421 D= & TH DM, LikaE AFT
=9 BRI R OMER T — Z 2 OWTHER T e o T,

(2) AFEETOIESIE

FEARBYRE 2 715 H[42] & RAE & Lo, MR ARGE O A FEI D 22 K& 12DV T, Publ. 66
[S1O% 2 % (BREFHITET L) IV, £ 43D EEY & L, ZKTIREN 1 Bym’® D
BAORBHRE S A TR LT,

U SE DA FEI D> & 228 DR + dgs~?D SAF I, Publ. 133 [33] (Publ. 110 [8]DFEHAERL
N7 7V RAICHASLS SAF 7 —%) ZFEHA L, 2oLk &, MRAGEOEFEROZER D HRIR
TEIK & 72 575, Publ. 133 IZIEERIC—HT D MRIREB X 313720, £ 2T, R 44 17 TH
JRfEIK D SAF 7 — % Z#{H L7z,

43 PMERAGEEEL 2 & OZERE[S1I R OVE D e

HEBK Ze5 & (em?) igtEe (Bq)

ET1 (Rif&iH) 2.5 25x10°

ET2 (4 #8) 340 34x10*

BB (%/&3) 50 50x107

bb (HIXUVE 30) 50 50x107
Al (ififa - FE) 4500 45x107°

44 PELRGERR Z & ORI
Atk R BRI Ak

ET1 (Fif&E) 225X ETl-sur (ET1 %)
ET2 (f&H) 22X ET2-sur (ET2 %)
BB (K& X) ZEX Bronchi (% 3%)
bb (MIXE ) 2254 Brehiole (A& 32)

X

Al (fitifig - &) 225 RT-air (FERYAGEZER)
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Sy EDFHEIZ IDCC ZFIH LTz, HEMNGLERIBHMOITRIIETATHY, ZNbDIL
KOEHENREET /LI IDCC IZITHAAENTE LT, FHENETTER, £2T, 2F
FREETNDT 7 A NI H I —F—% (] . &) 5 FlE~DBIT, BIrRk0) 28N+ 5
LT SMEDFFEEZFAT LI,

2O LTHRbLNTE SWEICHR 4-3 (R TRIREEE Z & OFUNREZ R LD 2 & THEIREIC X
DA RARK - Meigs O MR RS (Sv/ (s Bgm?)) ZFHE L7, PERIZ &ICHE L 7o Mg &=k
AL L ZHUC 2007 FFENVE OMMOINERE A 3 U GRS 2 2 & CHEMRERAE A
AR LT,

443 FHERER

BRI 1T K 2 S5 BB R U O R O %7 5516 DR RRE R &2 K 4-5 17T, £ 4-5
D FEFRERIBEL DI HRIE < DL Publ. 155, ANNEX A, Table A.2 @ Environmental (=%
FRZEf]) ¥, AFOFNTINBHIL < & NEIRETIC L 2 EERRBOEGFE. N
W5 BIE XN RIS X 2 SRR B BRI A AN < OB BRI O &3 D T2 SR AR
BTBRLEMETH S, 36 KD H 5 30 REIZHOWTIE, NEBHOHES5E513 0.05 LT T
bolz, —JF., Ar-37, Kr-83m TlE, FHEERNZNEI 1.00, 0.53 L7220 WHHRSIZ XL 5
METHERREWERLH o7, Ar-371E, 1 A S0 ITH SN D= R/LF—2 2.54keV
EIEFITIRLS, 2D H 89%D =R NF—RNA—T B E L THRBEENSG, 20X 972K
TRV X =BT K DML Tl REERE CESWINDTCOMEEZ G220, L
UG NEIRE T, REISAELTHD EWIGENS B OWRIIZ L DR EN 54
THZEMND, WEBHOEGEGN 1 7o 7-, Kr-83m X, 1 EEH-V ITHHEns
FINF—=N41.6keV THY ., ZDHH 9B%UDT R NLX—NEF (NHEHBREFKLOA—T =
EA) LLTHHEND, 20k ) RIEZ XL X—FFIC L DPMBEL TIXL IRIERED
FRREEZ T D, —H ., WERFICEWTE, MENMEREO KR E WITRSCKE 25 5 81
ENEREA LD, NHRFOTFEEENRREL holcbEZExbLD,
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#4-5 YT ~v—Ua VRO FELRERRE

- KRR (Sv/ (sBqm™)) PN 305 PR S
BRI < ARIEEES) &t FEEET
Ne-19 4.33E-14 1.07E-16 4.34E-14 0.002
Ne-24 2.33E-14 8.91E-17 2.34E-14 0.004
Ar-37 0.00E+00 7.21E-22 7.21E-22 1.000
Ar-39 9.89E-17 3.98E-17 1.39E-16 0.287
Ar-41 6.08E—14 7.09E—-17 6.09E—-14 0.001
Ar-42 1.09E-16 4.08E—-17 1.50E-16 0.272
Ar-43 7.50E—14 1.42E-16 7.51E-14 0.002
Ar-44 9.31E-14 8.14E-17 9.32E-14 0.001
Kr-74 4.33E-14 7.92E-17 4.34E-14 0.002
Kr-75 5.53E-14 1.57E-16 5.55E-14 0.003
Kr-76 1.68E—14 7.41E-18 1.68E—14 0.000
Kr-77 4.25E-14 8.35E-17 4.26E-14 0.002
Kr-79 1.03E-14 7.08E—18 1.03E-14 0.001
Kr-81 3.72E-17 6.57E-19 3.79E-17 0.017
Kr-81m 4.86E—15 1.66E—17 4.88E—-15 0.003
Kr-83m 1.86E—18 2.08E—18 3.94E-18 0.528
Kr-85 2.16E—-16 4.13E-17 2.57E—-16 0.160
Kr-85m 5.92E-15 4.20E-17 5.96E-15 0.007
Kr-87 3.94E-14 1.32E-16 3.95E-14 0.003
Kr-88 9.58E-14 6.91E-17 9.59E-14 0.001
Kr-89 9.44E—-14 1.47E-16 9.45E-14 0.002
Xe-120 1.54E-14 1.23E-17 1.54E-14 0.001
Xe-121 6.69E—14 7.46E—-17 6.70E—14 0.001
Xe-122 1.97E-15 2.35E-18 1.97E-15 0.001
Xe-123 2.69E—-14 3.45E-17 2.69E—-14 0.001
Xe-125 9.72E-15 9.81E—-18 9.73E-15 0.001
Xe-127 1.00E—-14 1.10E-17 1.00E-14 0.001
Xe-127m 5.47E-15 4.07E-17 5.51E-15 0.007
Xe-129m 7.89E-16 4.54E-17 8.34E-16 0.054
Xe-131m 2.97E-16 4.43E-17 3.41E-16 0.130
Xe-133 1.12E-15 3.34E-17 1.15E-15 0.029
Xe-133m 1.13E-15 4.17E-17 1.17E-15 0.036
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Lecture 1
Concept of Radiation Protection
and Internal Dose Estimation

Contents
® Concept of Radiation Protection of the ICRP

v" Radiation Protection/Protection Quantity

v Reference Person

v" Scope of Application of Protection Quantity
@® [nternal Dose Estimation

v" Characteristics of Internal Exposure

v Intake Estimation

v’ Effective Dose Coefficient

Radiation Protection

Effects of Radiation Expo;ure

Deterministic effect
* Thresholds exist.
¢ Increase of dose raises severity.

Stochastic effects
« Assuming no thresholds
* Increase of dose raises probability.

Severity
Probability

Exposure dose Exposure dose

Examples: erythema, hair loss, Examples: cancer, diseases of offspring
infertility, cataracts, etc. due to parental exposure

Purpose of Radiation Protection
Against radiation exposure,
* To prevent deterministic effects,
+ To contain probabilities to below acceptable levels.
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Protection Quantity

What is Protection Quantity?
Indicative quantities in protection against stochastic effects

« Equivalent dose of organ/tissue, T: H; (Sv)
e Effective dose: E (Sv)
Definition of the Protection Quantity

Hr = Z WrDrRr
R

T: organ or tissue

wg: a factor to reflect the higher

R: type of radiation biological effectiveness of high-LET
wy: radiation weighting factor for R radiations compared with low-LET
Dy y: absorbed dose averaged in T by R (Gy) radiations.
E= Z Wkl wy: a factor to consider the relative
T contribution of a tissue or organ to the
[ wy: tissue weighting factor total health detriment resulting from

uniform irradiation of the body.

Reference Person

Effective Dose Derivation Flow

Radionuclide Intake &
External Exposure

~

Female phantom
Absorbed doses, pf

Male phantom
Absorbed doses, p3*

| Wr |
Equivalent Equivalent
doses, Hy' \ / doses, Hf
Sex-averaged
equivalent doses, H;

Wy
| \

Ettoctive dose, £_|—LReterence Person | |CRD Py |, 103, Fig. 2

C ]
©
=
@
S
2
e
&
7]
o

e
1
@
o
3
3
©
4
o
3
=
@

Reference Male and Reference Female

|dealized adult male or female with characteristics defined by the ICRP for
the purpose of radiological protection

Reference Person

|dealized person for calculating (sex-averaged) equivalent dose and
effective dose

Protection Quantity is a value related not to individual, but to Reference Person |
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Scope of Application of Protection Quantity

Protection Quantity can be used for:
* Prospective dose assessment: planning and optimization in radiological protection
» Demonstration of compliance with Dose Limits

Occupational exposure: 5-year average 20 mSv/year (maximum 50 mSv/year)
ublic exposure: 1T mSv/year

Protection Quantity must not be used for:
+ Asessment of risk caused by exposure to radiation for specific individuals
* Epidemiological evaluation

* Assessment of deterministic effects (tissue reaction)

Internal Dose Estimaﬁtiﬁon

Characteristics of Internal Exposure
* Dose cannot be measured directly.
= Dose can be estimated only by calculation.
+ Exposure continues until radioactivity is eliminated from the body by decay,
excretion, etc.
= The accumulated dose over a certain period is assumed to be exposed at the time
when radionuclides are incorporated.

Formula for Internal Dose (Committed Effective Dose, E (Sv))
E =1 % e(1)

I: Intake (Bq)
e(7): Effective dose coefficient (Sv/Bq)
T: Committed period. 50 years for adults, up to 70 years old for children.
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Estimation of Intake, / (Bq)

Individual Monitoring
* Whole Body Counter (WBC)
* Urine or fecal bioassay

o

Activity in the body or excretion rate

WBC Urine bioassay

https://www.jaea.go.jp/04/ntokai/houkan/houkan_03.html
. . 100 T T !
Calculation of intake 2 E
& [0}
* Check time course data: ® 1o
Retention rate or excretion rate for s ]
unit intake of radionuclide =
g 107 -
Q E 3
b =
; ; 7 10‘30. ..l.lIA ..l....[2 Pam o 5
} Intake estimation 10 10 10 ~

Days after ingestion (day)
Retention rate of ingested '3’Cs in the body

Effective Dose Coefficient, e(1) (Sv/Bq)

Calculation of e(T)  Need to consider

+ Behavior of radionuclides in the body,
= Where and how many disintegrations occur
* Energy deposition due to radiation emitted in the body

©
— Excretion ’ Very complicated and impractical to calculate each time

* Radionuclides
=+ Movement of radionuclides
== Radiation

X Energy deposition

ICRP's e(t) data

v Dose coefficients for each nuclide, chemical form, and intake route are
developed and published.

v e(7)s in line with the ICRP 1990
Recommendations are widely used,
For workers: Publ. 68
For members of the public: Publ. 72

Effective dase coelficients (Sv Bq ')
Annals of the ICRP Inhalation, e,a{50) Ingestion
Nuclide 6 Twe 1 1 4MAMAD SxmAMAD f ul50)

Bydzogen
Teitiated 123y See Aavex C for inhalation doses 1000 peen
ater

asr 12,9y See Annex C for inhalation doses 1.000 42811

Beryllium

Be-7 $3.3d M 0.008 4.82-11 4311 0.005. 2.88-11

s 0loos sl2e-i1 dleE-1n

Be-10 1.60806y M 0.00% §.18-03  6.78-08 0.008 1.12-08
s 0.005 3.2E-08  1.9K-08

https://www.icrp.org/publication.asp?id=ICRP%20Publication%2068
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Lecture 2

Calculation Procedure of Effective
Dose Coefficients

Contents
@ Calculation Flow
® Used Models and Data
@ Exercise:
Calculation of Effective Dose Coefficient for inhalation of HTO

9
Calculation Flow
Biokinetic Nuclear decay Radiation absorption Radiation weighting
models data fraction data (SAF data) factors (wg)
| | 1 | |
2 7
Accumulated number of disintegrations Equivalent dose to a target tissue per
in each tissue or organ disintegration in a source region (S,,)
| |
7
Equivalent dose coefficient, h(1)
Tissue weighting
factors (w.
Vv (wy)
Effective dose coefficient, e(t)
10
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Calculation Flow

Biokinetic Nuclear decay
models data

Radiation absorption Radiation weighting
fraction data (SAF data) factors (wg)

7

\

I Accumulated number of disintegrations I Equivalent dose to a target tissue per

in each tissue or organ
==

disintegration in a source region (S,,)

Legend
Models and
data
Calculation
result

¥

Equivalent dose coefficient, h(7)

Y

Tissue weighting
factors (wy)

Effective dose coefficient, e(T)

11

Calculation of Accumulated Number of Disintegrations, @

Biokinetic
models

Nuclear decay Radiation absorption

data

fraction data (SAF data)

Radiation weighting
factors (wg)

I
¥

Accumulated number of disintegrations
in each tissue or organ

Equivalent dose to a target tissue per
disintegration in a source region (S,,)

Used Model and Data

|

[ Equivalent dose coefficient, hy(t) I

Tissue weighting

I Effective dose coefficient, e(t) I

factors (wy)

Biokinetic models

Respiratory tract model (common to all elements)
Alimentary tract model (common to all elements)
Systemic model (element specific)

Publ. 130

Publ. 100

Workers: Publ. 134, 137, 141, 151
Public: To be released in the future

Nuclear decay data (half-life, branching ratio)

Publ. 107

-6
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Biokinetic Model Common to All Elements (1)

Respiratory Tract Model: Publ. 130 (OIR Part 1)

v" Kinetic model for material deposited to the
respiratory tract and their removal from the
respiratory tract (clearance)

Extrathoracic

Anatomical regions of respiratory tract

A

il Jpe— _°° Emironment
15
oot | [y | [ %] o |
10
Bronchial
BBueg BB
0.001
02
ronctiolar - ‘mT‘ n
0.002
- . P_ubl. 130,
interstitial . 001 Flg. 3.4
horacic
Particle Transport (Ciliary movement) Clearance Model
Deposition Deposition
g L v
Rapid Slow
dissolution dissolution
lbsv s
(1-£)S, 5 (1-£,) s,

|

Blood

|

Blood Absorption Clearance Model
Publ. 130, Fig. 3.5

Biokinetic Model Common to All Elements (2)

Alimentary Tract Model: Publ. 100

v" Kinetic models for radionuclides
ingested or cleared from the

respiratory tract

v This model simulates absorption
of material from alimentary tract
contents (primarily small intestine)

into the blood

Ingestion—>| oralcavity [2]  Teeth i —
s contents | I |
=1 phs
I h ______ A
: | Respiratory ' : [
. | T | tract | |
: I Oesophagus | | _ _°7_ _ I I I
' | Fast lew | RO
| Boog | YT ==
| o : Stomach [ Stomach |, : Liver | 1
:secretovw w‘le“'s wall = :
| organs T — b siadies
| including }%Smﬂ;eg-r-eizsmmeam_)
! |IV3I') | Pofhl
: ! ‘L vein
I - .
I Rightcolon [ Right colon
IL i c'gmems < QWI —
o l
Leftcolon |->f Leftcolon
contents (& wall >
v
Rectosigmoid [—>{ Sigmoid colon L)
contents  |&~ wall
L Publ. 130,
Facces Fig. 3.6

Alimentary Tract Model

14
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Element Specific Biokinetic Model

Systemic Model: Publ. 134, 137, 141, 151 (OIR Parts 2-5)

¥ Consider the difference in metabolic pathways for each element

Oral Salivary («— " Thyroid |
: . “Thyroid
w glands lodide Ty ‘
in blood 2 lodide
(Blood 1) < T _ 1
= = 5 2 <= Oréanic
tomacl tomaci ¢ jodine 2
contents wall Organic =
iodine
J/ in blood i :
Small —— - (Blood 2) | Other1
inte‘stinte Organic [ =
contentsy ~| iodine - ' I
) _Zh%% | other2 |
lodide = MR
15 Other iodide
Colon . — |
contents | Liver |
oiticrs 8 - | .| Urinary
er3 8 — i bladder
2 lodide
Lt éé 1 contents
Faeces B i
[ Faoces | Hone
3 T Urine

Systemic Model for lodine
Publ. 137, Fig. 5.2

Other 1
Other 2

i

Plasma

Lung tissue

Adipose tissue

Heart wall

i

Red marrow
Trab bone surf | 4
Cort bone surf Vol
RBC
Cartilage

Kidneys
UB cont Skeletal
[ UBcont | | Skeletal |

Urine

i

Systemic Model for Cesium
Publ. 137, Fig. 6.1
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Nuclear Decay Data

Nuclide Specific Data Concern_ihq Decay: Publ. 107

v" Decay mode, branching ratio
v' Half life (decay constant)
v" Type, energy, and yield of radiation

} To be used in this section

v’ Beta-ray energy spectrum data (for beta-ray emitting nuclides)
v Neutron energy spectrum data (for spontaneous fission nuclides)

[ DPiot Jr - [ Co-60 Photon Line Spectrum] - a X
B Fie Edit Jext Options Info View ow Help  Buy DPlot -& X
e e vz QEREE = AEAN| %

B File Edit Text Options Info View Window Help BuyDPlot
de 2| v7|HEUEEE» a8 4

€] DPlot Jr - [ Cs-137 Beta Spectrum] — o

Co-60 Photon Line Spectrum

Photons
Xrays
Gamma-rays

i

1E5 E3 25 000 oomsanat 002 0008 o2z o
Photon energy (MeV)

n
g & =

0.0001

732

Yield per nuclear ransformatio
Womom BB
fom

IEEER

Cs-137 Beta Spectrum

P(E) (MeViny

012 03 045 a8 0%
Electron Energy (MeV)

105 12 138

%=0.4731699, v=0.1007836
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Calculation of Accumulated Number of Disintegrations, @

1. Construct a compartment model

Inflow: transfer from other compartment
and/or production by decay

l/\in
Compartment, (

l)\out

Outflow: transfer to other compartment,
excretion, and/or decay

a,(t): activity of the object

at time, t (Bq)
A: Transfer coefficient (d-1)

3. Make ODEs for all compartments
a simultaneous equations

(da, (t

aét( ) = Inflow, (t) — Outflow, (t)
< .

da,(t
Last() = Inflow,, (t) — Outflow,, (t)

nuclide in the compartment i

2. Formulate ordinary differential equation
(ODE) of a(t) of the compartment

Inflow and outflow by transfer is described as:
da; (t)
T = Ainapreceding(t) — Aourai(t)
preceding(t): activity of the preceding

compartment at t (Bq)

Inflow and outflow by decay is described as:
da;(t)

T = Ap,parentrbaparent(t) = Apai(t)

A parent: decay constant of the parent nuclide (d-")
ry: branching ratio to the object nuclide
Aoarent(t): activity of the parent nuclide at t (Bq)

Ap: decay constant of the object nuclide (d-T)

4. Integrate ODEs numerically

T
di = f ai(t)dt
0

17

Calculation of Radiation-weighted S coefficient, S ,,

Biokinetic Nuclear decay Radiation absorption Radiation weighting
models data fraction data (SAF data) factors (Wﬁz
| || l |
7

in each tissue or organ

Accumulated number of disintegrations

Equivalent dose to a target tissue per
disintegration in a source region (S,,)

I Equivalent dose coefficient, hy(1) I

Tissue weighting
factors (wy)

Y

I Effective dose coefficient, e(t) I

Used Model and Data

Nuclear Decay Data (Energy and yield of radiation)

Publ. 107

Radiation absorption fraction data
(SAF: Specific Absorbed Fraction)

Adult: Publ. 133
Children: to be released in the future

Radiation weighting factor, wy

Publ. 103

18
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Radiation Weighting Factor, wy

Type of radiation Wy
Photon 1

Electrons, muons

Proton, charged pions 2
Alpha particle, fission fragments, 20
heavy ions
Ridubeis Function of
energy

25 T T T T T T T T T

»n
=)

o

=~
=)

Wp =

2.5+ 18.2¢~Mn (Ea))'/6,
5.0 4+ 17.0e~Mn CE/6,

E, < 1 MeV
I MeV < E, < 50 MeV

Radiation weighting factor

2.5 4 3.25¢"In O0EP/6 B < 50 MeV

o

0 B Sy PP GO DR, BNORI-T PR PO LI
10" 10" 10° 10" 10° 10’
Neutron energy / MeV

Publ. 103, Fig. 1

10*

19

Radiation Absorption Fraction Data

Specific Absorbed Fraction (SAF): Publ. 133

v" Fraction of energy emitted from a source region and deposited in a target region
divided by the mass of the target region, unit: kg~

v" Evaluated with Reference Computational Phantoms (RCP) and Monte Carlo codes

v" Developed as a function of discrete energies for each type of radiation, for each
combination of 79 source regions and 43 target regions

Energy Range

eisdl &3 Photons and electrons: 28 points from 0 to 10 MeV
in - Alpha particle: 24 points from 0 to 12 MeV

0.008 0.01% 000 0.0%

SI0E-01 2.0T1E+01 1 .45E401 8. SAE 0
25004 2 B21E-03 B

106 5-701E-07 2.501E-4

I &t =4

RCPs for adult male and female:
A shape is represented by a stack
of small rectangulars (voxels).

Pttt aa i ittt sttt
23k A5k Aac
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Calculation of S, (rrr)

Formula for S (rr<rg) (Sv)

Sw(rp < rg) = CZ WRZ Er;Yr;®(rr < rs, Eg;)
7

R

=
ry: target region

rs source region
¢: constant for unit conversion () MeV-1)
Eg  energy of the i-th radiation of radiation type R (MeV)
Yr: yield of the i-th radiation of radiation type R
L D(rr—rg,Eg ): SAF for Eg; from rg to ry for (kg™

107 —
SAF for a given energy (Eg ) i
v" Interpolate SAF data with PCHIP: !

; ; ; o 2 1072k
Piecewise Cubic Hermitian =
Interpolation Polynomial S F
O Data
10_3c — Interpolation by PCHIP
102

Photon energy (MeV)

1077

21

Calculatiqn of Dose Coefficients

Biokinetic Nuclear decay Radiation absorption Radiation weighting
models data fraction data (SAF data) factors (wg)
¥ ¥
Accumulated number of disintegrations Equivalent dose to a target tissue per
in each tissue or organ disintegration in a source region (S,,)
1 |
¥

I Equivalent dose coefficient, hy(t) I

Tissue weighting
factors (wy)

A 4
I Effective dose coefficient, e(t) I

Used Model and Data

Tissue Weighting Factor, wy Publ. 103
Target Region Fractional Weight | Publ. 130

22
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Tissue Weighting Factor, wy

Organs and Tissues, T Wy
Red bone marrow, colon, lung, stomach 0.12
Breast 0.12
Gonad 0.08
Bladder, esophagus, liver, thyroid 0.04
Bone surface, skin 0.01
Brain, salivary gland 0.01
Remainder*! 0.12

*Adrenals, extrathoracic region, gall bladder, heart, kidneys, lymphatic nodes,
muscles, oral mucosa, pancreas, and small intestine, spleen, thymus, prostate (males
only), and cervix (females only). The value of w; is applied to the arithmetic mean of
H; for the tissues included in Remainder.

Some organs and tissues consist of multiple target regions

23

Target Region Fractional Weight, f(r;,T)

Organs and Tissues T Target area ry fire,T)
. . ET, 0.001
Extra-thoracic region (ET) T, 0.999
Bronchi 1/3
Lung Bronchiole 1/3
Alveoli 1/3
Right colon 0.4
Colon Left colon 04
Rectum and sigmoid colon 0.2
Lymph in ET region 0.08
Lymphatic nodes Lymph in lungs 0.08
Lymph in whole body 0.84

24
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Calculation of Dose Coefficients

Formula for Equivalent Dose Coefficients h(rI ,T) of the target region Iy

A T) = )" > (s, ™) Sulrr < 15);

iz i-th nuclide of decay chain
@(re,7): number of disintegrations per unit intake at ry during T (Bg™")
Su(rr—rg): equivalent dose from r; to re per disintegration at rs (Sv)

Formula for Equivalent Dose Coefficient h(t)

HOEDWICRIICRY

Formula for Effective Dose Coefficient e(1)

@=Y [h%“ @ h!ﬁ(r)]

T

hM(z) : Equivalent dose coefficient to the male reference phantom (Sv/Bq)
hE(7) : Equivalent dose coefficient to female reference phantom (Sv/Bq)

25

Exercise: Calculation of e(1) for Inhalation of HTO

Intake Conditions

* Inhalation of HTO, 1 Bg by adult male workers
* Weight: 68.8 kg

Biokinetics

 All inhaled HTO is immediately transferred to the blood and
distributed uniformly throughout the body.

* 97% of HTO is excreted with a biological half-life (7,,,): 10 days.
* 3% of HTO is excreted in T,;,: 40 days.

Physical Characteristics of 3H

« Half-life Tyl 12.3 years (4,500 days)
+ Emitted radiation: 3-rays of up to 18.6 keV (average 5.7 keV)

(Assuming that all of B-ray energy is absorbed where the 3-ray is emitted.)

26
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Calculation of Number of Disintegrations in the Body, G

Effective Half-Life of Whole Body (Tef)
1 1

Biokinetics of HTO

Inhalation 1

0'97/89/ \%q Tt Toio ! Tony
Tony = 4,500 (d
Whole body 1, a,(t) | | Whole body 2, a,(t) phy (@

\l/ 7—bio,1 :10d J/Tbio,z :40d Teff,1 =998 (d)
Tetr2 = 39.6 (d)

Excretion Excretion
Calculation of @,
t t

1\ rem (7 1) /Tersi a1(0) = 0.97 (Bq)

ai(t) = ai(O) X (E) » a; = fo ai(O) X (E) dt az(O) — 003 (Bq)
lLff'—it £ Aeff,l =8.04x1077 (S_l)
_a(0) (1) nz degez = 2.02 x 1077 (s71)

Aetri | \2 0 7 =50 (y) = 1.58 x 10° (s)

d; = 1.206 x 10°
= {al X B Number of disintegrations in the whole body, Gy 1.35 X 108

i, = 1.483 x 10°
27

Calculation of S Coefficient, S, (ry<ro)

Calculation of S, from whole body to each organ and tissue

* HTO distributes uniformly throughout the body
= S, (rr—=Whole body) is the same value regardless of r;

* All B-rays (Egayerage = 5-7 keV) are absorbed where the B-ray is emitted
* Weight (M,yp): 68.8 kg

@

SW(T < WB) = EB,average X ¢/Myg
=733 K10 Sy

(c : constant for unit conversion, 1.602 x 10~ J/keV)

28
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Calculation of Effective Dose Coefficient, e(1)

Calculation of Equivalent Dose Coefficients, h(T)
* hy(1) is obtained by integration of G and S, (T—WB)
* Gye 1.35% 108 Bg~", S, (T—WB): 1.33 X 10-17 Sv

S, is the same value regardless of T due to uniform distribution of HTO.

€

h-(1) = 1.8x10-" Sv/Bq

Calculation of Effective Dose Coefficients, e(T)

e = ) ha(@wy
T

= 1.8 x 101 Sv/Bq

29
Lecture 3
Let's Use IDCC
Contents
@® Calculation of Effective Dose Coefficients
® Estimation of Intake
30
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Example 1

Calculation of effective dose coefficients

Nuclide: %0Sr
Route: Ingestion
Chemical form: Oxide

31

Selection of Function

Intake age {d} 230 il Periadid]
Age 21 Montn Day |

Intake
| cs3z [ingestion ™)  Desesman
Niteat

o c ulphale:.
Alimentary material | total-diet I
Systemicmatenial  non=
Calculation stage

S-Coefficient -
 Radiation weighting factor
|—Alpha— - Elactron | —Photan

prveal

Select "Acute unit intake”

from the pull-down menu of
“Evaluation mode”.

32
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Selection of Nuclide (1/2)

 Ipcc - o

X

Output directory

gt _Ghange || save |

| Reset |

waUGL | cnange ||

Evaluation mode
‘ | Acute unitintake

Exposure

Genaer als -

Subject |worker  iwjAge
Intakeage(d 000 Periodid]
Age 2. Wonth Day

c lingoston 9] wnosne
Chemicalform | CaestumChioride.Nitrate Sulphate: ... %]
Asimentary material | totak-ciet )
Systemicmaterial 1 -

Calculation stage |
s
" Radiation weighting factor 1

o0 o ) ke

Internal exposure

@ Push the button showing

nuclide’s name placed
in upper left of “Intake” frame.

(2 The periodic table dialog appears.

@

H Nuclide X
|
|
|

o1 |0z |03 |o& |05 |os |07 |os (09 |10 |11 |12 |13 |14 |15 |16 |17 |18 |

H (He)
) (8e) ® c N © ® N |
0Na) (Mg) W ) P s () )

K) Ca (Se) (Ti) (C (Mn) Fe Co (N) (Cu) zn (Ga) (Ge) (As) (Se) (BN (Kr) |
(RO) ST Y Mo Tc Ru (Rh) (Pd) (Ag) (CO) (m) (Sm) Sb Te | xe)
Cs Ba Lla (H) (Ta) W) (Re) (0s) Ir P) (Au) (Hg) (M) Pb Bi Po. () (Rn) |

(F) Ra Ac |
Ce Pr Nd Pm Sm Eu Gd To Dy Ho Er Tm Yo Lu
Th Pa U Np Pu_Am Cm Bk Cf  Es Fm (M) (No) () |

3

Nuclide Notice Parentheses indicate slements for which no internal
expasirs modal data IS avallable or ot defined

Selectign of Nuclide (2/2)

(@ Select “Sr” from the periodic table.
Then, isotopes of Sr are shown in the “Nuclide” frame.

@ Select “Sr-90" from the "Nuclide" frame.

(® Push the “OK” button.
Then, the periodic table dialog closes.

# Nuclide X
@ Periodic table
01 |02 |02 [oa (05 |05 |o7 (08 (09 |10 |11 [12 |13 |14 |15 |16 |17 |18
H (He)
w) (@) ® C MW © ® N
(Na)  (Mg) @ @ P s () (A
(K) Ca (S¢) () (M (Cn (Mn) Fe Co (W) (Cu) Zn (Ga) (Ge) (As) (Se) (Bn) (Kn)
(Ro) St Y Zr Nb Mo Tc Ru (Rh) (Pd) (Ag) (Cd) () (Sn) Sb Te | (te)
Cs Ba La (H) (Ta) W) (Re) (@} Ir (PY (A (Hg) (M) Pb Bl Po (A) (Rn)
(Fr) Ra Ac
Ce Pr Nd Pm Sm Eu G4 To Dy Ho Er Tm Vo Lu
T Pa U Np Pu Am Cm Bk Cf Es Fm (Mg) (No) (L)
‘Nuclide: Notce - Parenineses indicate slements for which na:intemal
@ sr79 225m . exposure model data Is availtie of not defined
5180 106.3m
Sr-81 223m
582 25350
sr83 3241
Sr-85 64.84d

Sr-85m 67.63m
Sr-87m 28150
Sr-B9  50.53d

Sr-91 9630

B
Lo ] omen | 34
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Selechipn of Intake Route

# 1pce — o x

o = | ¢ Select “ingestion” from the pull-down

menu placed in upper middle of the
- | "Intake” frame.

i

| change

[Evaluation mode
| Acute untintake l,‘J‘

Exposure
lGender 2

| [worker__iw|Age
\Intake agefdl 70 Periodid]
1Ane 20 Honth (- Day

[ Intake
sre0 |
Chemical form

Alimentary material

Systemic material

| Calculation stage |

S-Coefficient
" Radiation weighting factor
‘ Alpha ‘ Bactron Phelay

35

Selection of Chemical Form

o == | ¢ Select the appropriate chemical form the
Lo “Chemical form” pull-down menu.

Output directory

J e | "Oxide” is not titanate.

+ Select "AllOtherChemicalForms
_— 2 (Strontium)” in this case.
::;zz \worker 17)Age
Intake age [d} 7200.0 Periodid]
A7'9e 20 Month | Dagu
“““"‘;FM ingestion  hw|  Eeposiar ) ) )
chemicaitom  [Swoniumtianate The options shown in the “Chemical form” pull-down menu
.

::““‘l’””f'::" kbt st change depending on the selected element.

Calculation stage
S-Coefficient

 Radiation weighting factor
1— Alptia—| -Elscivon- —noton - Laic

e

36
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# e = (=) x

Calculation condition

 Output directory

Evalvation mode:

Exposure
Gender =
| okl Age
\Intake agefal Periodid]
1m 20 Honth (- Day

[ Intake

Chemical form
Alimentary material 1ot} =l

Systemic material 10/

Calculation stage
S-Coefficient

" Radiation weighting factor — "~
‘ i e | ‘catcuiate

‘ Alpha—| 1 B=ctron — Phlal

HEF PO PR T T IR ®I

Stage Transition

'+ Push the “Calculation stage” button
after the conditions are set.

The conditions are fixed, and the stage
moves to calculation stage from
condition setting stage.

The IDCC runs for some time to gather
data required for calculation.

You can go back to “condition setting
stage” by pushing the “Calculation

stage” button again.

37
Calculations of S-coefficient, S, (1/2)
e Push the "Calculate" button
} in the "S-Coefficient" frame.
(S =] -
|
[
38
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Calculations of S, (2/2)

Calculation

BN SHtige

Output di

Gender EE - i
Subject okl - Age

Intake age {d} 73t 0 Periodid}

Age: 2( wonth Day
| Intake

Chemical form

Alimentary matedial 1t 1%

Systemic material 100

s
| Calculation stage |
S-Coefficient
" Radiation weighting factor E
Run.. | | view |

‘ Alpha ‘ E"‘Av,w-u‘ Phntay

‘ Calculate | Vi

A b D D 4 40 AP D 4] |

+ IDCC runs to calculate S, of Sr-90
and its progeny, Y-90.

» The "Calculate" button changes to "Run”
while the calculation is running.

« The "View" button becomes active
when the calculation is completed.

39

Calculation Results of S,

IDcc - o X
Calculation condition
it nan, e
sl
Output directory |
WOHAGLINGULD Change ‘
Exposure
Gender
Subject wokel - Age Ve
Intake agefd} 73001 Periodfd] 82500
Age =0 Honth Day |
Beposs
Chemical form
Alimentary material (-
Systemic material 0
et niaks ssfima
| calcuation stage | O
: peilos calcusat:\

‘ Calculate By

(D Push the "View" button in the "S-
Coefficient" frame.

(@ A dialog box showing the calculation

results appears.

S-Coefficient X
o Unit S-Coefficient
( Z) svint ‘ Target | Source 7300.0 |
S - | O-mucosa O-cavity BABTT6E-14 0
Gender Qesophagus  O-cavity 21423E-19 D
male ‘L Ststem O-cavity 10743620
rrrrrrr Sk-stem O-cavity 6.08544E-22
Nuclide RC-stem O-cavity 22623622
Sr-90 ,L LC-stem O-cavity 269775621
RS-stem O-cavity !
) ET1-bas O-cavity 184285618
[ Systemic source —— || ET2-bas O-cavty 202519E-15
[ other v LN-ET O-cavity 9.1075E-16
— |5| | Bronch-bas  O-cavity 3.26745E-20
[ Bronch-sec O-cavity 3.26745E-20
Behiok-sec O-cavity 331334E-20
Al O-cavity 331334E-20
LNTh O-cavity 9.34851E-20
R-marow O-cavity 115064E-17
Endost-BS O-cavity 1.90305E-17
Brain O-cavity 394946E-19
Eye-lens O-cavity 4.54463E-19
P-gland O-cavity 144903618
o Ty | Tongue O-cavity 355858E-13 o
oK { Cancel

40
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Calculation of Effective Dose Coefficient, e(t) (1/2)

 Iocc - o

| Calculation stage |
S-Coefficient
" Radiation weighting factor

‘ Alpha ‘ Bactron - Pholol | catcuate | | view

\ S asealllin

» Puss the "Calculate" button in the
"Internal exposure” frame.

41

Calculation of e(1) (2/2)

¥ Ipcc = o X

Exposure
Gender

Subject Wokal - Age
Intake agefd} 73001 Periodfd]

Chemical form

Alimentary material 1065/

Systemic material o=

| calcuation stage |
S:Coefficient

* Radiation weighting factor ™
|~ Atpha— -BciTon - Poton -

Caleulate | | View.
| 200 || wa || wao

IDCC runs to calculate e(1).

The "Calculate" button changes to
"Run” while the calculation is running.

The "View" button becomes active
when the calculation is completed.

42
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Calculation Results of e(1) (1/2)

# Ipcc — o x

e —— (D Push the "View" button
in the "Internal exposure" frame.

u
en

e Age

@ a Periodid]

20 onth Day
Intake
Chemical form
Alimentary matedal 11151
Systemic material (/1=

| Caleuiation stage |
S-Coefficient
" Radiation weighting factor — "~ -
‘ Alpha ‘ Eisction’| - Pholai) | _Catcusate | | view |

‘ Calculate View |

Calculation Results of e(1) (2/2)

@ A dialog box appears. Select the "Dose" tab.

3 Select "both” from the "Gender" pull-down menu.

@ The effective dose coefficient is shown in the "Committed
dose” frame.
This calculation yields 2.386 x 108 Sv/Bq.

%! Internal exposure X

Acuvn}[ (Dose | |‘..er.. (\4/)
Gender’ Intake day o e Unit ‘Committed dose -
@ | oth = | 73000 ‘Mu || ltem |18250.00d) |

Tyie Effective90 Effective 23880-08
eleti | Piot

Time(d] | Effective |

10E6  7547e-17

S0

20E-6 1.617e-16
3.0E-6 2585e-16
40E-6 3.658e-16
5.0E-6 4.836e-16
6.0E-6 6.116e-16

7.0E-6 7.499e-16
8.0E-6 8.982e-16
9.0E-6 1.056e-15

1.0E-5 1.225e-15
2065 3.428e-15
3.0E5 6513e-15
4.0E-5 1.039e-14
50E-5 1498e-14
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Exercise 1

Calculation of effective dose coefficients

Nuclide: 137
Route: Inhalation
Chemical form: Elemental gas

45

Example 2

Intake Estimation

Nuclide: 37|
Route: Inhalation
Chemical form: Elemental gas

Monitoring
Method: Thyroid monitor
Time: 2 days after inhalation
Evaluated activity in thyroid: 100 Bqg

46
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Selection of Function

= Iocc = o x
Calculati
AL Change || save |
Reset
omGLIG-T7 | cnange |

‘Evaluation mode

Intake estimatio

4

» Select “"Intake estimation”
from the pull-down menu of
“Evaluation mode”.

ubjec
Intake age [d} 73000 Period{d}
Age -0 Honth (1 Day
ntake
Cs-137 ingestion Cegesitim
L
Chemical form CaesiumChloride,Nitrate Sulphate; .. ||
Alimentary material | fotal-diet v
Systemic material Wi *
Sl ftaife &l
Calculation stage
S-Coefficient
' Radiation weighting factor R (1=
Alpha— [ ESctron-| — Phaloy ] N
[ [ el
‘ | 47
Selection of Nuclide (1/2)
e E— Push the butt howi
(@D Push the button showing
Calculation ile: . p
Uneoeut Ch Sz
== Lot one ] nuclide's name placed
| Reset | . f f " " f
in upper left of “Intake” frame.
" . .
e || The periodic table dialog appears.
|
| Acute unitintake v ‘ ®
Exposure- 2 Nuclide X
Gender oiia -
Subject worker | %jAge Warke Periodic table
Intake age fa 73000 Periodd] 152500 o1 |02 |03 |o4 |os [os |07 |08 [o0@ |10 |11 |42 |13 |14 |15 |16 |17 |18 |
~ H (He)
,ige 20 Month Day 1 W) @e) ® C ™) © (F) (Ne)
- (Na) (Mg) @ s P s C) a)
f— () Ca (S (M) M (Co (Mm) Fe Co (M) (Cu) Zn (Ga) (Ge) (As) (Se) (Bn) (Kn)
(D | ingestion k'} Beposimon (Rb) Sr Y zr Nb Mo Tc w  (Rh) (Pd) (Ag) (Cd) (n) (Sm) Sb Te | (Xe)
= Cs Ba La (HD (Ta) W) (Re) (Os) Ir (P (Aw (Hg) () Po B  Po (A) (Rn)
Chemical form CaesiumChioride Nitrate, Sulphate; . W; (Fn Ra Ac
Alimentary material | total-diet \'vvg Ce Pr Nd Pm Sm Eu Gd To Dy Ho Er Tm Yo Lu
Th Pa u Np Pu Am Cm Bk cf Es Fm  (Md) (No) (Ln)
Systemic material  nune
~Nuclide: Notice Parentheses indicate elements for which no internal
. it exposure mode| data is available ar not defined:
Calculation stage
S-Coefficient
 Radiation weighting factor '
— Aiptia—) -Bsciron= - Photon 7 Caiculate. Visw
200 ‘1 14 10
|
‘ | | 0K Cancel

48
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Selection of Nuclide (2/2)

3 Select “I" from the periodic table.

Then, isotopes of lodine are shown in the “Nuclide” frame.

@ Select “1-131" from the "Nuclide" frame.
(® Push the “OK” button.
Then, the periodic table dialog closes.

1 Nuclide

X

® P

01 o2 |03 |oa jos [os [o7 |08 [oo |40 |11 |12 [13 [14 [15 |16 [17 |18 |
H

L) (Be)
(Na) (Mg)

K). Ca (Sc) (T) v (©n (Mn)

Fe  Co

(He)

® Cc M © () (Ne

@) ) P s ©) (A)

(Ni) (Cu) Zn  (Ga) (Ge) (As) (Se) (B} (Kn)

1130m . 8.84m
132 22050
-132m 1.387h
133 208h
1134 525m

(Rb) St No Mo Tc Ru (Rh) (Pd) (Ag) (Cd) () (Sm) Sb Te | Xe)
Cs Ba La (HO Ta) W) (Re) ©s) Ir (Y (AW (Hg (Th P B Po (A (Rn)
(Fr) Ra Ac
Ce Pr Nd Pm Sm Eu Gd To Dy Ho Er Tm Yo Lu
Th Pa U Np Pu Am Cm Bk Cf Es Fm (Md) (No) (L)
Noclide ———————————— Notice : Parentfieses indicate elements for which na nternal
125 59.400d I exposure model data s avaliable ornot defined:
1126 12934
128 24.99m
129 1.57E+7y
11130 12.36h

(5)

49

Selection of Intake Route

{ Ipcc - o X
Calculation condition
nowneutm Change || save

Output directary

oD ohange || |

|

{Intake estimation ]
Exposure

Gender male § v‘
Subject |worker  |w]Age

Intake age [} 2000 Penaadj
Monh
131 DeDﬂslan
Chemical form enﬁedﬂnmner a2
ingestion
Alimentary material | injection
wound
Systemic material
|make | intake estimation. |
Calculation stags
S-Coefficient
| Radiation wmlmno factor
= At B izl

Boton -
i
|

« Select “inhalation” from the pull-down
e menu placed in upper middle of the
“Intake” frame.

50
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Selectipﬁn of Chemical Form

# Ipce — o x

it caee | * Select the gppropriate chemical form
the “Chemical form” pull-down menu.

« Select “"Elementallodine,Unspecified

i

ety =3 | . .
. (lodine)” in this case.

Evaluation mode |

| intake estimation wJ‘

Exposure

Gender | male =

Subject |worker  |w|Age Vare:

Intake age [d} 73t 0 Periadid} 19250.0 ‘

Age () Honth Day |

Intake |

| k31 | [inhaiation B | Deposition |

Chemicalform  (Elementallodine Unspeciied(iodine) ha

Alimentary materist -
= 20 Methyilodide Ethyllocide
CaesiumChior

M(odine)
S(lodine)

| Calculation stage |

S-Coefficient

" Radiation weighting factor

‘ Alpha “Fj‘«u--u‘ Phntay
20)) 10 )

Input of Monitoring Result (1/3)

# Ipcc o X

—. = @ Push the "Intake estimation" button.
= The dialog box is displayed.

Output directory

ot Change || |

|

| Intake estimation ;.J‘
Exposure
Gender male i)
Subject worker wJAge Waorkes |
Intake age [d} 7300.0 Periodid] 122500 ‘
Age =0 Wonth | Day 1

| k131 | [inhalation i¥| | Depositon |
Chemical form Elementallodine,Unspecifiedilodine) | ¥.

Alimentary material  16ta) ciel

Systemic material 1 1
make Intake estimation
Calculation stage
S-Coefficient
 Radiation weighting factor
4 Calculats

— AR —| -BIECITON 3 - Fhotof -
[Cans || va ]| s
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Input of Monitoring Result (2/3)

% Intake estimation

X

(2 Enter the date of intake.

Intake
‘ e A e oy /Intakeage | | Exposure period
(\ ‘!'J}li‘ J',‘E@ﬂL‘ ‘!‘2“7‘ 73000 | 119,2,5297
= | Year | Month | Day | Hour. | Elapsed day
| 2023 a 28 00 00

| Opencalendar | | Applyelapsedday |

Deviation type | | Thyro
‘ none E Rt

Limit detection Errortype | - Sample unit

Nuciide 00 absolute ¥ ‘Eq
‘ 131 L;

Year |MWonth [Day  |Hour |Measur.|Emor  |Elapse.. |
Sample 20233 30 00 1000 12 00
Urine
Faeces
Lungs
T
WholeBody

|_Open calendar | | Applyelapsedday |

(Coke] [ cancel

53

Input of Monitoring Result (3/3)

(m

£ Intake estimation

X

~Intake

| Nuclide | Route: Gender | -Intake age — | Exposure period
(1431 ‘ |ingestion ‘ ‘mate ‘ 7300.0 | 182500
Year | Month, | Day. | Hour | Elapsed day
2023 3 28 0.0 0.0
| Opencalendar | | Applyelapsed day
Deviation type e
e+ ] -
Limit detection Erfor type L Sample unit —
Nugide 77| |00 apsolute ¥ ‘@
‘ 131 F - - = =
Year  |Month |Day |Hour |Measur, |Eror |Elapse.. |
S 2023 3 20 0.0 000 12 00 |
Urine
Faeces @
Lungs
WholeBody
| Open calendar | | Apply elapsed day |

[~}

@ Select "Thyroid” of the
"Sample” menu as the
monitoring method.

® Push OK button.
This dialog closes.

89 ——
| 0K | | Cancel |

@ Enter monitoring results.

54
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Stage Transition

Calculation condition

'+ Push the “Calculation stage” button
after the conditions are set.

The conditions are fixed, and the stage
moves to calculation stage from

H condition setting stage.

| okl Age
Intakeagefal 70 Periodid]
1Ane 20 Honth (- Day

« The IDCC runs for some time to gather
. data required for calculation.

[ Intake

Chemical form

Alimentary material 1ot} =l

Systemic material 10/

'+ You can go back to “condition setting
stage” by pushing the “Calculation
stage” button again.

S-Coefficient

" Radiation weighting factor -
‘ Alpha ‘ Bisciron’ —Photay | catcusate

OGP OFOFOFBOPT

55

Calculations of S, (1/2)

(=)

X

» Push the "Calculate" button
in the "S-Coefficient" frame.

Evaluation

Exposure:
Gender @
Subject Woikel Age
Intake agefd} 73001 Peniod[d]
Age 20 Honth Day |

Chemical form

Alimentary material 10tal ael

Systemic material o=

NGRS niag
Calcufation stage

S-Coefficient

" Radiation weighting factor

1= AttiR—| (-EICHToN = —Snoton - Caleulate | | Visw
14

56
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Cal

culations of S, (2/2)

Output di

e © Age
Intake agefdl 0 Periodid]

Age 20 Konth Day.
ntake
iiriah
[ Gaiuatonstage |

oefficient
" Radiation weighting factor -

P s s o

« IDCC runs to calculate S, of I-131
and its progenies.

while the calculation is running.

~ « The "View" button becomes active
when the calculation is completed.

|+ The "Calculate" button changes to "Run"

57

Estimation of Intake (1/2)

¥ Ipcc = o X

Calculation condition fil

Output directory

Exposure
Gender

Subject wokel - Age
Intakeagefd 72001 Periodfd]

13

Chemical form

Alimentary material  16ta) ciel

Systemic material 0

| calcuation stage |
S:Coefficient

* Radiation weighting factor ——
[ v | vow
260 1a 10

+ Puss the "Calculate" button in the
"Internal exposure” frame.

58
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Estimg'gion of Intake (2/2)

Output di

© Age
Intake agefdl 0 Periodid]
Age 20 Konth Day.

| Caleulationstage |
S-Coefficient
" Radiation weighting factos = =
s ‘ Eiciron P | catcutate | | view |

« IDCC runs to estimate intake.

« The "Calculate" button changes to
"Run" while the calculation is running.

« The "View" button becomes active
when the calculation is completed.

59

Result of Intake Estimation (1/2)

# Iocc -

Calculation condition fil

(=) x

Output directory

Exposure
Gender

Subject wokel - Age
Intakeagefd 72001 Periodfd]

13

Chemical form

Alimentary material  16ta) ciel

Systemic material 0

| calcuation stage |
S:Coefficient
* Radiation weighting factor ™
— Atptia— - Bectron- - Shoton -
[

Ty

‘ Calculate

View

Caleulate | | View.

@ Push the "View" button
in the "Internal exposure" frame.

60
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Result of Intake Estimation (2/2)

@) The result of the intake estimation is shown in the “Estimation” frame.
Estimated intake is 392 Bq.

(3 Equivalent doses and effective dose evaluated based on the result of intake
estimation are shown in the table of the “Dose” frame.
In this example, the effective dose is estimated as 6.557 x 10~ Sv.

|"Measurementunit | Deviation type

80,8418 = [
' @

| Estimation
tem | Mesurement. | Deviation. | LowBound | | | Intake ags | Intake |
1131 _Thyro. 1000 2 00 73000 39626702 [
Dose unit -
©)
Prediction 2 [
tem | Measurement | Prediction o [ mate [emate I
1131_Thyroid_2.. 1000 100.0 LympnaticNo. 3644507 390007 x|
Muscle 3.535e-08 5.067e-08
Oralliucosa 8878608 1993e-07
Pancreas 3.088¢-08 3.418e-08
Prostate 2.152e-08 0.000e+00
Smallintestine  2.026e-08 2.477e-08
Spleen 3711e-08 4.205¢-08
Thymus 9476007 8449607 |
Uterus 0.000e+00 2611e-08 |
Remainder 1.665e-07 1.842e-07 1

Lok | cancel | 61

Exercise 2

Intake Estimation

Nuclide: 13Cs

Route: Ingestion

Chemical form: Soluble form

Monitoring
Method: Whole body counter
Time: 3 days after ingestion
Evaluated activity: 1,500 Bq

62
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1C15
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BFNEHT RAHRT OV 1 7 F BEHEHERE
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