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Study on Biosphere Assessment Taking Account of the Revised Dose Conversion factors

(Research Document)

Yuji SUZUKIY, Hitoshi MAKINO?, Tomoko KATO?

Abstract

ICRP has introduced the new system for radiological protection in the publication 60 published in 1990 that
was revised from the publication 26 published in 1977.

The project to establish a technical basis for HLW disposal in Japan (H12 report) has used dose conversion
factors based on the publication 26. However, new regulations in Japan have been issued in 2001 and it
defines new dose conversion factors of ingestion or irradiation as effective dose factors based on the
publication 60.

In this study, the dose conversion factors used in H12 and from then on are revised based on the new
regulations and the new flux-to-dose conversion factors for three exposure groups (farming, freshwater
fishing, and marine fishing) in the river water model, deep well water model, etc are recalculated

Recalculated flux-to-dose conversion factor of Tc-99 for farming exposure group in the river model is about
2 times higher than the previous results(maximum increase), and that of Np-237 for farming exposure group
in the river model is about 0.1 times(maximum decrease). No change of the dominant exposure pathways
and dominant exposure groups from the previous results are shown.

D NESI Incorporated.
2 Repository System Analysis Group, Waste Isolation Research Division, Waste Management and Fuel
Cycle Research Center, Tokai Works
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T8 1 BRITERICEDV-REBERE
12 1-1 WERRIE < xS BRI (G2 AR50 (AL : [mSv/Bql)

i & 1B L STk W A FEHY STk
Sm-151 9.8x 108 [1] 2.6X106 [1]
Cs-135 2.0X 106 [1] 9.9Xx107 [1]
Sn-126 5.1X106(*1) (1] 1.8X105(*1) (1]
Pd-107 3.7X108 (1] 2.9%X107 (1]

Te-99 7.8 X107 (1] 3.2X10°6 (1]
Nb-94 1.7X 106 (1] 2.5X105 (1]

Zr-93 2.8%X107 (1] 2.9%X105 (1]
Nb-93m 1.2X107 (1] 8.6X107 (1]

Se-79 2.9%X106 (1] 3.1X10°6 (1]
Pu-240 2.5X104 (1] 3.2X102 (1]
U-236 4.6X105 (1] 6.3X103 (1]
Th-232 2.2X104 (1] 2.9%X102 (1]
Ra-228 6.7X104(*1) (1] 1.7X103(*1) (1]
Th-228 1.4X104(*1) (1] 2.7X102(*1) (1]
Cm-245 2.1X 104 (1] 2.7X 102 (1]
Pu-241 4.7X106(*1) (1] 5.8 X 104(*1) (1]
Am-241 2.0X104 (1] 2.7X102 (1]
Np-237 1.1X 104 (1] 1.5X102 (1]
Pa-233 8.7X107 (1] 3.2X106 (1]
U-233 5.0X 10 (1] 6.9%X103 (1]
Th-229 6.0X104(*1) (1] 8.0X102(*1) (1]
Cm-246 2.1X104 (1] 2.7X102 (1]
Pu-242 2.4X104 (1] 3.1X102 (1]
U-238 4.7X105(*1) (1] 5.7X103(*1) (1]
U-234 4.9%105 (1] 6.8X103 (1]
Th-230 2.1X104 (1] 2.8%X102 (1]
Ra-226 2.8X104(*1) (1] 2.2X103(*1) (1]
Pb-210 1.1X103(*1) (1] 7.4X104(*1) [1]
Po-210 2.4X104 (1] 2.2X103 (1]
Am-243 2.0X104(*1) (1] 2.7X102(*1) (1]
Pu-239 2.5X104 (1] 3.2X102 (1]
U-235 4.6X105(*1) (1] 6.1X103(*1) (1]
Pa-231 7.1X104 (1] 8.9X102 (1]
Ac-227 1.2X103(*1) (1] 6.4 X 10°1(*1) (1]

(BEmRL]
(*1)  Zh LR OB CRE 25 ALUT) 13L& 13T, 2N oI icon
T, TR THDELOBBRIZENL T v 7 LUNRE L TEORELEE LT,

(253K

[11  BHREIRT © “ICRP1990 480 O HL W AT K 2 FdhipiE = b5 1 B o e (OF
12 4510 H 23 H2AAH)” (2000) .
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i3 1-2 ANBHIE < IxbT D E AR (i &0 (BT : [(mSv/h)/(Bg/m?)])
SR KB DAL < STk THED & DIER I < SCHR
Sm-151 2.2X 1016 [1] 1.0X 10717 (1]
Cs-135 3.0X 1014 [1] 2.6X1016 [1]
Sn-126 5.1X1010(*1) (1] 2.4X10710(*1) [1]
Pd-107 0 [1] 0 [1]
Te-99 9.8x1014 [1] 1.8X 10715 [1]
Nb-94 4.1x1010 (1] 2.0X 1010 [1]
Zr-93 0 (1] 0 [1]
Nb-93m 3.1X1014 [1] 1.5X 1015 [1]
Se-79 1.2X 1014 [1] 3.2X1017 [1]
Pu-240 3.3X 1014 (1] 2.1X10715 [1]
U-236 3.5X 1014 [1] 3.4X 1015 [1]
Th-232 5.6 X 1014 [1] 8.2X 1015 [1]
Ra-228 2.5X1010(*1) (1] 1.2X10°10(*1) [1]
Th-228 4.3 10°10(*1) (1] 2.1X1010(*1) [1]
Cm-245 2.2X 101 (1] 6.5X 1012 [1]
Pu-241 1.2X10715(*1) (1] 3.6X1016(*1) [1]
Am-241 5.0X 1012 [1] 45X 1013 [1]
Np-237 6.0X 1012 [1] 1.3X 1012 [1]
Pa-233 5.1X101 [1] 2.1X101 [1]
U-233 9.5X 1014 [1] 2.7X 10714 [1]
Th-229 8.2 X 1011(*1) [1] 3.2X1011(*1) [1]
Cm-246 3.0X 1014 (1] 1.4X 10715 [1]
Pu-242 2.8X1014 (1] 1.9X 1015 [1]
U-238 8.9 1012(*1) (1] 3.0X1012(*1) [1]
U-234 5.1X 1014 [1] 6.6X 1015 [1]
Th-230 1.1X10713 [1] 2.0X 1014 [1]
Ra-226 4.7X10710(*1) (1] 2.2X10710(*1) [1]
Pb-210 1.0X 10°12(*1) (1] 9.0X1014(*1) [1]
Po-210 2.2X1015 [1] 1.1X 1015 [1]
Am-243 5.5X1011(*1) (1] 1.7 X 10°11(*1) [1]
Pu-239 2.6X1014 (1] 5.5X 1015 [1]
U-235 4.2X1011(*1) (1] 1.6X1011(*1) (1]
Pa-231 9.3x 1012 [1] 4.0X 10712 [1]
Ac-227 8.8 1011(*1) (1] 3.5X1011(*1) [1]
(B E ]
(1) BB OBEERE I 25 HELT) 134 & 13T, 2B D OIE< 2o
TIE, TR THIELTOBERBIIELV RT v 7o LTNME L TCZDORELEE LT,
(&5 30k
[1]  Macdonald, C. R. and Laverock, M.: External ICRP 60 dose conversion factors for air and water immersion,

groundshine and soil, TR-739, COG-96-106 (1996).
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1% 2 REVERBOBETRD MBI TIL—TDRE~DBERE

1% 2-1 WETATRIZEITS THIEKTIL—TDHRE~DBRERZRE DLLE
GAIKETIL)

WETED HETRID
RE~NDBRERI RE~NDBRERE() ET & SET AT
[(mSv/y)/(Ba/y)] [(mSv/y)/(Bqg/y)]

EEEN | RKARE | BEFERE| BEER | RKEEX | BERE | BEER | RKEXE | BEARE

EE) | BBV | RKBEYV | BB | RBEBJ | ®FBV | BEY | RBEY | ®KE5EY

=7 JIL—7 V=7 JIL—7 V=7 =i JIL—7 V=7 L=
Sm-151 1.6E-15 6.3E-16 8.5E-17 1.6E-15 6.0E-16 8.2E-17 1.0 1.1 1.0
Cs—135 1.2E-13 3.0E-14 3.7E-16 1.1E-13 29E-14 3.5E-16 1.1 1.1 1.1
Sn-126 1.0E-12 1.2E-13 9.9E-13 9.9E-13 1.3E-13 1.0E-12 1.0 1.0 1.0
Pd-107 1.4E-15 2.6E-16 3.1E-17 1.4E-15 2.7E-16 3.4E-17 1.0 1.0 09
Tc-99 2.6E-14 4 8E-15 5.5E-16 1.2E-14 2.2E-15 2.5E-16 2.2 2.2 2.2
Nb—-94 7.5E-13 7.1E-14 3.5E-13 7.1E-13 7.1E-14 3.4E-13 1.1 1.0 1.1
Zr-93 9.6E-15 2.0E-15 4 5E-16 1.6E-14 3.2E-15 7.3E-16 0.6 0.6 0.6
Nb—93m 2.3E-15 8.5E-16 9.8E-17 2.3E-15 8.5E-16 9.8E-17 1.0 1.0 1.0
Se-79 3.2E-12 3.2E-14 3.4E-14 2.7E-12 2.6E-14 2.8E-14 12 1.2 1.2
Pu-240 3.8E-12 1.5E-12 5.4E-13 1.5E-11 6.0E-12 21E-12 03 0.3 0.3
U-236 8.8E-13 2.9E-13 1.4E-15 1.4E-12 43E-13 2.3E-15 0.7 0.7 0.6
Th—-232 1.5E-10 1.4E-12 5.5E-11 1.5E-10 47E-12 6.0E-11 1.0 0.3 09
Ra-228 1.3E-11 4.6E-12 6.5E-13 6.3E-12 2.3E-12 3.2E-13 2.0 2.0 2.0
Th—228 2.6E-12 9.0E-13 5.3E-14 3.7E-12 1.3E-12 6.7E-14 0.7 0.7 0.8
Cm-245 1.1E-11 1.4E-12 1.9E-12 4.9E-11 6.5E-12 6.7E-12 0.2 0.2 0.3
Pu-241 8.6E-14 2.9E-14 42E-15 3.7E-13 1.2E-13 1.8E-14 0.2 0.2 0.2
Am-241 3.3E-12 15E-12 4.3E-13 1.6E-11 7.6E-12 2.1E-12 0.2 0.2 0.2
Np—237 1.3E-12 7.6E-13 2.4E-14 1.3E-11 7.6E-12 1.5E-13 0.1 0.1 0.2
Pa-233 1.8E-14 6.6E-15 1.2E-16 1.9E-14 7.4E-15 1.2E-16 1.0 0.9 1.0
U-233 1.0E-12 3.2E-13 2.8E-15 1.7E-12 4 6E-13 5.1E-15 0.6 0.7 0.5
Th—-229 2.3E-11 3.7E-12 5.1E-12 7.9E-11 6.8E-12 1.1E-11 0.3 0.5 0.5
Cm—-246 7.4E-12 1.4E-12 8.4E-13 3.5E-11 6.5E-12 4.0E-12 0.2 0.2 0.2
Pu-242 3.7E-12 15E-12 7.2E-13 1.4E-11 5.7E-12 2.7E-12 0.3 0.3 0.3
U-238 9.0E-13 3.0E-13 1.7E-15 1.3E-12 42E-13 2.6E-15 0.7 0.7 0.7
U-234 9.6E-13 3.1E-13 2.1E-15 1.4E-12 45E-13 3.1E-15 0.7 0.7 0.7
Th-230 2.7E-11 1.3E-12 2.4E-11 3.6E-11 9.3E-13 2.6E-11 0.8 14 1.0
Ra-226 3.2E-11 1.9E-12 35E-13 3.8E-11 2.2E-12 3.8E-13 0.8 0.9 0.9
Pb-210 2.4E-11 7.7E-12 8.9E-13 3.0E-11 9.8E-12 1.1E-12 08 0.8 0.8
Po-210 4.8E-12 7.9E-12 3.9E-12 9.0E-12 1.5E-11 7.3E-12 0.5 0.5 0.5
Am-243 5.5E-12 1.5E-12 2.3E-12 2.4E-11 7.7E-12 5.3E-12 0.2 0.2 0.4
Pu-239 3.9E-12 15E-12 6.7E-13 1.5E-11 6.0E-12 2.6E-12 0.3 0.3 0.3
U-235 9.3E-13 2.9E-13 4 0E-15 1.5E-12 44E-13 6.4E-15 0.6 0.7 0.6
Pa-231 6.5E-11 4.4E-12 1.8E-11 2.5E-10 1.8E-11 45E-11 0.3 0.2 0.4
Ac—-227 2.6E-11 9.2E-12 3.8E-13 8.5E-11 3.1E-11 1.2E-12 03 0.3 0.3

(1) BB2RMYFEDHDHER
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1% 2-2 WETATRIZEITS THIEKTIL—TDHRE~DBRERZRE DLLE
CalREEETIL)

WETED HETRTD
BRE~NDBRERY BE~NDBERE) hET1% . SRETHI
[((mSv/y)/(Ba/y)] [(mSv/y)/(Ba/y)]
BEER | RKAE | BEAE|BEER | RKEX | BEAE| BEREK | RKEE | BFRE
BEY | REBEJ | RBEJ| B |®BEJV|®KBBJ| BB |®FBJ | B8
W—"T | W= | =T | L—"TF | =T | L= | =T | L=F | L=F
Sm-151 5.4E-15 1.6E-14 2.7E-16 7.2E-15 1.8E-14 3.7E-16 0.8 0.8 0.7
Cs-135 8.4E-13 7.3E-14 2.5E-14 8.0E-13 7.1E-14 2.5E-14 1.1 1.0 1.0
Sn—-126 3.5E-11 1.9E-09 9.9E-10 3.5E-11 1.8E-09 9.4E-10 1.0 1.0 1.0
Pd-107 9.7E-15 1.1E-15 5.2E-16 1.0E-14 1.5E-15 9.2E-16 1.0 0.7 0.6
Tc-99 3.1E-14 6.1E-15 1.3E-15 1.4E-14 3.1E-15 7.0E-16 2.2 2.0 1.8
Nb—-94 2.8E-11 1.6E-09 7.4E-10 2.7E-11 1.5E-09 7.0E-10 1.1 1.1 1.1
Zr-93 1.9E-13 3.6E-14 3.4E-14 3.1E-13 7.1E-14 6.7E-14 0.6 0.5 0.5
Nb—-93m 41E-15 1.8E-14 8.9E-17 4.4E-15 2.4E-14 1.1E-16 09 0.8 0.8
Se-79 3.5E-12 3.2E-14 3.4E-14 2.9E-12 2.6E-14 2.8E-14 1.2 1.2 1.2
Pu-240 8.2E-11 6.0E-11 3.0E-11 3.1E-10 2.3E-10 1.1E-10 0.3 0.3 0.3
U-236 8.8E-13 3.4E-13 4.0E-14 1.4E-12 59E-13 1.5E-13 0.6 0.6 0.3
Th-232 1.3E-08 3.6E-10 3.3E-09 1.2E-08 7.8E-10 3.6E-09 1.1 0.5 09
Ra—-228 1.7E-11 3.6E-10 1.1E-12 9.2E-12 3.5E-10 8.3E-13 1.8 1.0 1.4
Th-228 5.7E-13 9.6E-10 3.2E-13 8.3E-13 9.3E-10 3.2E-13 0.7 1.0 1.0
Cm-245 49E-10 1.5E-10 9.5E-11 2.2E-09 3.5E-10 2.9E-10 0.2 04 0.3
Pu-241 2.6E-12 1.3E-12 1.7E-13 1.2E-11 5.4E-12 7.4E-13 0.2 0.2 0.2
Am-241 8.0E-11 5.5E-11 5.0E-12 3.7E-10 2.4E-10 2.2E-11 0.2 0.2 0.2
Np—-237 1.3E-12 1.7E-11 9.2E-12 1.3E-11 3.3E-11 1.6E-11 0.1 0.5 0.6
Pa-233 9.7E-17 48E-12 6.3E-17 9.4E-17 4.6E-12 6.2E-17 1.0 1.0 1.0
U-233 1.0E-12 3.8E-13 5.4E-13 1.8E-12 6.3E-13 1.2E-12 0.6 0.6 0.5
Th-229 9.7E-10 7.3E-10 3.0E-10 5.0E-09 1.2E-09 6.2E-10 0.2 0.6 0.5
Cm-246 2.5E-10 5.0E-11 2.3E-11 1.2E-09 2.4E-10 1.1E-10 0.2 0.2 0.2
Pu-242 8.3E-11 5.8E-11 4.2E-11 3.0E-10 2.2E-10 1.5E-10 0.3 0.3 0.3
U-238 9.1E-13 5.7E-13 1.6E-13 1.3E-12 7.9E-13 2.6E-13 0.7 0.7 0.6
U-234 9.7E-13 3.7E-13 2.7E-13 1.5E-12 6.2E-13 4.0E-13 0.7 0.6 0.7
Th-230 2.0E-09 5.9E-11 1.4E-09 2.8E-09 9.6E-11 1.5E-09 0.7 0.6 1.0
Ra—-226 2.1E-10 3.0E-10 5.8E-11 2.5E-10 3.0E-10 5.9E-11 0.8 1.0 1.0
Pb-210 73E-11| 96E-11] 25e-12] 96E-11] 1.3E-10] 4.2E-12 08 0.7 0.6
Po-210 36E-13| 30E-12| 28E-13] 6.7E-13] 55E-12] 5.3E-13 05 05 05
Am-243 25E-10]  3.2e-10] 1.3E-10] 9.9e-10] 50E-10] 2.3E-10 03 0.6 0.6
Pu-239 85e-11| 6.0E-11] 39e-11] 3.2E-10] 23E-10] 1.5E-10 03 0.3 03
U-235 96E-13| 15e-12] 1.1E-12] 16E-12] 1.7E-12] 1.7E-12 0.6 0.9 0.6
Pa-231 43e-09] 51E-10] 1.1E-09] 16E-08] 14E-09] 2.7E-09 03 0.4 0.4
Ac—227 9.7E-11 9.7E-10 5.1E-12 2.9E-10 2.1E-09 1.2E-11 0.3 0.5 04

(1) SE2REYFELHDFER
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5% 2-3 WETHIRIZE TS TRIEELK TIL—TDRE~DBMEFRH DK

GRHEFETIL)
WETRD RETHID
BE~OBRERE BRE~OBREFREE) ET & SETHI
[(mSv/y)/(Ba/y)] [(mSv/y)/(Ba/y)]

BIEER | RKRE|BELAE|SERN | RKEX | BEAE| BEER| RKRE| BERE

EEJ |RBEV|REBV| BB |®BEBV|RXFBV| BB | RBEV | ®KFEY

L= IL—= L= L= IL—= L= L= W=7 L=
Sm-151 82E-14] 35E-17] 84E-17] 7.9E-14] 33E-17] 8.1E-17 1.0 1.0 1.0
Cs-135 60E-12] 18E-14] 3.7E-16] 5.7E-12] 1.7E-14] 3.5E-16 1.1 1.1 1.1
Sn—-126 49e-11] 9.26-14] 99e-13] 49E-11] 96E-14] 1.0E-12 1.0 1.0 1.0
Pd-107 70E-14| 36E-17] 31E-17| 7.2E-14] 37E-17]  3.4E-17 1.0 1.0 0.9
Tc—99 13e-12] 72E-17] 55E-16] 6.1E-13] 3.3E-17] 25E-16 2.2 2.2 2.2
Nb—94 37E-11] 6.1E-14] 35E-13] 35E-11] 6.2E-14] 3.4E-13 1.1 1.0 1.1
Zr-93 48E-13] 2.7E-16] 45E-16] 7.8E-13] 4.3E-16] 7.3E-16 0.6 0.6 0.6
Nb—-93m 116-13|  1.1E-16| 9.2E-17] 1.1E-13]  1.1E-16] 9.2E-17 1.0 1.0 1.0
Se-79 16E-10| 1.4E-14| 3.4E-14] 13E-10] 12E-14] 28E-14 1.2 1.2 1.2
Pu-240 196-10| 1.1E-14| 54E-13] 7.4E-10| 44E-14] 2.1E-12 0.3 0.3 0.3
U-236 44E-11]  11e-14] 14e-15] 6.7E-11] 16E-14] 2.3E-15 0.7 0.7 0.6
Th-232 7.7e-09]  16E-13] 55e-11] 7.7E-09] 15E-13] 6.0E-11 1.0 1.1 0.9
Ra-228 6.1E-10] 48E-13] 60E-13] 3.3E-10] 25E-13] 3.0E-13 1.8 1.9 2.0
Th—-228 96E-11] 3.7E-14] 39E-14] 1.4E-10] 39E-14] 49E-14 0.7 0.9 0.8
Cm—245 52E-10] 8.2E-14] 19e-12] 24E-09] 3.7E-13] 6.7E-12 0.2 0.2 0.3
Pu-241 43e-12| 69e-16] 4.6E-15] 1.9E-11] 3.2E-15] 2.0E-14 0.2 0.2 0.2
Am—241 1.7e-10| 3.1E-13| 42E-13] 8.1E-10] 15E-12] 2.1E-12 0.2 0.2 0.2
Np—237 6.6E-11] 9.2E-14] 24E-14] 65E-10] 90E-13] 1.5E-13 0.1 0.1 0.2
Pa—233 85E-14] 13e-16] 1.1E-17] 89E-14] 1.7E-16] 1.2E-17 1.0 0.7 1.0
U-233 51E-11] 1.2e-14] 3.7e-15] 86E-11] 1.7E-14] 6.9E-15 0.6 0.7 0.5
Th-229 1.16-09| 35E-14] 5.1E-12] 3.9E-09| 58E-14] 1.1E-11 0.3 0.6 0.5
Cm—246 3.7E-10]  7.6E-14] 83E-13] 1.8E-09] 3.6E-13] 4.0E-12 0.2 0.2 0.2
Pu-242 1.96-10| 1.1E-14| 7.2E-13] 7.1E-10] 42E-14] 27E-12 0.3 0.3 0.3
U-238 45e-11]  1.1E-14] 1.7E-15] 6.6E-11] 1.6E-14] 2.6E-15 0.7 0.7 0.7
U-234 48E-11] 12e-14] 28E-15] 7.2E-11] 1.8E-14] 4.0E-15 0.7 0.7 0.7
Th-230 1.46-09] 196-13] 24E-11] 1.8E-09] 3.4E-13] 26E-11 0.8 0.6 0.9
Ra—226 16E-09| 46E-13| 50E-13] 1.9e-09| 66E-13] 6.4E-13 0.8 0.7 0.8
Pb-210 1.36-09| 50E-12| 3.3E-12] 1.8E-09| 88E-12] 56E-12 0.7 0.6 0.6
Po—-210 85E-11] 23e-12] 14E-12] 16E-10] 42E-12] 25E-12 0.5 0.5 0.5
Am-243 28E-10] 3.2E-13] 23E-12] 1.2E-09] 16E-12] 5.3E-12 0.2 0.2 0.4
Pu-239 196-10| 1.1E-14| 6.7E-13] 75E-10] 44E-14] 26E-12 0.3 0.3 0.3
U-235 47e-11]  12E-14] 48E-15] 7.6E-11] 18E-14] 85E-15 0.6 0.7 0.6
Pa—231 33E-09] 96E-14] 18E-11] 1.2E-08] 30E-13] 45E-11 0.3 0.3 0.4
Ac—227 126-09| 1.8E-12| 37E-13] 4.1E-09| 60E-12] 1.1E-12 0.3 0.3 0.3
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5% 2-4 BETHIRIZHE TS TRIEELK TIL—TDRE~DBMEFRH DLLEK

(REBEKETIV)
WETERD HETRTD
BRE~NDBRERE BE~NDBERE(1) thET#& . RETHI
[(mSv/y)/(Ba/y)] [(mSv/y)/(Ba/y)]

BEERE | BFAEK | BEERKS | BEAENR | BFERS (B RER

BEION—T | BEIN—NEBEIN—T | BEFEIN—|BITN—T | EETI)IL—

Sm-151 9.5E-21 8.5E-17 1.3E-20 8.2E-17 0.8 1.0
Cs-135 8.1E-18 3.7E-16 7.7E-18 3.5E-16 1.1 1.1
Sn-126 1.2E-16 9.5E-13 1.2E-16 9.7E-13 1.0 1.0
Pd-107 9.3E-20 31E-17 9.6E-20 3.4E-17 1.0 0.9
Tc-99 9.1E-19 5.5E~16 4.2E-19 2.5E-16 2.2 2.2
Nb-94 9.5E-17 3.3E-13 9.0E-17 3.1E-13 1.1 1.1
Zr-93 6.2E-19 45E-16 1.0E-18 7.2E-16 0.6 0.6
Nb-93m 1.2E-20 9.8E-17 1.4E-20 9.8E-17 0.9 1.0
Se-79 4.2E-16 3.4E-14 3.4E-16 2.8E-14 1.2 12
Pu-240 7.7E-16 54E-13 2.9E-15 2.1E-12 0.3 0.3
U-236 1.0E-17 1.4E-15 48E-17 2.3E-15 0.2 0.6
Th-232 1.1E-13 54E-11 1.0E-13 6.0E-11 1.1 0.9
Ra-228 7.0E-16 6.5E-13 4.2E-16 3.2E-13 1.7 20
Th-228 1.9E-17 5.3E-14 2.9E-17 6.7E-14 0.7 0.8
Cm-—245 4.6E-15 1.9E-12 2.1E-14 6.7E-12 0.2 0.3
Pu-241 2.5E-17 4.2E-15 1.1E-16 1.8E-14 0.2 0.2
Am-241 7.6E-16 4.3E-13 3.5E-15 2.1E-12 0.2 0.2
Np-237 5.9E-18 2.3E-14 40E-17 15E-13 0.1 0.2
Pa-233 6.0E-20 1.2E-16 5.8E-20 1.2E-16 1.0 1.0
U-233 50E-17 2.8E-15 2.5E-16 50E-15 0.2 06
Th-229 8.2E-15 51E-12 4.2E-14 1.1E-11 0.2 05
Cm-—246 2.4E-15 8.4E-13 1.1E-14 4.0E-12 0.2 0.2
Pu-242 7.9E-16 71E-13 2.8E-15 2.7E-12 03 03
U-238 1.1E-17 1.7E-15 46E-17 2.6E-15 0.2 0.7
U-234 2.4E-17 2.1E-15 6.9E-17 3.0E-15 03 0.7
Th-230 1.7E-14 2.4E-11 2.4E-14 2.5E-11 0.7 1.0
Ra-226 2.0E-14 3.5E-13 2.4E-14 3.8E-13 08 0.9
Pb-210 1.2E-15 8.9E-13 1.6E-15 1.1E-12 08 08
Po-210 1.7E-18 3.9E-12 3.0E-18 7.3E-12 06 05
Am-243 2.3E-15 2.3E-12 9.4E-15 5.3E-12 03 0.4
Pu-239 8.0E-16 6.7E-13 3.0E-15 2.6E-12 03 03
U-235 4.7E-17 3.9E-15 1.6E-16 6.3E-15 03 06
Pa-231 3.6E-14 1.8E-11 1.3E-13 45E-11 03 0.4
Ac—227 1.1E-15 3.8E-13 3.3E-15 1.2E-12 03 0.3
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1% 2-5 WETATRIZHEITS THIEKTIL—TDHRE~DBRERZRE DLLE
(BEEEHEEBEEETTIL)

WETERD ETRID
BRE~DBRERE RE~NDBERE1) thET#& . RETHI
[(mSv/y)/(Ba/y)] [(mSv/y)/(Ba/y)]

BEERS | BERARK | EEEKS | BEAEK | BEXERS [ BERER

BION—T | BEIGN—|BITN—T | EEITN— | EBIN—T | EEHTIL—
Sm-151 1.5E-22 3.2E-16 2.0E-22 44E-16 08 0.7
Cs-135 7.0E-18 5.7E-14 6.7E-18 56E-14 1.1 1.0
Sn-126 8.6E-17 1.4E-09 8.5E-17 1.3E-09 1.0 1.0
Pd-107 5.7E-20 31E-15 5.9E-20 5.8E-15 1.0 05
Tc-99 9.0E-19 1.9E-15 4.2E-19 1.1E-15 2.2 1.7
Nb-94 6.4E-17 1.1E-09 6.1E-17 1.0E-09 1.1 1.1
Zr-93 4.6E-19 4.6E-14 7.6E-19 9.1E-14 0.6 05
Nb-93m 6.7E-23 1.2E-16 7.4E-23 1.6E-16 0.9 0.7
Se-79 3.9E-16 6.6E-14 3.2E-16 55E-14 1.2 1.2
Pu-240 3.0E-16 3.4E-11 1.1E-15 1.3E-10 03 0.3
U-236 9.8E-18 6.8E-13 4.7E-17 2.6E-12 0.2 0.3
Th-232 6.2E-14 3.3E-09 5.8E-14 3.7E-09 1.1 0.9
Ra-228 2.9E-18 7.2E-12 1.8E-18 7.0E-12 1.6 1.0
Th-228 6.8E-21 1.3E-12 1.0E-20 1.3E-12 0.7 1.0
Cm~—245 2.2E-15 1.1E-10 1.0E-14 3.3E-10 0.2 0.3
Pu-241 1.8E-18 1.9E-13 8.4E-18 8.5E-13 0.2 0.2
Am-241 5.3E-17 5.7E-12 2.4E-16 2.5E—11 0.2 0.2
Np-237 6.0E-18 5.5E—11 3.9E-17 9.7E-11 0.2 0.6
Pa-233 6.8E-23 4.9E-15 3.4E-22 4.7E-15 0.2 1.0
U-233 1.4E-16 9.6E-12 7.3E-16 2.1E-11 0.2 05
Th-229 3.3E-15 3.1E-10 1.7E-14 6.4E-10 0.2 05
Cm—246 8.1E-16 2.6E-11 3.9E-15 1.3E-10 0.2 0.2
Pu-242 44E-16 4.8E-11 1.6E-15 1.8E-10 03 0.3
U-238 1.1E-17 2.7E-12 45E-17 44E-12 0.2 0.6
U-234 9.4E-17 3.6E-12 1.6E-16 5.8E-12 0.6 0.6
Th-230 2.6E-14 1.0E-09 3.3E-14 1.1E-09 08 0.9
Ra-226 8.9E-15 5.4E-10 1.1E-14 55E-10 08 1.0
Pb-210 5.3E-18 9.1E-13 7.0E-18 1.3E-12 0.8 0.7
Po-210 1.2E-22 3.2E-15 2.2E-22 58E-15 0.6 0.6
Am—243 9.7E-16 1.5E-10 3.9E-15 2.7E-10 0.3 0.6
Pu-239 40E-16 45E-11 1.5E-15 1.7E-10 0.3 0.3
U-235 1.7E-16 1.8E-11 6.1E-16 3.0E-11 0.3 0.6
Pa-231 1.9E-14 1.1E-09 71E-14 2.7E-09 0.3 0.4
Ac—227 4.4E-18 71E-12 1.3E-17 1.7E-11 03 0.4
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5% 2-6 WETHIRIZH TS I TIL—TDRE~DBMEFRE DK

(HE®mETIVL)
WETERD HETRTD
BRE~NDBRERE BE~NDBERE(1) thET#& . RETHI
[(mSv/y)/(Ba/y)] [(mSv/y)/(Ba/y)]

BEERE | BFAEK | BEERKS | BEAENR | BFERS (B RER

BEION—T | BEIN—NEBEIN—T | BEFEIN—|BITN—T | EETI)IL—

Sm-151 3.6E-18 52E-17 3.9E-18 50E-17 0.9 1.0
Cs-135 3.0E-15 5.9E-16 2.8E-15 56E-16 1.1 1.1
Sn-126 2.0E-13 1.1E-12 1.9E-13 1.1E-12 1.0 1.0
Pd-107 9.4E-19 6.7E-17 1.1E-18 7.0E-17 0.9 1.0
Tc-99 1.6E-16 1.6E-14 7.3E-17 75E-15 2.2 2.2
Nb-94 2.0E-13 45E-13 1.9E-13 4.3E-13 1.1 1.0
Zr-93 2.2E-16 4.9E-16 2.5E-16 7.9E-16 0.9 0.6
Nb-93m 1.3E-17 1.1E-16 1.3E-17 1.2E-16 1.0 1.0
Se-79 4.7E-13 40E-13 3.9E-13 3.3E-13 1.2 12
Pu-240 1.7E-14 4.7E-14 6.5E-14 1.8E-13 0.3 0.3
U-236 2.7E-16 8.4E-14 1.1E-15 1.3E-13 0.2 0.7
Th-232 6.3E-12 8.3E-14 6.6E-12 2.7E-13 1.0 0.3
Ra-228 4.9E-14 2.1E-12 44E-14 1.2E-12 1.1 18
Th-228 7.7E-15 51E-13 7.8E-15 51E-13 1.0 1.0
Cm-—245 2.1E-13 2.0E-13 6.0E-13 9.1E-13 0.4 0.2
Pu-241 7.3E-16 8.8E-16 3.2E-15 3.6E-15 0.2 0.2
Am—241 2.3E-14 1.4E-13 1.0E-13 6.9E-13 0.2 0.2
Np-237 7.3E-16 1.8E-13 1.4E-15 1.8E-12 05 0.1
Pa-233 2.6E-17 4.3E-14 2.5E-17 4.2E-14 1.0 1.0
U-233 2.5E-15 9.2E-14 6.3E-15 1.3E-13 0.4 0.7
Th-229 6.6E-13 2.2E-13 1.5E-12 43E-13 0.4 05
Cm-—246 5.5E-14 1.9E-13 2.6E-13 8.9E-13 0.2 0.2
Pu-242 1.7E-14 45E-14 6.3E-14 1.7E-13 03 03
U-238 9.2E-16 9.0E-14 1.7E-15 1.3E-13 05 0.7
U-234 7.0E-16 9.0E-14 1.7E-15 1.3E-13 0.4 0.7
Th-230 7.6E-13 1.1E-13 9.3E-13 15E-13 08 0.7
Ra-226 1.1E-12 1.3E-12 1.2E-12 1.4E-12 0.9 0.9
Pb-210 6.0E-14 1.1E-12 7.8E-14 1.4E-12 08 08
Po-210 1.1E-16 3.9E-12 2.0E-16 7.3E-12 05 05
Am-243 2.2E-13 1.8E-13 40E-13 7.3E-13 06 0.2
Pu-239 1.8E-14 4.7E-14 6.7E-14 1.8E-13 03 03
U-235 40E-15 1.0E-13 50E-15 15E-13 08 0.7
Pa-231 4.3E-13 55E-14 1.1E-12 1.9E-13 0.4 03
Ac—227 44E-14 43E-13 1.1E-13 1.2E-12 0.4 0.4
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5 2-7 WETHIRIZHE TS TRIEELK TIL—TDRE~DBMEFRE DK

(BBEEETIV)
WETED WETHTD
BRE~NDHBRERY BREANDOBREFZRE() WET . TRETH
[(mSv/y)/(Ba/y)] [((mSv/y)/(Ba/y)]

EEERS | BEAENR| 2EERS | BEAEN | 2EERE | BraE

FBEIN—T | EBHIN— N EBEIN—T | EEITIN— | BEIN—T | EEHTIL—
Sm-151 4.1E-26 2.7E-20 44E-26 2.6E-20 09 1.1
Cs—-135 2.2E-21 2.0E-17 2.1E-21 1.9E-17 1.1 1.1
Sn-126 2.1E-19 2.4E-14 2.0E-19 2.6E-14 1.0 0.9
Pd-107 6.9E-25 1.1E-18 8.1E-25 1.1E-18 0.9 1.0
Tc—99 1.0E-22 2.5E-18 48E-23 1.2E-18 2.2 2.2
Nb—-94 1.7E-19 8.9E-17 1.6E-19 8.4E-17 1.1 1.1
Zr-93 2.7E-22 8.5E-19 3.1E-22 1.3E-18 0.9 0.7
Nb—-93m 2.0E-26 3.9E-22 2.0E-26 3.9E-22 1.0 1.0
Se-79 2.8E-19 1.6E-15 2.3E-19 1.4E-15 1.2 1.2
Pu-240 3.5E-20 2.3E-16 1.3E-19 9.1E-16 0.3 0.3
U-236 3.2E-22 5.0E-18 1.2E-21 7.4E-18 0.3 0.7
Th-232 2.4E-16 5.8E-14 2.5E-16 47E-14 1.0 1.2
Ra-228 5.1E-23 4.6E-17 47E-23 2.4E-17 1.1 1.9
Th-228 1.8E-24 48E-19 1.9E-24 6.9E-19 0.9 0.7
Cm-245 5.3E-19 9.0E-16 1.6E-18 43E-15 0.3 0.2
Pu-241 7.0E-23 1.6E-18 3.0E-22 8.1E-18 0.2 0.2
Am-241 2.0E-21 4.8E-17 8.9E-21 2.4E-16 0.2 0.2
Np—237 1.2E-19 1.7E-16 2.7E-19 1.2E-15 04 0.1
Pa-233 1.9E-24 8.6E-22 44E-24 1.6E-21 04 0.5
U-233 4.1E-18 1.8E-15 9.4E-18 3.5E-15 04 0.5
Th-229 9.9E-18 4.4E-15 2.3E-17 8.3E-15 04 0.5
Cm-246 8.1E-20 3.8E-16 3.9E-19 1.8E-15 0.2 0.2
Pu-242 8.8E-20 4.1E-16 3.2E-19 1.6E-15 0.3 0.3
U-238 3.0E-20 3.7E-17 3.6E-20 5.5E-17 0.8 0.7
U-234 2.3E-18 2.5E-15 2.7E-18 3.7E-15 0.9 0.7
Th-230 5.9E-17 6.3E-14 6.8E-17 9.3E-14 0.9 0.7
Ra-226 2.4E-19 1.7E-14 2.6E-19 2.6E-14 0.9 0.6
Pb-210 1.8E-22 2.4E-16 2.4E-22 41E-16 0.8 0.6
Po-210 1.3E-26 2.6E-18 2.3E-26 49E-18 0.6 0.5
Am-243 49E-19 47E-16 8.9E-19 2.1E-15 0.5 0.2
Pu-239 6.8E-20 3.5E-16 2.6E-19 1.4E-15 0.3 0.3
U-235 1.4E-18 7.1E-16 3.6E-18 2.0E-15 04 0.4
Pa—-231 1.5E-17 7.5E-15 3.8E-17 2.1E-14 04 0.4
Ac-227 1.4E-22 8.9E-18 3.6E-22 3.0E-17 04 0.3
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