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4 ;&I) I/;Lj\’g; y ?ﬁ&{é Table 1. Radioisotopes in air after the Chernobyl accident.
HENf=-ZEnD 5| .
Relative Dose
o Z{ Elﬂ H %*2 102 ] fﬁdk) Isotope ppM (Percent)
OsloZB4t(~1500km)
- N ny 0.49 0.4
THRBESNEFRNED  wy,
Mo 0.03 0.02
%12 1Ry 0.60 0.5
18R u 4.00 3.1
o 132Te 11.30 8.8
y T06RUDTHCeMNFH = 93.00 722
— ~ 133
HGESSE—REND . P i3
EHEYRHEZIAT o 033 03
L\f\L\*?*E) 1ICs 6.70 5.2
oL X 140 0.21 0.2
HiCe 0.25 0.2
144Ce 5.80 4.5
N 239Np'j:239U7b\b0)B 239N p 0.33 0.3
decay All 128.77 100.1
Henriksen et al., Environ, The measurements are made in Baerum, close to Oslo. The activities
Inter., 14, 157-163, 1998 are given as integrated activites during the first two weeks after the

accident and expressed as parts per million (ppM) relative to the
ICRP threshold value for workers. The third column yield the rela-
tive contribution to the inhaled dose.
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Nakanishi et al., /. Environ. Radioactivity, 50, 61-68, 2000

top view

O,

U solution

sampling point

side view
sampling point "~ U solution~_ 7]
o
/IO.Bm"’ 1.2 mh

10.2 m

Fig. 1. The sampling location of the S-12L soil sample. The criticality phenomenon occurred in the U
solution™.
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Nakanishi et al., J. Environ. Radioactivity, 50, 61-68, 2000

TR

Table 1

Residual neutron-induced radionuclides in the S-12L soil sample. The nuclides are arranged by half-life

starting with the shortest

E ) ST E 4

=R (2)

Nuclide Half-life® E, (keV)* Bg(at EOCP)/g-sample(dry)
24Na 14.9590 h 1369 (5.5 + 1.3) x 101
149] o 1.6781 d 487 (1.0+0.1)x 10°
816 (1.1 +0.3)x10°
1596 0.94 + 0.09) x 10
Mean (1.0 +0.1) x 10°
1228k 270d 564 (6.1 +0.5)x10°!
S9Fe 44.503 d 1099 (3.3+0.3)x10°%
1292 (3.3+0.3)x 10
Mean (3.3 4+0.2)x10 3¢
1248h 60.20 d 603 (1.4+0.1)x107%
1691 (1.3+0.1)x 10
Mean (1.4 +0.1)x 10~ 2¢
498¢ 83.79 d 889 (5.0+02)x10°
1121 (5.2+0.3)x 107
Mean (5.1 +0.3)x10 3¢
S5Zn 244.26 d 1116 (1.4 +0.2) x 10 %
i 2.062 yr 569 (2.6 +0.5)x 107%*
605 25+ 0.1)x10%
796 2.4+ 0.2)x107%
Mean (2.54+0.2)x 10" 2¢
Co 52714 yr 173 2.5+ 04)x 1073
1333 (244 0.4)x 1073
Mean (2.4 +0.3)x10 ¢

“Firestone et al. (1996).

PEOC: end of criticality.

“The data are tentative because a check of the half-lives of the photopeaks must be further continued.
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134Cs& 134Cs MHEMITHEDHENSITEF...?

C.C. Lin, et al., JRNC, 220(2), 173-181, 1997

Estimation of the exposure for defective fuel rods

2,24

20— In theory, the measurements of '**Cs and !3'Cs
& 1.8 activities in the reactor coolant may be used as an
B 4 o indicator of the exposure (burnup) of a failed fuel rod
g S from which the fission products are released. 137Cs
8 1'2" (30 y) is produced directly from fission, and 134Cs
& Ve (2.1 y) is produced by neutron activation of !33Cs, a
s 107 stable fission product. Since the !34Cs activity increases
2 08- (proportionally to the square of the fuel exposure) faster
O 06 238y "4 Wcg (30y) than 137Cs3in the flll;l as the fuel exposure increases, the

2 a < 1 :
0.4 oy B 19cs M Mce 21y) ratio of 4Cs to 'Cs _increases as the fuel exposure
0.2 increases, as shown in Fig. 7. Unfortunately, the release
0.0 x | g : » of *Cs and '¥”Cs may come from more than one
0 10 20 30 40 - defective fuel rod which could have totally different
Fuel exposure, GWd / t exposurcs, and different size of defect. These
complications make it difficult to accurately estimate the
Fig. 7. Calculated '34Cs to }37Cs ratios in fuel as a function of fuel exposures of defective fuel. The ratio of '3Cs to 13Cs

bumup’ observed at the subject reactor in Cycle 2 ranged from
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y 134,1 37CS75§$H

o 1992 (ZH£HL=Novo Borovicky(FzIJL/T A 5AtFE1 50km)D
T1iE
P.Carbol et al, J. Environ. Radioactivity 68, 27-46, 2003
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7 1.0 % :
é% 0.9
8.0E+05 /5/{?7?/ o
' T S o7
% 7 2 o0 -
< . S04 |
£ G005 // - E o5
et S .
8 ///;?//5/7//,;/// 0.1 gzso% Zgoy
E 4 0E+05 / - 00 v v R —
0 5 10 15 20
//j// o ///%// ;:/Z - Soil depth (cm)
/////;/////// /////////// ////////
20405 v/ // //////// /7’
”’””/// 5 %///// i //%//
)
///’; 7////5///// /%
//// _ /. /
% / [ 2% 77

0.0E+00

0 2 4 6 8 10 12 14 16 18 20
Soil depth (cm)

Fig. I. Depth distribution of **’Cs in the soil profile. The inlaid figure shows the method used to calculate
the Zsq0,- and Zyqo,-values.
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Table 2
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P.Carbol et al, J. Environ. Radioactivity 68, 27-46, 2003

Radionuclides determined in the soil

Radionuclide

Humus

0-2 cm 24 cm 10-15 cm 15-20 ¢cm

Surface deposition (kBg/m”)—recalculated to April 1986

(670 n.d. .7 £0:3 n.d. n.d. n.d.
1259b 232+ 3.1 55 £18 7134 3 n.d. n.d.
EE 423 + 40 307 £ 29 173 + 18 n.d. n.d.
RICs 754 % 70 530 £ 50 303 + 29 109 = 1 21503
154Fu 0.64 = 0.08 n.d. n.d. n.d. n.d.
Deposit (Bq/m?)—recalculated to April 1986

2T n.m. 13543 154 1572242 $im. n.m.
2380T n.m. 132.4:%F 152 1424 £ 238 nm. n.m.
24U/2380 1.02 +0:16 1.10 £ 0.25

238Py 104 £ 09 <112 <6.6 n.m. n.m.
TP 344+ 2.5 220 £07 21 £ 1.1 n.m. n.m.
2Dy n.m. 2540 + 300 n.m. n.m. n.m.
238 Pu/230240py 0.30 £ 0.03

241pyy239:240py 15 £ 14

Surface deposition (Bq/m?)—date of measurement (2000)

241Am

n.m

346 5.1 n.m n.m. n.m.

The errors are given for 10 counting uncertainty. n.d., not detected; n.m., not measured.
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BMHSNT=-#ZEDTF (1)

4 1%?[‘)1:0)%//\“
BT THRE LB TOXRIR~DOKSEME DB EDHEIE (Ba)

¥%i2 1 S 2 5t 35 BHESRE
Xe-133 3.4x10" 3.5x10" 4.4x10" 1.1x10"
Cs-134 7.1x10™ 1.6x10% 8.2x10™ 1.8x10%
Cs-137 5.9x10" 1.4x10" 7.1x10" 1.5x10'
Sr-89 8.2x10" 6.8x10" 1.2x10% 2.0x10"
Sr-90 6.1x10% 4.8x10" 8.5x10" 1.4x10"
Ba-140 1.3x10" 1.1x10" 1.9x 10" 3.2x10"
Te-127m | 2.5x10™ 7.7x10" 6.9x10" 1.1x10P
Te-129m | 7.2x10™ 2.4x10" 2.1x10" 3.3x10"
Te-131m | 2.2x10" 2.3x10" 4.5x10™ 5.0x 10"
Te-132 2.5x10' 5.7x10'° 6.4x10" 8.8x10'°

EH%L’CL\%)W*JH(UOZMMOX) HE 18

B, RIS K > TEI




I SNT=ZE D FRI(2)

AL TLDAF(UO20rMOX)., 2 BEFHE . MHRRICK>TEIXELS

Ru-103 2.5x10% 1.8x10% 3.2x10% 7.5x10%
Ru-106 7.4 x100% 5.1x10% 8.9 x10% 2.1x10%
Zr-95 4.6x10" 1.6x10" 2.2x10" 1.7x10"
Ce-141 4.6x10" 1.7x10" 2.2x10" 1.8x10"
Ce-144 3.1 x10" 1.1x10" 1.4x10" 1.1x10"
Np-239 3.7x10% 7.1x10" 1.4x10" 7.6x10"
Pu-238 5.8 x10% 1.8x10" 2.5x10% 1.9x10"
Pu-239 8.6 x10% 3.1x10% 4.0x10% 3.2x10%
Pu-240 8.8 x10% 3.0x10% 4.0x10% 3.2x10%
Pu-241 3.5x10' 1.2x10" 1.6x10" 1.2x10"
Y-91 3.1x10" 2.7x10" 4.4x10" 3.4x10"
Pr-143 3.6x10" 3.2x10" 5.2x10" 4.1x10"

2.2x10" 1.6x10"

1.4x10" 1.0x 10"

7.0x10" 1.6x10"




BMHSN =B DT R(3)

AL TLDAF(UO20rMOX)., 2 BEFHE . MHRRICK>TEIXELS

[-132 1.3x10" 6.7x10% 3. 7x10" 1.3x10"
[-133 1.2x10™ 2.6x10" 4.2x10" 4.2x10'
[-135 2.0x10™ 7.4x10" 1.9x10™ 2.3x10™
Sb-127 1.7x10" 4.2x10" 4.5x10" 6.4x10"
Sb-129 1.4x10™ 5.6x10" 2.3x10"™ 1.4x10™
Mo—99 2.6 x10% 1.2x10% 2.9x10% 6. 7x10%

X JAFHELIZET L AEABEESEICHT B XERFOREE-ERENEERFAEEROEY
[ZDWT- (ERi23FE6A) BFHKERNESRS

i¥) Te 131m, Te 132, 1132, 1133, 1135, Sb-129, Mo 99 OF —# |[Z@ 0 B L7728, THRO LBV

FrE2 31 0H208IZFTEELE L7,




IR 5 R DD %8

]3]|’ ]34CS, ]37CS, ]]OmAg(]O9Ag), ]32Te’ ]32|, ]40Ba’
89Sr, 89Y’ 952r, 95Nb’ 239Np’ 59Fe

—< _C __C

kA Around the nuclear power plant (<4.1km)

— M In front of the main gate of the nuclear power plant
M litate village (ca. 35km from the nuclear power plant)
— Sites within the nuclear power plant(A,B,C) by TEPCO

]40La’

Kl

Dose / Bakg

131

=

Cs-134 Cs-137 Ag-110m Te-132
L

132 Ba-140

La-140
|

Parent

L
Daughter P

D

31 Cs-134 Cs-137 Ag-110m Te132 1132  Ba-140 La-140 S-91  Y-91  2r-95  Nb-95
L J L J
10° Parent Daughler P D P D P D
10°
I o
g
& Water
g 10° -
10° -
10' -
10 1 1 1 1 1 1 1 1 1 ]
31 Cs-134 Cs-137 Ag-110m Te-132 1132 Ba-140 La-140 S-91  Y-91  Zr-95  Nb-95
L | L ] L J L J
Parent Daughter P D P D P D



RELBFRDFREM YRR YK

L' »

EBE—ER, ORI HRHEEDLHY SV S, QR VO i e
Radiation contour map > L M )

of the Fukushima Daiichi accident W T\l Eep I 7
- 4SO ME7000%Y) & @ristar S A5 70 kLA REE { 3 Tl
BT, COB@IRETI VS L i
I 8 usvh bLE RIS R > e
M 4 uSvnBLE I 20km® (RRes T ) )
2 uSvh Blk N EEeB
1 uSvh ik e RaHBENtREKS
0.5 uSwh ElLE
0.25 uSv/h RILE

> &l wan ¥ g 3

uSV/h (A0S =~ b/8)

3¢ IR R E HE S o

Eukushima Daiichi

100km

150km

200km

=iTRR7A268 (#IR4A21H)

FERIERL : R BREX (B¥BX%) (kipuka.blog70.fc2.com/)
@nnistar A OHEE (www.nnistar.com/gmap/fukushima.html)
Contour lines drawn by Yukio Hayakawa (Gunma Univ.),
Source: @nnistar

HEKE : AEATF

HRIEICIZWFE L K— )L (portal.cyberjapan.ip) DR ZEEALEL.



Ry ERRY D I (KB FAH)
Y5Ph 134Cs (Bq/kg) 137Cs (Bq/kg)

1. wHiEE FARE T 215,150 +804 251,700 +914
2. $Hh¥EE ElFEP R /793 £ 21 924 + 24
3. WHE R EmEE T 10,530 = 88 12,300 £103
4. —HEERE JE+ 2,609 £ 50 3,050 £ 57
5. El1l i 9,990 =+ 89 11,570 £108
6. B2 it 15,340 £101 17,910 £102
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Y5Ph 134Cs(Bq/kg) 137Cs(Bq/kg)

1. AEPR IF)IIN2TH 713 £ 28 700 + 27

2. 1.OLEHEKE IRIN2TH 11,220 £129 13,390 £152

3. ABE(REFEED) EE1TE 6,510 £122 6,420 £117

4. KBEL>H—(HEKBEK) REHE1TH 6,780 £124 6,810 £120

5. AB(REZED) hEm4 T H 2926+ 58 3,453+ 67
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