


FDNPS 24

(Cs)
100 Bg/kg 50 Bg/kg
Cs
FDNPS
Cs
-90 (*°sr) FDNPS
Cs %Gy
Cs
Cs 90gy
Cs %sr
mSv
FDNPS Cs -90 (*°sr)
-106 (**Ru) -238
24 4 (**Pu) -239 (*Pu)
-240 (*“Pu) -241 (*"Pu)

Cs
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13~18
100 Bo/kg
50 Bg/kg
Cs Cs
Cs
Cs
Cs
FDNPS
Cs
QOSr

FDNPS

Cs %Sy
Cs gy
B.
FDNPS
500 Bg/kg
1 28
2
1
Cs
14 11
%Sy 4
11 gy
5kg
kg
2.
70 3

Cs

23

28

Cs



QOSr
450
3
3. Cs
U-8
Canberra Ge GC2020
GC3020 GC4020 Cs
-134 (*'Cs) -137
(*'Cs) 604.7 keV
661.7 keV vy 28000 500000
-40 K 1460 keV
5 5 50mm 9.5 95.0¢
4. %5r
12 100g Sr
pH 10 Sr
Sr
Ca
Ra -90 ()
100 1300 %5y
15 =9
C.
Cs

19+21012 7.3 n=14 Ba/kg-
4

9OSr-

0.0092 + 0.0066 0.0019 0.018 n=4 Bqg/kg-

28

Cs 0.44 + 0.43
0.11 1.6 n=11 Bag/kg-
5

*Sr 0.0026 + 0.0066 0.0036 0.10
n=11 Bog/kg-

Cs

Cs

Cs 15 Bg/kg-
4 24
Cs 7.6 Bg/kg-
25
Cs 1.8 Bg/kg-
25 27

%Sy

%Gy 25
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0.91 Bog/kg-
%Sy
E.
FDNPS
Cs
Cs %sr
28
Cs %Sr
Cs
gy
QOSr

1) H. Tsukada, A. Takeda, T. Takahasi, H. Hasegawa,
S. Hisamatsu and J. Inaba: Uptake and distribution
of *Sr and stable Sr in rice plants. Journal of
Environmental Radioactivity 81, 221-231, 2005.

2) H. Tsukada, A. Takeda and H. Hasegawa: Uptake

and distributions of *Sr and *'Cs in rice plants,
16th Pacific Basin Nuclear Conference, Aomori,

Japan, P16 P1121, 2008.

3)
15
4) ’
http://search.kankyo-hoshano.go.jp/
G.
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1. F. Carini, M. Brambilla, N. G Mitchell and H.
Tsukada (2016) Radionuclides Behavior in Fruit
Plants on Radiological Issues for Fukushima’s
Revitalized Future, Springer, pp 159-172.

2. H. Tsukada, T. Takahashi, S. Fukutani, K. Ohse,

and M. Akashi (2016)

Of 134, 137CS 9OSI_ in

Agricultural Products Collected in Fukushima

K. Kitayama

Concentrations and

Prefecture on  Radiological Issues for

Fukushima’s Revitalized Future, Springer, pp
179-187.

3. A. Takeda, H. Tsukada, M. Takahashi, Y. Takaku

and S. Hisamatsu (2015) Changes in the
chemical form of exogenous iodine in forest
soils and their extracts. Radiat. Prot. Dosim., 167,

181-186.

4. F. Bréchignacl, D. Oughton, C. Mays, L.

Barnthouse, J. C. Beasley, A. Bonisoli-Alquati,
C. Bradshaw, J. Brown, S. Dray, S. Geras’kin, T.
Glenn, K. Higley, K. Ishida, L. Kapustka, U.
Kautsky, W. Kuhne, M. Lynch, T. Mappes, S.
Mihok, A. Mgller, C. Mothersill, T. Mousseau, J.
Otaki, E. Pryakhin, O. E. Rhodes, Jr, B. Salbu, P.
Strand, H. Tsukada (2016) Addressing
ecological effects of radiation on populations
and ecosystems to improve protection of the
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Environ. Radioactivity 158-159, 21-29.
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5200

6000

6000
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3 %Sr
134(:5* 137CS QOSr 4OK
Ba/kg
2015AP-5 0.052 26 * 0.5 95 + 06 035 =+ 0.03 1403 = 23
2015AP-6 0.205 10 = 0.2 37+ 02 0037 =+ 0.007 685 &= 7
2015AP-7 0.107 37 x= 04 127 = 05 0018 =+ 0.002 380 &= 10
2015AP-8 0.083 ND 15 =+ 01 011 =+ 0.02 548 &= 6
2015P-1 0.027 19 + 0.2 76 % 0.3 - 3000 == 15
2015P-2 0.049 19< 04 83< 0.5 - 2015 = 23
2015P-3 0.093 16 < 04 51< 0.5 - 431 = 13
2015P-4 0.220 38< 04 142 < 0.5 - 472 = 11
2015P-5 0.039 36 < 15 150.0 < 29 - 1511 = 36
2015P-6 0.033 20 = 0.5 88.0 = 0.9 - 1924 = 17
2015P-7 0.069 06 = 0.2 23+ 0.2 - 1320 = 9
2015P-8 0.313 10 = 0.2 39 = 0.2 - 444 = 6
2015P-9 0.170 48 = 0.3 222 = 05 - 234 = 7
2015P-10 0.158 13 =+ 0.2 54 0.3 - 244 = 7
14

0.6 15 0.0 234

36.5 150.0 0.3 3000

6.2 239 0.1 1044
2015AP-1 0.030 22 * 0.3 80 = 03 048 =+ 0.03 1885 14
2015AP-2 0.168 10 = 0.3 23+ 02 018 =+ 0.01 925 + 10
2015AP-3 0.049 ND 25+ 02 025 =+ 0.03 1255 =+ 11
2015AP-4 0.075 ND 16 =+ 02 0087 =+ 0.007 890 %= 8
2015AP-9 0.075 ND 15+ 01 074 =+ 0.03 980 %= 8
2015AP-10 0.116 ND 14 = 01 089 =+ 0.02 946 &= 7
2015AP-11 0.891 ND 18 + 01 0010 =+ 0.001 73 = 3
2015AP-12 0911 ND 06 = 01 00053 = 0.0010 70 = 2
2015AP-13 0.183 ND 19 + 01 0.046 =+ 0.009 635 &= 6
2015AP-14 0.166 ND 15+ 01 o021 =+ 0.02 1200 = 8
2015AP-15 0915 ND 07 = 01 0.0039 = 0.0009 76 = 2

11

10 0.62 0.0039 70

2.2 8.0 0.89 1885

16 22 0.26 812

" 604.7 keV
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-241 (*"Pu)
Cs

23

23 3
(FDNPS)
24 4
1 mSv
Cs -90 (*°sr)
-106 (*Ru) -238 (®%pPu) -239 (*°Pu)
-240 (*°Pu) -241 (*'Pu) Cs
Cs %05y
-137 (¥'Cs) 10Bg/kg-
Sy ~239+240 (2*?%py)
A. Cs
Cs
-90 (%sr) FDNPS
~106 (“*Ru) -238 (ZPy)
-239 (**Pu) -240 (*°Pu) Sr Ca




B.
1.
1.1.
b 27
11 12
1
1
1.2. vy
22~34
3~17
us Canberra
Ge GX2019 24
\V4 Ge
5~50mm 9.5~95¢
-134 Cs

(604.7 keV) ~137 (“Cs) (661.7 keV)
-40 “K (1460 keV)

y 134CS
BICs 0.5 Bg/kg-

1.3. Sr -239+240 #**py

QOSr 239+240Pu

FDNPS

~0.26 Ba/kg-ZEHE EE M H FERIELL T ~0.07

Ba/kg- 2
0.5~1kg
Sr Pu Sr
Sr Sr
Sr Eurisis
Pu
Pu
Canberra
C.
1.
27 Cs
4OK 2
(n=10) 669
08¢
B¥Cs 0.3 Bg/kg-
BCs (n=3) 0.4~1.1Bg/kg-
0.4 Bqg/kg-



0.9 kg
13 ¢
B¥Cs ¥'Cs K 0.3
1.1 90.3 Bg/kg-
¥Cs ¥'Cs K 04 22
84.7 Ba/kg- BCs ¥'Cs
K 0.2 0.7 65.1
Ba/kg- (n=5)
3389 10.8¢g
134CS
0.2 Bg/kg- BiCs 0.4~
0.8 Ba/kg-
(n=5) 599
09¢g B¥Cs
0.5 Bg/kg- BICs
(n=4) 0.8—~1.7 Bg/kg-
(n=5)
282 ¢ 6.29
134CS 137CS 134Cs
0.1 Bo/kg- Y¥Cs 0.3 Bg/kg-
K 73~130 Bg/kg-
9OSr 239+240Pu
%Sr 0.2 Bg/kg- #920py - 0.01
Ba/kg-

134CS

1kg

B3Cs 0.26

Bag/kg-
137CS 40K
137CS
¥Cs 3 0.8
Bag/kg- 1kg
1.1 Bg/kg- K
73~98Bg/kg-
134CS 137Cs
40K
Whole body BiCs ¥'Cs
oK 0.2 1.0 79.5 Bg/kg-
BiCs ¥'Cs K Whole
body
Sr
28 3 24 7 27
%3r 0.001
Bg/kg- 29240p
0.001 Bag/kg- ~0.41 Bo/kg-
27
QOSr 239+240Pu
908r 239+240Pu
QOSr 239+240Pu
QOSr /137Cs

239+240Pu /137CS



1)

2)

CS 40K QOSr 239+240Pu
Cs
1.7 Bg/kg-
QOSr 239+240Pu
27 5 20

http://www.pref.fukushima.lg.jp/sec/36035¢/sui
sanka-monita-top.html

Oikawa, S., Watabe, T., Inatomi, N., Isoyama,
N., Misonoo, J., Suzuki, C., Nakahara, M.,
Nakamura, R., Morizono, S., Fujii, S., Hara, T.,

26

and Kido, K., Plutonium isotopes concentration
in seawater and bottom sediment off the Pacific
coast of Aomori sea area during 1991-2005,
Journal of Environmental Radioactivity 102,
302-310 (2011).
3)
28 3 24
http://www.jfa.maff.go.jp/j/housyanou
/pdf/strontium_2.pdf

, Proceedings of the
15th Workshop on Environmental Radioactivity
(KEK proceedings), 2015-7, 219-221, 2015.
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cm kg
27 11 16 36 34 141 41 10 318 0.13
27 11 18 37 40 141 08 5 399 0.64
27 11 18 36 59 141 06 5 0.38
27 12 9 36 56 141 20 5 051
13Cs Bg/Kg-wet B¥’Cs  Bg/Kg-wet K  Bg/Kg-wet
-1 <03 1.08 4 013 731 4 21
-2 <03 0.42 4 0.06 87.6 4 2.1
-3 <03 <04 859 4 24
-4 <03 0.90 4 0.09 845 4 24
-5 <03 <04 859 4 25
-6 <03 <04 905 4 26
-7 <03 <04 88.3 4 23
-8 <03 <04 842 4 27
-9 <03 <04 975 4 25
-10 <03 <04 776 4 2.4
-11* 0.26 4 0.02 114 4 0.03 90.3 4 0.8
* 045 4 0.05 224 4 0.10 847 4 18
* 017 4 0.02 0.67 4 0.02 650 4 0.8
-1 < 0.2 039 4 0.04 1339 4 15
-2 <0.2 055 4 0.04 1235 4 17
-3 <02 0.77 4 0.04 1266 4 1.6
-4 <02 0.60 4 0.03 137.7 4 15
-5 <02 0.70 4 0.05 126.2 4 1.8
-1 <05 0.81 4 0.19 1132 4 33
-2 <05 167 4 0.09 1283 4 2.7
-3 <05 <03 1336 4 3.4
-4 <05 096 4 0.11 156.1 4 3.7
-5 <05 114 4 0.22 1299 4 3.7
-1 <01 <03 116.7 4 1.4
-2 <01 <03 1106 + 1.3
-3 <01 <03 1122 4 16
-4 <01 <03 117.0 4 17
-5 <01 <03 1177 4 16
-11
0.9kg 0.2kg 0.8kg
BCs Bg/Kg-wet K Bg/Kg-wet
3 042 0.80 108 10 731 855 975
5 039 060 077 5 1235 1296 1377
4 081 115 167 5 1132 1322 156.1
0 5 1106 1148 117.7

27



Cs

(FDNPS)
24
(Cs)
100 Bg/kg 50 Bg/kg
Cs
Cs
-90 %gr Cs 05y
Cs
(FDNPS) D
24
~18
mSv

28

13



100 Bg/kg

50%

Sv
50 Bg/kg

-134 ¥Cs -137 ¥'Cs
Cs

Cs

Cs
Cs

Cs

B.
1.
1.
1
0.44 Bq/kg-
1.6 Bg/kg-
26
2)
2.

29

1.9 Bg/kg-
0.12 7.3 Bg/kg-

137CS

137CS
0.11
137CS
Cs
FDNPS  30km
137CS
1



%Sy Sr 1. Cs
Ca
ICP (iICAP-6300, Thermo 27 Cs
Fisher Scientific)
(ContraAA 700, Analytik Jena)

Cs
K 1
-40 “K K 19 19
K 30.4
Bg/Kg? ICRP Publication No.72°
3 (1 )
1.
Cs %G5y BCs
QOSr
25 2
24
24
24
K Ca 25
4) 134Cg
C. 23 3 11 B4Cs/™'Cs

30



1:1
134CS
27
mSv
mSv
26
2)
30 1¥4Cs
2.88 Bg/kg
19
0.002 mSv
0.011 mSv
mSv
. YK

279 30

137CS

19

0.01

Cs

FDNPS  30km

137CS

13805 /1370
27 9

137Cs

137CS

19

0.015 mSv

Cs

Cs K
Cs K
K Cs
K K
30.4 Bg/ BCs
/ K 0.52(Bg/g-K)
3.0 (Bg/g-K) 6
Cs
4OK
1—6 5 7
~14 10 15~19 15 20
Cs 0.001
mSv
1 mSv K
0.1 mSv
Cs
40K
Sr Ca
Sr-90
%Gr
Sr Ca
Sr 92~1120 pg/kg
328149/kg
Ca 42~333 mg/kg
133ug/kg
%Gr / Ca 0.00018



(Bq/mg-Ca)
QOSr
19
0.001 mSv
0.001 mSv

0.01 mSv

Cs

1 mSv
27

2

A~3RICHEESNTc~— 7y Ay MEIZK

0.0010~0.0020 mSv®

1)

28

2)

32

Cs

3)
4) 24
FDNPS
0.01 mSv
Cs
C.
0.002 mSv
FDNPS 30 km

30km



. “K

Cs
4OK
BCs/ K
137CS
¥ics / K
Sr Ca
Sr Ca
0.001 mSv
1.
03y
9OSr

27

QOSr

Cs

QOSr

9OSr

Cs

33

QOSr

1 mSv
%05y 1 mSv/y
2
%03r
Cs
Cs
Cs %Gy
1)
http://www.mhlw.go.jp/
2)
24-26
(2015).
3) ( 3)
1984
4) 25

(2015).
5) ICRP: Publication 72(1996).
6)http://www.mhlw.go.jp/file/04-Houdouhappyou
-11134000-Shokuhinanzenbu-Kijunshinsaka/20
151120.pdf
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Sv/Bq

10 15
Cs-134 1.3E-08 1.4E-08 1.9E-08 19E-08
Cs-137 9.6E-09 1.0E-08 1.3E-08 1.3E-08
K-40 2.1E-08 1.3E-08 7.6E-09 6.2E-09
Sr-90 4.7E-08 6.0E-08 8.0E-08 2.8E-08
27
19 19 19 19
Cs137
(9/day) (9/day) (Ba/kg) Bg/day (Bg/day)
1275 110.9 0.9 0.11 0.10
424 292 0.9 0.38 0.26
60 55.8 11 0.07 0.06
142.9 130.2 0.3 0.04 0.04
85.2 78.1 17 0.14 0.13
64.3 61.7 2.2 0.14 0.14
229.7 243.1 0.9 0.21 0.22
30.6 38.9 0.6 0.02 0.02
17.7 121 0.6 0.01 0.01
46.6 36.1 0.6 0.03 0.02
22.1 16.2 0.6 0.01 0.01
39.6 345 04 0.02 0.01
* 623.8 374 11 0.69 0.41
82.3 87 0.6 0.05 0.05
Cs137
(Bg/y) 7.0E+02 5.4E+02
Csl34
(Bg/y) 1.8E+02 1.4E+02
Csl137 (mSv/y) 9.1E-03 7.1E-03
Csl134 (mSv/y) 3.5E-03 2.7E-03
mSv/y) 1.3E-02 9.8E-03

37




FDNPS  30km
Cs-137 26
Cs-137
Bg/kg
26 11 24 3 0.09
26 11 24 1 0.56
26 11 24 4 6.51
26 11 28 7 0.08
27 1 29 6 4.35
27 1 29 6 251
27 1 29 2 142
27 1 29 1 4.46
27 1 29 1 1349
I 2.88
FDNPS  30km
19 19
(g/day) 1111 89.9
Cs-137 (Bg/y) 1.2E+02 9.5E+01
Cs-134 (Ba/y) 3.0E+01 2.5E+01
Cs137 (mSv/y) 1.5E-03 1.2E-03
Cs134  (mSv/y) 5.8E-04 4.7E-04
mSv/y) 2.1E-03 1.7E-03

38




Cs K-40 mSv/y
(mg/d) | 15E+03 | 2.3E+03 | 2.2E+03 | 2.0E+03 | 2.1E+03 | 2.1E+03 | 2.3E+03 | 2.6E+03 | 2.7E+03
Cs-137 (Bg/y) | 2.8E+02 | 4.3E+02 | 4.3E+02 | 3.8E+02 | 4.0E+02 | 4.1E+02 | 4.4E+02 | 5.0E+02 | 5.2E+02
Cs-134 (Bg/y) 72E+01 | 11E+02 | 1.1E+02 | 9.9E+01 | 1.1E+02 | 1.1E+02 | 12E+02 | 1.3E+02 | 1.3E+02
Cs-137 (mSv/y) 2.7E-03 | 43E-03 | 55E-03 | 50E-03 | 53E-03 | 5.3E-03 | 58E-03 | 6.5E-03 | 6.7E-03
Cs-134 (mSvzy) | 9.4E-04 | 16E-03 | 2.1E-03 | 1.9E-03 | 20E-03 | 2.0E-03 | 2.2E-03 | 25E-03 | 2.6E-03
Cs-(134+137) mSv/y) | 36E-03 | 59E-03 | 7.6E-03 | 6.8E-03 | 7.3E-03 | 7.3E-03 | 8.0E-03 | 8.9E-03 | 9.3E-03
K-40 (Bg/y) 16E+04 | 25E+04 | 2.5E+04 | 2.2E+04 | 24E+04 | 24E+04 | 26E+04 | 29E+04 | 3.0E+04
K-40 (mSv/y) 34E-01 | 33E-01 | 19E-01 | 14E-01 | 15E-01 | 15E-01 | 16E-01 | 1.8E-01 | 1.9-01
(mg/d) | 14E+03 | 2.0E+03 | 1.9E+03 | 1.8E+03 | 19E+03 | 19E+03 | 2.2E+03 | 2.5E+03 | 2.4E+03
Cs-137 (Bg/y) 28E+02 | 3.9E+02 | 35E+02 | 3.4E+02 | 36E+02 | 3.6E+02 | 4.3E+02 | 4.8E+02 | 4.5E+02
Cs-134 (Bg/y) 72E+01 | 1.0E+02 | 9.2E+01 | 8.8E+01 | 9.4E+01 | 9.3E+01 | 1.1E+02 | 1.2E+02 | 1.2E+02
Cs137  (mSv/y) 26E-03 | 39E-03 | 46E-03 | 44E-03 | 47E-03 | 4.7E-03 | 56E-03 | 62E-03 | 5.9E-03
Cs134 (mSv/y) 93E-04 | 14E-03 | 1.7E-03 | 1.7E-03 | 1.8E-03 | 1.8E-03 | 2.1E-03 | 2.4E-03 | 2.2E-03
mSv/y) 3.6E-03 | 53E-03 | 6.3E-03 | 6.1E-03 | 65E-03 | 6.4E-03 | 7.7E-03 | 8.6E-03 | 8.1E-03
K-40 (Bag/y) 16E+04 | 2.3E+04 | 2.1E+04 | 2.0E+04 | 2.1E+04 | 2.1E+04 | 25E+04 | 2.8E+04 | 2.6E+04
K-40 (mSv/y) 34E-01 | 3.0E-01 | 16E-01 | 12E-01 | 1.3E-01 | 1.3E-01 | 15E-01 | 1.7E-01 | 1.6E-01
Sr Ca

Cs BCs oSy “OK Sr Ca

Bg/kg Bg/kg Bg/kg Bg/kg 19/kg mg/kg
01 = 00]J02 == 00| 0014 =+ 0001 | 56 =« 0 |347 == 2 42 = 0
02 = 01]04 = 00| 0030 == 0002 | 155 == 2 |489 =x= 2 92 =+« 3
ND 01 =+ 00] 0012 =+« 0001 | 62 == 1 |J166 == O 4 =+ 1
ND 01 == 00| 00065 =+ 00005) 66 == 1 |104 == 1 B = 0
01 = 0005 == 00| 0018 =+ 0002 | 72 == 1 |424 == 3 52 == 0
02 = 00]07 = 00| 00075 == 0.0013] 140 == 1 |104 =x= 2 94 x= 2
04 = 00|14 = 01]00019 =+ 00002] 41 = 1 92 =+ 2 51 = 0
ND 01 == 00| 00095 =+ 00014) 45 == 1 |170 == 2 64 == 0
ND 01 == 00| 0055 =+ 0003 | 74 == 1 |43 =x= 3 188 =+ 6
ND 02 &= 00| 010 =«= 0003|110 = 1 |702 == 4 186 =+ 4
ND 16 = 01] 00087 =+ 00013) 65 =+ 3 |189 =+ 1 253 = 1
ND 06 == 01| 00048 =+ 00009) 63 == 2 |192 == 1 98 =+ 3
ND 03 == 00| 00084 =+ 00016) 116 == 1 200 =+= 3 153 = 4
ND 03 &= 00] 0034 =« 0003 ] 19 == 1 |1120 *= 5 333 = 6
ND 06 =+ 01]0003 = 00008] 69 == 2 183 == 1 267 = 4

39




Sr-90 mSv/y
(mg/d) 4.2E+02 6.7E+02 5.0E+02 45E+02 45E+02 44E+02 4.7E+02 55E+02 5.9E+02
Sr-90 (Bg/y) 2.8E+01 4.4E+01 3.3E+01 2.9E+01 3.0E+01 2.9E+01 3.1E+01 3.6E+01 3.9E+01
Sr-90 (mSv/y) 13E-03 | 26E-03 | 26E-03 | 82E-04 | 83E-04 | 8.1E-04 | 87E-04 | 1.0E-03 | 1.1E-03
(mg/d) 4.1E+02 6.1E+02 4.3E+02 4.1E+02 4.4E+02 4.2E+02 4.9E+02 5.4E+02 5.2E+02
Sr-90 (Bag/y) 2.7E+01 4.0E+01 2.8E+01 2.7E+01 2.9E+01 2.8E+01 3.2E+01 35E+01 34E+01
Sr-90 (mSv/y) 1.3E-03 24E-03 2.3E-03 7.4E-04 8.1E-04 7.7E-04 9.0E-04 9.9E-04 9.6E-04
27
19 19

6.0 6.7

19.9 17.6

34 4.1

2.2 2.6

75 8.9

14 9.1

10.8 147

1.0 16

0.6 05

15 15

0.7 0.7

0.8 09

35.7 27.6

2.6 35
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ICRP
IAEA WHO
CODEX
(EV)

1991 1991
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(IAEA)
WHO



ICRP

2007 1990 Publication 60, ICRP, 1991)
Publication 60

Publication 60 63 1991 1992
Publication 86,96,97,98

2007
1992
2007
1991 2007
2007
1
(o 10-100 Bg/kg
B/y 1000-10000 Bg/kg
2007
5 ImSv
10mSv/
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100mSv

53

50

70



L=p/(ca) oMp=oMLca

B=MAco. (Mp+d)

Q o ™o >»ZTr W

ICRP Publication 60, 1990 Recommendations of the International Commission on
Radiological Protection, ICRP(1990)

ICRP Publication 63, Principles for Intervention for Protection of the Public in a Radiological
Emergency, ICRP (1992)

ICRP Publication 103, The 2007 Recommendations of the International Commission on
Radiological Protection, ICRP (1992)

ICRP Publication 40, Protection of the Public in the Event of Major Radiation Accidents -
Principles for Planning, ICRP (1984)

IAEA

1-131 3000 (Bg/kg)

Sr-90 200 (Bg/kg)

Cs-134 1000 (Bg/kg)
Cs-137 2000 (Bg/kg)
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ImSv

Commodities 1

1mSv

OIL6

OIL6

WHO

OIL

OIL

100mSv
K-40

OIL

30 RBE (

1-20 mSv
20-100 mSv
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Commodities
100mSv
10mSv
)
10mSv
K-40
pll 3 2-3

. Relative Biological Effectiveness



(a1 1 mSv

(b) 1 5
1 mSv
(o)1 15 mSv
(d)1 50 mSv
50 70
ICRP

Criteria for Use in Preparedness and Response for a Nuclear or Radiological Emergency
General Safety Guide, No. GSG-2, IAEA Safety Standards 2011
Radiation Protection and Safety of Radiation Sources, International Basic Safety Standards

General Safety Requirements Part 3, No. GSR Part 3 2014

WHO
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-6
<1° Sv/Bq 35 50 80 70 100 45 350 7
_2395
10
8Sv/Bq
< _131
- “| 3500 | 5000 | 8000 | 7000 | 10000 | 4500 | 35000 | 700
_137
~90>
2
Bg/L
290 160
_131 1600*
_137 1800
7
- 1131 115 50mSV
5mSv 1311
11.5 50mSv
...0.1mSv
a 0.5Bq/L
B 1Bg/L
I—131
Cs— 134 i
10Bq/L
Cs— 137 | TN 10Bq/
Sr — 90

0.1mSv
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5mSv 50mSv
20kg
7
Far Eastern 8
FAO 550kg
20kg

Sr-90 1-131 Cs-134 Cs-137 Pu-239
1 10 3

Sr-90 Cs-134 Cs-137 Pu-239

5mSv 50mSv

5 mSv ‘

R 1 Bg/L K-40
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K-40
100 mSv
Brenner , 2003 !

IDC 0.1 mSv/ (o { B
0.1 Bg/L 1Bg/L 2
0.5 Bg/L 0.1 mSv

o 05Bg/L B 1 Bg/L

IDC 0.1 mSv
0.1 mSv
€] 1 Bg/L
730 L
DIL RLD
md

DIL Derived Intervention Level
RLD Reference(Intervention) level of dose (Sv/year)
m Mass of food consumed annually (kg/year)

d Dose per unit intake (Sv/BQ)
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0.1 Bg/L

5mSv



0.1mSv/

IDC
GL = A
ing 9
GL Ba/L
IDC 0.1 mSv/
hing mSv/Bq
q 730 L/
2L/

World  Health  Organization, DERIVED INTERVENTION LEVELS FOR
RADIONUCLIDES IN FOOD 1988

WHO  Guidelines for drinking water quality 3™ (2009)

WHO  Guidelines for drinking water quality 4th (2011)

CODEX

Pu-238, Pu-239, Pu-240, Am-241 1 10
Sr-90, Ru-106, 1-129, 1-131, U-235 100 100
S-35, Co-60, Sr-89, Ru-103, Cs-134, Cs-137, 1000 1000
Ce-144, 1r-192

H-3, C-14, Tc-99 1000 10000

20 4
1mSv
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20 4

IPF import to production factor FAO 10%
0.1
10
550 kg 200 kg
4
4

ICRP Publication72 1996

GL — —1ED

 MXipf Xeing
GL =Codex Guideline Levels (Bg/kg)

IED =Intergvention Exemption Level of Dose (mSv/year)

1mSv/
M =mass of food consumed (kg/year)
550kg/
200kg/
IPF  =import to production factor
0.1 10%
eing =ingestion dose coefficient (dose per unit intake, mSv/BQ)
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GENERAL STANDARD FOR CONTAMINANTS AND TOXINS IN FOOD AND FEED

(CODEX STAN 193-1995), CODEX ALIMENTARIUS

Fact Sheet : Codex Guideline Levels for Radionuclides in Foods Contaminated Following a

Nuclear or Radiological Emergency, Codex Secretariat, (2011)

2006 1 20

(Euratom) 2016/52

(

75 125 7500 750 125
( Sr-90)

150 500 20000 2000 500
( 1-131)
a 1 20 800 80 20

( Pu-
239,Am-241)
10 400 1000 12500 1250 1000
( Cs134+Cs137)
1mSv/
tritium carbon-14

HowoNoe
Q

10

62




A

CFIL =

fxXDXIXxC

CFIL Council Food Intervention limit
activity concentration limit

E 1
f activity concentration limit
0.1
D Sv/Bqg
| 1 kg
C ‘ other food’ (additivity)
5
1131 1

EU CUNCIL REGULATION (Euratom) 2016/52, Official Journal of the European Union
(2016)

Radiation Protection 105 : EU Food Restriction Criteria for Application after an Accident,
EUROPEAN COMMISSION(Directorate-General Engironment, Nuclear Safety) (1998)
Underlying data for derived emergency reference levels. Post-Chernobyl action Final Report,

Commission of the European Communities (Radiation Protection) (1991)
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(DIL: Derived Intervention Levels

PAG

2 HAAT A LerLA-(DIL: Derived Intervention Levele) (Baikg)

1131 [ Sr-00 | Cs-134+0s-137 "“‘fﬁ_‘*’z‘:ﬁ“ Ru—103+Ru—106
& | 170 | 160 | 1200 2 {C+/6800) + (C5/450) <1
Ru-103 Ru-106 DIL
DIL C3 C6

Ru-103 Ru-106

PAGs 5mSv
50mSv

3 1 5 10 15 6
ICRP Publication 56 ICRP 1989

DIL  Sr-90 [-131 Cs-134 Cs-137 Pu-238 Pu-239 Am-241 Ru-103 Ru-106 9

9 5

Sr-90 1-131 Cs-134+Cs-137 Ru-103+Ru-106 Pu-238+Pu-239+Am-241

DIL

DIL

Cs-134+Cs-137 Ru-103+Ru-106
[-131 Pu-238+Pu-239+Am-241

50mSv PAG
ICRP Publication 56 ICRP 1989
70
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PAG

5mSv Sr-90



1-131 8.04 Ru-103
60 280
1984 EPA
(f) 0.3 30%
1.0 100
10%
3 1
f 1.0 100%
103 106

DIL

39.3
1977-1978
CEC 1986
3
39.3 373
1

65

-131
NEA 1989
0.3 30%
DIL
C3 C6



PAG mSV

DILs(Bq/kg) =

PAG 5mSv
50mSv

DC Dose Coefficient

f

Fl
DC ...ICRP1989 ICRP Publication 56
Fl ...1984 EPA
1 1-131 60
280
f ...FDA 30%
103 106 Ru-103+Ru-106
Ru-103 Ru-106 C3 C6 1
DIL
€3, 6 (Bq/kg)
6800 ' 450 g
c3

180,000 T 12000 ~ 1+ @Ci/kg)

f x FI(kg) X DC(mSv/Bq)

Ru-103

100%

1) Protecting and Promoting Your Health, News & Events, FDA Response to the Fukushima

Dai-ichi Nuclear Power Facility Incident, U.S. Food and Drug Administration (2014)

2) FDA Derived Intervention Level (DIL) or Criterion for Each Radionuclide Group, U.S. Food

and Drug Administration

3) ACCIDENTAL RADIOACTIVE CONTAMINATION OF HUMAN FOOD AND ANIMAL
FEEDS: RECOMMENDATIONS FOR STATE AND LOCAL AGENCIES Radiation Programs

Branch Division of Mammography Quality and Radiation Programs, Office of Health and Industry
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Programs, U.S. Food and Drug Administration (1998).

4) ACCIDENTAL RADIOACTIVE CONTAMINATION OF HUMAN FOOD AND ANIMAL
FEEDS: RECOMMENDATIONS FOR STATE AND LOCAL AGENCIES Radiation Programs
Branch Division of Mammography Quality and Radiation Programs, Office of Health and Industry

Programs, U.S. Food and Drug Administration (2005)

Recommended action levels for radionuclides of potential
significance to dose from the ingestion of contaminated food

Action Levels (Bq kg™")"

Other

Fresh Commercial Public
i et Or
By 300 1000 300
05 30 100 30
%Ru 1000 1000 1 000
1Ry 100 300 100
13 100 1000 100
1¥Cs, ¥Cs 300 1000 100
ESBPUI ZBQPUI 24EPU,
Hpy, ¥ Am 1 10 1
Notes:

(1) Bq L™ for Drinking Water.

Radionuclides of potential significance to dose from the ingestion of contaminated food

MAC

Natural radionuclides MAC Artificial radionuclides MAC
Total uranium’ 0.02 mg/L Tritium (H) 7000 Bq/L
Lead-210 (*°Pb) 0.2 Bg/L* Strontium-90 (“°Sr) 5 Bg/L
Radium-226 (*°Ra) 0.5 Bg/L Todine-131 (1) 6 Bq/L

Cesium-137 (¥Cs) 10 Bg/L

3 1 2
3 1 mSv/

Reference dose level 0.1 mSv/
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(1)

3

1)

2)

3)

@)
1) 1
2) 0.2 1
10%
3) 1
3 6 (3 1 5
10 15 )
1 2L 730L/
AL IL
YT M X DGy X f

AL;jx i k i Bg/kg
IL Sv
M k j
DC; k i Sv/Bq
f j
AL; ; « action level for radionuclide /in food group jand age group k (Bq kg-1)
IL intervention level (Sv)
M; « mass of food group j consumed by age group k over the assessment period (kg)
DC; « ingestion dose coefficient for radionuclide /and age group k (Sv Bg-1)
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f =

contamination factor, equivalent to the fraction of an individual’s dietary intake of

food group j assumed to be uniformly contaminated to the full value of AL; ; ,

MAC(Bq/L) =

0.1(mSv/ )

730 (L) ) x DC(Sv/Bq) x 1000(mSv/Sv)

DC

Canadian Guidelines for the Restriction of Radioactively Contaminated Food and Water

Following a Nuclear Emergency, Health Canada (2000)

Guidelines for Canadian Drinking Water Quality: Guideline Technical Document -

Radiological Parameters (2010)

1991
1986 5
B 1988
1991
1986-1991
TPL Bg/kg
1986 1986 1988
(4104-88) (129-252) (TPL-88) 1991 (TPL-91)
Cs-134 Cs-134
131 Cs-137 Cs-137 Sr-90
3700 370 185 185 37
370-3700 370-3700 370 370 37
18500-74000 |  370-18500 370-1850 | 370-1850 37-185
- 3700 1850-3000 740 -
37000 3700 1850 740 -
- 37000 1850 740 -
- 3700 740 600 37
- 370 370 370 37
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TPL-91 5 mSv/
TPL-88 8mSv/
TPL-86 50mSv/

BpemMeHHble AornycTurMble YpPOBHUM coep>XaHusA
paaoHyK/IMaoB Le33nAa-137 m cTpoHumAa-90 enmueBbixX
npoaykKrTax minmrbeBoi BoAae, yCcTaHaBs/iMBaewvbie B

cBs3UM C aBapvemm HalepHo6b6biyibCc KO ADC (BAY-91)

1) 20
IAEA, (2006)
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2001 137 90

137Cs 90Syr
(Ba/kg or L) (Ba/kg or L)
160 50
160 200
180 80
80 50
100 25
130 100
70 40
50 60
40 20
100 80
120 40
40 30
160 60
70 90
200 60
4
24
3 23 [ ]
3  P138~139 12
1 mSv 70 70mSv

5 1mSv

SanPiN2.3.2.1078-01

FEDERAL LAW “On Public Radiation Safety”, Russian Federation (1996)
IAEA 20
, (2006)
25 2011
ISSN 2189-7107
2016 1
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2006  Permissible levels of 137Cs and 90Sr in food and drinking water.”
Cs-137 Sr-90  permissible limit

Cs-137 Sr-90
100 20
50 20
200 40
200 20
100 30
60 20
mSv
1mSv 70.0mSv
(2006) 1¥7Cs %gr

1) On Human Prtection against Impact of lonizing Radiation, Law of Ukraine (1998)

2) 20
, IAEA (2006)
3) 25 2011
ISSN 2189-7107
2016 1
4) EU '

IPPNW
, Foodwatch (2011)
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5)

1999

137CS QOSr

137

(2006)

90

Cs-137
Ba/kg,Ba/l

Sr-90
Ba/kg,Bqg/l

10

0.37

100

3.7

200

50

50

100

500

180

80

40

60

40

100

100

40

70

74

185

370

2,500

37

1.85

370

3

1 mSv

23
P1387139

5kg
10

73

24




137 90 ,

20
, IAEA (2006)
2011 WHO Drinking Water
Guidelines CODEX guideline WHO Drinking Water
Guidelines CODEX guidelines
1 mSv

WHO Drinking Water Guidelines
CODEX guidelines

CODEX

RADIATION PROTECTION ACT, Singapore (2001)

Basic lonising Radiation Safety (General), Singapore National Environment Agency
Epidemiological News Bulletin, APRIL - JUNE 2011 VOL. 37 NO. 2, THE MINISTRY OF
HEALTH, SINGAPORE (2011)
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3H 89Sy 90Sr 131] 137Cs 147Pm 239p
210,000 1,200 96 190 260 10,000 34
72,000 540 33 89 90 3,700 1.2
170,000 970 77 160 210 8,200 2.7
650,000 2,900 290 470 800 24,000 10.0
88,000 240 40 33 330 2,200 2.6
Bg/kg Bg/L
JETRO
GB14882-94
ALI
c —
365 X I
L
ALI
ly kg/d
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GB14882-94

Bqg
3H 62,000,000 53,000,000 24,000,000
89Sr 460,000 190,000 67,000
90Sr 23,000 23,000 11,000
131] 77,000 31,000 9,100
137Cs 77,000 100,000 91,000
147Pm 3,200,000 1,600,000 590,000
210Pg 2,200 1,000 330
226Ra 4,000 2,500 1,000
228Ra 2,000 2,100 770
D 347 297 206
D) 551 358 142
239py 1,000 1,000 700
1) mg
JETRO
GB14882-94
-131 Cs-134 Cs137

100 —

100 —

300 —

370

Korea Food Code,

KFDA tightens radioactive cesium limits on Japanese Food Imports,

(2010)
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131] 134Cg+137Cs

55 Bg/kg 50 Bg/kg
55 Bg/kg 50 Bg/kg
100 Ba/kg 10 Bg/kg
100 Ba/kg 100 Bg/kg

Standards for the Tolerance of Atomic Dust and Radioactivity Contamination in
Foods

1 mSv
15mSv
50mSv
50 17 70
Annual limit on intake ; ALI 50 mSv

500 mSv

Standards for the Tolerance of Atomic Dust and Radioactivity Contamination in Foods,
(2016)

Safety Standards for Protection against lonizing Radiation,
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(1970)
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