2002 3

1981 82

731

2011 3 11



731

9.11

1945

7

10

10

16 19

2003

7

6



4 19
3.8u S

20mSv

1mSv
2011

90

ICRP

1mSv

20mSv
10 6

239

137

1mSv

20mSv



©)

DNA
20
ICRP
1988 ECRR
1997
ECRR
EU

DNA

2-5

ICRP

ICRP

100

ECRR

ECRR

- DNA

EU

ICRP



277 ICRP [#R=[EE |

&
§
&

RANHRE

GE) ICRP : ERmSHRHEZESS, ECRR: I—0Ow /SR A0ESR. ICRP [RERE]  ICRP
HEHTODRERE, EMHREZCOEEBIBINETTIVNCLTUS, ICRP OfOERE ECRR D
HEREC D™ | ICRP HMBRUEUAY. BABMOMOERE ECRR HHROM | BAKMATERUEUR
2. ECRR EFUICHEA, ICRP EFIE, ELITEFEREDUATVEBIGHEL TLS. BHEEAIE.
EREASBREDY ATZE, SBICRIGHEL TLS.

®2-5 HAKA. ICRP. ECRR ICELBURTEFIVERBDEL
] — — 2011



137

200

137

24
137

137

DNA

131

137



1 2011.04.21



131

14

131 137

137

137 30

1930 1940

131

137 40



(1
1986 4 26
4
7
28
5 3
5 6
30
80
(2
IAEA
30.0 1.5x 10"Bq
1.4x 10 Bq 137

100 1

7
27
11 6
2 137
90 29.9

90
90



137 300
239 24065 3.2x 10% Bq

137 90

2011 3 16
2011 6 6 IAEA

#5 MR TEER L LR ToRE P~ 0 S o | 0 SRE Ba)

i 3R A 1S4 IEH IS | &
Xe133 | 5.2 d | 3.4x10" | 35x10% | 4.4%10% | 1.1x10"
Cs-134 | 21 y | 21x10% | Lex10% | 8.2x10¢ | 1.8x10°
Cs=137 | 30.0 y | 5.9x10% | 1.4=10% | 7.1x10% | 1.5x10"
Sr-89 50.5 d 8 2x10n 6, B 100 1. 2% 10 2.0 108
Sr-90 | 291 y | 6.1x10% | 48x%10° | 85x10° | 1410
Ba-140 | 127 d | 1.3%10% | 1.1x10% | 1.8x10% | 3.2x10°
Te-127m | 109.0 d | 2.65x10% | 7.7x10% | 6.9x10° | 1.1x10°
Te-120m | 336 d | 7.2x10" | 2.4x10% | 2 1x10% | 3 3x10°
Te-13lm | 30.0 h | 9.5x10" | 5.4x10° | 1.8x10% | 9 7x10"
Ta-132 78.2 h 7.4 oM 4. 210" 1. 4% 10" 7. B QM
Ru-103 | 39.3 d | 2.5%107 | 1.8x10° | 3.2x10° | 7 5x10%
Ru-106 . 3682 d T 4= 104 5 1=10H 8. 9= 10" 2. 1= 10
7r-05 | 64.0 d | 46x10" | 1.6x10% | 22%107 | 1.7x10° |
Ce-141 | 325 d | 4.6x10" | 1.7x10° | z2=i0" | 1.8x107
Ce-1d4 | 2843 d | 3.1x100 | 1.1%10% | 1.4%10" | 1.1x10%
Np-239 2.4 d | 3.7x10% | 7.1x10" | 1.4x10% | 7.6x10°
Pu-238 | 87.7 vy | 5.8x10% | 1.8x10% | 2.5%10% | 1.9%10°
Pu-239 | 24085 y | B.6x107 | 3.1x10% | 4.0x10% | 3.2x10
Pu-240 6537 B &= 107 30k 100 4. 0= 1007 32w
Pu-241 | 14.4 y | 35x10% | 1.2x10% | 1.6x10° | 1.2x10% |
Y-91 68.5 d | 31x10" | 2.7x10% | 44x10" | 3.4x107
Pr-143 | 13.6 d | 3.6x100 | 3.2x107 | 52x10" | 4 1x10%
Nd-147 | 11.0 d | 1.5x100 | 1.3=10% | 2.2x10" | 1.6x107
Cn242 | 1628 d | 1.1x100 | 7.7%10° | 1.4x10° | 1.0x10"
1-131 8.0 d | 1.2x10% | 1.4x107 | 7.0x10% | 1.6x10"
1-132 E._3 h 4. 5= 101 Q. Gx 10" 1. 8= 10 4, T=q0M
1-133 | 20,8 h | 6.5x10% | 1.4x107 | 26x10% | 6 &x10"
1-135 6.6 h | 6.1x10° | 1.3%10% | 24x10° | 63x10%
Sb-127 3.9 d | 1.7x10° | 4.2%105 | 4.5x10" | 6 4x10%
5b-129 43 h | 1.6x10° | 89x10° | 3.0%10% | 1.6x107
M99 | 66.0 h | & 1x10V | 1,0%10 | 6.7x10% | 8 &x10

% KATRTET—ADI 5, EED | SRTIIEERFyr—2 2. 2 SHTISE
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1
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R1 FRIZEDHHFESFSREI—-OES
3 S 2 . 2 ﬂifﬂ'ﬂ#&ﬁ%i
No ek, TEEYEE, kBg/nd (Ci/km®) 3 1) Sl b AE
TUm A | AFRLFULAN]| FAL=0 L

1 | EEEE (RERUERED S —v n.d. n.d. n.d. n.d.

g 555 BAE 111 Bk 3.7 Uk ‘
2 | BEREY - (15 BLE) (3 BLE) 0.1 ML) 5 Uk

. 185~555 5.55~111 0.37~3.7 ‘
3 | BAERRY - (5~15) (0.15~3) (0.01~0.1) 1B

o 37~185 0.74~5.55 0.185~0.37 ,

4| BREERL Y — (1~5) (0.02~0.15) | (0.005~0.01) 0.5 BLE

() BEEE > — 2 @ 19864 ICfE R A% BEEE L 72 K, n.d. @ W2 L.
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a
5.68 5.69
5.69 5.68
137 [ A.Heavily contaminated districts:
137 5Ci/km? ] 1000
4.08 1987 88 7.82
137 [B.Less contaminated
districts: 137 1Ci/km? ]
4.36 1990 2004 8.00
5 Ci/km?
[ A.Heavily contaminated districts: 137 5Ci/km? ]
7

[B.Less contaminated districts:<1Ci/km?]
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TABLE 5.68. Incidence of Congenital Malfermations (per 1,000 Live Births) in Heavily and Less Con-

taminated Areas of Belarus before and after the Catastrophe [MNational Belarussian Repert, 2006:

table 4.6
Heavily contaminated areas Less contaminated areas

Yiars 198119486 19871989 B EPRO— 200 [S48 1149480 19871984 19K 220004
Incidence of all Chls b0 782" 7.848* 156 1,099 f.00*
Anencephaly 0.28 0.33 0.75 0.56 0.29 0.71
Spinal hernia 0.57 0.88 1.15 0.69 (.96 .41
Polvdactyly 0.22 125" [.10) 0.32 .50 (]
Down syndrome .89 0.59 101 .64 0,88 108
:'l.ll,lliii‘lh-f::'LI.-i 1.27 207 2.51 .55 1.23 252
Newborn and stlllorn total 58.128 23.925 76,278 08,522 17,877 161,972
Children and stllbirths 937 187 1] 4300 239 1,295

with Chls

'I,I'J = (.05,

5.68 1,000
[ A.Heavily

contaminated districts: >5Ci/km?]

districts:<1Ci/km?]

TABLE 5.69. Incidence of Officially Registered
Congenital Malfermations [per 1,000 Live Born +
Fetuses) in 17 Heavily and 30 Less Contaminated
Districts of Belarus (Mational Belarussian Report,
2006)

Dhistricts 1981-1986 19871988 19902004

A, Heavily 4.08 7.82 7.88
contaminated

B. Less 4.36 4.949* B.00=
contaminated

*p < 0,05, "A compared 1o B {1987-1988); **p < 0.05,
1981-1986 compared with 1990-2004.

13

[B.Less contaminated
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5.72 1,000
137
1Ci/km?
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5Ci/km?
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TABLE 5.72. Occurrence of Officially Registered
Congenital Malformations (per 1,000 Live Births)
and Different Levels of Contamination (Lazjuk

et al., 1996a; Matsko, 1999)

MNumber of cascs

Level of

contamination 1982—-1985 1987-1992
<] Ci/km? 4.72 (4.17 - 5.62)  5.85 (5.25 - 6.76)
1-5 Ci/km? 4.61 (3.96 —5.74) 6.01 (4+.62 — 7.98)

>15 Ci/km? 3.87 (306—-4.76) 7.09(4.88 -38.61)

*All differences are significant.

6.1
10

3
15 Ci/km? 1986

5 Cilkm?

137
15 Ci/km? 5

5 Cilkm?
248.8 306.2

5 Ci/km?

TABLE 6.1. Occurrence of Cancers (per 100,000) in Belarussian Territories Contaminated by Cs-137

hefore and after the Catastrophe (Kenoplya and Relevich,

1996; Imanaka, 1999)

o Cromel Provinee
Contamination,

Cifkm? 19771985 [956—19494

Mogilev Province

19771985 19861994
<5 181.0 £ 6.7 2368.04 26.8 2488 4+ 145 6T L (8.0t
515 176.9 + 9.0 248.4 £ 12.5* 7418+ 15.4 3346 + 12.9¢
=15 194.6 = 8.6 304.1 + 16.5* 291.0 + 8.6 303.9 4 5.1°

*P = 0,05,

15
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Figure 6.4. Prospective (by pre-Chernobyl data)
and real data of thyroid cancer morbidity (per

100,000) for children and adults in Belarus (Malko,
2007).
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Figure 6.6. Primary thyroid cancer morbidity
among those age O to 18 years in 1986 (National
Belarussian Report, 2006: fig. 4.2).
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Figure 6.20. Breast cancer morbidity (women, per 100,000) in Gomel Province with
various levels of Cs-137 contamination (National Belarussian Report, 2006).
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5.21
10 1
137 15-40Ci/km?
1-15Ci/km?

TABLE 5.21. Occurrence of Type-l Diabetes per
100,000 Children and Teenagers before and after
the Catastrophe in Heavily and Less Contaminated
Territories in Belarus (Zalutskaya et al. 2004)

Years 19801986 1987-2002
Heavily contaminated 324+03 7.9 £ 0.6"
(Gomel Province)
Less contaminated 23+04 334+£05
(Minsk Province)
*p < 0.05.
d
5.52
137 137
377kBg/m?) 3.7kBg/m?)
189.768 kBg/m? 137 kBg/m?
3.7kBg/m?)

18



TABLE 5.52. Incidence (%) of Opacities in Both
Crystalline Lenses among Children Living in Terri-
tories with Various Levels of Contamination, 1992
(Arynchin and Ospennikova, 1999)

Incidence of

opacitics, %
1-5 6-10 =10
Brest Province, 37.5 17.9 6.7
137-377 kBq/m? (n = 77)
Vitehsk Provinee, 60.9 7.6 1.1
3.7 kBq/m® (n = 56)
5.11
137 Bg/kg
137
36 Bokg
32 |
28 ]
24
15 6-10 11-15 =15

Figure 5.11. Number of bilateral lens opacities
and level of incorporated Cs-137 in Belarussian chil-
dren [Arynchin ond Ospennikova, 1999).

1991
512
Fedirko and Kadoshnykova,2007
137

19

16



() 1 12.4Ci/km*( 8.0 Ci/kn?;
() 2 3.11Ci/km*( 13.8Ci/kn;
() 3 1.26Ci/km*( 4.7Ci/kn;
() 4 0.89Ci/km’(  2.7Ci/kn;
51
r=0.992 1995
2Ci /kn’ 34.9
5.78
10
1997
108.8 48.0
95.7

90%  5.4Ci/km?)*
90%  4.62Ci/km?)
90%  2.1Ci/km?)

90%  1.87Ci/km?)

1991

18

13.3
213.4 6.7

TABLE 5.78. Incidence (per 100,000) of Juvenile Morbidity in Gomel Province, Belarus (Pflugbeil et al.,
2006 Based on Official Gomel Health Center Data, Simplified)

Morbidity group/Organ 1985 1990 1995 L1997 Lncrease
Total primary diagnoses 0,771 73,754 127,768 124,440 12.7 -fold
Bload and blood-forming organs 54 h2 154 [,146 21.2-told
Circulatory diseases 32 | 56 358 125 15.5-fold
Endocrinolagical, metabolic, and immune systems 3.7 |16 3,549 1,111 00, 0-fold
Respiratory svstem 76l 49,8595 01,282 82,689 108, =Tl
Urooenital tract 23 555 06 | [,199 18, 0-fold
Muscle and bones/connective tissue 13 D66 347 1,056 749, 7-fold
Mental disorders 05 Gt 005 267 0] -told
Neural and sense organs i 2,359 7,044 700 101, 9-fold
Digestive system 26 3,108 3,879 53,548 213.4-fold
Skin and subcutaneous tissue 154 4,529 703 7,100 4.7 -fold
Infectious and parasitic illnesses 1,761 6,567 11,923 A,6594 |.B-told
Clongenital mallormations® 51 129 210 5S40 6.7 -fold
Neoplasm** 1.4 323 144 [ 54 895.7-1old

*High estimation of unreported cases through abortions; * 1985 only malivnant nearoplasms.

20



44.0
96.9

5.79 10
1987
25.8 52.8

60.4

10
1992

5.7

50.5

TABLE 5.79. Incidence (per 100,000} of Morbidity among Adults and Adolescents in Northern Ukraine,
1987-1992 (Pflugbeil et al., 2006)

Hiness/ Organ [ 987 1959 1991 1992 [ncrease
Endocrine syvstem 631 886 L5510 L6, 504 25 B-fold
Psychological disturbances 249 570 2,764 L3, 145 52.8-lold
Neural system 2641 3,550 15,518 15,101 5.7-fold
Circulatory system 2.936 +.5986 29 503 08,3635 H.0=fold
Digestive system 1.0:41 2244 14 486 62920 Gl 4-faldl
Skin and subcutaneous tssue 1,194 1,262 4,264 60,271 511.5-lold
Muscles and bones LIt 2,100 0,744 73,440 9.9-fald

(e) Annals of the New York Academy of Sciences Volumell81

(Director and Executive Editor Douglas Braaten)
23 15
1986 4kBq/m2 0.1Ci/ km? 137
90m
4 500
23
4kBg/m?
17 3.75
4.0
137 90m
1] ” 1mS
137 50Bqg/kg 75 Bag/kg
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0.007 12

180

,2005 ,P.90-1)
(Petkau.A. 1972. Effect of *Na+ on a phospholipid membrane. Health
Physics: 22; 239-244)

K. (Tom K. Hei)
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— 2005

Mothershill C, Seymour C, 2001 Radiation induced bystander effects:
past history and future directions Radiat. Res. 155, 759-67.

Tom K. Hei,* Li-Jun Wu,* Su-Xian Liu,* Diane Vannais,¥ Charles A.
Waldren,f and Gerhard Randers-Pehrson* 1997 Mutagenic effects of a
single and an exact number of a particles in mammalian cells, Proc Natl Acad
Sci U S A.; 94(8): 3765-3770.
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Csl137
D (Bq/m2) [(u Sv/h)
O00ON050 | 37.42331| 140.4175 223886 1.45
O00ONO052 | 37.42078| 140.391 177987 1.06
O00N054 | 37.43234| 140.3699 45664 0.62
O0ON056 | 37.42561| 140.3373 165461 0.9
002N052 | 37.44589| 140.389 155028 0.75
002S052 | 37.41436] 140.3904 199117 1.03
002S054 | 37.41092| 140.356 58260 0.65
002S056 | 37.40467| 140.3324 237433 0.85
002S058 | 37.41117| 140.3098 187783 1.04
004S052 | 37.39308| 140.387 141847 0.98
004S054 | 37.39072| 140.3624 443078 2.15
004S056 | 37.39411| 140.3381 234540 1.37
006S052 | 37.38022| 140.3799 124082 1.02
0065054 | 37.37472| 140.3673 180650 1.52
006S056 | 37.37367| 140.3393 273861 1.3
006S058 | 37.38017| 140.3095 188258 1.1
008S054 | 37.35908| 140.3568 166594 14
008S056 | 37.36369| 140.3341 224234 1.6
008S058 | 37.36092| 140.3197 177830 1.06
3605593
8 30
( 134 137)
Cs137
+ Bg/m2 Bg/m2
CiZkm2

Ci/km2
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