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Schematic view of the contamination. Yamamoto

Glebal dispersion Residence lime

Only part of Pu Stratosphere: ahout one year
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Summary of different dose evaluation
iIn Dolon

Method Dose (ImGy)
Tooth enamel 140
Brick 440

Calculation (Stepanenko) 645

From Cs data (Imanaka) 500

Chromosome aberration 180

2500Bq/m?2 500mGy
(1000Bq/m2  200mGy)




Rout map of spoil sampling
from Chinese border.
Yamamoto Sakaguchi,,
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Experimental doses absorbed in enamel versus the
year of enamel formation
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Microparticle effects







( 23 )
The mushroom cloud of the Hiroshima atomic bomb taken from




Image of External Exposure and
Internal Exposure
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Currently, in dose assessment for radiation exposure to human
body the average dose on organ/tissue is used, which is referred to

as absorbed dose or equivalent dose. g




Radiation effects maybe happening but cannot be explained, such as epilation etc. ,,,

1.




Summary
( ERR)

ERR by at the time of exposure (ate) and the day of entrance
compared with the August 9 or later entrants

Male Female

Aug.6 | Aug.7 | Aug.8 Aug.6 | Aug.”7




The unknown effects may be due to radioactive
dusts

This Is from the analysis of the atomic bomb
SUrvivors
by Profs.




Possible candidate in Hiroshima and
Nagasaki Neutron activated soll dust

Radioactivity: , Na-24(15h)

Chapter 6

Table 6. Induced Radionuclides of Fossible Dosimstric
Interest.

Huif-life Comment

RADIATION DOSES FROM RESIDUAL i 25 h

26 h Not significant
RADIOACTIVITY ::.4 ; Not significant

445 d Not significant

8384

21 yr

53y

Shunzo Okajima and Shoichire Fajila
Raciiaiipn Effecis Research Foundaion

Initial Exposure Comulalive
Jolm H. Harley Rute (Rf) Exposure (K)
Cowrultam!




1. The thermal neutrons were irradiated at the Nuclear Reactor In
Kurchatov.

2. Irradiated 4.0 x 104 thermal neutrons/cm? to 100mg MnO, 3um
size powder, which produce 2.74 x 10° Bqg (7.6 mCi) of >°Mn.

This correspond to 0.196 Bg per 3um particle, which is equal to
2.627x103 decays.

3. 4.0 x 1013 thermal neutrons/cm? = Hiroshima neutrons at the
ground zero.

Therefore the neutron fluence correspond to 10 times of Hiroshima

neutrons at the ground surface. A




Beta rays _
395 7 keV  1.20% Half life: 2.58 hours

735.6 keV  14.5%
1037.9 keV 27.5%
2848.7 keV 56.6% o Mases

Gamma rays

846.7 keV 98.9%
1810,7 keV 26.9%
2113.1 keV 14.2%
2523.1 keV 1.02%
2657.6 keV 0.65%
2959.9 keV 0.301%
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56Mn: AUGER ELECTRONS

Type

= E )Y

electrons/decay

R99,

(keV)

(loss of 99% of initial energy at R99

- radius of tissue sphere around

isotropic microsource), cm

9.51

8.8 E-6

6.28

1.1 E-4

7.01

1.3 E-4

0.57

2.1 E-6

photons/decay

R99,

(loss of 99% of initial energy at R99

- radius of tissue sphere around

isotropic microsource), cm

1

about 1 E-2 cm

0.21 (total for all KB )




56Mn: MAIN GAMMA-RAYS

Type Energy |photons/decay |R99,
(keV) (loss of 99% of initial energy at R99
— radius of tissue sphere around

isotropic microsource), cm

about 80 cm
> 100 cm
> 100 cm
> 100 cm

56Mn: MAIN BETA-RAYS

Intensity is 100%, average energy is 829.21 keV (mean R99 is about
and maximal energy is 2848.00 keV (maximal R99 is about 6 cm

1,40E-01

1,20E-01

1,00E-01
8,00E-02

W g ODE-02

4 00E-02

2 00E-02

0,00E+I0
0,000 1,000 2,000

Energy (MeV)




1.
/{measurements by Hoshi }
T~

\ By Prof. Shichijo

3.
By Prof. Stepanenko

[4. DNA/RNA }
By Prof. Fujimoto







Internal dose estimations were performed on the base of the
results of experimental animal’s radiometry.

Monte Carlo code (MCNP-4C code with corresponding Library of cross sections
for electrons and gamma quants) and age depended mathematical phantom of
experimental rat (Stepanenko et al., 2010) were used for calculation of
absorbed fractions of beta and gamma irradiation of rats organs

©
i ad
st beed SAF for ﬂﬂnr'\rl-pe

Eleciron Sell-Ah

electrons

~— Fhoton Self-Absortrd SAF for Stamach

. vl e ad 1 1
s , : E' MeV
Energy [Mev) 1] Energy (MeV)]

Example: absorbed fractions @ VS energy E




Results of internal dose estimations (as to 08-07-2015):
comparison between first /second experiments with Mn-56 powder and rats in Kurchatov reactor (Kazakhstan)

Organs

A, kBq/g (15¢/2n experiments)

D,Gy, (1#/2 experiments)

Liver

4.14 £0.15/0.478+0.013

0.015+0.0006/0.0017+ 0.00022

Heart

5.46% 0.17/0.47010.018

0.016+0.0005/0.00131 0.000943

Kidney

3.97+ 0.26/0.100+0.0053

0.013+0.0007/0.0003210.000045

Tongue

45+2.5/7.08+0.28

Lung

71.8+ 2.3/2.33+0.12

Esophagus

25.5 £3.9/3.610.37

0.069+0.004/0.010+ 0.00008

0.10+0.003/U§030+ 0.00027

0.050+0.008/0.0071+ 0.00078

Stomach

148+11/6915.60

0.24+0.02/0.11+ 0.012

Small intestine

811+ 58/8914.2

1.3340.09/0.15+ 0.017

Large intestine

1011+ 36/280+1.40

Trachea

5.79 £0.23/3.0310.18

+0.06/0.43) 0.050

0.014+0.0006/0.00731 0.0008

Eyes

13.21 0.48/16.510.54

0.021+0.0008/0.026+ 0.036

40.6 £1.6/39.3+0.71

0.076+0.003/0.073+ 0.011

19.7 £1.5/15+0.24

0.030+0.002/0.023+ 0.002

—10.162+0.012

-—/0.0011+ 0.00024

83.4£2.3/26.7t 14

0.15+0.004/0.021+ 0.007







Table 4. Histological findings in the lung in rats exposed to Mn-56, Mn and Co-60 and cont

Experiment 1

Day3 Day14

Day60

2000 Gy

Mn-56  Hemorrhage
Emphysema
Inflammation

-
+
.-

Hemorrhage
Emphysema
Inflammation

Hemorrhage
Emphysema
Inflammation

Hemorrhage
Emphysema
Inflammation

Expriment .2

Day3

Mn-56  Hemorrhage
Emphysema
Inflammation

2 (+)”

3 (+~++)

Hemorrhage
Emphysema
Inflammation

3.(+)

Hemorrhage
Emphysema
Inflammation

3 (+~++)

Control Hemorrhage
Emphysema
Inflammation

1 (++)

a) Pathological grades were scpred from - to +++.

b) Incidence and pathological grades (in parenthesis).

c¢) Occasional lymphoid follicles and alveolar wall hypertrophy were noted without
significant differences among the exposed and control groups.







Alveolus
Blood 0.1um

Capillary

Possible scenario of the damages for the lung.

1. Radiations from the micro particles of >*MnO, kill cells
near by.

2. The alveolus break down.




Absorbed dose (up to whole decay of °°Mn) is equal to:

1. 160 Gy:
(“surface” of alveolar epithelium layer at 1x10-6 cm);

2. 8,9 Gy:
(“bottom” of alveolar epithelium layer at 6x10-6 cm,
- In a case minimal thickness of epithelium cells);

3. 0.4 Gy:
(“bottom” of alveolar epithelium at 3x10-5 cm
-in a case maximal thickness of epithelium cells)




Summary

(Exp 1, 2014)
100 mGy]
. 5.8mGy)
2000 mGy _|

2000 G
(20




2014 6 27
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Tunar ships at Marshall islands in 1954
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TRACES OF TUNAFISHING BOAT SAILINGS (March 1 — May 31, 1954)
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HISTOGRAM OF ESTIMATED SHIP-SPECIFIC DOSE
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In vitro Qdr
100 (Dic+frag
)/Cu
420 0.06

. N.D. 272 295 mSv
2 569 037-049 82 112mGy | 114 115 118 164 mSv
£ 760 0.22 44 mGy 0.73 1.36 72 143 mSv
4 1000 0.14-0.4 24-90mGy | 067 076 65 75mSv
S 1100 0.16 29 mGy 1.35 142 mSv
6 1100 0.37 82 mGy 05 46 mSv
7 1100 0.09-0.37 11 82 mGy 1.19 152 124 161 mSv
8 1200 0.76 177 mGy 151 1.66 160 176 mSv
9 1200 0.21 42 mGy 0.35 39 mSv
= 0.25 52 mGy 0.9 91 mSv 100 mGy

























ESR
Method of ESR dosimetry

ESR Intensity

Detection limit: 30mGy

(Romanyuka et al., 2006)




Mn=550

Power 2 [mW]

Center Field=336.000[mT],Width+/-=5.000[mT]
Mod Freg=100.00[kHz],Width=0.2000[mT]
Time Constant CH1=0.03

Sweep Time 30.0][s]

Accum:40

Amplitude CH1=2000.0
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Experimental doses absorbed in enamel versus the
year of enamel formation
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