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Table 1 Amplification factor and relative radiation dose
for Sr(+™Y). Q, gives Q., for the maximum

value 3.5 of the amplification factor of *Cs.

Year £ Q/Q, (Sr) (St +Y)
1 3.26 0.19 0.95
2 11.62 0.69 3.39
3 19.47 1.15 5.68
4 26.83 1.59 7.82
5 33.71 2.00 9.84
10 61.87 3.67 18.1
15 81.28 4.82 23.7
20 93.88 5.57 27.4
25 101.27 6.01 29.6
29 104.26 6.18 30.4
30 104.69 6.21 30.6
31 104.98 6.23 30.7
35 105.13 6.23 30.7
36 104.93 6.22 30.6
37 104.66 6.21 30.6
38 104.28 6.18 30.4

£, %Sr

100

Q/Q, 98r+90Y

2
o
[a]
g
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g o QIQ, Sr
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Fig. 2 Amplification factor f, and radiation damage of
the “Sr + ™Y system relative to the radiation
damage of *'Cs. The solid horizontal line is given
to indicate the 1 mSv exposure level for *'Cs of
the intake being 48.5 Bq.
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Table 2 Amplification factor and relative radiation dose
for ®Cs.

Year JA Q/Q, Day f Q/Q,

1 26.51 1.27 10 1.18  0.048
2 31.06 1.49 20 233 0.094
3 23.04 1.10 30 3.45  0.140
4 16.53 0.792 40 456  0.184
5 11.81 0.565 50 5.66  0.232
7 6.02 0.288 60 6.73  0.274

10 2.19 0.105 70 7.78  0.315
15 0.408  0.0196 80 8.82  0.358
100 10.82  0.439
120 12.72 0516
150 1559  0.632

100 [
L 134Cg 1 1 mSv
/\ s /9,
0k £ [
0.1
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g
2
=
i~
£ 1 1 mSv 0.01 |
<
2 0 50 100 150
é day
g o/
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Fig. 3 Amplification factor f, and radiation damage of
B4Cs relative to that of *'Cs. The inserted figure
shows the relative radiation damage for the case
of intake of *Cs in the early stage .
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Table 3 Amplification factor f, relative radiation dose
Q/8, and activity ¢ remaining in tha human

body relative to the initial intake for **Pu .

Year £ (x10") Q/9Q, q
1 2.51 71.6 7.80
2 1.95 55.6 6.06
3 1.51 43.0 4.70
4 1.17 33.3 3.65
5 0.912 26.0 2.84
6 0.708 20.2 2.20
7 0.550 15.7 1.71
8 0.427 12.2 1.33
9 0.332 9.46 1.03
10 0.258 7.35 0.80
15 0.0728 2.07 0.226
20 0.0205 0.58 0.064
25 0.0058 0.165 0.018
100
239Pu
10 F QIQ,
’52 Jo(X TR
E . q 1 mSv
g-
<
01
0.01
0 5 10 15 20 25 30

Year

Fig. 4 Amplification factor f, and remaining factor ¢
besides relative radiation damage Q/Q, for *’Pu.
The sum of these three numbers for the first year
equals the number of days of the intake of **Pu.
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Fig. 5 Amplification number f, and concentration factor
q besides relative radiation damage 2/, for
tritium

Table 4 Amplification factor f, relative radiation dose
Q/9Q,and concentration factor for *H

Year £, Q/Qy(x 10 q
1 0.703 7.10 15.46
2 0.708 7.15 14.74
3 0.677 6.48 14.04
4 0.642 6.48 13.37
5 0.612 6.18 12.74
10 0.480 4.85 10.00
15 0.377 3.81 7.85
20 0.296 2.99 6.15
25 0.232 2.34 4.84
30 0.182 1.84 3.79
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Abstract

A method developed to evaluate the magnitude
of internal radiation exposure for *’Cs and *'I
was applied to four nuclides, *Sr, *Pu, *H and
¥Cs which were important in the accident of the
Fukushima Nuclear Power Plant NPP. We can
trace the internal exposure as a function of elapsed
time, so that it is possible to set up more reliable
measures for radiation protection by reinforcing
the ICRP approach. Furthermore, we can deduce
the amount of activities remaining in the body and
those expelled out of the body separately. Acquired
information opens to the aspects not attempted
ever, such as more reliable determination of the
biological half-life or concentration of activities in
the sea foods.
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Physics and sake with Koh Sakamoto

Professor Michael Paul (Racah Institute of Physics, The Hebrew University of Jerusalem)

It is with personal memories of Professor Koh
Sakamoto that I would like to start this letter and
reminisce of two short and intense meetings I had
with Koh. Short but unforgotten and unforgettable.
The year was 2002 shortly after Koh had retired
from active duties at Kanazawa University and
left the baton to Professor Takashi Nakanishi.
That year followed also a period of intense email
correspondence between Koh, Takashi and myself
where we discussed the preparation, later the
analysis, the results and eventually the publication
of a measurement of the **Pu content of a dredged
seafloor sediment sample. The original hypothesis
and concept of this experiment belonged to Koh
who had suggested that **Pu, an isotope of Pu
which is short-lived on Galactic time scale and
likely extinct on Earth, may deposit by accretion
of interstellar grains. I will come back to this
measurement which has driven since a continuous
flow of experiments and return to my meetings
with Koh. The first was no less than a dinner in
Kanazawa where I discovered the exquisiteness
of traditional Japanese setting and sea delicacies.
But the real discovery was the chemistry which
started to bond us, catalyzed by sake continuously
replenished and by its vapors. Chemistry and
vapors which allowed us to cover physics, life and
the universe in the ever closer friendship which
had just been born. Our second meeting was the
next day, after sobering up and while visiting the
Kanazawa Kids' Science Center that Koh had
created. I cannot help quoting here from an email
of Koh's that I dig from a computer, a vintage one
still in function: "PS.: I got retired from Kanazawa
University on April 1, 2000, and have been giving
a lecture on a freshman chemistry once a week.
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Also I am in charge of Director of "Kanazawa
Kids' Science Center (Kanazawa Kodomo Kagaku
Zaidan)", a foundation under a support of the City
Government. This aims to encourage and attract
school children in science study through extra-
curricula science experiments." Koh's enthusiasm,
pride and joy for this enterprise and at showing the
experiments in the Center were simply contagious.

The scientific career of Professor Sakamoto had
actually started some fifty years beforehand, at
the time of the discovery that **Pu, the isotope
I mentioned before, was present and live in the
Early Solar system. Professor Kuroda, together
with Koh Sakamoto who worked in Kuroda's
lab after earning his PhD degree from Osaka
University, were to become major players in the
field then nicknamed xenology. The study of
the isotope anomalies of xenon degassed from
meteorites showed unequivocally a contribution
from *'Pu fission decay. This demonstrated
that “*Pu was still live (and decaying) when the
solids first formed in the Solar system, later to
become planets, asteroids and meteorites. The
study of isotopic anomalies of different elements
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e.g. Al in aluminum, I in iodine (to which Koh
also contributed), have developed in fact into a
vast field of research since the 1970's till today.
It shows that the Early-Solar system contained
a family of radionuclides with different half-
lives, adding one by one clues on the history of
our natural environment. It was therefore along
this intellectual path that Koh suggested to look
for *Pu in deep-sea sediments, used here as a
natural repository of fresh interstellar material,
possibly similar to that which coalesced into
the Solar system. Koh had by that time long
returned to Japan where after several years in
Tokyo, he established his research group at
Kanazawa University, followed later by Takashi.
To come back to our experiment, the findings
were, as it happens, negative meaning that, within
our hypothesis, *Pu is presently rare in our
interstellar vicinity. This rarity was confirmed,
I must say to our absolute delight, by a series
of new measurements performed by Anton
Wallner and his group at the Australian National
University. I am sure it was to Koh's absolute
delight as well that his "academic grandson" Dr.
Norikazu Kinoshita, a former student of Takashi's,
played a key role in these recent experiments by
locating new and interesting deep-sea samples
and chemically processing them for ***Pu
analysis. **Pu, identified by Koh in meteorites as
a component of the Early-Solar system, was thus
shown by Nori, his grandson, to be "abnormally"
rare in present and local interstellar matter. To
leave Koh's academic family aside for a moment,
the finding is important since it is interpreted as
an evidence for a major role of rare events such
as neutron star mergers in the production of **Pu
and r-process elements, a topic of intense current
interest.

Another realm of Professor Sakamoto's scientific
career spans a wide area of geophysics, namely the
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in-situ production of radionuclides and detection
of trace elements in rocks. Strikingly, a paper
Sakamoto published in 1975 while in Tokyo was
the first to show a positive result for the detection
of Al in rocks, produced by muon-induced
cosmogenic reactions. “’Al, a nuclide mentioned
before in relation to the Early Solar system
has a half-life of 740,000 years and is extremely
difficult to detect by gamma decay counting at
natural concentrations. This measurement came
three years before the emergence of accelerator
mass spectrometry (AMS) which became a
far more sensitive detection technique for rare
radionuclides using atom counting rather than
decay counting. Among these, *°Al detection
and its use for determination of erosion rates
and rock morphology which Sakamoto and
co-workers had the insight to initiate, have become
routine. Striking above all is the quantitative
determination of Al content of quartz made in
the 1975 foresight paper in perfect agreement
with the more precise later AMS values. Related
to these geophysical topics, Professor Ohtsuki
and Professor Mitsugashira from Koh's group
who had later moved to Tohoku University were
active in photonuclear and neutron-induced
reactions studies, and became major players in our
measurement of the "*Sm half-life. The continued
key roles of Takashi Nakanishi and then his
student, Norikazu Kinoshita in this experiment
highlight the strong connectivity in the large
Koh's academic family. *Sm, another Early-
Solar component, and its half-life have fascinating
implications on our understanding of the Solar
system early history.

Professor Sakamoto lived physics and is sorely
missed. As dear as physics, sake and its vapors
have and for ever will have for me the taste of my
first encounter with Koh.
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11th International Symposium on Target
Alpha Therapy (TAT11)

HAF : 1-5, April, 2019

%A © Ottawa, Ontario, Canada

6th Inter national Conference on the
Chemistry and Physics of the Transactinide
Elements (TAN 19)

HEAE : 25 - 30, August, 2019

1%Fh © Wilhelmshaven, Germany
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2nd International Conference on
Radioanalytical and Nuclear Chemistry
(RANC 2019)

HEF : 5-10, May, 2019

%P - Budapest, Hungary
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Status Number of All Countries
Operational 222
Tmporary shutdown 19
Extended shutdown 10
Permanent shutdown 79
Under decommissioning 48
Decomissioned 375

(HE8) IAEA RRDB (Research Reactor Database

K4 F-IEFTEROHRELR

52H7-

Country Facility Name Type Thermal Power (kW) [Last Update
Argentina RA-10 POOL 30000(2014.4.7
Belgium MYRRHA FAST 85000(2014.1. 8
Brazil RMB POOL 30000(2014. 4.7
China TFHR Thor ium Pebble Bed EXPERIMENTAL 2000(2013.10.7
China TMSR-LF1 EXPERIMENTAL 2000(2018.1.2
China TMSR-SF1 EXPERIMENTAL 10000]2018.1.2
Korea, Republic of KJRR POOL 15000(2014. 4.7
Nether lands PALLAS 012010.12. 28
Thailand SUT MNSR MNSR 4512017.8. 1
Ukraine Multipurpose RR POOL 20000(2013. 4. 24
United States of America [HT3R HE COOLED 25000]2013.6. 7
Viet Nam Multipurpose Research Reactor |POOL, IRT 15000(2014. 3. 20

(tHER) IAEA RRDB (Research Reactor Database
=5 FHEICERPOHRF
Country Facility Name Type Thermal Power (kW) Last Update
Argentina CAREM 25 PWR PROPULSION 100000/2013.9. 5
France REACTOR JULES HOROWITZ TANK IN POOL 100000|2017. 5. 29
Russian Federation |IRV-2M POOL 4000(2017. 6. 29
Russian Federation |PIK TANK 100000(2017.6. 2
Russian Federation |MBIR FAST, POWER 150000|2017.6. 6
Saudi Arabia LPRR POOL 30(2016.12. 16
Ukraine KIPT Experimental Neutron Source |SUBCRIT 0.19(2017.08. 04

(H88) TAEA RRDB(Research Reactor Database
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