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Workshop
Mn-56 experiments and the results
-Possibility of the small particle effects-

Mn OREIE EBR L ZOREER MR FRRE DRI OV T-

Date: 9 December, 2016, HFF:20164-12 H9H (4)
Place: X R fbt v % — T732-0816 /& EEILETHEIXEIGILART1 6-2 7

Program

09:30 Greetings 4

Part 1. **Mn experiments. (**MniZ X % PNk IT < 25R)
Chair Stepanenko, Fujimoto

1)09:40-10:10 Masaharu Hoshi (Hiroshima University), Outline of the animal experiments

: 56
using ~"Mn.
IR (BBRPLELER) EACTBT 2 M L DNEIE ERoORBE H O E L,
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2)10:10-10:40 Valeriy Stepanenko (MRRC Obninsk), Doses of internal irradiation of
experimental animals by neutron activated dust: first results of international multicenter
study.

2F % a AL — (MRRCHAZ =22 7) [EELERIEICE DT > b &f 572 Mn
3 R D PR R g B E

3)10:40-11:10 Keiko Ohtani (Hiroshima University), Effects of ®®°Co gamma ray irradiation

and of **Mn powders exposure on locomotor activity of rats.
KRBT (RERZFFEN)  *°Mn & °Co BHEZ DT » b OTESHEHIE & AT,

a—b—T7 LAY
Chair Shichijo, Fukumoto

4)11:20-11-50 Kazuko Shichijo (Nagasaki University), Pathological effects of internal

exposure by *®Mn(tentative).
EARFI T (BRI RZEAT) M 2 L A NERRIE < &R 2R s 2 (),

5)11:50-12:20 Nariaki Fujimoto (Hiroshima University), RNA/DNA analysis after the

internal exposure of Mn-56(tentative).
FEA R (IR B KR IERF)  *°Mn 12 & B INERHRIE < & RNA/DNA fighir (5 8),

B

Part 2. Radiation and its effects related to small size particles. (fihi+-7> 5 O e & B9

55
Chair Tonda, Endo

6)13:30-14:00 Tetuji Tonda (Prefectural University of Hiroshima) , Comparison of excess
relative risk on solid cancer mortality between Hiroshima and Nagasaki in LSS cohort.

B HEIRUARGTNIRY) LSS 2k — MIBIT 2N A G EICB 3 5 IR -
Feliy D L,

7)14:00-14:30 Keiko Otani(Hiroshima University), Tetsuji Tonda, Kenichi Satoh, Masaharu
Hoshi, Toshiriro Takihara, Ohtaki Megu, Study of solid cancer mortalities among Hiroshima
early entrants, 1970-2010.

REWA (L RFPIREGM, R O BT (1979-2010),
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8)14:30-15:00 Megu Ohtaki (Hiroshima University), An analysis of the effects of small
particles and distribution of cell level doses.(tentative)

KRR (A B RFPAEHIR) ORI 120 & M o0 A (5 )

Coffee break

Chair Ohtani, Ohtaki

9)15-10-15:40 Satoru Endo (Hiroshima University), Measurement of small particles found
in Fukushima. (tentative)
PEREBE(A B R L) @ TR A S B & & A T2/ KT & 2 O I ReIE (15U)

10)15:40-16:10 Manabu Fukumoto, The effects of internal radiation due to
thorotrast.(tentative)
fEAY (HALKRFRFPE) hoa b7 2 M OIZ X5 NEHIE <1 X 2 2 (R E)

11)16:10-17:30 Discussion
Panel: Ohtaki, Ohtani, Fukumoto, Endo, Shichijo, Fujimoto, Stepanenko, Tonda, Hoshi

<HBEZEE : 2016812H90 RS V-Ivays >
ABSTRACTS
OF

the Workshop

Mn-56 experiments and the results
-Possibility of the small particle effects-

Date: 9 December, 2016
HKF:20164E12H9H (&)

Place: Minami Kumin Culture Center, Hijiyama Honmachi, Minami-ku, Hiroshima
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Outline of the animal experiments using **Mn.
- Internal exposure experiments using rats simulating radioactive soil dust exposure
in Hiroshima and Nagasaki -

Masaharu Hoshi
Professor Emeritus, Hiroshima University, 3-26-24, Mukainada-shin-machi Minami-ku, Hiroshima 734-0055,
Japan.

To study the effects of radioactive dust we performed an experiment of the internal and external exposure using rats.
In this study we used **MnO, power for internal exposure and a ®*Co radioactive source for external exposure, and
compared the results each other.

The internal exposure study was performed by spraying 3 micron size (indicated value) *MnO, powder into
chambers with rats. The MnO, powder was irradiated with neutrons from the nuclear reactor in Kurchatov
Kazakhstan. The irradiated fluences were from 4x10* to 1.6x10™ neutrons/cm?. The calculated yield of **MnO,
from 100mg of MnO, by the 9 x 10 thermal neutrons/cm? irradiation is 6.2 x 10° Bq (0.76 mCi). The thermal
neutron fluence of 9 x 10 corresponds to that at 1m from the ground surface of the Hiroshima atomic bomb
hypocenter. The results were compared with 2Gy of ®°Co external exposure. In addition we made the experiments
using *°Co external doses of 2Gy, 3.5Gy and 5Gy for the locomotor activity to determine the dose response.

After the exposure we performed the experiments and analyzed the data. The studies include 1. dosimetry study of
internal dose, 2. locomotor activity measurements and analysis, 3. pathological changes of the rat organs and 4.
changes for DNA/RNA expressions. These studies and related topics are presented by the different authors in this
workshop and the meanings are discussed.

Doses of internal irradiation of experimental animals by neutron activated dust: first results of international
multicenter study

Stepanenko V. F.! (reporter), Fujimoto N.%, Endo S.%, Otani K.2, Satoh K.2, Kawano N.?, Takatsuji T.%, Shichijo
K.2, Nakashima M.?, Sakaguchi A.*, Toyoda S.°, Sato H.%, Uzbekov D.E.”, Kairkhanova Y.O.”, Saimova A.Zh.2,
Dyussupov A.A.’, Chaizhunusova N.zZh., Sayakenov N.B. ’, Shabdarbaeva D.M.’, Rakhypbekov T.K.,
Azimkhanov A.C.%, Kolbayenkov A.N.%, Zhumadilov K.Sh.°, Toikin B.*, Kanapyianov K.'°, Petukhov A.D.%,
Akhmedova U. A.*, Bogacheva V.V. !, Hoshi M.}

'A. Tsyb Medical Radiological Research Center (MRRC) — National Medical Research Radiological Center
Ministry of Health of Russian Federation, Obninsk, Russia

®Hiroshima University, Hiroshima, Japan

*Nagasaki University, Nagasaki , Japan

4University of Tsukuba, Ibaraki , Japan

*Okayama University of Science, Okayama, Japan

®Ibaraki Prefectural University of Health Science, Ibaraki, Japan

’Semey State Medical University, Semey, Kazakhstan

® National Nuclear Center of the Republic of Kazakhstan, Kurchatov, Kazakhstan
°L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
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19 Regional Oncology Dispensary of Semey, Kazakhstan.

There are two sources of ionizing radiation after nuclear explosion in atmosphere: a) - initial gamma-neutron
irradiation at the moment of detonation and b) - residual radioactivity. Residual radioactivity consists from two
components: radioactive fallout containing fission products, including radioactive fissile materials from nuclear
device, and neutron-activated radioisotopes from materials on the ground.

The problem of differentiation between initial gamma-neutron irradiation and exposure due to residual
radioactivity in a form of dust, dispersed and deposited on skin, inhaled and swallowed, is the subject of interest
and discussion in order to understand the health effects following Hiroshima and Nagasaki atomic bombing,
especially among people who came to these cities soon after the detonations. The effects of exposure following
nuclear explosions are the subject of research of the consequences of nuclear tests as well. Neutron-activated
radioisotopes in soil after nuclear detonation include *Na, 22Al, *'Si, 32p, *Cl, K, **Ca, **Sc, **Mn, *Fe, “Co,
134Cs. The radionuclide *°*Mn (T4, = 2.58 hours) is known as one of the dominant beta- and gamma- emitters for the
first few hours after neutron irradiation of soil and other materials on ground, elevated in form of dust after nuclear
explosion in atmosphere. Simulation of irradiation by residual radioactivity in the soil dust can be performed
using neutron-activated °Mn in MnO, powder sprayed over laboratory animals. This experimental work has not
been done before and was performed in frame of Japanese initiative to investigate the biological effects of
irradiation by dispersed radioactive dust (Prof. M. Hoshi et al.).

Neutron activation of 100 mg MnO, powder was conducted using nuclear reactor IVG.1M (experimental
facility “Baikal-1”, Kurchatov, Kazakhstan). The obtained powder with **Mn was sprayed by pneumatic system
over experimental animals (rats of Wistar line), which were placed in an isolated box. The exposition to radioactive
powder was carried out in two options: a) the experimental box was supplied with air filter only (targeted for
animal’s breathing) and with initial activity of **Mn equal to 2.74x10° Bq (exposure “a”); b) the experimental box
was additionally supplied with system of forced ventilation with initial activities of *°Mn equal to:  2.74x10° Bq
(exposure “b-17), 5.48x10° Bq (exposure “b-2"), and 1.10x10° Bq (exposure “b-3").

After exposition to radioactive powder the experimental rats were sacrificed and measurements of *°Mn activity
in their organs and tissues were performed. The calculation of absorbed fractions of energy in the organs and
tissues of rats was carried out using the Monte-Carlo code (version MCNP-4C) with the corresponding library of
nuclear constants for electrons and gammas and using mathematical phantom of experimental rat. Assessment of
internal radiation doses was performed on the basis of the results of measuring of **Mn activity in the organs and
tissues of experimental animals and on the basis of calculated values of absorbed fractions of internal exposure to
photons and electrons.

The first results of this international multicenter study showed that the internal irradiation by sprayed powdered
*®Mn is highly inhomogeneous. ~ The most irradiated organs and tissues of the experimental animals are: large
intestine, small intestine, stomach, lungs, and skin. Accumulated absorbed doses of internal irradiation for the
exposure “a” (without forced ventilation) are equal to 1.65 Gy, 1.33 Gy, 0.24 Gy, 0.10 Gy and 0.076 Gy for large
intestine, small intestine, stomach, lungs and skin, respectively. For the second option of exposure (with forced
ventilation) the accumulated absorbed doses of internal exposure are equal to: in a case of exposure “b-1" - 0.45 Gy,
0.15 Gy, 0.11 Gy, 0.03 Gy and 0.073 Gy for large intestine, small intestine, stomach, lungs and skin, respectively;
in a case of exposure “b-2” - 0.69 Gy, 0.58 Gy, 0.22 Gy, 0.051 Gy and 0.086 Gy for large intestine, small intestine,

stomach, lungs and skin, respectively; in a case of exposure “b-3” - 1.9 Gy, 1.48 Gy, 0.33 Gy, 0.11Gy and 0.095
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Gy for large intestine, small intestine, stomach, lungs and skin, respectively. Other organs were irradiated at lower
doses. The results of assessments of internal absorbed doses from neutron-activated powdered *°Mn, sprayed over
experimental animals, can be useful for interpretation of the biological effects of this type of irradiation.

ESR dosimetry with rat teeth.

Mika Murahashi, Shin Toyoda
Department of Applied Physics, Okayama University of Science
1-1 Ridai-cho, Kita-ku, Okayama, 700-0005, Japan

The ESR (electron spin resonance) tooth enamel dosimetry is a useful method in estimating the
retrospective external doses given by radiation accidents and by atomic bomb explosion. In the event of internal
exposure, part of the doses will also be given to tooth enamel as the radioactive sources are distributed in the body
near the teeth. In many of the events, doses are mostly measured as the external doses even when the events involve
internal doses. Therefore, when evaluating the effects of internal exposure, it is necessary to obtain the doses
measured as “external doses”. As rats are currently used in estimating the health effects by internal exposure, we
are developing the method to measure doses using rat teeth by ESR.

Jaws of the rats of 6 and 10 weeks, and 6 and 10 months were obtained. After teeth are physically
removed from those jaws, the teeth were treated with 20% KOH at 60°C for 2 hours with the ultrasonic. The
treatment was repeated as dentin was found to remain by the microscope observation after the first treatment. The
extracted enamel samples were irradiated by ®®Co gamma rays at Takasaki Advanced Research Institute of National
Institutes for Quantum and Radiological Science and Technology after measuring the samples by the ESR
spectrometer. The ESR measurements and irradiations were repeated for the individual samples because of small
amount of the obtained tooth enamel. The conditions of ESR measurements were the same as for human tooth
enamel, the microwave power of 2 mW and the field modulation amplitude of 0.2 mT.

The observed ESR spectra are similar with those of human teeth as examples shown in Fig. 1. While the
detection limit of the ESR tooth enamel dosimetry has been reported for human to be several ten mGy, in the
present study, clear contribution of dosimetric signal were observed above 2 Gy where one of the reasons would be
small amount of the obtained tooth enamel. A computer program, NEW-ER, was used to extract the component of
dosimetric signal due to CO,". The dose response of the dosimetric signal are shown in Fig. 2. Lines were fitted to
the obtained dose responses by the least square method. The slopes are plotted in Fig. 3 for comparison.

As shown in Fig. 3, there is no age dependence of the sensitivity (the slope of the dose response) of the
dosimetric signal. The variation is obtained to be about 15% indicating that calibration method can be applied to
obtain retrospective doses given to rats with this precision. However, it is possible that the doses will be
underestimated by around 1 Gy as all the intercepts are negative. It is further necessary to evaluate this

underestimation by analyzing the rats exposed to known doses.
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Effects of ®®Co gamma ray irradiation and of *°Mn powders exposure
on locomotor activity of rats
Keiko Otanil, Megu Ohtaki2, Masaharu Hoshi2

'Research Institute for Radiation Biology and Medicine, Hiroshima University, 2Professor Emeritus of Hiroshima
University

The purpose of this study is to investigate effect of irradiations of ®Co gamma ray (Experiment A) and that of
exposure of activated **Mn powders (Experiment B) on locomotor activities of rats. In Experiment A, rats were
grouped 4 groups: control group, 2.0Gy group, 3.5Gy group and 5.0Gy group. The each group consisted of 4 rats.
In Experiment B, we set 3 groups: control group, Mnx2 group (**MnO; activated with 8.0% 10 neutrons/cm?)
and Mnx4 group (**MnO, activated with 1.6% 10" neutrons/cm?). A cumulative number of movements during a

period between 18:00 and 06:00 was defined as a ‘mobility’ expressing a rat’s daily activity.

Let y""(r) indicate the observed mobility of rat I belonging groupj at elapsed time ? from irradiation

day. Then, we applied the following model to analyze the locomotor activity data:

z,(t) =logy, (1) ~1og ¥,(1) = By, + B e + 6, +£,(1),

Experiment (B

Exposures of activated ®Mn powders

@
i Control

S | — mn2

- Mnd4

Loglmomlity) adjusted by control group

T T T T T
t 10 20 30 4

wradiation
Elapsed days J.. & (1
1 where "¢ and i ()

indicates between-individual random
effect and measurement error, respectively. The notation j=1 indicates control group. The estimated

chronological trends of locomotor activities after adjustment for the mean trend of control group by irradiation

groups were shown as below.
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Molecular pathological effects of internal exposure by *°*Mn in rats

Kazuko Shichijo”, Nariaki Fujimoto® Darkhan Uzbekov®, Aisulu Saimova®, Ynkar Kairkhanova®, Nailya
Chaizhunusova®, Tolebay Rakhypbekov®, Toshihiro Takatsuji®, Zhanna Mussazhanova® , Masahiro Nakashima®,
Masaharu Hoshi®

Y Department of Tumor and Diagnostic Pathology, Atomic Bomb Disease Institute, Nagasaki University, Nagasaki
852-8523, Japan, ? Division of Radiation Biology, Hiroshima University, * Semey State Medical University,
“Faculty of Environmental Studies, Nagasaki University, > Research Institute for Radiation Biology and Medicine,
Hiroshima University

Using a model of irradiation by activated residual radioactivity from dispersed soil following the Hiroshima
A-bombing, rats were exposed to **Mn powder of 2.75x10% Bq. Activated powder was sprayed over experimental
rats placed in a special box. Measurements were taken from organs and tissues of **Mn activity soon after the
exposure. Calculation of beta and gamma irradiation in organs, tissues and the whole body of the rats showed
differing levels of deposition in organs. The deposition values for the large intestine, small intestine, stomach and
lungs were higher than for the whole body. This study reviews previously unaccounted for internal exposure of
organs. Focusing in particular on lung and small intestine tissue which have a higher sensitivity to external
radiation. Here we show biological effects of internal radiation by neutron activated **Mn powder in experimental
animals. Our data demonstrate the severity of even low doses of internal exposure on lung and small intestine
tissue.

I. Brief recapitulation of last year’s presentation: In our preliminary experiments we showed the effect on cell
turnover by internal radiation exposure to be more damaging. We found a higher rate of apoptosis in the lower
crypt of the small intestine. Stem cells and Paneth cells are positioned in the lower crypt, therefore DNA damage
response was greater for internal exposure as indicated by higher expression of 53BP1 protein in cell nuclei. 53BP1
plays a role in DNA repair. For the internally exposed rats, cell damage continued beyond 60 days. This may
correlate to genomic instability observed in A-bomb survivors with skin cancer. This let us to investigate the initial
damage caused by internal exposure, what occurs in the first 6 hours of exposure. This let us to investigate the

pathological findings in small intestine and lung exposed to internal exposure
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Il. What’s new: Significance of short half-life internal exposure: The large increase of apoptotic cells at the 60 day
mark in our first experiments revealed a higher turnover of crypt cells for the internal exposure model of crypt cells,
as compared to the normal level of apoptosis found in the external exposure model (*°Co, 2Gy). As the half-life of
*Mn is 2.58 hours, understanding the initial damage to stem cells by internally deposited radioactive materials is
crucial. Our recent experiments have therefore focused on the 6 hour window of internal exposure. In the two
different experiments we compared the effects of **Mn and ®°Co again but increased the amount of radioactive Mn
by 2 times for one group and 4 times for a second group. Pathological preparations of small intestine and lung from
rats were observed 6 hour, 3, 14 days and 2 month after radiation by H&E stain and TUNEL stain for apoptosis.

I11. Results and Discussion: The histological findings show a significantly higher rate of hemorrhage, emphysema
and inflammation in the lung and the rate of apoptosis in small intestine for the group receiving the quadrupled
dose. The dose in lung tissue samples was estimated to be 0.051 Gy for the doubled group and 0.11 Gy in the
quadrupled group. Estimates for the small intestine show 0.58 Gy in the doubled group and 1.48 Gy in the
quadrupled group. The rate of apoptosis in crypts of the small intestine was two times higher for the quadrupled
**Mn group when compared to the ®°Co group. Apoptosis is an indication of DNA strand breakage and most likely
correlates to the continued cell damage observed even beyond 60 days.

PMNIC L BWEBONE & RIS LIEf T (RIGK) i,

Changes in lung injury related mRNA expression in rats exposed to neutron-activated *°Mn powder

Nariaki FUJIMOTO?, Ynkar Kairkhanova?, Aisulu Saimova?, Darkhan Uzbekov?, Nailya Chaizhunusova®, Kazuko
Shichijo®, Masahiro Nakashima®, Tolebay Rakhypbekov?®, Masaharu Hoshi*
'Hiroshima University, Semey State Medical University, *Nagasaki University

For correct understanding of the radiation effects of the atomic bombing in Hiroshima and Nagasaki, radiation from
neutron-induced radioisotopes in soil and other materials should be considered in addition to the initial radiation
directly received from the bombs. Manganese-56 is known to be one of the dominant radioisotopes during first
hours after explosion. We investigated the biological effects of internal exposure to **MnO, powder in Wistar rats.
On days 3, 14, and 60 after exposure, animals were sacrificed and the major organs were subjected to pathological
analysis. Since the lung tissue was found to be severely damaged with a rather low radiation dose (less than 0.1 Gy),
the mRNA expression related to radiation induced lung injury was investigated. We found the decrease in
expression of TGFp receptor 1, Smad2 as well as Smad3 mRNAs, all of which are related to the TGF signaling.
On the other hand, expression of Aquaporin 5, which regulates plasma membrane water permeability in the alveolar
epithelium, increased after the exposure to **Mn. These changes were persistent even on day 14 or day 60 when the
lung tissue appeared to have recovered from the initial injury. Interestingly, external ®°Co y-ray irradiation at a
higher dose of 2 Gy did not change the expression of these TGF signaling genes significantly. It did induce
Aquaporin 5 gene expression but recovered by day 60. These data suggest that internal exposure to **Mn, even at

the low dose, has a significant biological impact on the lungs in the molecular level.
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Comparison of excess relative risk on solid cancer mortality
between Hiroshima and Nagasaki in LSS cohort

Tetsuji Tonda', Keiko Otani?, Masaharu Hoshi®, Megu Ohtaki®
prefectural University of Hiroshima, “Research Institute for Radiation Biology and Medicine, Hiroshima
University, *Professor Emeritus of Hiroshima University

The risk of disease or death caused by exposure to atomic bomb radiation has been evaluated using estimated
radiation doses based on the dosimetry system developed by RERF (see, e.g. Ozasa et al. 2012). The current
dosimetry system is DS02 (Young and Kerr 2005), which was replaced from the previous system DS86 (RERF,
1987). Preston et al. (2004) investigated the city difference in the estimated solid cancer mortality risk with or
without adjustment for factory workers in Nagasaki and reported that there was no significant difference between
the ERR estimate for Hiroshima survivors and that for non-factory workers in Nagasaki, but the ERR for factory
workers is significantly lower than that for Hiroshima and Nagasaki non-factory workers. They concluded that
Nagasaki risk estimates were smaller than for Hiroshima and this difference was due to the dosimetry system which
overestimated dose for Nagasaki factory workers.

We here consider another ERR model to investigate city difference on solid cancer mortality by introducing city
effects into the parameters on dose effect and effect modification of age at exposure in the ERR model used by
RERF. The result of our analysis shows that the significant differences between Hiroshima and Nagasaki
non-factory workers were found for the effects of dose and age at exposure. The sex-averaged ERR of solid cancer
death of Hiroshima was at age in those exposed at age compared with in those of Nagasaki non-factory
workers. Such a difference seems to be strange based on the plausible perspective that the sensitivity of human
body to radiation exposure on is essentially common for all Japanese people. We consider that this difference is not
due to the initial radiation dose, but due to possible difference of amount of indirect exposures in Hiroshima and
Nagasaki, which are not incorporated in the current dosimetry system DS02. The risk of indirect exposure in
Hiroshima was pointed out by Tonda et al. (2012, 2016), Satoh et al. (2016) Ohtaki et al. (2016). Residual
radiations in Hiroshima and Nagasaki were discussed by the workshop report in Kerr et al. (2013).

Study of solid cancer mortality among Hiroshima early entrants, 1970-2010

Keiko Otani', Tetsuji Tonda®, Kenichi Satoh', Masaharu Hoshi?,
Yoshiriro Takihara', Megu Ohtaki®

'Research Institute for Radiation Biology and Medicine, Hiroshima University, 2Prefectural University of
Hiroshima, *Professor Emeritus of Hiroshima University

The purpose of our study is to evaluate health effects of residual radiation using Hiroshima A-bomb early
entrants cohort data which is consisted of 47,144 individuals (27,062 men and 20,082 women) who were registered
as Hiroshima entrant survivors before Jan. 1, 1970 and alive at Jan.1, 1970, and followed until Dec 31, 2010. The
A-bomb was dropped on Hiroshima city on Aug. 6, 1945. Persons who entered Hiroshima city on August 9 or later

were defined as a control group. We estimated excess relative risks (ERR) by 10-year categories of age at the time
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of bombing for persons who entered the city on August 6, 7, or 8 compared with the control group. Results are
shown in Fig.1. Significantly higher ERR was estimated among persons who entered the city on August 6 and
persons exposed at middle age had higher ERR than other age groups, suggesting that the early entrants got health
risk of internal exposure due to breathing dust contaminated with radioactive materials. In particular, middle-aged

persons most likely stayed in the city for long periods of time after the bombing.
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Fig.1 Estimated excess relative risk of solid cancer mortality among Hiroshima early entrants.

Estimated ERRs with 95% error bars by the date of entry and by 10-year categories of age at the time of bombing
(ATB) compared with the control group. The red, green and blue marks show the ERRs of Aug.6, Aug. 7 and Aug.

8, respectively.

Dose-Rate Distribution due to Internal Exposure from Small Radio-active Particle Matters: a Monte Carlo
Simulation Study

Megu Ohtaki, Hiroshi Yasuda
Department of Dosimetry, Research Institute for Radiation Biology and Medicine,
Hiroshima University

[Purpose]: To grasp mathematical feature of spatial-distribution of dose-rate due to internal exposure from small
radio-active particle matters.
[Method]: Assuming that the radioactive particles are deposited into the body organ, we formulated spatiotemporal

distribution of dose-rate in the vicinity thereof as follows,

-1
u C n(p) u u
AMtlp)=p2"u(p)=p 27"y ——exp| -log2-| " 19 —p+[l——]5i du |
;Mrf(p) I r(p) (p)
We assumed that there

were " radioactive small particle matters in a target organ. Let S, denote the location of the £ th small particle

i=1....m

of which the amount of radio-active material is Cis " Then, we assumed that the radiation dose-rate at a
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point £ at time? is expressed as

where r(p) denotes the distance from the center of th small particle matter to the point P in centimeter,

g(u) denotes the half-distance function of transmission attenuation rate of radiation in the neighborhood of a

point ¥

[Monte Carlo Simulation]: We assumed that target organ is a cube of 1 cm length each side in which 777
radioactive small particle matters were distributed uniformly. Using a set of 300,000 uniform random numbers, we
generated three sets of 100,000 points for measurement sites in the cube, on the surface and outside of the cube at

the distance 10 cm from the cubic surface, and obtained distributions of H(p) at each region.
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Radio-active Small Particle Matters

[Results]: Even if the dose-rate is low in the organ outside, its value in the internal of the organ

becomes higher in order of magnitude with very large spatial variation.

Preliminary measurement of radioactive Cs hot particles in soil originated
from Fukushima nuclear power plant accident

Satoru Endo®, Shunsuke Nakamura®”, Makoto Maeda®, Tsuyoshi Kajimoto®, Kenichi Tanaka”

e Quantum Energy Application, Graduate School of Engineering, Hiroshima University.
e Nature Science Center for Basic Research and Development (N-BARD), Hiroshima University

Radioactive Cs hot particles (Cs-HP) are extracted from soil samples taken from Namie Town in 2013. Extracted
Cs-HPs are measured by a Ge-detector for gamma rays, a Si-detector for beta rays and Scanning Electron
Microscope (SEM) for element analysis and element mapping.

From Ge-detector measurements, it was confirmed that Cs-HPs contain radioactive Cs (**'Cs and ***Cs) with
high concentration, and also might be detected small amount of **Sb. The ratio of **Sb/**’Cs for measured
Cs-HP is estimated to be 0.0056 + 0.0046 on June 2016.

From Si-detector measurements, radioactivities of °Sr and *****'Cs in measured Cs-HPs can be obtained by

deconvolution with response functions for each nuclide which has been calculated by PHITS code. *****'Cs
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radioactivities measured by the Si-detector are consistent with those by the Ge-detector. The ratio of *°Sr/**’Cs for
measured Cs-HP is estimated to be 0.0015 + 0.0005 on June 2016. The ratio obtained is similar to the results of soil
measurement conducted by MEXT.

Element mapping in Cs-HP has been carried out by SEM. Main elements of Cs-HPs are Si and O. Elements of Si,
0O, Na, Mg, K, Fe, C, Caand Al distribution in the measured Cs-HP is seemed like uniform.

In conclusion, the Cs hot particles contain not only radioactive Cs, but also *Sr. *°Sr radioactivity in Cs hot
particles can be evaluated by beta ray measurement by the Si-detector.

The mechanisms of carcinogenesis induced by internally deposited radionuclides
thinking from Thorortrast cases

Manabu Fukumoto.
Department of Molecular Pathology, Tokyo Medical University,
Department of Pathology, IDAC, Tohoku University, Japan
e-mail: manabu.fukumoto.a8@tohoku.ac.jp

Thorotrast (Th) is a colloidal solution of Thorium dioxide which emits mainly alpha-particles. Th was used as a
contrast medium for angiography mainly during World War Il and induced liver cancers such as intrahepatic
cholangiocarcinoma (ICC), angiosarcoma and hepatocellular carcinoma at the equal ratio decades after its injection.
We have established a tissue bank consisting of more than 280 cases of Th-induced liver cancers. The Th bank
includes pathological specimens with autopsy records, dose estimation and information of case reports. (The
Database on Thorotrast Patient in Japan, http://www.idac.tohoku.ac.jp/db/thorotrast/index%20 english.html).

Using this bank, we resolved several aspects of the carcinogenic mechanisms induced by internally deposited
radionuclides. ICC in general is considered to evolve from an epithelial cell of the bile duct. However, almost cases
of Th associated (Th-)ICC are peripheral in location and are thought to arise from a bipotential tissue stem cell
towards hepatocytes and cholangiolar epithelial cells. Major part of deposited Th is phagocytized by macrophages.
Inflammatory reaction and dysplastic changes adjacent to frank tumors are prominent. These suggest that the cell of
origin for Th-ICC is not always identical to the target of exposure to radiation. The total exposure dose was
significantly proportional to the amount of Th deposition, and at least of 20-year incubation period was needed,
indicating that incubation period is more important than total doses for the induction of cancers. Bystander effects
proportional to dose rate could play an important role in cancer induction. Our results indicated that remodeling of
the liver induced by radiation exposure contributes to internal radiation induced carcinogenesis more than direct
insults by radiation to DNA. We also found activity of metabolism and excretion of the patient contribute to the
difference of cancer histology such as ICC and AS. We conclude that carcinogenic mechanisms by internal
exposure is the result of more complex biological reaction than thought previously.
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