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Materials & Methods

Animals: Female Wistar (W/M) strain rats at the age of 100 to 120 days.

Pu-Exposure: High-fired (1150 °C) 23°PuQ, aerosols with AMAD of 0.30-
0.40 um and GSD of 2.1-2.3.

Dose Estimation: Initial lung deposition (ILD) determined by whole-body
counting of LX-ray (17 keV) on day 7 after the exposure. Cumulative
alpha dose calculated at the death by the time integral of ILD and the

retention function.

X-ray Irradiation: a single dose of X-rays at a dose rate of 0.6 Gy/min by

shielding with a lead sheet except for the thorax, for thoracic X-irradiation
(ThX).



Procedures for the Inhalation Experiment of Plutonium 1

1) Preparation of plutonium solution

Plutonium hydroxide solution Loading on a nebulizer

1 7
:
I"
S
=




Procedures for the Inhalation Experiment of Plutonium 2

2) Generation of plutonium aerosols

Conversion to plutonium dioxide Control panel of inhalation apparatus




Procedures for the Inhalation Experiment of Plutonium 3

3) Exposure system for small animals

Animal holder for nose exposure Inhalation chamber




Procedures for the Inhalation Experiment of Plutonium 4

4) In vivo measurement of plutonium 5) Life—span animal experiments

Body counter for small animals a safety hood rack and cages
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Histopathological Types of Rat Pulmonary Tumors after Pu-
Exposure

Adenocarcinoma
(malignant tumor)

Adenoma
(benign tumor)

Adenosquamous &, &=

Carcinoma
(malignant tumor)

Squamous Cell

Carcinoma
(malignant tumor)




Dose Responses of Pulmonary Tumor Induction after Pu—Exposure
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Comparisons of Dose Response Curves for Pulmonary Carcinomas
between Pu—Exposure and ThX-Irradiation

Pu: y = 30.503x - 2.432 =r0.98

10 4 ) FRIZNR LE(RBE)
*Slope of the equation
50 ++ """ + """"" + 30.5 (Pu) : 2.69 (ThX)
/ 11.3-fold
—_ yd eEffective dose for 50% incidence
g co 1.72 Gy (Pu) : 18.4 Gy (ThX)
9 10.7-fold
c
=
g 49 ThX: y = 2.693x + 0.3152 =r0.98f
>0l fih A ERERHBRIAL T IV b =7 LA
_______________________________ FRATIIRARIZNCE BH, XiR
fERERs TII2BI55IC LA BB L

Dose (Gy) (Oghiso and Yamada, 2003)



xeH 1

Pulmonary Carcinogenesis by Inhalation of Insoluble Pu Dioxide

1. Dose-dependent survival reduction correlated with lung
carcinomas was observed at doses over 0.45 Gy.

2. The incidence of lung carcinomas increased over 045 Gy,
reaching the maximum of 87% at 6.6-8.5 Gy. Differential
dose responses were noted for types of lung tumors.

3. Comparisons of dose response curves for lung carcinomas
between Pu-exposure and thoracic X ray (ThX)-irradiation
showed 11-times difference.
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Crude Incidence (%) of Lung Tumors

Bt 7L b =7 LR AN & DR D A DA AR L ER
PNL NIRS

e Al
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o Carcinom
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Tumc * Incidence (%)

0.1 |
Lung Dose (Gy)

AMAD 1.5~30um AMAD 03~04 um
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Table 1. Cumulative excretions of Pu in rats inhaling PuQ; calcined at 1150 and 400°C

organ/ 1150°C 400°C

excreta 1 month* 1 year 1 month 1 year
Lung 792 +6.8° 16.8 2.9 58.3 +4.0 89+1.8
Feces 197 *1.5 523%22 31.5 £26° 68.4 % 1.4°
Urine 3.15 £0.23 308+5.9 3.82+0.73 22.7 +2.6°
Total 1023 £7.1 09.7£13 936 £2.7 100.0£ 1.6

* 1 month and 1 year show time after inhalation of PuO,.

® The values are mean + SD of 4 rats, and expressed as %IAD. WHEILEEICHT 2 IS (%))
“ denotes significant difference from 1150°C at P < 0.005.

P < 0.05.

(Sato, et.al, 1999)
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Radiation Protection Dosimetry (2016), Vol. 170, No. 1-4, pp. 315-317
Advance Access publication 14 March 2016 doi:10.1093/rpd/ncw036

THREE-YEAR RETENTION OF RADIOACTIVE CAESIUM IN THE
BODY OF TEPCO WORKERS INVOLVED IN THE FUKUSHIMA
DAIICHI NUCLEAR POWER STATION ACCIDENT

T. Nakano*, K. Tani, E. Kim, O. Kurihara, K. Sakai and M. Akashi
Research Program for Radiation Dosimetry, National Institute of Radiological Sciences, 4-9-1 Anagawa
Inage-ku, Chiba-shi 263-8555, Japan
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1

Characteristics of Type A and Type B particles (Satou et al. 2018)

\ Particle type

Characteristic Tona A Type B
Size distribution (observed) 1-10 pm 70-400 pm
B4Cs/ 17Cs (mean) 1.04 0.93
Other radionuclides N/A Antimony-125 (1 2 5Sb)
Distribution wide limited (North)
Suspected emission date March 15, 2011 March 12, 2011
Source reactor(s) Unit 2 or 3 Unit 1
Specific radioactivity high Low
Cs detection method of SEM-EDS synchrotron X-ray

y Elements contained Fe. Sn, Cl Na Mg, Ca, Ba
(Koglue et al' 2016) Elements in common \ "/ S 0.Zn
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High volume sampled
for Total Susponded Parsauates

\ evacuation area
\ within 30 km

TR YT 7=

(120 SL, (e ARl F#E R S5t HV-1000 R/F; 22 &5 & ~ 0.7 m3/min)
A FHHE 7 4 v & — (2500QAT-UP, Pallflex, USA).

EBER: 28 - 438 (201241 8-2019498)
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) 3 0.53

=30l® 4 0.50

= 25cm 5 0.44
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= 250 T 0.42

s 201668258 . 8 0.36

o 200 k- 9 0.34
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= 1 1 1 | 1 20 0.10
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sum 13.40
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No. Sample nae 137Cs [B"q] 13?Cs [Bq] Contribution .ratio of D /jm
per particle in filter resuspension
1 NHVA-270504 Fri-Q-a 0.18 2.03 8.7% 1.2
2 NHVA-270504 Fri-Q-b 0.41 2.03 20.1% 2
3 NHVA-270618 Wed-Q-a 0.13 1.53 8.6% 1.7
4 NHVF-270730-J-Q3 0.38 2.44 15.7% 1.2
5 NHVA-271015_Mon-Q 0.36 177 20.5% 2.5
6 NHVA-271105_Tue-Q 0.13 1.61 8.3% 1.9
7 NHVF-280128-Q 0.17 0.84 20.6% 1.8
8 NHVB-280310-1-Q7 0.67 1.36 49.5% 1.4
9 NHVB-280429-1-Q7 0.52 1.91 27.0% 1.8
10 NHVF-300322-Q-b 0.17 1.16 15.0% 1.5
11 NHVF-300601-Q 0.87 1.73 50.6% mx A fE 2
12 NHVF-300906-Q 0.18 3.55 5.0% /M 1.4
13 NHVA-190327-C-Q-b 0.17 0.65 25.6% 3
14 NHVA-190425-B-Q 0.60 1.36 43.9% P
15 NHVA-190919-A-Q 0.36 0.90 39.2% 1.2
0.35 1.67 1.8
0.36 1.61 1.8
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Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total yearly frequency
Number of CsMPs 0 0 0 0 2 | 1 0 0 y) 0 0 6 ) 1“-.
2015 , : , _{ 2.1x10“ granule-day
Sampling period/days 18 0 14 145 31 30 31 31 30 31 29 31 290.5
Number of CsMPs 1 0 1 1 0 0 0 0 0 0 0 0 3 3 i
2016 ) j .| 8.5x107 granule-day
Sampling period/days 31 29 31 30 31 30 31 31 30 31 30 17.5 352.5
Number of CsMPs 0 0 1 0 1 0 0 1 0 0 0 0 3 . )
2018 _ o i _|  8.7x107 granule-day
Sampling period/days 12.5 28 31 30 31 30 31 31 30 31 30 31 346.5
Number of CsMPs 0 0 1 1 0 0 0 1 0 0 0 0 3 ] 5 { /
2019 . o . 1.3x10~ granule-day™* /
Sampling period/days 235
0.020 Seasonal frequency
Number of CsMPs 1 ' | oot BN O INAABHME | L i 1
Dec.-Feb. (DJF) _ o i 4.5%10~ granule-day
Sampling period/days  221.5 3 0.015
< 0.
©
=
Number of CsMPs 8 4 5 :
Mar.-May (MAM) _ , &< 0.010 2.4x10* granule-day
Sampling period/days 335 —
=
=
Number of CsMPs 4 < 0.005 3 1
Jun.-Aug. (JJA) _ e 1.1%10“ granule-day
Sampling period/days 368
0.000 : '
Sep.-Nov. (SON) Number of CsMPs b 2015 2016 2017 2018 2019 DJF MAM JJA SON 6.9x1073 granule' day-l
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137Cs D P iU RE: 0.35+0.23 B/l 137Cs D it fE: 0.29 +0.20 Bg/flil (2441)
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