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Preface

The Fukushima-1 accident in March of 2011 released a large quantity of radioactive substances
and caused significant radioactive environmental contamination. The current research on the effects
of the radioactive contamination on humans has numerous problems, although it has been conducted
on a relatively large scale because of the great deal of interest in the topic. On the other hand,
systematic research on the effects of the radiation around the nuclear power plant site on organisms
exposed to a wide range of radiation from low to high doses compared to humans has apparently
lagged behind. Understanding the radiation effects on organisms around the nuclear power plant site
would provide important information for us to consider regarding the effects of the accident on
humans and their environments.

After the Fukushima-1 accident, many scientists voluntarily began studies and surveys to clarify
the effects of the accident and of the radioactive contamination on many types of organisms. Two
workshops were held as opportunities for the scientists conducting these studies and surveys to
discuss the issues. In these workshops, meaningful discussions ensued, about 40 participants attended
the 12 presentations in 2014, and more than 70 participants attended the 24 presentations in 2015.
Based on the outcomes of first two workshops, the third workshop, entitled “Effects of the
Fukushima-1 Accident on Organisms around the Nuclear Power Plant Site,” was held on August 3
and 4, 2016, at the Research Reactor Institute, Kyoto University. There were 23 presentations and 74
participants at the third workshop. This paper reports the proceedings of the third workshop.

The three workshops were successful because a great deal of information was exchanged among
the various scientists and their understanding of other fields of research increased. Because of the
active discussions at the 2016 workshop, a consensus was developed on the future direction for this
research. It is truly meaningful that the 2016 workshop was a success because five years had passed
since the accident, making 2016 a milestone year as the early stage of research on the effects of the
accident.

Despite this progress, the effects of the accident on organisms around the nuclear power plant site
and the ecosystem are complex. Therefore, it is important to continue collecting, integrating, and
preserving phenomena, and it is vital to continue long-term research projects using these data; sharing
obtained results is extremely important. We hope that the 2016 workshop will contribute to the

development of future research.

December 2016
SAITO Takeshi
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L THUNRD DO ATREZS EPMA Z VT EEZREFHEMBRBE. EHEIMBE LU s DN/ E
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DFETFEK - BITICIEEIROoNT . HhD. BREURKICE TS Cs DAFmIETHL,NZETND
RETIEGM 1=,

54



WK THRXZUZEB T HFEEDEPMASHT

R thtn?, ik 8, BRIS FF2,
Wy AR A ZRE, 8K IER S /A, BfE B2
fEE =6 =H 2T B8K 77
| FIRRPRPE, 2 ShATKFRIEFHIRH, 3 JLimB R KPP,
PRALKRF N EFBFER, S AATKFR IS ERB S BIFRT,
SRIEKXRFPEFAHAER. REEMKFEFR

de 2

AIESREHIVATEMBICH T O MENEDEZE

TRATERIR R (Gy)
5 10 20 20 40 &0 O YO 80 90 100 150 200

B2 &1 B
— g
O
Pooe e ol T AR LY

et e ME—. REREEETRICTS
i S ETEMIRAIL. £TERE CTHIBR
& — BIUIIRTHEE- HME-£ESND,

TF&{F T |
. PiEmEL e T f

- = LML, Zho4EFESREIL. MEtE
® ma fy E— * WEI“x S DB MDD

b T HELTENRETHHED S
ILEEAY N *L_CL\éo

EMME e e e s :
UiF o

B
e
iR

=
FRE
ElE
I
i3 |
= e e

s e (E L B RS ERESS, 19964F)




e =2

BEICBFTIEARXIDRFAUEMEFZEDRE

ERR4FEE FFEENEY A~ DGR
ZE(|ICHT 5 ERXRBRE (RIES)

http://www.env.go.jp/jishin/monitorin
g/results_wl_d130314.pdf

Kubota et al., J Environ Radioact 2015;
142:124-31.

BEOEARIZ(ZENT, ZBRERBERENZBDHONTA,

+HLRITETEEWV-ORERTHARLGILFIEALG ERESN T,
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BEICBTETHRAIDOMSGEMELEDHRSE

| Fukushima (Site1), 13.9 uSvih || ‘Aomori (Site 3], <0.10 uSwh
— - ET ; W GE TF O]
b et welght) e I i B 26
Site 1 (Falaushima) LIMG(LTTI-4037) | 43313305-T806) | 12 | 4770(LM0-125%07) | 15302 2E74-40031) (L] ) »
Site 2 (Fukushima) 1,580 4621766} LAI5(1632-5.761 | 4 PREVILEE BRI A28 (L456-21,738) 8 5 ) . 4
Site 3 (Aamort) io-11 4421 1 {0-9) 5i3-8) 5 RY e Y X
Site & (Toyaa) B(d-0) B -3 10 a0y Bid-4) i E y RPN
¥ L]
* F * |
Table 3. The radivactivity concentrations of '"Csand ¥'Csin mice (Apodermnus speciosus). Male adult mice = /- = b | o g 3. 44
; LTS Py g i

in the breeding season (April and July-September) were used for the measurements, Values are presented as
median (minimum-maximum). Values under the detection [imits were treated as ( Bq/kg.

Site 1 {Fukushima} 1394+ 4.2 127+ L6

Site 2 {Pukushima) 4.9+ 0.4 1.1 =10.h

Site 3 {Aovmorl)
< 0.10 {natural background level}

Site 4 { Toyama)

122 mGy/Year Okano et al., Scientific Reports, 6:23601, 2016
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ENVIROMMENTAL SCIENCES
Kazuhiko Ochiai', Shin-ichi Hayoma', Sachie MNakiri', Setwuko Nakanishi?, Moomi lshil’, Taiki Uno',
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i
A0y 2014 1 April 2012 we carried oul a 1-year hematological study on a popalation of wild Japanese mankeys
inhabiting the forcst arca of Fukushima City. This arca i located 70 km from the Fukushima Daiichi
""" “mvironment
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Transcriptomic, proteomic and metabolomic profiling of low-level gamma irradiated
rice at litate village, Fukushima

Randeep Rakwal
Faculty of Health and Sport Sciences, and Tsukuba International Academy for Sport Studies
(T1AS), University of Tsukuba

E-mail: plantproteomics@gmail.com

We have been investigating the effects of low dose of gamma radiation in rice, following the
2011-3.11 Great Tohoku Earthquake and the subsequent nuclear accident at Fukushima
Daiichi Nuclear Power Plant. To do so, the contaminated litate Farm field (hereafter ITF)
located in Ilitate village, 31 km from the damaged nuclear power plant having an ambient
radiation level of ~ 5 puSv/h, around 100 times higher than natural background radiation for
Japan (~ 0.05 pSv/h), was used for investigating low-level gamma radiation experiments
using Japonica-type rice (Oryza sativa L.) as a model system. Two experimental designs
were used, first, a two-week-old seedling model for leaf, and second, growing rice in the
contaminated soil till harvest for seeds. In experiment 1, the leaves were sampled at 0, 6, 12,
24, 48 and 72 h post-gamma irradiation at ITF, and rice whole genome 4x44K DNA
microarray chip revealed differentially regulated 4481 (induced) and 3740 (suppressed) and
2291 (induced) and 1474 (suppressed) genes at 6 and 72 h, respectively. Gene expression
profiles in DNA replication/repair, oxidative stress, photosynthesis, and defense/stress
functions were validated by RT-PCR. Simultaneously, 2D-DIGE-based analysis at 72 h
revealed 91 differentially expressed spots, whose MALDI-TOF and TOF/TOF mass
spectrometry analyses identified 59 different (50 up-accumulated, 9 down-accumulated)
proteins. These results unraveled the molecular responses at the level of the genome and
proteome in vegetative leaf tissues. In experiment 2, we grew rice in the contaminated site
(rice field) in ITF, till maturity and harvested the seeds. These seeds were compared with the
seeds harvested from the rice grown in the clean soil in Minamisoma (Fukushima) at the level
of the genome and metabolome under continuous gamma radiation exposure outside and
inside the rice plant. An Agilent-based multi-omics workflow and analyses was used for the
seed study to reveal the modulation of several metabolic and defense pathways related to the
stress response of plants. It can be said that the rice plants grown in radionuclide-
contaminated soil form seeds with an elevated defense capability against stress. Currently, we
are investigating the rice seed proteome-wide changes using 1-DE shotgun approach in

combination with mass spectrometry.
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RADIATION : Decade of Work

1. Contaminated Soil/Gamma radiation

2. Two-wee ystem for stress
5.34 nGy/day;
Masany, 10 km 10.90-fold over
from Chernobyl natural
nuclear reactor background
control level

Ultra-low dose gamma radiation (high levels of cesium-137 (*3’Cs) and strontium-90
(°°Sr)- both fission products from the reactor core) exposed rice seedling
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Continue@KURI

Plant Material SAMPLE PREPARATION & TREATMENTS 2. In-lab fabricated

W o LEAD SHIELDING 1. BG cut-control (CC) 5.0 + 0.4 pGy/3 day
2,13 +1 pGy/3 day

3,251 2 pGy/3 day
4.45+2 pGy/3 day

i »5 110 £ 10 pGy/3 day

. 6. 190+ 10 pGy/3 day

7.380 4 20 pGy/3 day
8. BG whole-control (WFP) 4.5 + 0.2 pGy/3 day

gamma ray 13’Cs
source at six dose rates
(13+1,25+2,45+2,
110+ 10, 190 + 10 and
380 + 20 uGy/3 days)
to rice seedling leaves
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20000 defense/stress-related
18000 4— mozPRIS _ . .
] ; biological processes
AK060005 - yioeo | mOsPRIG:
mOPAL2

12000
10000
£000
6000
4000
2000

| s i~ ~apit]
Japonica-type rice (Oryza sativa

AKOTI613 - g,mw,— L.) cv. Nipponbare was used as
the test material. The seeds were

_ received from National Institute

for Environmental Studies (NIES),

Relative intersity of mRRNA level

X87946 - OsPAL2

AK100267 : Actin

(Rakwal et al., Int. J. Mol. Sci. 10:1215-1225, 2009)

In the Laboratory - Not in the Field
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Continue@IITATE - Fukushima

litate Vil

a‘l "
The events following the 2011, 3.11 nuclear accident at the Fukushima Daiichi
Nuclear Power Plant (FDNPP) after the Great Tohoku Earthquake unexpectedly ...

Continue@IITATE / IITATE FARM - Fukushima

... provided an opportunity to initiate a new research project with fellow
physicist’s/radiation experts at the highly contaminated field (litate farm ) in the
litate village of Fukushima prefecture, Japan

98



IISORA - litate-mura Society for Radioecology

Health Physics:
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“"EARLY RADIATION SURVEY OF
IITATE VILLAGE, WHICH WAS
HEAVILY CONTAMINATED BY THE
FUKUSHIMA DAIICHI ACCIDENT,
CONDUCTED ON 28 AND 29
MARCH 2011~

Tetsuji Imanaka, Satoru Endo, Masuro Sugal. Shojt Ozawa,
Kivoshi Shizuma. and Masayoshi Yamamoto
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RICE - WHY?

‘Jir!dlplanlap
Streplophyta 2,
Ch-nrophyt 1!Ejmhryophyta group

S m]atophytal,
Magnol:ophy‘ta j
@iopsidall
gommelinids

s R T

Podceae

Bhrhaftoidese || AREA CORNERSTONE FOR

5 Ak Mouoch GEREAL cwops"

f‘ :

3

d)ryza sativa: ID; 4530, '
Oryza satiya'subsp. indicas 1D: 39955
Oryza sativa subsp,Yaponica: 1D: 39947

Source: Adapted from - Mass Spectrometry Reviews, 2013, 32, 335-365; Agrawal GK et al. ©2013 by Wiley Periodicals, Inc.

Rice is a research model / Rice is life
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RICE - OMICS?

“omiIcs”
GENOMICS TRANSCRIPTOMICS PROTEOMICS METABOLOMICS

Genome Transcriptome Proteome Metabolome

I i i e

Gene [rp-| Transcript [==——p| Protein |==»| Metabolite ‘Phenotype

REVERSE GENETICS ‘
GENETICAPPROACHES
FORWARD GENETICS
| SECCEECLIELEELE TRANSGENIC APPROACHES (overexpression & suppression)
4 FUNCTIONALGENOMICS i

Source: Adapted from - Mass Spectrometry Reviews, 2013, 32, 335-365; Agrawal GK et al. ©2013 by Wiley Periodicals, Inc.
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Exp 1: Rice seedling preparation for ITF

Germination Sowing Greenhouse Seedling Cases Dosimeter

Growing Seedlings At 14 days-old (04:30 AM)

Inside Greenhouse

Germination and growth of rice plants to 12-days old stage with 3" leaf, grown in the
controlled greenhouse at the National Institute for Environmental Sciences (NIES),
Tsukuba, Japan. 20 uSv was the total accumulated dose for the whole growth period.

A Part of - Fukushima Prefeciure

Restricted Abnormal
Access & Experimental
Materials Condition

Journal of Heredity 2014:105(5):723~738 doi:10.1093/jhered/esul25 - © The American Genetic Association 2014

Set up experimental field at ITF & transport of rice
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Experimental design & strategy

Rice (Oryza sativa L. cv. Nipponbare) in Low-level Gamma Field

£3

Tsukuba EE

82

> % E

litate Farm (lTF) = 3 E

(litate Village, : z' g

500 AM Fukushima) ) =
2:00 AlVL (O, NIES coatrod ITF at 0940 AM (0 h, ITF control) & 6, 12, 24, 48, 72 h (Treatments)

Cut Leaf , Place in Aluminum Foil, Immediately
Freeze in Dry Ice & Store in Deep Freezer (-80°C)

Grind Leaf Samples in Liquid
Nitrogen and Divide Poweder
into Aliquots in 2.0 mL
Microtubes & Store in Deep

Freezer (-80°C)

RT-PCR (Selected Genes) DNA MICROARRAY

INVENTORY of Differentially Expressed GAMMA RADIATION-Responsive GENES/PROTEINS

Journal of Heredity 2014:105(5):723-738 doi:10.1093/jhered/esu025 - © The American Genetic Association 2014

Result 1: Visual Observation
A

-i\n_\l V. - u‘\
= ’.- V4

N |18 l'n' I"u." !

“‘1?“11”-“\

E AT TR ‘rg =
}m@ uise 1AL ', -

\

72 h (3 days) post-exposure 30-days old seedling in Greenhouse 30-days old seedhng
(17-days-old) (Treated, 3-day Gamma ray exposed at ITF) (Healthy, Greenhouse)

Gamma radiation affects the tips of rice seedling leaves. A) Leaf tips at 3-days post
exposure to gamma radiation; 3™ leaves are marked by arrows. B) 3-day exposed seedlings showing the
drying of the leaf (3") tips progression (marked by arrows) at 30 days post-germination, in the control
greenhouse (NIES, Tsukuba). C) Healthy seedlings show no such damage to the 3™ |eaf or any other leaf.

Journal of Heredity 2014:105(5):723-738 doi:10.1093/jhered/esu025 - © The American Genetic Association 2014
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Back to laboratory & sample preparation

== Chill in Liquid nitrogen
(Mortar & Pestle; Spatula, § 40 LA T e

W ot mx (30 se)
microfuge tubes — cap open)
S5C, Ymm

@C‘o{m\n )

W 13000 pm, 2min
Sup

i +12vol ErOH (225 uL)
Minky prpetring

@(‘m@mﬂ Bme it -G i e

13008 e, 13 105L. Dl e
150 ul RW1 bullm b L Bl IDD
10,000 i, 16 e o ity
Bl <Dty
2030 for 15 man
4350 ul RW1 bullm
13908 rpm. 13 me
+ 500 uL RPE buffer
¥ 11000 e, 13 e
4500 ul RPE buffer
13905 rpm, I min

= Grinding in liquid nitrogen e
(to very fine powder) =

15902 . 1 i
+ 30 L. R¥ane Froe Waney B Samples 1 to 16

13308 pm, 1 min
+ 30 uL RNase Fooe Wates
1000 w1 min

X ano Diep 2000

= Transfer to microfuge tube A260/280 3 1.8 Good Quaity & Yied
A230/280 : ¥ 1.8
(close cap, place in liquid nitrogen " SEIA TR

and then in-80°C) Total RNA

Pictorial representation of the rice leaf powder preparation protocol in liquid
nitrogen using a pre-chilled (in liquid nitrogen) ceramic mortar and pestle.

Result 2: Gene expression changes via RT-PCR

Phenylalanine I Pathogenesis-Related
Ammonia-lyase | 10a (PBZ1)
(Phenyl propanoid pathway ., (Probenazole-InducedProteinl)
of Plants ) Plant DEFENSE/STRESS
Contribute to all I response related
aspects of plant . (RNAse activity)
response to STRESS | (Involved in Cell Death)
an OsPAL230 cyc o OsPR10a (PBZ1) 27 cyc

1E«08 +
SE+6 4

DE+D 4 OE-0 : 3
Oh 6h 12h 24h 48h 72h Oh 6h 12h 24h 48h 72h

Gene expression analysis of 22 selected genes. Beta-actin gene was used to check the
quality of cDNA and as a positive control. Relative abundance of gene expression calculated from the
bands on agarose gels were plotted against treatment (gamma radiation) time and dose.

Journal of Heredity 2014:105(5):723-738 doi:10.1093/jhered/esu025 - © The American Genetic Association 2014

103



Genomics — DNA microarray technology

Control Treatment § - :
v : ; i 4 x 44K custom oligo- 3
calthy at NIES and | Exposure to Low-level % DNA mi ik 5
ITF (small exposure : Gamma Radiation at ITF z INA microart ay € lp 5
AeENE R | | r \ E atalog number G2514F: Agilent 3
C-0h { T-6h T-72h C-72h % 2
H & E
y ? F g
Leaf ; % B
: s ITF - litate Farm, litate Village, Fukushima E
: = NIES — National Institute for Environmental Studies g
Cv3 con || reu | | con I 728 §' = I Diffel'entially 3
Chip 14 e 2 | > Expressed 2
va T-6h cok | | 72 I C-0h 5, —1 §
’ Genes - ITF g
B
]
Differentially 8
e S
Chio 2 Cyv3 | l | con || s | ol Expressed 5
hip . ’ 2 :
! Cy5 |[e=||s gg-l | ca| o Genes — Control g
i s (0 h — early morning changes) g
(72 h — growth effects at NIES) 3

DNA microarray chip/slide design and placement of control and treatment
sample sets using the dye-swap approach. Two 4x44K chips were used in this study.

Result 3: Gene expression changes genome-wide

251784510080_1_1 2517845100801 2
(ks x 6h litzte Farm swap
Proces. gProces
Probelam o cemaschame anmctzion descripion MK Semuence e PICE i sedSin T
elz] T =l S e e R e
R3_cl2 (5 LOC_0s02q05470 CCT mos family protein, expressed CCT domain containing pt AKT20401 TIAGAAT &+ T84 209765 138213 1350176 2832:
RE_c07 28 LOC_Os0TgI0T40) estersse precursor, putsive, express Simizr o Fsiase pecwr AKITM  CGGGAT % 4767 17376 '@y
R5_e11_39 LOC_Ds11g3265) chaloone synihase, puisive, expres: Simiar to Chaloone synth AKOSTS10 GTGAGG 1083 307008 26835 204275 3784
RS_e01_00 LOC_Ds01g06310 alycine-rich cell wall stuctural proteir Conserved hypothescal o AK241045 CATGCA 42 1198 26700 95% 130
R3_c01 01 LOC_OsD1g22410 206Fe Conserved o AK241522 GIGTCCT B 7RI 14383 B4% 4%
R3_cl2_(8 LOC_Os02g46970 d-coumarate—CoA bgase 2, putaive, Simiar to 8-coumarsie—C1 AK105536 TIGBGG: 351 58045 1065 68173 588
R3_cl3 13 LOC_Os03g47610 thiamine biosymesis protein i, pu Similar to Thiamine biosyr AK120238 ATIGTTAL 46 938 21784 10273 125
RS_el7_2% LOC_O=l7g0815) earty bghtinduced protein, chioropias Similar to Low molecular 1 LOC_Os0TgUB15TCACAT, 392 86831 17055 65507 674
R_e01_05 LOC_OeD1gh384D expressed protein Conserved hypotheical o LOC_Oc0TgBSB4 ARACCTI 18 4507 24536 4266 o
R5_c11_37LOC_0s11g03240 #ansparent testa 12 protein, putive, Mulf anfmicrobial exrusic AKDSTS7S TATGGGT 408 49150 12033 385 22
R5_cl1_(4 LOC_OsD1g59920 cysteine synihase, chioroplast precu Similar to Cystsine synin AK053554 TCTICAA 5158 8227 484 %
R_e02_(% LOC_Os02g46680 muibdrug resistance protein 2, putsév Similar to P-glycoprotein / AK106518 GGGGEIT 17 B2 18¥ AT 2
R5_c12 40 LOC_Ds12903730 wanspavent testa 12 protein, putsfve, MusS ansmicrobial extusic LOC_Os1200323 TGTATAT, M2 38670 11394 42931 37
R3_cl9_32 LOC_Oxl9q0828) expressed proten Conserved hypothetoal o AK119836 GTCGTAC 97 1302 13772 e 14
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R5_c5_211LOC_O<05g43880 gibberelin 2-beta putz 20G-Fe{ll) de AKIDT21 GITGGGT 51 3M6 6780 88 il
RS_ed_16 LOC_Os4g277%) terpene synhase 8, puiaive, expres: Terpenoid cylases/protem AK052280 GGAATC 16 1780 10959 1897 17
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R3_cld_17.LOC_Osded3200 i ia-yase, push Simiar to Ph ine 2 AKDSTE01 TAAAGG 1107 167537 15120 161207 2332
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RS_¢09_33 LOC_Ds09G26260 ATP Linding protein, putasive, expres Conserved hypohescal p AK242363 GAMAAG 274 36 11274 3038 4%
RS_el7_28 LOC_O<D7gU5TD thiazole biosyntesc enzyme 1-1, chl Similar to Thiazoke biosyn AK0B4916 GATCCG TR %4 13 8653 14
RS_c10_35 LOC_O<10g17260 avoncid F-monoccygenase, putafue Simiar 1o Flavonaid 3-me AKOBAT36 GGCACT 65 7M05 1170 65156 &7
RS 07 25 LOC_Ocl7q0816) eary hghtinduced protsin, chioropias Similar to Low molecular 1 LOC Os0Tg0816 GCTTATA 2180 200510 13009 298321 4159
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RS_e06_23 LOC_Ds06621910 protein LEDS, putsive, expressed  Late embryogenesis sbun AKUGIT26 TRATCAL 17 %0 1582 238 4%
R_c02 (7 LOC_Os0291964D 10 calmodufin-binding moéf amily pr 1Q) caimodulin-binding regi AK103486 TRACTIG 52 7X7 1974 T2 1%
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Result 4: Gene expression changes genome-wide

[; 6h 72;1 ITF

7000
5000
3000
1000 H mup
CHIP 1 H Down The
-1000
Gamma Radiation
o Responsive GENES
-5000
7000 J Criteria 1: Removing gene expression changes for time-dependent (others) factors
HIlITF O h sampling (NIES O h > ITF 0 h)
Criteria 2: Removing the gene expression changes for the growth-dependent factors
& till 72 h sampling (NIES 0h x NIES 72h)
e\""\ ‘5“@ —‘
i oF AV 184 + 4297 = 4481 Up-regulated
oo 225+ 3515 = 3740 Down-regulated
3000 - 6 h (Early-response)
CHIP 2 1000 H Down
P e / \AAREN
235+ 2056 = 2291 Up-regulated
-3000
203 + 1271 = 1474 Down-regulated
-5000
a00 - CON
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Result 5: Bioinformatics analysis

MapMan is a user-driven tool that displays large
datasets (e.g. gene expression data from
Arabidopsis Affymetrix arrays) onto diagrams

of metabolic pathways or other processes.

MapMan http://mapman.gabipd.org/web/guest/mapman

6 h_UP & h_DOWN 12h_UP 72 h_DOWN

Bl Henconsl fategony Count~] _%v| Countl-] %]-| Count~| %~| Count~] %I~

1 Bs 2 11 1 04 1 04 0 00
2 major CHO metabolism 0 0.0 3 13 3 13 0 00
3 minor CHO metabolism 1 05 5 22 1 04 1 05
] glycolysis 1 05 0 00 1 04 0 00
% fermentation 105 0 00 0 00 105
ff OPP 0o 00 1 04 0 00 0 00
K- TCA / org. transformation 105 1 04 0 00 315
10 cell wall 1 05 5 22 6 26 105
" lipid metabolism 2 11 5 22 6 26 105
12 N-metabolism 1 05 0o 00 0 00 0 00
13 amino acid metabolism 1 05 2 09 4 17 0 00
"5 metal handling 0 00 1 04 1 04 2 10
"6 secondary metabolism 2 11 313 N 47 4 20
7 hormone metabolism 4 22 2 09 0 43 12 59
18 Co-factor and vitamine metabolism 0 0.0 1 04 1 04 1 05
"9 tetrapyrrole synthesis 0 00 0 0.0 2 09 0 00
20 stress 7 38 11 49 5 21 6 79
b3l redox regulation 2 11 0 00 3 13 1 05
%2 polyamine metabolism 1 05 0 0.0 0 00 0 00
23 nucleotide metabolism 0 00 0 00 2 09 105
misc 11 60 14 62 22 98 2 108

21 RNA 17 92 6 71 15 64 20 99
28 DA 3 16 2 09 2 09 0 00
29 protein 45 245 19 84 2% 106 11 54
30 signalling 3 18 2 98 15 64 19 94
1 cell 1 05 6 27 5 21 2 10
kk} development 3 16 2 09 1 04 4 20
) transport & 33 34 9 38 6 30
35 not assigned 69 3715 101 449 89 379 79 389
The number of non-redundant gene 184 1051 225 100 235 160 203 100



Result 6: Overall picture emerges, genome-wide

GAMMA RADIATION
6 h (EARLY) 72 h (LATE)
| |
f Redox state R Redox state \
- R genes enes
: p.,oxu,m ‘ ) Peroxidases
- - Glutathione-S-transferase Respiratonyburst Oriaihions.S.transforase
o o>
% iassmst. meEcs " P ‘:'i Eum, L
& Signaing § & 3l s Signaling
e : H S
Ethylene 2 X Et
s o | §|3 -
= : H
s : -
o ERF 3 E E & ERF 5‘
Cell wat veky & Colwot WRKY &
B Transcription factors = g
Bet LA B H MYB
a glucanase ue I § [] Beteguconase - T
Proteolysi POE g E "-3 "-3 E ROF g
eolysis @ [ s Proteolysis @
Heat shock protei
- PR-proteins ; kol
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Secondary metaboltes
cosnnmIgoouERgs

[:
Molecular events and potential components for cellular response against

gamma radiation stress in rice leaves. Gene expression changes are depicted in MapMan
format version 3.1.1, where A) 6 h post-treatment, and B) 72 h post-treatment indicate the early and late
responsive gene expressions; each square presents a gene. Red and blue mean up- and down-regulation
in gene expression, respectively.
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Conclusions 1

» Present results provide an overview of the low-level gamma
radiation-responsive rice transcriptome showing both specific and
common (to other abiotic stress) modulation of gene expression
in the rice plant.

» Two important points can be highlighted from this study:

o i) the experimental design and strategy provides a new way to study the effects
of gamma radiation in cereal model systems, though the effects of dose
dependency remain to be clarified, and

o ii) the large inventory of differentially expressed genes provides a great
resource for genes that might be uniquely modulated by ionizing radiation.

» Considering the large number of changed genes, it will be only
possible to clarify the gamma ray response in whole by further
experimentation and detailed bioinformatics analysis.

» Future studies will involve analyzing the leaf proteome to
complement genomics data reported here, and to observe effects
of gamma radiation in the whole plant to the level of the seed.

Journal of Heredity 2014:105(5):723-738 doi:10.1093/jhered/esu025 - © The American Genetic Association 2014
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Results 7 — 72 hours after gamma radiation

RF1

A

SDS-PAGE

RF3
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RF1 /RF3

Results 8 — Image analysis
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Results 9 — Functional categorization
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® VI- Transport
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11% 8% m X - Unclassified
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Results 10 - Identified proteins
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cConclusions 2

» High-throughput proteomic 2D-DIGE identified 91 differentially
expressed protein spots in the leaves of rice seedling subjected to
ambient low-level gamma radiation from a site (field) heavily
contaminated by radionuclides from the nuclear (FDNPP)

accident site (Fukushima).

» MS analysis, the proteins in these spots were identified, resulting in a total of
59 non-identical proteins amongst the differentially expressed proteins.

» The identified proteins were divided into 10 functional categories, as a means
to better visualize which aspects of the rice plant (leaf) metabolism was most
affected by the exposure to gamma radiation.

o Overall the majority of differentially expressed proteins were up-accumulated, and that
general cell metabolism (nucleotide metabolism, etc.) proteins were the most
significantly up-accumulated, while energy metabolism (carbohydrate metabolism,
photosynthesis, etc.) ones were more negatively affected, particularly those in the
photosynthesis process.

o Moreover, stress and defensive proteins were generally up-accumulated, but curiously,
some key proteins for defense against oxidative stress had their expression greatly
reduced, even though this is one of the most likely types of stress damage likely to occur
in the presence of ionizing radiation.

Journal of Heredity 2014:105(5):723-738 doi:10.1093/jhered/esu025 - © The American Genetic Association 2014
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Rice Seed — Harvest and experimental strategy

EXP. 1: Comparison between contaminated soil (1) versus clean soil (2).

TREATMENT(i) RN CONTROL(c) [N

Sample1:1-2_Koshihikari_ITF_seed Sample2:4_Koshihikari_Minamisoma_seed
= 59 Bq/kg (Cs-134) / 48 Bqg/kg (Cs-137) =4 Bg/kg (Cs-134) / 4 Bg/kg (Cs-137)

Germination Rate: Germination Rate:

Koshihikari

Koshihikari grown in
contaminated soil at grown in

ITF, litate Village no_rrnal.sml at
Minamisoma

Seed Quality: Seed Quality:

NOTE —seeds shown above are total actual seeds obtained fromone plant each

»~ Agilent Technologies
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Rice Seed - Harvest and experimental strategy

EXP. 2: Comparison between contaminated soil (3) versus decontaminated soil (4).

TREATMENT(i) [ CONTROL(d) [y

Sample3:2_Akitakomachi_ITF_seed Sampled:5_Akitakomachi_l(Komiya)_seed
= 23 Bq/kg (Cs-134) / 22 Bg/kg (Cs-137) =7 Bqlkg (Cs-134) / 7 Bg/kg (Cs-137)
: Germination Rate: Germination Rate:

Akitakomachi Akitakomachi grown
grown in in decontaminated
contaminated soil (Komiya) at
soil at ITF, litate litate Village
Village
Seed Quality: Seed Quality:

% Agilent Technologies

Objectives & Workflow

Evaluate the effect of low level gamma radiation on rice seeds by using multi-omics approach

1. Gene expression (Microarrays and gPCR)

.
2. Metabolomics (GCMS and LCMS) I l ‘i- -

EXP. 1: Comparison between contaminated soil (1) versus clean soil (2).

TREATMENT(i) R CONTROL(c) [N

Sample1:1-2_Koshihikari_ITF_seed Sample2:4_Koshihikari_Minamisoma_seed
= 59 Bq/kg (Cs-134) / 48 Bq/kg (Cs-137) =4 Bqg/kg (Cs-134) / 4 Bqg/kg (Cs-137)
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Workflow

7 '\\7\"?
é G'enu:’Snring

Metabolite Sample Data Data analysis
Extraction processing processing

= Biphasic method = Darivatization = Unknown anatysis
(CHGEIEMeotHHRO) « GOROTOF analysis

= GanaSpnng 13

* Fighn library
saarch

Data integration E
+ GanaSpring 13
Pathway Architact
- KEGG pathway

= Comelation
analysis

Sample icroarray Image Data analysis
extraction analysis processing
* RNA mdraction = (na color labeiing * Featira axfraction
« Hinamubyrar (0 = Hinenatyrer (0 0

= Hybrdizalion

* Genebpnng 13
GX

<+ Data analysis using GX module of GeneSpring revealed a total of 2331 differentially regulated genes
with p-value < 0.05 and fold change cut off of 22.0 in seeds harvested from rice plants grown in the
contaminated soil; i.e., exposed to low level internal and external gamma radiation. Among these,
1891 genes were up-regulated and 440 genes were down-regulated.

% A total of 383 metabolites were identified from rice seeds by using GC/MS and LC/MS techniques.

ANALYSIS IN PROGRESS

Exp 4: Seed - Collaboration / PNU, South Korea

TEST EXP

¥ 5538
L1 =
EH
%‘u

- » 2
= Total seed proteins were extracted using MgNP-40 buffer followed by TCA-acetone V A | 7
precipitation
*+ 50% ethanol i used for the fracti ® - .
* Red region showing enrichment of proteins in ethanol supernatant [ES) fraction 'E P
3 I 8 3 Iz
- 5 E s 5 £
£ £ E B E E
E e £ - e 8
c = = ]
E s t ] E 5 ] 8
] ]
S g S s S g 8 <
M 1 4 2 5 M 1 4 2 5
| p—
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- 00| S
—_— T0-| —
— 55| —
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15% SDS-PAGE Unpublished Data 13% SDS-PAGE
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A Multi-omic Approach to Reveal the
Effect of Low-level Gamma Radiation
on Rice Seeds

Application Note

Abstract
Thas Applcatson Note describes the workflow for identifying the stress-related
and In tice using Aglent multi-omics
solutions. We studied the effects of low level gamma radsation on seeds of rice
plants grown in litate farm (ITF) of Mate village in Fukushima prefecture, using
Agilent sample preparation consumables, instrumentation, and software 1ools.
Wa generated high quality transcriptomics/matabolomics data, and integrated
them using Agilent GeneSpring/Mass Profiler Professional (MPP) 131 Software.
The combined mutti-omics analysis revealed modulation of several metabolic and
defense pathways related to the stress response of plants. Our results suggest
that the rice plants grown in radionuclide-contaminated sod form seeds with an
elevated defense capability against stress. This study demonstrates the Agilent
workflow for gene and metabolite analysis on
samples dorved from plant sources.

7% Agilent Technologies

A long road ahead

v Helps talk about a problem
that is not being widely
investigated...

v Collaboration within Japan,
and globally...

v Good science...

v" Helps keep Fukushima in the
news...

v'"May help Meguro san
grow rice one day.
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Additional 1
lonizing/Non-ioninzing (Sv — Gy)

Wsnidaatiig » lonizing radiation is raqtatlon composed of particles that

radiation carry enough energy to liberate electrons from atoms or
molecules without raising the temperature of the material.

i v" lonizing radiation is generated through nuclear reactions, by very high

:'_"":'“ temperature (e.g. the corona of the Sun), in particle accelerators, or due to

Kachagon charged particles acceleration in electromagnetic fields produced by natural
processes, for example, during lightning.

Sievert
' Unit system Sl derived unit
Unit of ' Health effect of ionizing radiation
| Symbol ‘Sv
' Named after ' Rolf Maximilian Sievert

A sievert (Sv) is the Sl derived unit of equivalent radiation dose, effective dose, and
committed dose. One sievert is the amount of radiation necessary to produce the same
effect on living tissue as one gray of high-penetration x-rays. Quantities that are measured
in sieverts represent the biological effects of ionizing radiation. 1 sievert is the energy
absorbed by one kilogram of biological tissue, which has the same effect
as one gray of the absorbed dose of gamma radiation. Therefore the sievert
can be expressed in terms of other Sl units as 1 Sv =1 J/kg.

hitps: /fwww Niunits dosel24-Tsievert-gray/
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Additional 2
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Additional 3

July

Day and Time of Sampling

August

Accumulated radiation
dose for each day of the
experimental periods in

July, August, and

September of 2012. in

each month, the values indicated
to the right-hand side of each
point line, indicates the maximum
accumulated dose that was
measured at the last time point

sampled.

MYDOSE mini
electronic pocket
dosimeter (model

PDM-222-52,

ALOKA, Japan)
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Additional 4

2. Materials

2.1. Seed and Seed Treatment, Plant Material and Storage Our Protocol
1. Dry mature seeds of rice (Oryza sativa L.) cv. Nipponbare. (see Note 1).

2. Sterilizing solution: 4-fold diluted sodium hypochlorite (Wako Pure Chemicals, Tokyo,

Japan) solution in Milli Q water, and distilled or Milli Q water.

3. Sterile glass beaker (300 mL). 0\'
4. Dark room (25°C). (.o

5. Solil (Nursery soil for rice seedling growth and transplantation, JA Zen-Noh, Japan; 0“
http/iwww.zennoh.or jp/). ?Q.. \’L\

6. Seedling pot (14 mm x 5 mm x 10 mm:L x W x H).

7. Growth chamber (Biotron LPH-220S, NK Systems, Osaka, .Japan) equipped with
white fluorescent light (wavelength 390- 500 nm, 150 umol m?s™), temperature (252 Cs‘
and relative humidity (70%). Q,
8. 3" and/or 4" leaves of two-week-old rice seedlings. (see Note 2) 0\)

9. Liquid nitrogen (N3).

10. Sterile/clean mortar and pestle. \$
11. Aluminium foil, 2 mL microfuge tubes and 14 mL Falcon 4‘

12. Collect the materials, immediately freeze with lig ﬁ\at -80°C

ug;

3.1. Seed T Q&mh tion and Growth Condition and Storage

1. Pour 30 j solution into a 50-mL falcon tube containing rice seeds.
t

P,

socl

2 t e mln with constant shaking on a rotary shaker.
5 times with Milli Q water (30 mL) for 5 min each.
Po rilized and washed seeds along with Milli Q water into a glass beaker.
\’0 gﬁﬂm glass beaker with aluminum foil and place it in a dark room at 25°C.
\o place the Milli Q water of the glass beaker everyday for 3 days or more.
\)Q. Prepare seedling pot with soil, and place it in a tray containing water.
w 8. Sow each germinated seed in a neat row (4 rows of 10 seeds each) in the soil, and
cover them with soil.
9. Place the tray (containing seedling pots) inside a growth chamber

Q 10. Incubate for 2 weeks, with watering everyday from top of the seedlings an in the tray
below.

11. Harvest 3" and/or 4" leaves, stems (leaf sheath), seed and root.

12. Plant materials, such as leaf (in vitro model system), or whole plants (in vivo model

system) can be treated with various chemicals or stress factors

13. Keep plant material as such or after grinding to fine powder in aluminum foil or tubes
Copyright Improve Consultancy and freeze in liquid N, store at - 80°C deep freezer.

Additional 4.1
EXAMPLE OF HOW WE DID...

Place Germinated Seeds with clean pincets in 4 1riés
(equal distances apart; then cover with soil)
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Additional 4.2

Additional 5

TRANSCRIPTOMICS: A Brief Overview

Platform: AFFYMETRIX  AGILENT Illlumina ABI GE Healthcare

: cRNA - Labeled Microarray
sample [} . NA Isolation & Purified Hybridization
& Quality Check y
(Cy3 & Cy5) (17 h)

Microarray Data
Scanning Analysis

' Instruments:
AGILENT’s Platform

Microarray
Washing

0

_'- ——

J LR
icroarra er

Zahurak et al. (2007) Pre-processing Agilent microarray data. BMC Bioinformatics 8: 142
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BOTlE— ' B L A 0 ik L it (1 deRBERE, 2 BRI
TIFFBRAT, 3 KIRBSL IR PRIEENRFE, 4 FRGe R 2 A MR 2 e

&S — R IR E T O FHAZ K o THUN MW E S RGEIC YRR L. BUTE i
MEWVEIZ L > CTHHER SN HENIEN > TWb, 29 L7=iE%R+EE, 212
HEIETDEMOEF & BB L 5 2 TODIREMENH DA, Z 9 L= i
IZINFETEATONT I o le, BN MEZmoOM/ NI ED L 5
R E B2 AN EERLTHT-OIC, RILATTY 7Y v 7 Sn- gL
AT (AXIAT)DLIZT 77 LA O&INEZEES, 37 Ao 4 7 A, B4
SO S INEIC X DM OB A R AT,

FEhIIE, dbEE RIRFED b K XA 4 U ¥ L3 Prociphilus oriens MY
(B2 1. 2mm) Z2 Wz, AFEOINE, Y F X EOE LIZEH LB TEAT S
e 11 A 4 AP E TlIAT 5, FEREN TR > 728K LICES 721 T
90%LL_ LIRSS RN T2 A2 N E TOEBRTHERL TV 5, REHE
L CTHWEOX, IRITATORFEE FORE O ORI EF 258 3T,
Cs137 J=EIX 2200~3300Bq/g, =214 TliL 64~105Bq/g Th o7z, THEIIEKTZ
ATy JRET8.6g ~11.9g & AdL, ZD LT 100 JFZ IEL I -, %
N BRERTIR CCOWIEIZ 3 ~4 » AR DL., ZDtkix, 19°C8 Ki#/6°C16
R OB ICE W I b ZFE L2, 3 S0FEBRKX ((1) RILEE ET4
r AR, (2) RICEEE RT3 » ARIgIR. ) RILOAF A T4 4 H
i) ZREL. BRI A a Ly ha—L ik Lz, v fa—Lk
LT, a0 EL (0.01Ba/g) EAXITrE2MFH L, LEAKZO—HT
%, NEBICH 7 ABEFF (R A —DE £ LTI 0.6mn ) ZREL, 7
T AVINOHIRE A HEE LTz, 123 HIE (K4 » A) OFEE L, £ 100mGy T,
ZDIHLR=FHET o ~HOTFEITR 2R T LHEESNTZ, —T7, AFXTT
MO OPRERETL 3. 7~9.9mGy T, 1FITH U ~BIC L DB LTI,

PR ORALRIZHONWTIL, EHFREX E 2 b e — L XOMICA EZEITR
ST, TEEEX D b e i Le, —FH. i o b
B LTI, 22 Fr— LXIZHART, £ TOMRERX T, BiFFEICE
o, TOMMIL, AX T >3y H BEWIR > 4 » A EBEYIRONRIZ B
ICHNTZ, 2D X DI, HEFRPRITT 7T 5 IO I AR AT & 2 528
HZTARER DD, L, BEERKICEW TS, AR EBEE IR
D NIRRT, BUIE, GRS IEY A Xk LTI DD REE 5 2 7200
B L CREMZ A 2 D T B,

119



BEDFRIENEROREICEZLFEE

MTE— ' &5 . ShEZ 2 kBEE . AERE
(1 KB, 2 RRZRFIFRERFT. 3 TR IERKXFREERFAR.
4 RARERFEGHEHRRR)

EREEHT
BREEESE
July 18.2015

BB B R IN-TENEYICEZHEEIL?

-TIEA-REOHEBY - RESY-—2FEE
FrIL/TA) THOEEREEER (Mousseau et al. 2014, Oecologia 175: 429-437)
. EEOBIRELEE

o RUMZAK, LIZE®HD

Oy Bk EDONEERERANDS

-HROBENBNIEE . EORFREE
C RS B A SIS

RBENSWNXEYSI—ENEL,
ZD=H.EDIRIILHMNEIC
EOTLIAEELY,

FMHROERICEEE?

120




2 10,

5 F=21.94,d.f =1,18,r2=0.54, P = 0.0002

£

> 091 . (Mousseau et al. 2014)
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TiEELOH DCs-13TEE

F 3. WAEHO Cs-13TBE LK E
N FHERE, g Cs137 . Bqlg Cs-137 #&. Bq
R1 877 3300 29000
R3 927 2140 20000
Tiz R5 9.39 2200 21000
R7 8.59 2400 21000
R9 11.94 2600 31000
M1 1.40 105 150
2 M3 1.85 63.7 120
Control CR1 992 0.01 0.1
1. H7AREHRTFHATY R
4’7‘ﬁ ?&H% g R —FEFDEF 72 0.6mm ExXDEF
#5  RTES AWM mGy  RTES #HBME. mGy
~ Rl 337 104.73 = 0.07 331 62.70 + 0.05
R3 344 54.38 +0.10 — —
+iE ~ R5 345 52.15 + 0.07 — —
R7 341 54.29 + 0.06 335 33.89 = 0.04
_ R9 350 54.90 + 0.04 — -
~— Al 346 9.87 =+ 0.02 — —
A3 338 332
M1 347 510+0.01 — —
S Ty 339 : ) 333
T1 348 3.68 = 0.01 — —
— T3 340 181+0.0 334
CR1 342 0.390 £ 0.001 336 0.226 £ 0.0004
Control{ CAl 343 0.213 = 0.001 — —
CR5 349 0.193 + 0.0004 — -
RILE—FF FILSE
TIEDIY 5031 mGy 33.9
a4 DN 4~10 mGy 6.0~8.0
avka—)LoE 0.2~0.4 mGy 0.2
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FBZMEYERICEHTH S, L, /hIWVDRDZATEREOE 1 B T O RS el
FEHENHELWEWSERbHDH, £22C, Y~ YVILVbRERE IR TFa T
(Pieris rapae) & MEHZ IV C IR EBR 21T o 72, B v a T a U ONEIHIRER CTIL,

v~ h oY I DA OFE TORMEN PR OLEZT 5 ), [EREH O M EREZE b & 7
N5, MERZ & ORSRIREZIET 5] O=2%H & L TEREITT,

TrvuFa vONRIIF Y XY REDOT T T ROMMERRTAEEFT S, Fxll,
FHHBAIOFEH SN TWRWIBIREIG R 25 572D, mERNO L2 TFr XY %
Febs Uz, Hi3vbiE, rEAREQ HR), AREER OFF 4 S DERELL . BERERE T E N
1 0.71, 1.7K, 6.2K, 15K Bq/kg TH o7z, TNZNOREESMED S ¥ T ND, 15.2,
6.9, 107.9Bq/ kg DF ¥+ XY N GEHNz, THHDOF vy XY EHWTEr YT g v afH
BLT,

FNODOEEBERERND, G AT0F v XY OMSREREDIEFITIENC L b b3, £
riuF g TICBW IR BRIC L DR ENE U TR R Sz, LasL, BER
DRRERAFRNCZE L L TN 8 W - BRI RO ER Lo THRY . I LR 5GE
ROEBEPMETH D,
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BEROBERNEXENICBITIZERMFDRE

OFAHERT | e AT T RS || GRS |, Gl ' SARHEE . (A2 *
UEF R, AR

2012 4F 9 AIZER LS T — At HE N IR il KB L BR BEF 7R 25 11, AFE.,
F3HR . BRAR O3S DI > CTENEIUSEN 21T TRY, T — AT EIT R
17 DEREE - EE R DK FEHEDIZI > TR END, BRSO e JeiEhix, ok
YWEORRERBLR EAL LI, BUED iR K #E XN T E - fERFSLTODFITE
DR B OGN, F OB ENEL COREMERIM/RE TH D, AFFERE TIL,
i 35 IR 3 XN O FREB IS B T DI BRI DR B A E T 27201 T o T W B R A
FERIZOWTHIETS,

EBNIARE 5 56— IR 1 J1 R BT D 5% 20 km B N D 4 ) ETOHUS T E - MEFF S Q-
BB A7 5 G 1 7%~11 m%) T, 2013 4F 5 H ~2015 4 12 H OIZENZ 1UR RS %
1To7, WIRANTIRZ DA A B UT-% . TN, WUE. B0, (Oois, i, g, Ems, T~ =&
IRCTHAGAE B R, DREE . 75 L BRER, R, /NI, IRl Bl Vo N, BE ., B fl7e
ERZNZENEM LT, BRAMAARIT 10% FPEFEE ARV~ VAR CREEL . FIEICHE > THkk
IEARZAER MBS T TR YL R Ye a2 AT o 7o, —HR D B2 RS HLk 13 3 1 B Bl
LRI LTe, 23, FOFIMIIF B R OKH LS FRTFERBMZE B OKRE S CEM
|y

FIRBI DS H | AL IR EECHPE , BACRHR, IRERZE H 72 & DGR BRIRIER 2 R L TF
BARBEHWILZ 5 51(10.6%) XV ETH-o T, ZIVHDFEFI I T A0 KA i+ o
R IR D AV AZGURD G2 R L R 2 O RARAY . FLER P BRI IIE RS S TS il
FHmEtE AR E— LT,

FRIZHADD R BRIRIER TR WS O O E R AT o7z 42 FHloHH | 3 451 (K 7.1%) THUR MR
DIERPHBD BT, WTIOREFIS A IRAIRE HitE E2 X BIRRIR A 27RO 7, FURR
DERPOEBPEITIE R L TV, MRS RIS/ BRSO R R B O EA LR
BIRNZEDND, el OFHIZB N TI—RRZICESTHRIETHZEN MBIV TN D IENE
Tt D BAFENE IR 28 T o2 ONEME IR ARIE S 2T L 72,

FEFE\Z FHBEDSBOR 721325 L COVE BT Tk, WIRAIIC B LS DOl 7 £ F D A
MEBEEZZEL TV, SERFIICE, £E, BAREIIOMTIAT=VEBEOWD HDHOTE
THRPRBDBIL, IEFEALE IR L TAZ 2 A MIb A BT LT, AR TIE T AR
—VADFBUTEEA ERD LN T2,

INFECTEMUFERAERBRE CIX, FAMKE, FRROBER, AR ENARLRTZH,
BIED & Z A4 T 2 HIE < O BEZ PRI R THRETENR T BT VA ERD TR,
LU 35, O B IE O BRI L TIEESLICHEFIL TUKMERHHEE
b,
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TR E’

B (¢ Sv/h)

A Hi5 0.18

B #i5 16.90

C #u5 0.15

D #i5 1.52
a 20154 IR

O mEE X
() EEHIRXE
) Bt He AR PR (i X 15

Rz NEXEBRADERENF THONT=KIR

1. MR
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tARHEFBMME Enzootic Bovine Leukosis

LA A J)LRX ., Bovine Leukemia Virus (BLV)IZ#2 A
- F[ZCD5[5 4 (B-1atfifR 3K ) 227~ 9 BRI E) 2/ \[E

BREARR(ET I EQRM R RIZKDEMANETE.

SRS, EEMICE S0~ G TREMNEM

FAEBIZEDIFZEAEDEIBLVILIAIGE

FHMREDEHER (2E)

2500 _

2,310 88
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FER 104 FERR154 F 204 FR255
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S RMEVAIVADZFINRRAERR

2009412 R
~201043 8

FZLRAH4 58717 11,1308 40.9%

(BMKESR)

205 O 4 B M fm F £ KR

M2 TA b
-0k fE  E  4BEM0E rppmsl tzitgiu\?‘;fi

His CEE G b A (U Sv/h) (Ba/ke)

A 27 24 0 0.18 5011
B 76 17 3 (3.9%) 16.90 518+72
C 28 4 0 0.15 19=%3
D 37 2 2 (5.4%) 1.52 182+37
Bt 168 47 5(3.0%)

220155 IR

b 20124 IR7E
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Rz NEXEBRADERENF THONT=KIR

2. EIRIRAE

&85 O FAR BRIE F A KR

fE #AE AR FRIRE el tq;igfgri
Wiz BB BIE RAK (4 Sv/h) (Ba/kg)
A 27 24 1(3.7%) 0.18 5011
B 76 17 2 (2.6%) 16.90 51872
C 28 4 0 0.15 193
D 37 2 0 1.52 182437

it 168 47 3(1.8%)

a20154EIR7E
b 20124107
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IRz NEXEBRADERENF THONT=KTR

3. EED B

SHIEO B FEE KR
] 11 h°
& fE R =P oo =a : e
= - s . ::FEﬁ{f‘J%E ‘i’_"/"?la,}ﬁrﬂ'x_
K5 GIEE 5155 AW (1 Sv/h) (Bg/kg)
A 27 24 0 0.18 50=+11
B 76 17 0 16.90 51872
C 28 4 3 (10.7%) 0.15 19+3
D 37 2 0 1.52 182+37
=t 168 47 3(1.8%)
a2015F 7
b20124EIRTE
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4 (BERF) BT HHEEE T Y L OENERE

Pharmacokinetics if Radiocesium in Wagyu (Japanese black cattle)

OXEYaHEL ™!, VERE"?, MMEZEF™?, Mex RE*, e, HAEE*?, THIAE™, FHg—,
™!, RERVE™, BoRAMEZ T, ANUHEBCCT, et WA RS R ME T,
S, PRI, KR =] *°
AEFRFE, AERERTT?, BRI, HALRTRY, HIRRTET
(NATSUHORI Masahiro™!, SATO Itaru®?, OKADA Keiji™?; SASAKI Jun™*?, SATO Hiroshi™? DEGUCHI
Yoshitaka®™?; CHIDA Hiroyuki™?®; WADA Seiichi™'; KAKIZAKI Takehiko™®'; UENO Shunji™*'; HOJITO
Masayuki®!; OYAMADA Toshifumi™!'; KIKUCHI Motohiro™®!; AJITO Tadaharu™®; ITO Nobuhiko™®!; MURATA,
Takahisa™'; SATO, Shusuke®®; OSAWA, Takeshi™®)

[1. FUC®IiC] WEB I TFIREIKE TRE SN ERXIENITIZE S OBE B HIR S,
HELRS KL OMTB A8 C TR OITENES Sz, L LR HEIWEITH R 58405 Tldie
<V ENPTZETAROME - MIETEERT =N EOND 2 &b BT DERO AR E
ZHEMMT L AR TRESEE > U LAOENEIREZ A &2 T 2 B THMEZ 20 L 72, 372
LG G Ofkfeia iH % TEEEEHI OV B A 8 Y 2R IR T b 7o A REUR P B e v
LIREEZRE L, € OENEIRRZEAREIC OV TER L,

[2. SAEHE] 4 (BB - B84 50 EIERER100kBg/kg) &725 X9
WIRE LB R L 2 10ke %2 48 H 3B MMSE L B G Ltk MBS DB L 7= IE15 Y 0 15 1 i
IZ X VAREE L7222 ke E L. AR THRISO AR, T2 RK48ET S0 5158 5= KL
DOFAE L OEFRES - MO REE T M2 - EEAEL, 20K - fiko iz
Kb L TT T AF v I Feas~EMERE L, WEMAREE Uiz, EMEE T A%, @E s L
v =T LPEEERREHESR CER L, WEROER L VS - BT oRELEH L,

[3. RBLOEL P DT0-80%D S EE o 7 A& REF LT\, F-RTYH
EALIZ K0 e RIOEREDIL L D& 2RO 1o, THRUEHGEE R OTERITH 02-3E [ & %o

60-70 H [ O 980 2 1 5 “ARPEZ R L, %O RN KRG BAAE L TS A2 =860
HERBRETH-T2, RO IXIERGEER T 2 O EERIE BB 72 IR 2 R LT22s, 2
—HANEIL, EEREHAEHGRM R 2 & Uiz Ao Ic@E G —MITLEBRE, 5
T TTIE60-70 B RRFE O M) 2RI ENTZ, ZOREHRGHO MO KERRIZT v b T
BRI TRy, —EMMORBRHR CIOX D72 “FHEOEEBENEZEEINDL DL, L—R

CNEWD S DRSO IRE M T LD EDBEEREE SN, F1-3TIET v FTEON
TWA Y BhRE ) N T X — & (EHRIZ), KURRI-KR-18, 1997) & DLtz #8# L7,

Table 1. Pharmacokinetic parameters of Cs in SD rats (2 weeks after the dose: CsCl(117mmol/kg=15mg/kg))

t1/2(a) hr T1/2(B) hr MRT hr F (bioavailability) %
\Y 51x1.7 155+16 1369 -
PO 5.1%+3.1 16034 13620 875

Vdss l/kg CLtot ml/min/kg CLr ml/min/kg Urinary recovery %
\Y 14.6£1.6 1.8£0.2 0.7%=0.1 40+3
PO 14.4+£3.1 2.0x0.2 0.8%+0.2 41+9

Table 2. Pharmacokinetic parameters of Cs in SD rats (16 weeks after the dose: CsCl(117umol/kg=15mg/kg))

T1/2(a) hr T1/2(B) hr T1/2(x) hr MRT hr F (bioavailability) %
\% 2.1+1.2 53+22 289429 275422 -
PO 4.0+3.4 68431 341+18 308+47 91+10
Vc l/kg Vdss I/kg Cltot ml/min/kg ClIr ml/min/kg Urinary recovery %
\% 6.5+2.7 27.0£2.9 1.740.3 1.0+0.2 63+4
PO 5.9+2.1 29.9+4.5 1.6+0.0 1.1+0.2 63+11
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Table 3. Elimination half lives of Cs in Wagyu Organs 14 -

(14 weeks after the multiple dose of **'Cs (100kBg/day for 21days) i
T1/2(0) day T1/2(B) day 10
Muscles 14.0+3.1 60.8+7.9
Parenchymal | 8.8+0.6 66.5+3.0 8
organs 6
Gl tract 7.2+1.6 63.7£7.4 4
Lymph node 7.1+3.6 82.8+27.7
Glands 9.9+2.9 70.8+3.9 2
CNS 26.3+£6.3 - 0 L L !
quod 9.9 69.3 0 10 20 30 40 50 60
Urine 77 69.3 Figure 1. An example of Concentration - time curve
during and after multiple daily administration of
Ce—127
A2 “, e
sms SR g A L
HEE  0.6% R 1y HhESR FRAR 3t
16% Z0t
2%
8.5%

Total 48 kBq

33 kBq

Figure 2. Organ distribution ratio of Cs—137 in Wagyu
(The right graph is the ratio excluding the lumen content)
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Days after the last Cs-137 intake in Wagyu

Figure 3. Concentration - time curves of Cs—137 in muscle, blood, and urine samples of Wagyu

SO TITIHRIBRD/RT A =2 BFGONTZDIH T o720y, W EE EH A 5 Lo RIS
e, EENFARE RO VT 7 2AEZFALNIT L E LB, FORNIPHES 2R LT
EGS6E DT I a2 b— 3 U THLMI LZW,

*Kitasato University, *’Iwate University, **0Obihiro University, *'The University of

Tokyo, *°Tohoku University, *®University of Miyazaki
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ZYMIHEITHMPCsEIRE (B EIRE)

Dose: CsCl 117umol/kg po (15mg/kg)

T1/2: 160h

o

plasma

—h

O Mm¥EBG = MiE
MmEKBG o MEk

o
—h

—

Cs concentration(uM)
o
=

Bioavailability: 87%

4 6 8 10 12 14
Days after Cs administration

ZYMIHITAHMACsEIRE (B

Dose: CsCl 117pumol/kg po (15mg/kg)
100 (

—h
(@]

T1/2: 300h

—_—

1

©
—

L Vdc : 6.5L/kg . plasma
L Vdss: 30L/kg
CLtot: 1.65ml/kg/h

1 1 1 1 1

Cs concentration(uM)

Bioavailability: 91%

20 40 60 80 100
Days after Cs administration
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days after administration

FYMIBITAHMPCsTFHRE(RE®RES) &
AL 77 IL—(PB) I E DR
100 MM#F - mEk

Dose: po

T1/2: 300h

[
=

[ PB 500umol/kg/day

&
[

Cs concentration(uM)

K

PB—>Cs?l§5-§ PBiX5 1 PB—>CS?§<"I'—:7-§ PBfX 5

20 40 60 0 20 40
Days after the first Cs administration




R o Bt

[E]UREE 63%

| 3t

=  ERXEAN (&) [CHRLYT, =
3575:7'7: 22T CIR<<HARICSED L
BEZDEBRICENDBIRDICE. KUJUE

D\bEJ\

By -

 BERXEBANICH TS5BS (R

FEF04

a ikt

=) EXIRELUT, BSZ%ZI'TEEEJ"JA

FHICRIE U, EANDHRCZDROD

BIHRbZR/E




HFDRBTIA

SHEZT
EEERNSXDOERXEA (S

fN (825) #oEH/IE !

5 ZRARHY 1 Okg (BKRZ0.1MBa) /88/B &
SBEES L. CORBPEHICESE LifI12
BREE TS,

I
.+ TREBE,

FISIY, RYRNIVES -V ZRRIRES U TR
BEDIE®. RIRNDT—T )V EBE LZMMOIN

« FEIRGHRIDEREX
BP0 SERl. BPEEES4. O. 12 BERICH
(B8~4 88) DA, leigs » € DMEHEEEERER

3B § 4B

4/14§E> 3/10§E> 3/788 > 4/488 >

/E@ﬁj*—l




sV DTERX » BV EERITE
s DIERX

- BhA. figizs. CDMuiliE
DRAZPHARITHRE -

XTI =4

« SFY-—THRRE. T3
AF v OB ICHEMBTIE

- B8, STZHRE

ﬁi%ﬁb/ajﬁ

1; SHETILY O LA¥E
wEdes - 1 EREE (RRI
ELTE—DFv»RIVHRIE
20002 R EHBET) Al
%Eo

2 ; BIFEBEDMHIE
DA BV REENZR
QLERKIV r fRIRILF—I[CIREFE UICESERE
QI XRILF—IRFMEETEENRMEIE
@BECIRINFEIE
OSBRI FRAFEIE




SR ERZiREH U CD' 5 3EEED
(RADTS'CsISIBEDLE

T Bl JZA N e
B2 0.6% ﬁ@ 0.1% BREH  0.2%
3.2% 0.2% Z D

T - 0.1%

HIEE
7.2%

Total 129 kBq y Total 48 kBq

33 kBq

33 kBq
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m#®& vs £—BHAR

C(t)=A*exp(-t*a)+B*exp(-t*p)

T1/2(c): 9.9H T1/2(B): 69.3H
0 50 100 150

Mm% vs FAA

' C(t)=A*exp(-t*a)+B*exp(-t*p)

T1/2(c): 9.9H
T1/2(B): 69.3H
100 150
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Mm% vs EE&E

C(t)=A*exp(-t*a)+B*exp(-t*p)

T1/2(c): 9.9H T1/2(B): 69.38
0 50 100 150

Mm% vs HILE

C(t)=A*exp(-t*a)+B*exp(-t*B)

T1/2(ct): 9.9H
T1/2(B): 69.3H

0 20 40 60

1
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;&% vs HHEZS

C(t)=A*exp(-t*a)+B*exp(-t*p)

T1/2(a): 9.9
1
T1/2(B): 69.3 0

Mm% vs MERIR

C(t)=A*exp(-t*a)+B*exp(-t*B)

T1/2(c): 9.9H
T1/2(B): 69.3
20 40 60
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mi#% vs J2/\Ef

C(t)=A*exp(-t*a)+B*exp(-t*p)

[ ]

T1/2(c): 9.9

T1/2(B): 69.3
40 60

m;®% vs R

C(t)=A*exp(-t*a)+B*exp(-t*B)

1000 T1/2(e): 7.7H

REL A R V4
1218 T1/2(B): 69.3H
100

=EL
6=
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Mm% vs fx-&86

C(t)=A*exp(-t*a)+B*exp(-t*p)

T1/2(a): 9.98
T1/2(B): 69.3H
40 60

MEVE T YD ADSESHEBIC HIT D
BRFIEA

aff DFEE(B) BREDFEH (B)

FiiE RERE CV(%) FHfE SEREE CV(%)

I+ |+

A 14.0

EE

N 8.8
HIEE 7.2
JMTAN: i 7.1
IRfE%E 9.9
ixi-&8E 26.3
AEZ: 4.6

mi%: T1/2(c): 9.9 T1/2(B): 69.38
R T1/2(): 7.7H T1/2(B): 69.38
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3.1 22.3 60.8 7.9 12.9
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1.6 21.6 63.7 7.4 11.6
3.6 50.1 82.8 27.7 33.5
2.9 28.9 70.8 3.9 5.5
6.2 23.6

3.1 67.8 33.1 17.2 52.0
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& B REW XN CHEFRET S 2 BEMFOHKIT RN
Estimation of Radiation Exposure of Wagyu (Japanese black cattle) in Fukushima caution

zone

OFEYHEZ™, VelpRE™, MM R, fex ARE*?, FERES, HOBE™?, THIRS™, FHER—",
YT E*!, EBEIRY, BORPMEZ®, NEESCY, GHEMEZET, AHEEATS, R, KR
AFRF, AEBRRFRE, ROTRTT?, RAERFET Y, HE R
(NATSUHORI Masahiro™!, SATO Itaru™®?, OKADA Keiji™?*; SASAKI Jun™?, SATO Hiroshi™?

DEGUCHI Yoshitaka™?; CHIDA Hiroyuki™®?; WADA Seiichi™'; KAKIZAKI Takehiko™®'; UENO Shunji™*!;
HOJITO Masayuki™'; KOJIMA Takahumi®'; ITO Nobuhiko™'; MURATA, Takahisa™®?®; SATO, Shusuke**;
OSAWA, Takeshi™®)

[1. FUHic] wBEEHFEELOBERXEAN TIEES THEEEO DB u Svi b
+ u SYOBREE T THEGAIICARTE SN TV, Fx 1X20126FIC BB REEFR L & bic TSR 5
B}y L REEATE S (BUEA) ) 288N L, 150801 E D42 R FRICHHA - HF9EIEEh 2 1T72 > T D,
ZIZTE, TRETELNERED Y b EICEONEIE BEICET 2 FEEE OIS T 5,
[2. FAEFE] FAESFSMEITIZEMRERO R 3MIEOKY; (& & IRIRITHT, KAEET, /L
HX) L, bod bZEMBEDEV/NILHIX TIEBEENIC A v ¥ 2RI E D 7= 45 15 00 J1 3 17 7>
50, 50, 100cmDE S & —_Xg A —%& (FBHEF - ALOKA) T2-30H I L2 EE 2 HE Lz,
FHMERA L NEADS5KA > MIHOWT, HEOREHH5enE TOFEGLRML G A LT,
FIIFYE O — IO W TR E RO LI oA 2 BT 572012, Hr~HB AZ (HAL : HGD-
E1500) THI%E - fodk L7z, MO < BEITRISA (RERA) OISV N & —REICEET
LT, HTANY VK DMEEET=F— LTz, REHMBIZ203F 12N THLINH - & i
BORWVHX IR YL G X & 72 5 7272 D201 4E D10 A Z B IcllER I Lz, BFlIADE=#
—IMEHT AT T ANy Y (GD: TRETZ L) 22~3, ARBREOMBETCE=4—1L7. 7,
BOLEWREROBSEOZIRICHREINZE=Z ) V7R A N (MP) 12X 5B ER (20124E4 A3 H
L0 REMMAAR) LB L, REALRDNCHEENIZXL 2REINTI-, s, " CsDfitH
R TAEADHATE R DRI X D153 1D S O MR EH 5 R 2B E 1O ER, WHRE
DO OFEFEME, b NIEHEICL2MERLOHEEMRET GROWMBZHE LT,
[3. BEBLIOEZE] 172y DX 52-30H B OB O 5 L 7= 1 E B
(2013412 H ~20154E12 H ) D ¥ Z2 MR B R IT LA B W E R OB T L 20 1 Sv/hn b,
Z DIRIZ2FEZATIZ10 w Sv/hIZ P L Tz, BREEO N B L Qi o K o fE R & FIEE T
bolz, BEWRF o280 AMOBEEREILE - F - (BRBREROKEG TENENFI315mSy, 44mSv,
5.4mSv EHEE STz, F2, BREROHIGOZERMEROHERIIMP CHIE SN HERIZIZIE 2
LCWe, ZOT—ZnbOWEE, JFIFFECYRFO R KPR ER 2 EEZEMm (P, Cs,
BiCs) OB 2T EN50 : 1 1ERE LTFER (F1), W 022/ ERITHR K TR 1
Sv/hThotctHEINTz (Fig. 1), F7o, FHEYFRENOBIEE TOB X2, 830H M MO
BRR R ORL, 037nSy E HEE SNz (Fig. 2), ZDISvEBZ ARBEMGEIL, HAAKRKEL CHRE
ENTVAHABHOWIZSMEL LTERKRTH D, 2055, T I2k 2880800 < BREIESE
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Figure 1. Estimated dose rate in Omaru farm since March 15%", 2011 Figure 2. Estimated cumulative dose

based on Fig.1
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Figure 3. Relative contribution of the representative radionuclides (**'I, %Cs, "'Cs) on cumulative
external radiation exposure to Wagyu since the explosion of the Fukushima Daiichi Nuclear Plant
(March 15%, 2011)

*Kitasato University, *?Iwate University, *°3The University of Tokyo, **Tohoku

University,
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Plutonium from Above-Ground Nuclear Tests in Milk Teeth: Investigation of
Placental Transfer in Children Born between 1951 and 1995 in Switzerland
Pascal Froidevaux' and Max Haldimann?

University Institute of Radiation Physics, University Hospital Center, University of Lausanne, Lausanne, Switzerland; 2Consumer
Protection, Chemical Risks, Federal Office of Public Health, Bern, Switzerland
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Figure 1. Activities of %Sr and %%Pu in milk teeth as a function of the year of birth. Nuclear bomb tests con-
ducted between 1955 and 1963 produced large amounts of 2*Pu and ®Sr in air. 2%Pu activities in the air
can be deduced from ®Sr in the air [data from UNSCEAR (2000) for the Northern Hemisphere] with a factor
of 1/95.
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Dosimetry method of animals affected
by Fukushima Nuclear Power Plant No.1 accident

O BT IR M 12 $oAs IERG TR BE A il _dda ks !
CEACK SIS S 2 QPP AR K Sk e o7
BEZEE FER TR R LRI

Cattle detected '**Cs and '3’Cs in muscle and blood

Minamisouma

Adult Infant Fetus Sampling date
Minamisouma 24 1 1 2011/8/31 - 2011/9/13
Futaba 0 1 0 2013/2/1
Okuma 8 9 2 2012/6/27 - 2013/3/7
Tomioka 29 2 1 2012/3/6 - 2013/2/14
Kawauchi 58 16 3 2011/8/29 - 2011/12/13
Naraha 43 3 3 2011/12/27 - 2012/5/25
Total 162 32 10 2011/8/29 - 2013/3/7
Cattle detected '*™Te in kidney
Adult Infant Fetus Sampling date
Minamisouma 5 1 0 2011/8/31 - 2011/9/13
Kawauchi 13 1 0 2011/9/6 - 2011/11/15
Total 18 2 0 2011/8/31-2011/11/15

%% Fukushima Daiichi Nuclear Power Plant (FNPP)

O Sampling site of Cattle detected **Cs and '*’Cs
® Sampling site of Cattle detected '**Te, '**Cs, and *'Cs

Red circle shows ex. evacuation area 20km from FNPP
Gray circle shows 10km from FNPP

Figure 1
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ICRP 108 modal PHITS model
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Deer Rat
. . PHITS/ PHITS/
Convention Factor PHITS ICRP108 ICRP108 PHITS ICRP108 ICRP108
External 134Cs 5.20%10°  6.1%107° 0.85 1.12*10*  1.2*10* 0.94
[(uGy/day) per B7Cs 1.93%¥10°  2.2*107 0.88 4.19%10°  4.5%10° 0.93
(Bg/m?)] 31 1.18%10°  1.5%107 0.79 2.73%10°  3.1*%10° 0.88
1321 7.35%10°  8.9%107 0.83 1.56%10*  1.8*10* 0.87
B2Te-1321  7.97%10°  1.0%10* 0.80 1.69*%10*  1.8*10* 0.94
Internal 134Cs 1.37%10%  1.5%1072 0.91 3.84*10°  4.1*107 0.94
[(uGy/day) per Bics 7.55%10°  8.2*107 0.92 3.81%10°  4.1*10° 0.93
(Bg/kg)] 31T 5.50%10°  6.0*107 0.92 2.95%107  3.1*%107 0.95
1321 2.35%102%  2.5%1072 0.94 9.25%10°  9.4%107 0.98
32T 1321 2.61%10%  3.0%1072 0.87 1.03*%102  1.1*1072 0.94
a PHITS:
Table O
TABLE 1
Conversion Factors of Fetus Phantoms
Fetus in . .
! Fetus outside ratio
mother
External BiCsy 4.26%10°  9.04*107 0.472
13

[( uGy/day ) per ( Bg/m?)] 'Csy 1.58%¥10°  3.16%107 0.501

Internal BiCs y 1.28%102%  5.78*107 2.22

[( uGy/day ) per ( Bq/kg)] "“’Csy 4.94%¥10°  2.17*107 2.28

B34Cs B 2.05%¥10°  2.06*107 1.003

B7Cs B 3.18%10°  3.18*107 1.002

B4Cs B+y 14.9%¥10°  7.84*107 1.89

B34Cs B+ 8.12%10°  5.35%107 1.52

Table 1
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TABLE 2

Conversion Factors of Cattle

Adult Infant Fetus
External dose CFs vy
[(nGy/d) per (Bq/m2)]
134cs 5.45%10°  7.00¥10°  4.26*107
37Cs 2.05%10°  2.58*10°  1.58*107
B3Iy 1.30%¥10°  1.65%10°  9.21*10°°
132Te- 132 8.34*¥10°  1.09%¥10*  6.42*107
Internal dose CFs B+
[(nGy/d) per (Bq/kg)]
134Cs 1.38%102  1.15%102  1.49%107
137Cs 7.62*%10°  6.74*¥10°  8.12*107
132Te- 1321 (body from kidney) 6.67¥10°  6.33%¥107 -
192Te-13 (kidney from the other one) 1.17¢10*  1.57*10* -
132Te- 1371 (kidney) 1.23¥10%  1.10*%107 -
Table 2
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TABLE 3
Deposition Density of Major Nuclides in Cattle Behavioral Area

134¢s, 1¥7Cs [Bq/m?] B [Bg/m?] 12mTe [Bg/m?] Ratio
min max ave min max ave min max ave  BU/M7Cs 1PmTe/B7Cs
Minamisouma 2.28%10° 4.23*10° 3.02%¥10° 9.87*10° 2.37%10° 1.59*%10° 2.34%¥10° 5.13*10° 3.37%¥10° 5.3 1.1
Futaba 1.19%10° 5.33*%10° 2.84*10° 9.43*10° 2.09%107 1.49*107 1.34%10° 1.80*10° 1.50*10° 5.2 0.53
Ookuma  1.05%10° 4.49%10° 2.16*10° 1.28*107 3.75%107 2.37%¥107 1.01*10° 2.75%10° 1.82%*10° 11 0.84
Tomioka  2.48*%10° 3.71*¥10° 1.35%10° 6.90*10° 2.72%*107 1.31*107 5.00%10° 1.92%*10° 1.12%10° 9.7 0.83
Kawauchi ~ 1.93%¥10° 8.97*10° 3.72*10° 1.63*10° 3.67*10° 2.45%10° 1.49%10° 3.87*10° 2.63*10° 6.6 0.71
Naraha 1.06%10° 7.32%10° 2.75%10° 3.19%10° 9.64*10° 5.15%10° 1.99¥10° 5.20%10° 3.35%10° 19 1.2
Total 1.06%¥10° 5.33*10° 1.22%10° 9.87%10° 3.75%107 1.01*¥107 1.49%10° 2.75%10° 8.96*10° 9.4 0.87
Table 3

Adult Infant Fetus
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Figure 4
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INKAEE 7.4x10° - 5.1x107 6.7x10° - 3.9x10™"

F2 HEEROBITREE AV, EEICIE S 2 BEYORE 2 WV TR U - TREER MR &

RelF P LRI SEM 108N ISEE A
34137 g 15.3 12.4 23.9 34.7 38.5

KoL LVYY 127m+129m, 3.5 1.8 1.8 1.2 1.0
(BT Cg) (1M 12m e 18.9 14.2 25.8 35.9 39.5

34137 0g 283.0 2283 442.4 641.2 711.1

KLYy 127m+129m, 9.8 5.0 5.0 3.2 2.7
(B Cg)+(12TmHI2m Ty 2928 2333 447.4 644.4 713.8

1344137 11.1 8.9 13.9 18.3 22.0

B 127m+129m. 2.4 1.3 1.0 0.6 0.5
(T Cg) (1M 12mTe) 13.5 10.2 14.9 18.9 225

341370 60.7 49.0 76.1 100.5 120.8

BT 127mH129mp 2.5 1.3 1.0 0.6 0.6
(BT gy (12T HI9m g 63.2 50.2 77.1 101.1 121.4
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2. TIEBREICBITATILILEES I LDBITHRE
BIEEYERE FRLE-TIEETIEDIAR

PRRGTEDLIETOBITE
MRT D=DICAFED TIEZREE

ERL-LTIE
Soil-1: TTERDIFEL
Soil-2 : TR BAR B o B AR
Soil-3: B R ARNMEA/N\IMD LIE
Soil-4: BB R ZAMTEPSYMD L 1E

HIE&EH 1‘
hvd . .
ESH%FEZZE?BE%FEE] BEFILIL. REESY LM
FaxHEE60 % 1mg/dry-soil-kg

ERBHEIITERLI-LIEZE
EARLARCGARBENE THLER

TEDSH

S HTIEHE

2 |

{ PH(H,0) i

1o I 4D TIEIC

| A2 HATEIE B (Ex. K, Na, Ca, Mg) R,

] - i & X : EinIERZ

UETET ILEZ ) L(AL), FETERR(Fe,). BET1F(SI,) | =i

1

i_éﬁ%(T-C)\ LB R(T-N) i

TIESHHER

Soil  pH(H,0) Ex.K Ex.Na Ex.Ca Ex.Mg Al Fe, Si, T-C  T-N

cmolc/kg %

1 5.4 Q39 1.63 24.82 19.9D>C17.08 1.92 11.07>(14.12) 0.56
2 7.6 099 0.19 2494 251 069 1.52 0.31 2.72 0.27
3 5.7 0.81 0.11 14.03 4.84 256 2.87 0.20 1.32 0.10
4 6.4 .75 0.04 255 043 <34.13 1145 1473> 3.88 0.36
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Effects of non-human species irradiation after the Chernobyl NPP accident

S.A. Geras'kin **, S.V. Fesenko *®, R.M. Alexakhin *

Sate for terrestrial
plants (IAEA, 1992)

I Death of coniters

r Seods sterilty in harts

Decroads n the number of Speced
ard specimens per m in soll faung

Safe for terrestrial

plants and animals
(CNSC, 2003) T R s
Decraass in the numbaer of specias’
o and specimens per m’ in plants
g Death of weakerad and P
= Safe for animals o e i >
s (IAEA, 1892)
g Dastruttive changes in bona marow
- and internal crgans of rodents
g
g Aeprmduction system inhibiton
= conifers
Morphologic alterations in plants
nexi year after the accident
Stabls registraton of penetic effects
in conifers and mammals Dose rate, Gylyear
b L 1 1 1 1 1 1 P
0.001 0.01 0.1 1 10 100 1000
Fig. 1. A comparison of effects observed on non-human species in the condiions of the 30-km Chemobyl Exclusion Zone with estimated no effect values

recommended by International Atomic Energy Agency and Canadian Nuclear Safety Commission

199356 F=xIL/2411'/—>8hkE

L2 o187 FR LA
©1./n)

B o
- 500~1000
l:l 100500
l:l 20400
|:| 520
|:| 6 LT

GNPP. Fz )b/ 74" X%

& : i

——— RGN TS F
EF

CHERLUESSINFLE!

241




D.A. Krivolutsky #7 ‘Bioindication of Radioactive Contamination™ =z > 7 #f5#
TH T — - AEREFUESETEEGIZEPT, NAUKA, Moscow 1999 pp106-122.

F )L/ T VRFERBDTOSBIRHEIERME (1986-1988 ) ICHRITD
SRS SR DOMENDTE

D.A. Krivolutsky. V.Z. Martyushov. A. Ryabtsev

AWEOWFZEIL, 1986 45 7 H 6 1988 4 RIS T, ViR T B 5 2 — « AN.Severtsov 7t/
T ERE: - TRREHAL A ERT (B2 27 D), 72 b NS E 4 7 i REAE B2 4 E.A . Fyodorov (2R 5
NIEREgEa B —h “~% 77 OAUR— Lo TifThb=bDTH D, Fyodorov 1L, F =
NI TA N FEBUHBIEERD A N—E LT, FHE 6 3 H#%D 1986 44 A 28 HHF =L
) 7 A VFETHEEZBA Uiz, 3, 1986 4F 9 BB RIEE Ok CTARBL L, 1987 &I
LTz,

ZOWIIE, TIES LWFREE THY A ThH - ICHET o N5 b0 TH D, TONEIL, 8
R 2F =V ) 74V FHEORYORHOBIETHY | FEEELFTHEL TWDIRETOANITE -
THIRENE D TH D, ARETEROLNTVWDLBIED I L, TTIZARINTWD O, THAY
D224k (Krivolutsky etal 1988, 1990; Krivolutsky 1994) 7217 T&H v . MR OFFHEEIMICEA 5
TAEFE R, FRFIC IR TH 72038, 1991 272> TAB SN, £, 2RH0T—X I,
1986 £ 5 1987 FEIZNT T F = /v /) 7 A U Sl K 2 BRI O T EBUR 23 [E BB R L 2
HTLERIEERT DO L e o T,

IRIBDO#RLH

EEHR O BE I LN T D0ITiE, o TR O S RRERBE 2 T L T RAE Lz
EENOLOEARTEDOIESITE b2 0 DA A BRE LRI EDO MR R NETH D,

Z D= 30km FEIZIBWT, 1986455 A &, 1986 4E & 1987 4ED 7 H-8 HiZ, S & FEiHYL
~ULT, ARRTFHNC IR 2o MUl 2 oW T BvEDE R (Prister, Shein, 1979, 1980) & ~X—
4« J7 o~ fpEEE KRB-G-1, RUP-1 % F W 72 30 72 BB B E 8 FEh S viz, T OfE3EIC k- T
HF M DN o~ REOHER, RIS T DR EA~DR— L B~ BOMZE., BRI
EBRIBARIZONTOHEENAIRE L 7o o 7o, TNH D7 ¢ —)/L R IX, G.N Shein & AL
HHIZ Lo THEE Iz,

HIEREIZIB T DT~ fEOELIEL, ROKIZE->TH ELGEbasn s,

R(t) :7_5RD+15t—0.75e—3.51-10—3 t
ZIZT, RO)—FKBLOFEM t 2B oiFEE TON >~ ftE, mR/mh,
Rp+1s—FHHN S 15 BZICB T 2 HE Y <&, mR/h,
t —FHE OREREHL, B

ZORDOFE 1 7.5+ Rpas » t 07 (X, MAEEFEIESHOWEREEZ R L, 520 3511038t
IR~ DO BT OO R E R L TV D,

E<HOBNTWD K51, W ~DIFREIREEORE L, BRIBREOKRE DL LT, IR
ORI bR D, Tz, MERm COWRBERBORRN T o X 25HMli+25 2 LN E
BT D, INBHIRITFSE ORMMNRT) T, Bl I N TR EEI TR (FHERYID 1 HH]
DOHED 70-75% % H7-5H L) 10 H G 2 7 HM OB OHRTIIEL L,

MR T COMBUFR R KT D=2 & T~ O H O, 1986 FHIZT v{b ) F U LEL
FHMEFEZHNTHOE -7 A, 30km BNOFET 27 %1 L7poTz, DFED ., REIRED
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96%IIN—FZL Db D ThHole, ZOEINT, HREEZ O TERNERIIN—FZHTH T,
HIZR DD @ SRCHAEOR S B KR E K 2DV, N—FFUTZERL THECH< 72 2 O THIX T 513
INEL Db DD, FEEELY LT LT EARNERIIR—FHThoTe, bHLAATEPOH HEX
TlX, BRI — 2L RELS DD, T COWRRORE SIS RY | EY~D
HEZLTLTIEETIERL 2D, FINOOEDIE, £ VDIFIHEREPRE NS RO TH -T2,
2T, HEERE L EERE TOR—Z IR TR TOEZIYDIEIR L=, € O8%HC 15
REBIZEA T D EMOPER DA TR D720 OFAEIL, 1986 FI2iX, H o vMENANIZE > TH
fElR 7 > 7= 7= O FE A Al HETS - 72,

R1 TEXRE - - BEBOITEEMY YTV IBORERSHM

ST, Wl HochimBh IR, R
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AR, PREERE
%A Skm. 86/7/18 49.7 2940
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PHEHL, 2 3F ke .o oo w0

JEFEHN 5 3km, 86/9/23

30km BN D S F S E gl T S 1722 < ORIEM A AV T, (30km EAKIZEH T& ) Fik
% 15 A% (D+15) (2B HHFEE TOH o~ HRESR & W E & 2B L L CBItRS1F 5 2 L 03 F]
REL 72 o7, T2 DH15 ICBIT A HIFEE TO ImR/M O < MR Hik 1 5 A O 60+28
7 R, FH% LEMO 70433 7 ROWNRREIZH ST D (F 1),

20 L7 EIE, 1986-1987 F DAL E ORFICHIIE S 7o 22T v~ i a v T, R
JETOR—=2HE T~ L DRBINFR R RS 52 & &2 wRelc LTz -

TIESIBNADELROTE

F V) T AV FEFEFEIE, TEPICERT 2 EM A~ OPIROERIE L WO BRI DX, 4H26
AEWIEOETRT VRN AE L, 2F 0, EFEHEIHMIZ L > T, AR EFDO HEREDOZ O
L BEIROR TH - 7o, KL OFEH HIZL - T, R AEWICET 2 ke o v o—N7e s
FiEEFANI T TIZBEB SN TE Y (Krivolutsky, 1983). L6 Mo H S iz,

THEh X 7 w@mEY vk, IEMEZh (VEEVET 0T X — - S AR R L AR SR T)
MBAFE L7 FIEIC LT3 T 1hifE 225 75 em TR S Sem OFjri L%, 10 BERILZ, 295 L
e d, 7 eEE e LTIERICRE S (@HIEL 3 ~bem?2 TRE < TH 25cm?), /IMEY
WZE D HEOWRIERTOESED I 7 n#WHE CO/NIBREEBZRT D52 N TE D, NRAED,
ERAERN)

ZOBIZIE, A YV EMWIRRICITRFE OB LA A TV WA, 2 7 n@iHY o 7 i, ilER
FORXVEYEB VRN TEENTND, BE., 29 LEEMEMOGTIETEHEL UIR 520
(?229°2), BGonihr7 i, BEGICEID, BHOHETI ARSI E, HEshicy
TS O OBV LI, [RIRREAT CHEHME S iz,

TAERERIT RIS, T2/ TAVFERENS 3 — Tkm OHPHIZBWN T, ZROBERICAELET S+
BAEMPHBEE R L VR B SN TNV 2 2R Lin, ¥ =X VI OEE R O
%, (1986 47 A HZIZE V) 30 0D 1IZli> Tz, K0S (2~3501) 1,
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HHELED A VEH CEEZE S8, 185 ~20em (2428 2 B FIC IR A 22 8 3580 &
Nighoto, BEREG YL, S ESER AR O IER R E Tz, TV /) T4 VDI
2 EWRE T, AR THEH T R AW o de, BHELETIX, 20 X 9 ZesEpii#igg s
IR TeD . I AOBIGYMXI N4 57D 11272,

NS VEHO 1987 F 4 A, HHEAYHRIZ, HRbLRVEERLZ T oMl Tb K& EF L.
I RO FRHIR DK 16% 72728, INDIFLEIT, R RDOIGYHIRIZ 1T D2 EM OB A R L
T, ARFHR T, EFHEEY ORI RHIKD 45% T, A VEMHOZ TR RO R T,
DF VA E R EATRA TE CTHEYRIRICERE L2 b D o7, o 2 4245481213, A VBRI
FEMNCEARICEIE Lz, TERRAE (30%) LPERIRREA (10%) OFEIRIAOEIA X, *f R ik & F5 4
U725 U ClE W3 72 o 7o, 6> T 0.9~1.4mR/h &0 ) BB R L ~uid, BEE
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SF Y VYO ZE D 2 I XX Dendrobaena octaedra T, XREHiGIZIZ X 512 Eisenia
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5L, TDOX I RBEHREDL, CHETHLN TR - 72, B O E L ITFRD5TH A 9,

4. BHELETIX, TRWE ZADEMIE, T PRI L BUHBROERNER S -, WThoBEY
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6. FHND 2~2.5 FZITIX, FFEN D 3km UL LB & 2 AT, HEEYMRITIZIERE2ICEIE
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7. 1987 fEn D 1993 EIZT TO HEAY O LERMEIL., Bl STREE T, [RRICE A~ gk
TeREDENIA) 50% T2 o7, 1995 T L 90K, ZOFRIEICE L THARRRNEIE L,

BFESSVICKEBOSHIMICXT T DEE
30km ¥ — A BB IS T S & I3 — 2y NI 22 MR O FFHEBI A TR T B
L. AL— v AR TH S,

1986 4 8 H — 9 A, MSHEIEY % Z - i Ic AR L CO 28 oA N Thiz, Tk
BIX, VUV IR, ansFR, FRETa T O, Fo ) TAVH, TRUCTF v T A ) EFEBH
Wiz o7, WILEE BEORE, N, FENTEE SN, BERHZ L, S LIRS0 M6
R, WE P b OBlE, MRBBTH LT,

(F v/ 74 VIEFENSEEE 10km B D) 1986 4F 8 H 1 H £ TOEW DI IRIREIL I HR & IX
0.3krad T, W #ERIL 4krad 72> 7=,
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FTHEBN A O TR T, 50 FELL OB HER SN, FiefEE L TRES TS, K
IOEVX HRYU Y, REYVICHHE oto%®e%i@ LI B A > TN, BFAER BTN
WCFEDARXA L7 R IHHX, BTA I¥HTTA A=Y NNA XY ORMERRD
iz, FAEHEPIC, BEOBOEMIIIHE bR T2,

%®§%Km\%ﬁb ITERFIIRRD bR oTz, —HOBIE, B HRZRICIEY 2 L, (5YLHUR
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XA, AL D, FanyTHEoT,

30km BEIZF > CWEREIX, AFa v, BE, =V NI Eof, AFa v hTORFBIRETR
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OO 2 71 A, IIRO7Z2 DFENFED BTz,
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E—nN— RV Ty b, IRARAI, ATV wAhY TAEXAaT, AFY, EXHTL
AT, AANNZ, LrL, TS0 0KiTE<idhnot,
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BHWEL O L L TR, 38Tk, %z&ﬁm7ﬁﬁfﬁﬁbk4xmmm%ﬁﬁ ENRTEE b
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DR H ORI B X2 o T2, B2 TOA XOAFIBIZIE R L, WrElXEl R %o 7=, AFlgEo
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T AROFEIMUTZEESNH Y | fas DFREIZIEE L@ g8 b,
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L REETIEIIC LN BIMEEIED) BIBEEQOFEL R L TV
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JE T 1 C O BE D ER A3 X RE IR (A it L CTuh 7z,
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K3, AEAMMEDIODTEE A XOBARPOEYIL 137 BE (oCi/kg £E2).

AR 4 137Cs ELESRSE S 137Cs

A X No.1 19.7 No.5 _ 21.9
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