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Studies on Characterization of Radon and its Progeny

Y. Yamada, A. Koizumi, K. Miyamoto, H. Ichitsubo, K. Fukutsu, M. Shimo (Division of Radiotoxicology and Protection)
and S. Tokonami (Division of Human Radiation Environment)

ABSTRACT : A basic study for characterization of radon and its progeny has been carried out. The main work is to establish a
measurement technique of size distribution of radon progeny aerosols. The aerosols are ranged from sub-nanometer to micrometer, so
that the impaction method and the diffusion method were introduced. From size measurements using the ELPI (Electrical Low Pressure
Impactor), it was suggested that grease or oil coating does not interfere with the electrical size measurements but prevent particle
rebound and/or redispersion. As the impactor measures two size distributions on number and activity, we can get a very important
information on attachment phenomenon. In the comparison of size distribution with the SMPS in EML (Environmental Measurements
Laboratory, New York), there was a relatively good agreement with our SDB (Screen-type Diffusion Battery) or the MOUDI (Micro-
Orifice Uniform Deposit Impactor). And our original GSA (Graded Screen Array) based on the SDB showed a very sharp peak of
unaitached fraction below 1 nm. We try to apply the measurement technique for a field study and to get radon progeny aerosol data

which affects the DCF (Dose Conversion Factor).
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Researches and Developments on Radon Exposure Experiments

A. Koizumi, Y. Yamada, K. Miyamoto, M. Shimo, H. Ichitsubo (Division of Radiotoxicology and Protection)
S. Tokonami and H. Yonehara (Division of Human Radiation Environment)

ABSTRACT : A ceramic radon sources were developed as radon sources for radiotoxicological researches of radon. In order to
expose the experimental animals to high concentration of radon and its progeny for long period, solid radon sources that have a high
emission rate are required. However, currently available radon sources have only a 0.01 % rate of emission approximately. In order to
increase the rate of emission, SiC, a fibrous and porous ceramic, was used. A known quantity of “Ra was attached on surface, and
sintered for one hour between 400T and 10007C. The chemical forms of Ra after the sintering were RaSO4 and RaTiO3. The radon
sources were ventilated to extract the radon gas and the concentration of radon in the air was measured by a radon monitor(Pylon,AB5-
300A). The rates of radon emission were estimated comparing with the theoretical quantity of radon production.

The measured rate of radon emission for the RaSO4 source sintered at 400 was 42.7% and it was 36.2% for the RaTiO3 source
sintered at 600°C. The results indicated that the rate of radon emission decreased as sintering temperature, In addition, emission rates of
each radon source increased in conjunction with increased relative humidity in the air. As a result of the development of ceramic radon
sources that produce higher levels of radon emission, the amount of **Ra required in biological effect studies can be reduced drastically.
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Studies on Biodosimetry for Estimating Radiation Dose to the Respiratory Tract
Cells from Inhaled Radon

Y. Yamada, K. Fukutsu, Y. Oghiso, H. Enomoto, N. Ishigure and M. Shimo (Division of Radiotoxicology and Protection)

ABSTRACT : Exposures to radon and radon progeny lead to « -particle irradiation of cells in the respiratory tract and increase the
risk of lung tumor. The absorbed dose in target cells' level, however, remains unclear. Lung model of ICRP publication 66 describes
that the cells at risk of respiratory tract tissues are secretory and basal cells in bronchial airways, and Clara and Type II cells in alveolar
interstitial region. The model requires the calculation of absorbed dose in tissue layers containing the target cells. Recently,
biodosimetric approach has been developed and applied to estimate absorbed dose in respiratory tract cells. In the biodosimetry,
responses of isolated cells that have been previously exposed to « emitters in vivo are compared to the responses obtained from similar

populations of cells that are irradiated in vizro using « sources.

The purpose of this study is to investigate the dose-response

relationships of radiation-induced cell death and micronucleus formation as a preliminary experiment for biodosimetry in respiratory

epithelial cells of rat utilizing immortalized Type II cell line.
developed.

In addition, a method of isolating primary Type II cells from rat is

Survival fractions and micronucleus formation frequencies were studied in rat alveolar epithelial cell line (SV40T2) irradiated in
vitro to o -particles (*"Am, 0.1 Gy/min, 0.1~1.2 Gy) or X-rays (200 kVp, | Gy/min, 0.5~5 Gy). The survival curve for « -particles
irradiation was exponential with a Dy, of 0.8 Gy, and the relative biological effectiveness (RBE) value was 3.8, as determined at Dy,
The cytochalasin B blocking technique was employed to measure frequencies of micronucleus induction. A linear relationship between
the dose and the micronucleus formation frequencies was observed for doses until 1 Gy of «-particles and 4 Gy of X-rays. The
straight line of the dose response curve fitted to Y=a+bD (Y: the micronucleus formation frequency (%), a: the micronucleus formation

frequency in control subjects, b: the linear slope, D: the dose in Gy).

The frequencies in control (a) were 1.0~3.2 and the slopes for

« -particles (b) was 28.5. The RBE value was 4.3, as calculated from the slopes. The slope for «irradiation was dependent on the
energy of the «-particles. These results indicate that the micronucleus assay is available for biodosimetry of « particle irradiation in
rat respiratory epithelial cells, although consideration should be given to the range of the linearity and the LET of « -particles.
Preumocytes were isolated from lung of Wister rats by dispase digestion and separated on isotonic Nycodenz gradients. Type II
cells rich fraction was recovered from the density range around 1.06 g/ml of the Nycodenz gradient. The cell yield was 5 x 10°- 2 x
10° cells per rat.  Type II cells were identified by immunohistochemistry utilizing epithelial cell- specific rat cytokeratin 17 antibody
and by alkaline phosphatase staining. The purity was approximately 40% in the staining. The cells could be cultured on Mylar
bottom dishes for « irradiation. It is possible to obtain relatively pure Type II cells from rat that can be used for biodosimetry assay.
This approach provides a biologically based method for estimating the o dose to the respiratory tract epithelial cells from inhaled

radon and radon progeny.
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Dose-response  relationships  of  micronucleus

AT RIS DT V7 70 LET @ZF %7
AR, ERIOERO~A 7—KORES% 4pm 22D 8u
m (156keV/um), 12um 212keV/ pm)B L 16uum .
(178 keV/ p m)iZZE 2 THRHEBR 21TV, FREROKEIC
BUDT7TNT7 7 BOBRBE» /NI REBOMEE 2K D
THB LTz, 77 7 #0 LET 25 128 keV/ u m > 5 178 ke V/
um TR, FOMEIT 27~29%/Gy LIEE—FETHoT-
2%, 212 keV/ um TIX 13%/Gy (2 L 1= (Figure 3),

yngmﬁ%n T T 7 RBREHZ BT B84 A KD X

U—OEMFERBIEL U OUMNIBEREEDCRND Z &
ﬁvé%:&%%fﬁ‘ﬁﬁtm&%ﬁ$®ﬁ®Eﬁ%%
W S D 2L b IMEERENT VT 7 O LET
WRETD R AL T RYA N —OERILH > THE
BLTW MERH D,



35
g 30 78 =
g [ /{
8 25¢f
B 3 A L~
T 20F i
g : LET®  jnduction
é 15 - | O 128keV/um Y=3.0+28.5D
§ 10 by ] 156keV/um Y=3.2426.8D
g B 212kV/um Y=1.9+13.1D
s °® A 178kaVium Y=1.0+27.3D
o .. PO T i TR PR |
0 0.5 1 1.5 2 25
Dose (Gy)
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Rat cytokeratin 17 immunohistochemical staining
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Construction of the Hybrid (Fact and Knowledge) Data Base
on the Health Effects of Radon/Thoron Exposures

M. Doi (Environmental and Toxicological Sciences Research Group), H. Yonehara, K. Fujimoto (Division of Human Radiation
Environment) and M. Shimo (Division of Radiotoxicology and Protection)

ABSTRACT :  The hybrid data base on the health effects of radon/thoron exposures was constructed with both fact and knowledge-
basec data. The data base features the Epidemiology on residential radon and lung cancer, Dosimetry of Respiratory Tract with
mathematical model, Biodosimetry, Animal Experiments on the health effects of radon exposure Theoretical Model /Dose response of

radon carcinogenesis, and Future Study proposals.

Utilizing the data base, etiological risk of lifetime lung cancer mortality per unit radon exposure in WLM was estimated for different
subject population and the year of interest. To answer quantitatively how much are the differences among the projected risks for
different populations, the Swedish case-control-study-based risk projection model was applied to the Japanese and Swedish populations
from 1962 to 1997 as subject populations because of their contrastive trends of lung cancer rates. To compare the results with the
reference population and authorized risk projection models, U.S. population 1997 and the two risk projection models in BEIR VI report

were applied respectively.

Lifetime risk of lung cancer mortality projected for Japanese, Swedish and U.S. populations in 1997 per radon progeny exposure
were estimated to range from 1.50 (0.40-3.19) to 9.86 (2.62-20.9) x 10-4 WLM-1, which could be compared to the detriment associated
with a unit effective dose. Conclusive dose conversion coefficient in this study was ranged from 2.05 (0.55-4.37) to 13.5 (3.59-28.6)
mSv WLM-1, and within this range, the discrepancy between dosimetric and epidemiological approaches was included.
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Research on Radon Concentration Reduction

K. Fujimoto, M. Furukawa, S. Tokonami (Division of Human Radiation Environment) and
K. Fujitaka (International Space Radiation Laboratory)

ABSTRACT : Research on reduction of radon concentration was carried out since its dose contribution is the largest among natural
radiation sources. Several approaches were taken to pursue the research. Statistical analyses were conducted based on nation-wide
surveys of indoor radon concentrations and gamma exposure rates. Actual measurements were performed in high radon concentration
areas. Radon exhalation rates were measured for gypsum boards as a potential high radon source. Measurements of radon daughter
concentration in a house were conducted to clarify the affecting parameter on indoor radon concentration. It was found that indoor radon
concentrations in concrete houses in Japan have been increasing probably due to the air tightness of recent housings. The air exchange
rate is the most important and easily attainable parameter to reduce the indoor radon concentration as found in Swedish houses,

limestone caves and concrete houses.
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Studies on the Remediation of Environment Contaminated with
Radioactive Pollutants Using the Chemical Separation Technique

K. Kurotaki, H. Yonehara, S. K. Sahoo (Division of Human Radiation Environment) and
T. Ishii (Laboratory for Radioecology)

ABSTRACT : Remediation of soil and drinking water contaminated with radioactive nuclides is important for the mitigation of
radiation exposure. Then we attempted to construct the remediation system including the dose estimation system using the chemical
separation technique to remove pollutants from the environment. The information on air dose rate is important for the assessment of risk
from the radiation exposure. Then we measured the air dose rate and analysed the relationship between air dose rate and the
contamination of soil at the area in Russia (Bryansk district) contaminated by Chenrobyl Nuclear Power Plant accident. Moreover, we
analysed the soil of Bryansk district on the concentration of rare earth elements, thorium and uranium and on the isotope ratio of
strontium. On the other hand, we tried to develop the rapid measurement method of radioactivity of Sr-90 which is one of the dangerous
radionuclides, because the method of radioactivity measurement in the literature is too time-consuming. It was reported recently that
the molecules containing SH group form the covalent bond with gold atoms at the surface of gold plate and that crown ether compounds
have strong affinity to strontium. Then we attempted to synthesize the crown ether containing SH group. In addition, we search the
inorganic elements accumulated to special organisms of fishes and other animals in sea in order to find out new reagent for trace
elements. Transition metal such as Co, Fe, Ni, Ti, V and Zn were detected from the intracellular granules in the bronchial heart of
octopus.
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Feasibility Study on Application of Bio-accumulation of Radionuclides
as a Countermeasure to Restoration of Contaminated Environments

T. Watabe, S. Hirano, R. Nakamura, M. Nakahara, T. Ishii, T. Miyazaki, M. Matsuba, S. Yokosuka (Laboratory for Radioecology),
Y. Nishimura and Y. Watanabe (Division of Human Radiation Environment)

ABSTRACT : Phenomena of bio-accumulation of radionuclides was reviewed in order to know whether or not it was useful and
effective to apply as a countermeasure to restoration of contaminated area, and to examine the extent of removal of radioactive
contaminants from the environment. Special attention was directed to the technique, "phytoremediation" in which plants that
hyperaccumulated heavy metals were cultivated on the contaminated lands for removing them. Plant species recognized as
“hyperaccumulator” were searched in the literature and listed for providing a botanical and taxonomical prospect. On the other hand, a
screening analysis was carried out for determining the elemental concentrations in sea weeds in order to find species with a high affinity
for the specific elements. Of 30 species of sea weeds, the highest concentration of iron, iodine, strontium, and uranium was observed
in Ulva sp., Laminaria sp, Corallina sp. and Undaria sp., respectively, although there were no species having the elemental
concentration 100 times higher than those for so called “reference plant”. Brown algae generally showed relatively higher
concentrations for almost all elements of interest. It could be concluded that brown algae might be effective to use for
phytoremediation because of their high affinity for many elements along with their high biomass in a possible case of radioactive

contamination in the marine environment.

Phytoremediation would be more advantageous not only from an economical viewpoint, but from the viewpoint of preservation of
the environments than other possible remedial procedures, such as acid leaching of contaminants, excavation and storage of the soil,

physical separation of the pollutants, and so on.

This technique has been put into practical use and would gain much more support of

the public in the future, however it needs more detailed information to establish as a sound and reliable methodology.

I BIRE/MS &S

BT IEEE DESEIC X0 B E DS RSN RE A~ D
AR o 2B EIERS 2 WILE R 2 M HmEE
NOSFH DI A RS R 2R DL ERD B,
HH DL E L LR E OB S RE LR BERD
BEBSEIKNTIEERLETH Y, BRI > TIIE
B2 EROICER LEROHIZERLEZ IS 2
RO NERLEELED, JORBEREIZEEY D
FHEREZLNDHN, BEARLHEOERIEANHELZE
BLREENDLOLEEZOND, BENPERTH-=D
ZOFBEPBETINTOHD LI RBEICEEEZBHANK
EMAHS E LN FEEEATHIZLIIEENE SN
E5, —FHFEELAMES, EOMEANLRRIGEICST
LTCOLERAMDROE» S LEENRET L TERFES
BAROEIRE LTHEHEL TR I ELMELEZL
na,

A, TERCHI T KO EEBOLEMEEREEHO
e RiEMEZRBALTRELDVETEBELL S ET5RA
PRI TN D, EEOEMTAICS U CREREDEF]
BALEMESBRESLT I FEEUE s ERbERTE
TWDHEDeHETHD, £i2. EHOBEREEWIY 1%
EHNEZAALEENLOBEEBROBRDE 2 BRET S
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FiELERL, EElbanhoobhb, IO FEE, B
P HEHA Y R E T ARTHEMNR T ERL2H 2 FEE R
WCELRMEZRETHFESIHEABEOER TRERA
BMEERLRNETHERTHS, -, BEICGBERAN
EEZDIERLSBEREREAMND LN TELIHETHLE
ThHD, —F R RESRIEDROFREELD Y .
FORREEINGEM T EBQLE LD,

TR R E FR AT CILRE O REBRIZL D AE
DOEBEIMTA-DOWEELREICE > TEBL T,
FOM., BEPIZBT IHEMEHEOBIT. EICARE
fa e L CRIAT 5 B S EDSORED ~O B E 0BT
WOWTEHSZOMRBFHTE, InoOBREEROAY
KL IBEOTRCHANMENE * BENICEBE T LD
BHDHZELHALMILTER, REMIETIE, BET
DFEEEIB YN RAE LT & SICHEEMEOEWIC L DB
MERS % AT REE R KB O BB{ECREEE~EALED
NEIPICOVTHREEITo72, EICBREREICERL
BAEYEEL GRNICE - ERNICHERE, BET3 8%
BEy L L=,

HEECHT K, HHVIBEEZEULKBIZBT 5EYD
ECESBEAEME I L AIB R L CTAEMER R A
LENG &S, KB, BFELT 5 &2 EWFENEE



(Bioremediation) & FR523, & <A SIRBAEM-CHRER A
WMosmEEREMNET A EEASAM AL AT 42— g
ETBIER—ENTH D, EYICEESRLFDEI
BRI IRCEE R L, 26 2 ENICRE, 2
WVISAR IR TP E 4 L2 0 . BRI X 0 REICHH
THRERERTLORHD ., THLOEYEEZFIMALT
BELROERLER A 2 & % Phytoremediation & L TRIES
DI EDBMESITThh T 5, 772455 Phytoremediation
I%. Phytoextraction (FBH - i) . Phytostabilization (14
~DEEAL) . Phytostimulation (BB AEW O IEMEAL) .
Phytovolatilization (75 4 ¥ & % K & 1Z & #) .
Phytodegradation (75 YL % 45 fi - #2{L) . Rhizodegradation

(RBEMEM EDOEET L L2BEEME O SR
Rhizofiltration (ZKE )& OIRIZ & D15 EME OWILERE) |
Vegetative caps (FEE T). Constructed wetland (JEHEH %
FIH L7-BE/KALER) | Phytoprevention (RUiEALBAIE) 72 Sk~
WA & A T W B (htp://www.kankyoubio.net/
bioremediation/phytoremediation.html) , AFRBIZ WV TikE
& LT LD Phytoextraction 12 X 5 EWFRMEEETIC D
WO REER K OYKEBREE A~ oM HE R BRE L,

I EECSTLEMENBE

EVWESBRBREERIEMNOFEXE IVHOATE
N, EICEEBEESLEMN O D DIEICHENICEE
TRHMHLNDHENH D, Brooks HId 2 HOHEY
WOWTHLBRER T 1000ug/g BLED = v 7 VR EE & R
f#4) % "Hyperaccumulator” & MRS Z L Z B L. . Thb
@ Hyperaccumulator 1%, [ UEE FCEE T EEEBDO
REWCHATREE 100 fFOREEZTIIEIIRY, =y
MRS THOBEEBLRICOWVTLBEEO 100 FOR
FE 4R WA Hyperaccumulator & FER K 51272 - TV 5,
THBEBROEMEREREITOIBEIIEIINALD
Hyperaccumulator #FlfH 35 = & A~ TH D, Brooks
kg, 2o & 972 Hyperaccumulator (2135 1 IZRTHK
DFEMPRH D 2 L aREL THH, F3RITIE Brooks H1IZ
L~ TE & LT Hyperaccumulator DFf % 7= L7z,

TS E O T BB YISk D AW EREE ORS L
Ehn Tk Y. Ok IE BB REE EPA) O IKH TR,
Chernobyl(Ukraina), Ashtabula(OH, USA). Upton(NY, USA)
THI & b < U Y (Helianthus sp.)% f V72 Rhizofiltration
WL AHTARBERORYE, %F Tl Indian mustard
cabbage(Brassica Juncea variety)% FV 7z Phytoextraction 12 &
5 Y B % 20 T3 (US Environmental Protection
Agency, Office of Solid Wastes and Emergency Response
(5102G), EPA 542-F-98-011, August 1998, hitp//www.clu-
in.org/products/citguide/ phyto2.htm), Z# &6 OFITHHERM A
BILLABRPREE~OBMLAONTRY, A ¥4 —X vy
M ECOEBEH TELLDORENBENLNLTWD, F=
W TA YO —ATEEFNREEBEFS 1km Bz
OREFRR L, BERNTE <Y UORFBESEL LA,
12 AR OFES T Cs-137, 8190 & HIKHREE D 2 24 8000
&, 2000 FEOBREICEBBHEL THZENIEDTHY,
b~ U & Indian mustard 12 J 2 AW SEAHEE O FIEEF]
FAThid s ECHEEMROBRENTREERELTHS
(http://www.becnet.org/ENews/99SpSuPhytoremediation.html) .
& R R FREEEN R A CH D TN R E

NTWs—5, ZOFEZODNTORRLRENATEY,
Cunningham 1%, 1) Hyperaccumulator (%, —f%IZ& 5 FF
EDTREBRETHIOATHYBE L R AT XTOTLERI
AgpnBEIZRVOEFESA TR, 2) L0
Hyperaccumulator (%, B%-E 3B 288 < | A4 2 B (Biomass)
P/NEW, 3) Hyperaccumulator 200N TR0 B 7 fifg il &0
BERER CRENRERD LV, REOAEET T
53 INDLOREMRTAHEDITESHEIE, S4E
BEORGREE OBTELEL B O BREREOBER,
SLICHEEFRIEICLLD X0 LWEORRBO LIS
EhTnad,

M- 1. ¥EEY., & ITEBIZOVWTOILRRE ST

WBEEADORIZT—ROEDOBREHENILEBHELE
BET, HORTEOTELBIRGICEHET ARNIZET 5
EMBRIEFEELTNWD, NTUULAERRBEICRET S A
Y, IUVEREFRREICEETI 2 TEBEORERWNL
L THhiTond, BREZEBEEVOTFEIUTORT
BEREREAETHEZLDND,

R EEEAYII R OEDI AU RIRIEE N 3 9E
BB OO THIS MBI LAl BRT = — DRIEE
e LTEDCERTE S, T48bb, BREERED Y
YR ERERHEB L LTRHATAZ ERTETHY,
HEWEORER COELROEN Y RLBE L-ULE RS
L EOETRERNZOSHECORWR D ERS I E
%o E77. T4 Hyperaccumulator (BIEEEZEREMDH 5\
13 RAYBHEAY) ¢ Bioremedeiation & L COTERMRE L
R THEE X TE Y Hypaeraccumulator plant DFRFE -
R E R OMIERICITbR TV S,

INE T, EEBWICOWTIE. BEESYOT S oA
FOTLE, HEEMOE LYYy a A RRT R VH AR
v H R, v HETANITEE, VayXavbe s
HANREEE, ~Fana b RRY T o2 EREICER
THZEERRALE, AR TR, THREGICBELT
BHEOIEFITDR VBRI OV TIRRESITET O, B
MR LA RPEE L L 20EELHVWTOR
BEEOTREMIC DWW TR L,

1. REROSHTFEE

DR OB B URTLE

T B BISEE 2 P OIC L THARRES IS 30 o
BRHERRLUSE, BRLUZBELIERSCELR- %,
WEMTHLIR, KEFOBEOMNEELEDERY EoHk
HEHK TR Tz, REOHKEZEMAECHREL, BERS
BELEZOL F—AE—HIZIE LT, Bk
CHERERE (70°C) THEEBICETAE THBR L, iR
B K g IR L BB KR E I X QRS L T2,
LI T LK ERE 2 ml MACERBLEMEREL
Tre 7 vALKERIERICEETAIECRE L%, B
W% 1 HEREE CEME L Toyo Advantec No. 5C k% flv
THE L7, BRHBOESEER 1g %2 100 mliKARAT T
AATERTEZEEFEME Uz, SENERICTRERE
EHTAROWNEETZRLE LT, Ay I ghbf Py
NEMZTZ, BB, BRSBICAW BRI S TR
# o> TAMA PURE AA-100 Z v, Hikiz, L&
TORAYPURE LV-10T TERIL7= b 0% & 512 Millipore £
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B Mil-Q2 THELL IR 180 MQU ED LD ER W=D
CTHRBR G BREYnIOEVERR LT,

D5 HT T i
L BREREE T T A RTINS I LT (Inductively
coupled plasma atomic emission spectromery(ICP_AES))

WP OTESWE, £ 3 IORTERET T ICP_AES %
BAOWTITol, MEEMPORFREOMEIZS - T,
REHEE T O~ U v 7 AxFE (Ca. Cl. K. Mg, Na, P)
ORELFRIEORELFTIEEREREABEL (b v
7 ARDEET I, LFESBEC L THEILELH LD
UOBRELTEBSLERHLD, BROGEEEEOT IV
HIROTNAD ) HEEREEATHD LOOFERTHIR
FENL gl FTTHAEEIE~Y N v 7 RAGRITFBERD
NRWOTESEOREICE LI~ M v 7 2AE6&bE, B
LM FERBER TRV TEERSBRE 77 A~ b—F
HICEALTERINET o7, FRRE 1 ¢ % 100 ml i
BRRLIEA, a0 bRy s PN DD TET
IR PR ED ICPAES OBHBAR A TH -2
ICP_AES IC LD EBESITBHELR-T, £/, BV T A
4 ICP-AES T AT AR ARERED - DRI
ICP-MS TH#r L7,

i, FERSET T AEESHE (Inductively coupled plasma
mass spectrometry(ICP-MS))

ICP-MS IZ X D WE LR OEBRESHTIL ICP-MS T 4
ICRTIERET TITo72.  ICP-MS O@ERAIZEE > T
ICP-MS DA TEEEIZ OV TR, ICP-MS (& &V iR HRE S
EGHTRBE., IRNF AT o LU UERELTONDA,
HORPHEBEHEAREINTA4 ., @R A OE
R TEEENCRL D L 2RO, ICP-MS TEE
NIRRT SN, =T, Jab FELHR
RTL, BEVTL USURETHD,

iii. HMAHLSHIC LD a vEDER

WEEAEYTTOa DEOERSIICHE (Lo ERT
BITHTE - TR EE M AZEERE 126 . RIZRTF
MECER L7, 27 Smg 28T NHI #/MEFCaATR
%, RU=F Lo 2 EICEA LKL, ZoRBEE2RE
BETERL, BOBORY A I FHEICEAREEICEA
Lz, TRy xF L oS8l S vy 72 AR, B
AT RFFERTO JRR-4 O T 54 7HRHILZ Hu 3x
10%n cem™ » 57 O FPEFIREIE T 20 SR PR MR RRET L
in, p)T BUSTC 1126 BAR LT, BEOEBH, ST
EAERYEUBEE L, AEEFL2E-TI vELTRY
L. RUA I FELRYV=FLoOMIOBREIZTLTEH
LAY =F L oRICEALEL, BUEEHFZER
B 1126 2AERLL7Z. {WERBERITORTL BT, 1126 DK
FEEEFMET D 2 LI d o THtRE AR, B oL -H
D LB Y BROBEZFE L, Mk b
Uy sEaEAEOREIOSEIT, 30 % 50-100mg BERL L.
AY=FLrofic 3 BEICE AL, JRR2 PN BEHIL
(4x10%n cm®es!) B L OIRR-3 PN-1BBHTFL (5x10%n-cm™ -
s T MPETERE L
BHBEREOLESER OO FIEIZL FO LB Th
B, T VT ELTCHRED VHE Smg 2MAT#E, %
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BB L BB TS L, BAETAIVERED N
0 H AT A EREEARET MY T AERMA T KEE LT
N U LRI S, YNa 72 EOhE & B T
T LERBSEE LT, 3 UEFIRWHE L BB{LKE TR
e, WHELRGR B Ln, ZoBER, BE
IR SAKMIZES, 3 vEEMI L%, HEEE2KE
L. IUHEHo CREBE SN —80ER, EF5Y
WL, Bz AN KEEY 3 UELKEICE
HHLE—H =28 LIz, ©—F—|ZiEeeR(AgNO,) %M
% 3 ULER (Agl) OWLBEEY . ERABLEBERY =F L
COSITE AL CRIERE S LT,

P, )Pk AU 1128 OfEEES Si(Li) FE
RIS % VT 300-500 BEIE L. VT vRERE
R BT 1126 OEEEE 5,000 BEIE L7z, 1128 ®
4409 keV DY — 7 TR NF—DOHEL I 7 EEERE
DOHEEREEHE L. 512 1126 5RO EIRTHIE
Lol a v RBEEREHR L,

IUHRREOEVY I T OEEKOEASIZEREHC OV
T 50mg BB LAY =F LooRT 2 BICE AL, B
¥y 7 EZEED. JIRR-3 PN-3 K& 2 AV BuhiE R
=2X10%n - em? - s, AR =10 B CHEEETT - 7=,
BEZ, BREOAMORY =F Lo OBEREFLORIC
EHALUELUBERREZER L, 30 S%EBIZ, L5
BEA{THOICEE 128 DY —7 2 XL X —ThHB 4429
keV OFREFEIEL, ZBERBLEOI T Y MIOHM D
REFOIURBEFEHLT.

2. GHTRERLEBE

30 ORI OWCRRBEORKE, THHE. &/ME
2S5 ART, IOROPCRKEER UIZEERCRHRICK
FEZREICERT A2 AR, SRERo 7Y, 3 TR
THEHBEO~a T A barFULFHEoyy I8,
T EBEOUNATEDHD, BIETR-LHIZ
Hyperaccumulation & L CEZE SN TS 7 MEEOFHR
Eo 100 FLLE OBSE#EATLE. ZOXIRKRER
HERTREIIFEE L o7, LorL, R HREERTD
REWETHIRETF AVA TITA, a7, U
T AREETT R COTEFCH L THENEWEERE LR
LTHBY., MEEEEIC L ABEBLREEE LITEEIX
KREERPRBEECERTAIZ LA THD B0
b,

F5 THL, AFEMEI0BIIBIT 2 nRBEEORKME.
EHHE, BAMEEZR LIS, EREThOBEEIISNTH
LEEDTHETCUTOL I B RERBEELEGHVEEIND,

1) HiEk Zs 8l
i ZE S TOEE)

BREEIT 7 R F U L9 EHBNICEHETAZ MG
NTCHDBN, ZORPTHLYI T ARRIERICE VS
FEE R, 7. WKFOT 7 2T 7 A9 BEAEIC
SLUTEREICEIET D Y BEEDE LTodT S E
afEr s, 1 Ev v 4 2EEEmELTA
KIGFDOT 7 3T 7599 BAHEERELZHERTHI, K
WRINEZOFL BERRBEDOUI NT ) AHFOT 7 XF 7
5299 1, 1960 BLT 1970 FRIZITb - KRB EEHR
FEECHKETHEEZ LD, HEPIIBWTT 72T Y



AR, TeO & LTHAFT B LB bA, BRIEEL &b
A —T B EEZ B, Linb, B 1 5 bilEic
TR 72 B DREATEAET 5 = & S DR
BRR SN,

i, MR L~ TTOES)
FWHRINBICBWTT I AOEFTIHH 6 A28,
Bl—HEHIC | HiAC 0% 5 REE2HEL . METHRRED
HU B BB 21T o 70, TOMBER, i L U
Rz 6 THRICHOWTIREERIREZETR O O, Hik
EOFETRD BN o7z, THCH L ORI C#
B L7 T AR08 L OISR OBRE ., ol CTHEIR
LIBT3 ERESVER R L, £REE. F
R, RENEMSOMECESCEEEEZEEL LR
BEHREDEN 3 FRECTHY, ZOHRIZBWNTET
FARK LT, MoMIRL v EVREL LT L0
FEBEELTHWELOEEDRS, ZoL3izhdh
100km OFAICB W THLREENBEIN-Z &5, I
BROBEIE IO REEOLERZEEZBHRL TV,

AR X AMEBTROREZE

AR IBBTREOREL®SZ X THEIEZH
WTHHAELE, e PF0EARWThoxE LAERICED
BEESINEL, EE L OHBBERS R TR 2T,
ThHEIDFE, v Ay, =y, @, B TIER
WD IRELEEBNFRERONR D o2, ShCIIAEERME
REL b LTBEORLN R, fhoTHE L TER
ST BEFER BRI,

3)EFHIEH)

Az 3 EYI b/ ARBRL, @B TROEHED
T 2HAE TR, AEOEBHREIS TR LK
&< 5~10% . SLISAD7TETITHIZ 3~T7%DFHIZH -
2o RBUI LT AOEIEL, R—HFTT, &5 50~
100cm OFEEICIREL TiT o7, 8. 2700 b, BEERREE
. &b 3 AICEREEERLIEZOS, 4 B UIRBE#ETED
THEMP L ONEMEGIBEINT, FHICBITEER
EMEBAETRL. 3 A& 6 BILBIT A EFNFhO L RE
EHB LGS 5 HEWEEPRO LN, Tl LT
v HER. 2oL N EERTTEE S FEIC R SR
ErRT L) RBELESHE2RIT, SEIOFEORY TIX
ERMEBOTFEELHER CE b olz, —FH, T hI T A,
AV A VEDTAIEFTHREZEB L TTZE-EORE
FALTCROEHEHMZEEIN2h o7, F-ktY U A
DBEELEBTHIICL > CHELORELEHNALNADL LD
DEHEOMIC—EOHBEBEERNRH D LTV hoTz,
REBUERRTERLLSIRBEN VI FT /A LA DR
ZTFEICOWTHRBICRD bz, L EoERiE, —
EMBOTRBEARD LB, EHEHOFEICD
WTEE L il senl 2Rl Tnd,

WORTERIEIC & DM IRE R 2 BB Lo Ha . Wl 1)

%< O@BILRICH L THEBNEWRGEREE AT L.

2) EFEUTHDI L, 3) MENAESTHL I LHEOH
R LIEFICEEREEENE LTEXLR TS, L
L 723 i o OO BB 0 SR IR BE 1300 2 O BEIRIC 2 > TR

THZENHBA LD, BREORBUCHE > TiE, £F
BEr, AL (BRE). AEEE. AFHHS OIS
DNWCHEPIEBETHALENRHDL LD EEZLD,
R & sleiiAe

1) I 1EENEL, BFEILDIEsTE=L Y IR
BISEEREN 2 REREL N ERH DO TIE Vi,

2) BELEY CIIESBER AATTHEM N AL TR
WL CHELEITV., @BOBRBEEE L TWED., M
MR 7 SRR LR OLEE PO L OIIT 5 ),
3) BEEEHICEGRT 2EGFE KBRS wansport L
TP RCOBREIC O L TEWIBEE 2 A 2l 4 %
FLEMICBIE T A IR D ),

I — 2D AIRAKEIZ DOV TDEEL

WA R OMEMEDE 2 EROBINEEZFAL TRET D
BE. TOBREDREFMTIICH o Tk, MERIEmC
AL CGEET AEADOE, T7hbbARE, HHVIEA
BHEARICH LTI, BBk THANLERLOY
BOBRETHNR, BREDEZRODILELRD D,
—RRiC, MFEERERE A BRI L 2 < Ge PEBHRHERIC
FAH AT MR EDE, 63.2%eV. 92.38keV B
J TR 92.80keV 1A 24.10 B Th-234 @ B AREEIZFES v
BaABEEND, BEEYINT /Ao TELRZy
B2y MV OGIER 2 WY, Th-234 14, U-238 D a Al
Bz X > TER SN, HEKP T U238 & Th-234 18
BHZEL CWB EEZ BN D, Th-234 K OBREYFH
mA~EE LT <, BARFOBEO Th234 % BHIZHIE
T35 ZEICL VBB T ORI & DERBITHE ZHE
THIEHLFBAENRTWS, BREmMIBWTHEAMT
LUK Th-234 BihFE L, FERE L THEARTO Th234
ABLBETIPRARLTVWBEEZOND, WX,
WM T AMWADTHEESY V (Usec). BABEELHIZIVO
HEREDSHE/K B Th-234 2587 238 % (k). K
BLUMESREP O Th-234 BEHEREZ, Thth C,. C &
T3 &, RO Th-234 BT

dC/dt=£-V-C,-_C

Thbd, T _ 13, Th234 OBREEHRTH S, LEEB-T,
Cli:

C=f -V « Co{l-exp(-_t)}/_

LRy MIAKPIZBWWTTIIZOBRITEEICGELTWD T
EMmb
C=f+ -V -C, /_

Li=doT, f - V= C/C,OMBRNELND, HAP
DTS UPEBEE. 33pph TIRE—TETH D, FELEPH
99.3%® U-238 HURREREIL, #9 0.041Bg/l. L7243 > Tif
A Th-234 WSTRERE L, 0.041Bgl LHEESND, #*
6 ITIETIRIBR O B 22 MBI 5 L OB LU LIRS T8t
B L7 oW TEL N Th23d BE[E, BLOER
DV TELEAEDERER L, F-V #TREIC LY R
DB ORI 6.02X10% v E 3.95X 107 (Ukg/sec)BEEET
a5, IHODEE—BHYOSBHRTET L, B
BINR LT L9, BALEREOWE & B 5 KPo
BLF 05 05 34%0D Th-234 2 A@T 52 E1Z7%0 0 The
234 LI WMEOBREFICEL T L ASENRFEIC
KOEBELLEDLEEZBND,
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% 3 ICP-AES OEEIEH

%1 SEHEDESEICEL THyperaccumulator &L THI
Zh;{%%}@%*EGJ BBLVERICHENDAER Polychromator system Shimadzu [CPQ-1012W
mg% i Focal length 1.0 m Paschen-Runge
TR *Lwﬁf HRICHONDHELOHEA Holographic grating 2700 grooves/mm
- Range 190.0-456.0 nm
Cd 1 Brassicaceae
Monochromator system*®  Shimadzu CTM-100
Co 26 Laminaceae, Scrophulariaceae Focal length 1.0 m Creerny-Turner
Cyperacea, Laminaceae, Poaceae, . .
Cu 24 Scrophulariaceac Holographic grating 3600 grooves/mm
Mn 11 Apocynaceae, Cunoniaceae, Proteaceae Range 190.0-450.0 nm
. Brassicaceae, Cunoniaceae, Integration time 15s
Ni 290\ Euphorbi Flacourti Viol
uphorbiaceae, Flacourtiaceae, Violaceae Plasma torch
Se 19 Fabaceae Frequency 27.12 MHz
Tl 1 Brassicaceae RF power 1.2 kW
Zn 16 Brassicaceae, Violaceae Observation height 15 mm above load coil
Coolant gas flow rate 15.0 Vmin
Carrier gas flow rate 1.2 l/min
Sample uptake rate 2.0 Vmin
5 . Nebulizer Concentric glass type
S 5 5 N ¢
=2 %i}?ﬂti%‘ K [ R2 481 ] & £ U Hyperaccumulator * An additional monochromator (Range:580.0-770.0 nm)
DIeFEAER (ppm) belonging to a polychromator was used for the analyses
— ; . of Na and K
T | B K TiZ24%) | Hyperaccumulator
Ag 0.1 0.00028 02 20
As 5 0.0026 0.1 10
&2
Au 0.1 0.000011 0.001 0.1 =4 1CP-His DIREMSRF
Ba 500 0.021 40 4000 Mass spectrometer VG Elemental Plasma Quad PQ-2
Br 5 6.73 4 400 Scan mass range 8.01-240.92 amu
Ce 33 0.0000012 0.5 50 Number of channels 2048
Co 3 0.00039 02 20 Number of scan sweeps 240
Dwell time 640 1 s/channel
Cr 200 0.0002 1.5 150
Run time 315 s(ca.1.5 s/mass)
Cs 5 0.0003 02 20 Skipped mass regions 11.50-22.00
Cu 20 0.0009 10 1000 57.5042.50
Hf 6 <0.000008 0.05 5 Vaccum system Ist stage 2.6 mbar
1 5 0.064 3 300 2nd stage 1 x 10™* mbar
La 40 0.0000034 0.2 20 3rd stage 2 x 107 mbar
Mo 2 0.01 0.5 50 Plasma torch
Ni 40 0.0066 1.5 150 Frequency 27.12 MHz
Pb 10 0.00003 1 100 RF power 1.2kw
Rb 100 0.12 50 5000 Ion extracted position 10 mm from load coil
Sh 23 0.00033 01 10 Coolant gas flow rate 14.0 I/min
Plasma gas flow rate 1.0 V/min
Sc 7 <0.000004 0.02 2 ) .
Carrier gas flow rate 0.7 Vmin
St 300 8.1 30 3000 Sample uptake rate 1.8 ml/min
Th 6 0.0000004 0.005 0.3 Nebulizer Concentric glass type
U 1 0.0033 0.01 1
v 100 0.0019 0.5 50
Zn 50 0.003 50 5000
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%£5 BARAETERNENEI0EHFOEKR. BN H&LU #6 ZPERUO-HEATBELECERLEERD
THTHRRE( We dry wt) o Th-234 BESIUEED Th-234 B33
Th-234 ;B AERNE
7% | BAE | BME T8 5 e
_ By/kg-4% IVkg/sec % B
Al 917.00 12.200 113.160 =+ 230.940 S 0011 8 97508 o8
As 20.00 0.632 15000 =+ 8.000 .
620 0400 a0+ < 150 NYHx 0.048 3.95E-07 34
Ba : : 40 = : 7E 0.025 2.08E-07 1.8
Ca | 296000.00 | 3790.000 | 31382.000 +  69734.000 S 0.022 | 84E-07 16
cd 6.80 0.540 1780 =+ 1.670 L
= 0.007 6.02E-08 05
Co 4.67 0.070 0854 = 0.755 B
o . 0451 0052 4 0,598 K475 0.046 3.72E-07 32
Cs 0.07 0.037 0047 = 0.010
Cu 24.40 0.092 6340 = 4.940
Fe 2660.00 14.700 334.000 =+ 638.000
1 220000 | 60.000 484.000 =+ 618.150
K | 11200000 | 7380.000 | 45211.000 =  33333.750
Mg | 36520.00 | 3980.000 | 10814.000 =+ 8042.000
Mn 86.15 2.870 19.030 = 18.600
Na | 94560.00 | 4810.000 | 26357.000 =  21135.000
Ni 15.07 0.631 1.023 =+ 0.955
p 2600.00 |  782.000 1812.000 =+ 632.000 e
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B

ACANTHACEAE
(E2ROETH)

ADIANTACEAE
ANACARDIAGEA
(55LHE)
ASTERACEAE
(&EHD)

BORAGINACEAE
(LhTEH)
BRASSICACEAE
(BALEH)

BUXACEAE
(21F#)

CAMPANULACEAE
(EELIH)
CARYOPHYLLACEAE
FTLoih

CONVOLVULACEAE
(BBHEED
CUNONIACEAE
DICHAPETALACEAE
DIPTEROCARPACEAE

ESCALLONIACEAE

EUPHORBIACEAE
(ESFENCERD

EUPHORBIACEAE
(E3FCER)

E:

Blepharis acuminata
Justicia lanstyakii
Lophostachys violosa
Ruellia geminiflora
Adiantum sp.

Rhus wildii

Berkheya coddii

B. zeyheri
Chromolaaena meyeri
Dicoma niccolifera
Leucanthemopsis
alpina

Senecio coronatus

S. pauperculus
Solidago hispda
Heliotropium sp.

Alyssum 48 taxa
Bornmuellera 6 taxa
Cardamine resedifolia
Cochlearia aucheri
C. sempervivum
Peltaria emarginata
Streptanthus
polygaloides

Thiaspi 23 taxa
Buxus aneura

B. baracoeensis

B. crassifolia

B. excisa

B. flaviramea

B. foliosa

B. gonoclada

B, heterophylla

B. historica

B. imbricata

B. moana

B. pilosula

B. Pseudoaneura

B. retusa

B. revoluta
B.serpentinicola
B. vaccinioides
Campanulz  scheucher?

Arenariaa Ispecies
Minuartia laricifolia

M. verna

Merrernia xanthophylla

Geissois T species

Pancheria engleriana

Dichapetalum gelonioides
subsp. tubercultum
subsp. andamanicum

Shorea tenuiramulosa

Argophyllum grunowii

A. laxum

Baloghia sp.

Cleidion viellardii

Cnidoscolus bahianus

Leucocroton acunae

L. angustiffolius

L. anomalus

L. baracoensis

L. bracteosus

L. brittonii

L. comosus

L. cordifolius

L. cristalensis

L. discolorr

RERMR

Zimbabwe
Brazit
Brazil
Brazil
Brazil
Zimbabwe

South Africa
South Africa
Brazil
Zimbabwe

Italy

South Africa
Newfoundland
Newfoundland
Brazil

S.Europe/Turkey
Balkans/Turkey
Italy

Turkey

Turkey

Greece

California
Worldwide
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
ltaly

USA/Canada
Italy

Italy
Zimbabwe

New Caledonia
New Caledonia

Philippines
Andaman Is.
Sabah

New Caledonia
New Caledonia
New Caledonia
New Caledonia
Brazil

Cuba

Cuba

Cuba

Cuba

Cuba

Cuba

Cuba

Cuba

Cuba

Cuba

RE(88)

2,000
2,690
1.890
3330
3.540
1,600

11,600
17.000
1,100
1,500

3,200
24,000
1.900
1,020
2,020

1280 29.400
11,400 31,200
3270
17.600
3,140
34,400

14,800
2,000 31,000
1,450
1,590
8350 12250
2,150
4500 8360
1,320
2,610
3480 8,740
4810
1,940
1100 1760
4870 9,200
1,240
310 10310
7870 15,630
10,410
25,420
1,090

2,300 2370
2,710
1,390
1,400

1,000 34,000
6,300

26,600
3,160
1,000
1,380
1,900
5,380
9900
1,020
10,140
6,790 19,160
13,330
2,260
11,660
5,800
6,470 11,740
2,040 19,620
4970 8070
7,670

#

EUPHORBIACEAE
(&5 CER)

FABACEAE
(FHH)

FLACOURTIACEAE
LNEYF)

JUNCACEAE
(&R
MELIACEAE
(BAFZAH)
MYRISTICACEAE
U=<F<ED
OCHNACEAE

ONCOTHCACEAE
POACEAE

[(RtcE=d
RANUNCULACEAE
(EAIESTH)
RUBIACEAE
(BhRE)
SAPOTACEAE
SAXIFRAGACEAE
(WwEOLEH)
SCROPHULARIACEAE
(TEDECERD
STACKHOUSIACEAE
TILIACEAE
(LanEH)
TURNERAGEAE
VELLOZIACEAE
VIOLAGEAE
FH#nw)

&

L. moncadaae

L. obovatus

L. pachyphylloides

L. pachyphyllus

L. pallidus

L. erevolutus

L. sameki

L. saxicoa

L. stenophylia

L subpeltatus

L. virens

L. wrightii

Phyllanthus 16 taxa

P. chamaecristoides
subsp.

chamaecristoides
subsp. baracoensis

P. chryseus

P. cinctus

P. comosus

P. comptus

F. cristalensis

P. discolor

P. ekmanii

P. formosus

P. incrustatus

P. microdictyus

P. mirificus

P. myrtilloides
subsp. alainii
subsp. enythrinus
subsp. myrtilloides
subsp. shaferi
subsp. spathulifolius

P. nummularioides

P. orbicularis

P. ? pallidus(discolor ?

orbicularis)

P. phlebocarpus

P. pseudocicca

P. scopulorum

P. williamioides

Anthyllis sp.

Pearsonia metallifera

Trifolium pallescens

Casearia silvana

Homalium 7species

Xylosma 11species

Juncus lutea

Walsura phyl

AR

Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba’
Cuba
Cuba
Cuba
Cuba
New Caledonia

Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba

Cuba
Cuba
Cuba
Cuba
Cuba
Cuba
Cuba

Cuba

Cuba

Cuba

Cuba

Cuba

Italy
Zimbabwe
Italy

New Caledonia
New Caledonia
New Caledonia
Ttaly

Myristica laurifolia

h Phili
Indonesia
Brckenridgea palustris
subsp. foxworthyi Philippines
Sulawesi

subsp. kjellbergii
Oncotheca balansae
Trisetum distichophyllum

Ranunculus glacialis

Mitracarpus sp.
Psychotria douarrei
Sebertia acuminata
Saxifraga 3species

New Caledonia
Italy

{taly

Brazil
New Caledonia
New Caledonia

Italy

H. floribundus
Rinorea bengalensis
R. javanica

Esterhazya sp. Brazil
Linaria alpina Italy
" Stackhousia tryonii Queensland
Trichosp kjellbergii  Sul
Turnera subnuda Brazil
Vellozia sp. Brazil
Agatea deplanchei New Caledonia
Hybanthus 5 taxa New Caledonia

W. Australia
SE Asia
Kalimantan

RE

(&)

15,330

5070
5,800
693

9,980
18,050
8,220

10,760

8,910

17,240

13,080

10,820
12,090

18,480
24,500

13,890

5,630
7,410
1,090

24,360
12,600
38,100

18,530

3.400
10,790
11,510

9,340

31,740
13,780
21,870
19,380

7,260

4,200
13,670
12,060

8,750
31,499
19,060

7.400

10
4,950
4,480

1,582
19,750
7,690

14,330

16,940
8,490
7910
5,780
12,240
4,140

15,390
4,890
9,460

13,650

232

33,240
9,970
21,710
8,800
22,930
10,950

60,170
19,400
22,670
21,930
18,100

4,600
10,000
1,990
1,490

1,160
1,000

14,500
3,750

2,050

7,090

1,100

7,600
1,050
2,500
1,710

1,260

1,000
19,900
11,700

2,970

3,840

1,060
1,990
21,500
1,600

6,130
3,080
2,500

3,000

17,600

10,000
17,500
2,170
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Radiation Exposure Mitigation through Food

Y. Nishimura, M. Yukawa, Y. Watanabe, K. Shiraishi (Division of Human Radiation Environment),
T. Watabe, T. Miyazaki (Laboratory for Radioecology),
Y. Muramatsu,and S. Uchida (Environmental and Toxicological Sciences Research Group)

ABSTRACT : “CsCl, was incorporated into plants (tomyao and broccoli) and these homogenized solutions were administered to rats.
The whole-body retention was determined with an Armac counter. The whole body retention patterns of *’Cs incorporated into the
plants were not significantly different from that of the *’CsCl, solution.

Chitosan is derived from chitin, which is a cellulose-like biopolymer distributed widely in nature, especially in crustaceans, insects,
fungi and yeast. The present study was to investigate whether chitosan can be applied to animal and human bodies in order to reduce the
bioavailability of radio-iron and -zinc in food. Chitosan inhibits dietary iron absorption only when rats eat on iron-deficient diet. The
effectiveness of phytate ( myo-inositol 1,2,3,4,5,6-hexakis dihydrogen phosphate) and chitosan in reducing the bioavailability of radio-
zinc depend on the concentration of phytate and chitosan.

Recently, the share of imported foods increased ca. 40 % of Japanese total food consumption. Radioactivities in imported foods must
be checked from the viewpoints of internal radiation for Japanese subjects. Concentrations of **Th and **U in some imported mineral
waters were higher than domestic waters. However, internal doses of portable waters are negligible. Individual foodstuffs in major food
groups (fish and shellfish, meats, mushrooms, root vegetables and so on), which contributed to some radionuclide intakes in Japanese,
were also analyzed to clarify the critical pathway in Japanese subjects.
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A Study to Reduce Radiation Doses and Risks of the Public in Japan after
Radiological Emergency

H. Kawamura, Y. Yoshimoto, H. Yonehara, S. Yoshinaga, S. Kimura (Division of Human Radiation Environment),
S. Hongo and H. Takeshita (Information Network Promotion, Division of Education and Scientific Services)

ABSTRACT : Our object is to get useful findings to reduce radiation doses and risks of the public in Japan after radiological
emergency including the views from radiation epidemiology. A constant review was conducted for serious radiation accidents associated
with nuclear facilities in the past. Furthermore, three main aspects were examined: 1) to determine physiological, metabolic and
ecological characteristics for internal individual dose estimate, 2) to demonstrate an effect of protective action by the control foodstuffs,
3) to examine geographic information system (GIS) for epidemiological risk assessment after the radiological emergency. Several
findings were gotten for volume of respiration, urinary excretion of «-emission radionuclides using ICP-MS, and different-area food
consumptions in Japan. An effect of protective action from '*’Cs and "'l intakes by imported non-contaminated milk for infants was
demonstrated by a model calculation on the basis of the Japanese body burdens for the radionuclides from the fallouts due to
atmospheric nuclear weapon explosion tests and Chernobyl accident. For the various radiuses from the Japanese nuclear power plants
the number of population and deaths are estimated within a circle of the nuclear power plants with 16 sectors on the basis of small areas

using GIS
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