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Atmosphere (review)

Yoshimasa Takashima
Department of Chemistry, Faculty of Science,

Kyushu University

Abstract

The atmosphere are made up three main elements, nitrogen, oxygen and argon, and
minor other elements and compounds. The ratios of these constituents are almost
constant up to 60 km from the earth surface showing the average molecular weight
of 29. The atmosphere also contains water vapor in amounts varying from 0.02 to
4% by weight. Recently, a number of compounds that are considered as contaminants
are introduced into the atmosphere mainly by human activity. Such constituents in-
clude sulfur oxides, nitrogen oxides, carbon oxides, hologens, and halocarbons. In
addition to these compounds, a number of natural and artificial radionuclides are
present in the atmosphere.

However the chemical forms of these radionuclides are not fully known. We classi-
fied these nuclides into three groups i. e, 1) radionuclides entraped in aerosols, 2)
radon and its daughters and 3) gaseous radionuclides with no daughters.

Analytical techniques for almost all non-radioactive contaminants in the atmos-

phere are well established in connection with pollution analysis. In these cases, gas
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chromatography is often applied. On the contrary, analytical techniques for most
radioactive contamfnants are still under investigation. Therefore, there is no autho-
rized or generalized method for them.

In the present review, I described analytical techniques of aerosol traped nuclides,
radon xenon—133, krypton—85, carbon—14 and tritium, with emphasis on simple
and accurate techniques. And the results obtained in our laboratory are also shown

together with analytical techniques.
U

REDERFEIHABIL TR IOBRLBEL PSR, HERE & VATV S, KRIIHHE
RERBEMICL s THEREZRESBETHIENTES, o TRAFTOMERS T TELI
ANB LRGP IIHIBIZ L ARELRBOFALND, RAFDTLEDOHBIZ > WTidRE%
bDLLVH, AR TEHREFICHFET 5 —RILEWE L BEEMEIZ OV TR, oD
POBETEWHEIZ OV TR ZDOBRBBRI ST EII OV Tl 5,

1. [EOWES

KB Fig 1 ISR &5 CHREICEVWET > O HE, 5EE, FREL VBRI Ns, H3k

2L KRRIE, F090% ASHHEIC, 10% FWREE L ) EMICHFEELTVE, ZRIIEE
ERICHFEICL B05, FHFTEIL60km BE T TH EERO2BD GEL KBS/ PEFHLE
FEhohb, BESF (0 BABXFD 175~125mm DX EHRINL, BEETF (0) 9@ T
5, COBERTEIHEICHRELTEND O ICbEs2), KEFPOMD O, EHERLTE VY
03) o/ T b, 2D 03 bAREXHD 200~300nm PHEZRILL, FOHKEO, &0
YD, TDXS AV Y DEBHBRICAHED ESh, BBITTFEREE 2y, BBERNIC
AV VBRI bhb,

Stratopause

Ozone layer

I faraui G A AR
2 .

Fig.1 The structure of the atmosphere



2. KRDOFHHERK

Table 1 ICKADFHHE & 4hiKlL, ERN, EEETRLTWAY, Erbbrb LK
RIEE, BEOMEBTO0.93% DTNV, 0.03% D_BILRELE A, SHICFF 50
{OPDFREDHEED SHFRET 5o T OMICH BB ICRELEBOZE L VAR E 2, AHE
BICEI KRB EPE TR TS,

Table1 The Average Composition of The Atmosphere

Composition Composition

by volume by weight Total mass
Gas (ppm) (ppm) (x10%g)
N, 780,900 755,100 38.648
0, 209,500 231,500 11.841
Ar 9,300 12,800 0.655
CO, 300 460 0.0233
Ne 18 12.5 0.000636
He 5.2 0.72 0.000037
CH, 1.5 0.9 0.000043
Kr 1 2.9 0.000146
N,0O 0.5 0.8 0.000040
H, 0.5 0.03 0.000002
0;* 0.4 0.6 0.000031
Xe 0.08 0.36 0.000018

*Variable, increases with height.

3. KROEBHEF LXTFR

AERIARP CRELHORIREVEFE LRSS TH 5, HRMICANT0.02~4% (EE)
TINiE 0.3~50g/nf IZHYET %, BARTIIRAE0.3~2% (4~25g/n') TEBIL TV B, KK
AOFERIIEL LTREIKEL, KBRS LHAG T2 L TEELAFEHL TS,

KEBEWEL LTIIEL LTHM, AROBED S 2HMEBMILY (SO, S05), BFEML
Y3 (NO,NOp), WHEEMLY (CO,CO.) #°dH%. SO; HHMMI A L LTHLNTW S, NO, it
WOBRENROT, RILKEEEAL, RMEEFFT T M 2D 5, CO, BRKRTDBREIK
BICHML, RBROBBIHRICFETHIDE LTREIND,

720 VIRADERE EOTERKT AL LTS Y (Fg Bry, 1) #d 5, MABORE
i& Br, 0.002~0.03mg/ £, I, 0.0002~0.002mg/ £ BETH S L \Vibh b,

—HBEMICIEVY, BEEOF YV VBEBRET ALV ZETHEICZE DI T —



RALEWD B DB, hHIBEE70 LA ERiTh, MERECCL, DCE—2FDOF
TE®RTHEIC7T 11 (CCI3F), 70212 (CCI,F,), 7913 (CCIFy), 7814 (CF,)
EVHLITBFTONRTNE, ThEDLAWIIARILFENICED TEE THHEED b B8 B
AUET 5o BEDOKARDELERIZ10712~10710V/V TH 525, BlCHEeEREL LT
AVWLNTWAEDTRROBE EAPBREINS,

COMBEDER ENO L BRYIEL Y (Coolyr) %; MEDWALWALREBREARLE
WLRRDPIHFET B,

4. RRRICTHFET 3 HaHERZE

(a) T7POVNCBUAZh-BRE

I7aVNEN) DIZGE (dust, fume), FHEEBAIRILY (smoke), WANDTHE (mist) %l
DRITH B RKERITER LA BT HEEIIFRA &3 RTZ7 OV VIR S NFET 5.4E-
TR BRO B P b KIS 5 S EATE B T7 0 /WIS NI
FHEMEOER I T H 5 TRBEAPSE VI —KIZ0.01~10#m D7 TV VIR iR
ShatnbhTwna,

b) FF>HEITENSDREE
I FYREKTHEHHOKRAPICESIHHL, ZOWBENIHHCTRO L RIBEERRFIC
L) B ORBEE LR T 5,

222Rn —_ 218P0 — 214Pb — 214p; 214P0 — 210Pb —
3.8d 3.0m 57m 20m 164 us 22y

220R, —» 216py —» 212pp
55.3s 0.1455 10.64h

(c) KFRBETHHEEREEZERLEVHD
1. "Ar, %Kr, 33Xe S0 F A RSHEZE
2. 129 B &L EUERTARILEY (CHsD
3. H MCHEEUCRERDILEY
ZOFT MC 2 H IFICRBROILEWEIED B {, KRPTRD L) RILERTHET %,
Y4C..-C0,, CO, CHy, = DA hydrocarbons
3H--- ( H,O0(HTO, T>0, DTO)
H, (HT, T, DT)
CH, (CH3T, CH,T,, CHT3, CT4, CH,DT)
% O fth® hydrocarbons, alcohols, aldehydes



5. KRPICHEET 2 TROHEHN IR

(a) AKBRDEODHR

RERPEZOBRILYSE, KAGEEMEIHKRALH A0 25 7538 —ECD (electron cap-
ture detector) & WA ENDE, ZDIENDOBICAETEE L TEHINICHKZEE S o
LEET ENTWB, FNIZENIE ppb LRVOFLWEILERINCHBHES ICERDIT &
ha,

(b) T7OVINCERAKXIhI-BEOMR

KEPIFEET LRI, BFEL7 -2 77— DR EICERAPOERTHE L Tk
g2 dlET 5. COER (7o vn) 2REIICHETSICE, LIELAFig 21587 L)
% Andersen DNA RN D ALT =% 77 -FHVOLNE, CORTRILTOSNVONEL Z

AIR
) i )
PLATE /' —
| |
<N ~a>»  TRACHEA
FILTER / J D 7.0-334
___ _<AS____ _BRONCHUS
O 33204
UST N . __ _BRONCHUS
Y ][ ) 2.0-1.14
R ALVEOLUS
Tiz>

Fig.2 Constitution and size distribution of the Andersen air sampler
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Fig.3 Variations of the relative concentration of %zr, 18Ry, 1'u(}e and "Be in each stage. The relative
concentrattion was calculated as if the activity in back—up filter were unity. (1)7.0 #m <, (2}
3.3-7.0#m, (3)2.0-3.3 #m, (41.1-2.0 #m
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DY ¥ 75 — & BV T19804 0 4526 [ Fh ERE EBR D # B A Bl DO Kb DR & 4
L7zo ZOEY Fig 315RTY ZOR»L LA 5 L) KHEHEERERZVThOHE bRTO
MEWHILET - TWD, THFNFROBRIIE-ELHFEZLTWAI Edbh b, KRD
FHBFERFABEETH 5 Be RIFHMEEIH T Y ALNL WA, HEBRISERT 2 ATH
SHAERRRIZRER & ISR EREHZ LT, Ce dMDOBIE L HNTECHACHZEL T
5,

(c) 222Rn & & U 22°Rn DT

I F Y BBGHERROMBELEEL TV ADTRDFDS K OFHFHID 3L WH, K&+
DT F OB OWTERBIPFL RV, ERPLITbN T B HRICITERERT, ZnS(Ag)
rFL—Ya vk Gelld) FPEEKLHACVDLHELRENE DS,

EHAE AR AT RERE L CERAMNICES, ot X 2HAER 2 ERE I
X o THINE LEEERET Caida & A HETH 5%,

ZnS #:Tid Lucas F v ¥ /3= L LN B NEEIZ ZoS(Ag) ¥ v F L — % 2 8A LA-FHRICER
*EX, aHERCERTLY > FL—va Y ERAETHEETHVCRAT S,

Ge(Li) AR CIRIGEMERIC Ro 28 8¢, WML OB P AL LR 7 AR
FOXA MY —ICE S TERT S,
INLDOFERENEN—E—ENH 50T, bbb ICHFHAORALNLVOT FY
P AGEBEICHE T A HETHRELLY FRRERTOT Fr#8EY v F L — 7 ITRINEH,
WY o F V-2 a3 V9 TCERTAHETH L, COHEICL BT FrORILZIE Fig 4
WORT &) REEEAVS,

(1) : Glass filter; (2) : Calcium chloride;
(3) : Absorption vessel ; (4) : Pump;
(5) : Gas meter

Fig.4 Absorption apparatus for radon
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¥ 5, WIPRTHRTNE % B8 LT CRE LY 4 REZAEE (P2Ro L ORI T4
R EEE) BEY v F L= a vh vy vy CHERN #1005 ¢ LTRERROIEE 1T o
2Z20Rn AR ETNTVARWVIEEIE 1 OMET ?2?Ra 2 EET 545, 22°Rn & 222Rn B’ {FHET 55
A13H 1 BEIZb: 5 T4 ~ 6 BOBSBEHIE %47V Bunney 710 » MEIZ & o THE O RN
EEIT)o

Fig. 5 CREOHFNTHE Im DR % 2RHMB 222 AMERANE LAERZRT. %R
BEEIX0.1~0.4pCi/ L DB TEBIL TWAB I EAbh b, TN REMER D 5D TER
AE L ESERPEEICECLD D, Vo AMESICHELA 0 RERB L LT L W,

1980.
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222Rn concentration (pCi 171)
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Fig.5 Fluctuation of 2?Rn concentration in air
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ZTCHBICHESNADLE) THEWHICOITTHAICRIET A2 LASTE B,

(d) '33Xe R ®5Kr DA

Fl ) o227 ORMAOUERNIIBDO TRV, L LIEERETHRRBICESTAE
DXL 2T ORNEFRAPICBHE SIS L5 22 572D TRETOZENL DFEIAL
HUEHNEELMBEL > TE e TITRENTENLDRAMVAZ LBEWEEICEEINET S
FHEIZOWTHND, /s )7+ vy ORMEKICIIEL HHIFBIEERT S & 13X
(5.3d) & ®Kr (10.6y) & K WCHELYMETH %, Table 1 IZ7RT & I IZ Xe #° Kr BKEAD
BHUERSTHEHE, ZNOORELMEICSTHET 5 DBES Tidk v, Fig 6 RZOHED
BEXTREICL7-BBOT O 9 2 ¥4 Y755 THAHY,

Pump
Scintillator

<t
A\’

Dust
Filter

EUT

Integrated
Flow Meter

Molecular Charcoal Column Vial
Sieve Trap Trap

Fig.6 Block diagram of the apparatus for isolations of xenon and krypton from air.

COEBIZKRD & ) ITEBET B,

@ SHERECEL-TENT vy TEBEZEOEREMBLEERR Y 7 THRT 5,

@ EVFa2Ty-7F7y7RER, BHRN »y TREASEREEICHHL, HERVS
TEREBI . ThICEDKER, CO,BEVF25T—T T 9 I Kr BT Xeid O, Ny &
HICHEREL T v I HEEIB,

@ BEREBFIOHEY 2HA, 5004 12k o7-6E3 %D 5,

@ EWRFSy TOBRGBEEEL P74 74 RBICEZ, He ¥R 605 MM L THE, &
ROKEFEWEEL o He OFEHEIL 1mé/min IZFREFT 5,
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<
®
g
5 L
‘g Ar, 0z
3]
5 o
S
Q
&~ /Nz\ Kr CHa /xe\
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0 10 20 30 40 50 60 0 5 10 15 2
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Fig.7 Elution chromatogram

CDEHICLUTHEERE L7 5Kr i85 % Table 2 1257 T, HARIZBIZHEEDOKR P D 35Kr
BB 21pCi/m TH B KAHD 13X BELHESNLDWES v FL—Yarar -
DNy I T FEHBEL EBEOZRBOONT, 3K BB TEL o7

(e) Cc oA

KRHF D 1C i3 CO,, CO, CHy FNLFERTHET 5 & CO, S D b DX CO, I THER
PERATELRL VDT, BERERD UCOGHTES 21T COz IZOWTHA TR TV 5,
LPLAY Y HREBETHEIIRBRETTIICH, D MC OO LEIZR A, #0&D
85 A13 CH, % BEMAE LT 39 CO, DI LB HIC L o CHESNB, KEHO 1C 0
BEEOAHEIROWODZF » T bh 0TV o T2bHDCO, DI, @ COo, DEAE,
® HETHER~DCO, DEH, @ HlE Thb, CO, DHLEIX KOH HBBICIRIN S ¢/
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Table2 %®Kr concentration in the atmosphere in Kyushu

Concentration of

Location Sampling Date 85Ky (pe 1/nf)
Hakozaki, Fukuoka Jan. 30, 1981 20.3+1.3
Feb. 19, 1981 21.3%+1.2
Mar. 17, 1981 21.8%+1.3
Apr. 3, 1981 20.5+1.2
Jul. 14. 1981 21.9+1.2
Aug. 7, 1981 21.1+1.3
Nov. 4, 1981 22.5+2.7
Dec. 9, 1981 21.1+1.2
Jan. 19, 1982 21.5+1.1
Jan. 21, 1982 21.7+0.9
Feb. 18, 1982 23.0+1.2
Feb. 19, 1982 21.7£1.0
Hato Cape, Saga Pref. Nov. 30, 1980 20.8+1.5
Jan. 25, 1981 19.6+1.4
Dec. 12, 1981 21.3+1.3
Des. 13, 1981 21.4+1.4
Genkai, Saga Pref. Dec. 13, 1981 22.5+1.4
Des. 14, 1981 20.2+1.2
Karatsu, Saga Pref. Dec. 14, 1981 21.5+1.2
Sakurajima, Kagoshima Pref. Jan. 26, 1982 21.31£0.6

#% BaCl, £NZ T BaCO, & LTHEDLHER, CO, *EEELVFa2 5L —TICREXELHE
Fdho BEDHEKRT S AL THETLDT, EBARD L ) BARFDLLHWIFEC
BFIAEN S, CO, DEAIL BaCO; DHAE HaPO, ZMA TV, ELF 253 —T0OBE
BB L TCO, 2 REESE D, WET HLEH~OEMIE, ¥RAH Y- LTIXCO, %
ZDETTRNBEI LS TEDH, BBIZCH R CH, KT 5, BRIV FL—Tavhoré—
YRV BE13 CO, #CH0H & CeHe 2 EABBARY v F L — ¥ 2B L RIZT 5, HiEE
ELTIRMC DBN—F{ERNBLOTAA T ¥ =Pl v FL—Savavrs—%Hn
5%, FETRABORR, %RE T Cls FABLEMO BRI ) DR & BBALET
Hbo TEDOEFED - LHEICHET L HFEFHEBENTNS, 161& LTFig 8ibhbh
OMFEE THER S N7z CO, DIHEEE 2 RT,
COEBTCELF2IFV—THFLIEIMSIBXDELVF 25— 7%#RNE0mm, EX 700mm
DRT Y VAROEIZOHbDTHE, TTIOH T AIZER%2# 204 /min DEETHL,
COp L AERZFBRICEE S5, Z2RA74,000 L LA THNITHBIRE B2 iV, CO,
EXRGEWGHE LIzh T AE< Y PV —FT3B0°C Tk, &L 2HEHN A% 500ml/min
DEETHT s ZITHEKFRIFIATARAL T v TIRREIHEENZCO, BUFEE (A
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Pressure gauge

Thermocouple

Integrated
Flow meter

Heater

Pump
Flow
meter
Moleculer
f Dry lce Sieve column
Lip. N2 trap
trap N2
Inlet

Fig.8 Schematic representation of the apparatus for CO; isolation

£ 15mm £ ¥ 50mm O/ TETHIZ20~402 v > 2D ) AFUHED LN TWE) (oL
XNB.ZDCO, 3L, 100nl DEES VFL—a v H 25V EBIZENENHDOY F1L—
TarvasrFn (FFT 707 —-R—-C0;) WKRRSEHEEL VY FL—arhory—TililE
T 5,

(d) °H O

KEHD 3H i Hy0, Hy, CHy DIETHIET %0 Hy °° CHy RABRRICHRTHEER IR TS
Vs, SH OLBSTECED CTHVOTELS 2 R AVhE+5ETETH 5, Fig. 913
MOBHIFEBREBARBEERATREFT O H0, H, FOCHATH & LTHB S b DR
2T H,0, Hy, CH, FIICHBR L7-EBD 70y JHTH 5,

Gas | |Electronic| | HTO ing HT Pt-alumina
Filter meter | | cooler column column | |column caglosgst
M.S.4A {M.S.4A Pd-M.S.4A -
100g | 100g 150g 400°C
H:
CH. CNT
M.S. 4A | column
Trltium- 100g l
free -
water Air
Electrolytic Methane pmp;
cell gas cylinder l

Fig.9 Block diagram of tritium sampler

CONBMEBFHVARPOKRELR, KFE, A7 2FhFhEEL, 20%BBKY v F1L—
YavAY Ty —THERAEERT) . ZBRI34,000¢ % 24 /min DEETES T 5, TTKE
KEHTO A T A IKRN S D, KRRIKDBERTRESELH Fr VTR LEES HT #
I ATBALL TROBE TR SIS, BEICR LA VIIAFT VT RAF ) TRHL, MR
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ELTRIE W KD T CHT 7 F AR E R D, FNEFNDH T ARSI N-KIE, IS
HEEINT 5, ERSNKRIERICEDBEBRS Y FL—-2a by —THllETH, 2O
FHET19834E 2 A A S B T TIT o - BERKR % Fig. 10 1IR3,

Trltium concentration
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Fig.10 Tritium concentration in air at Kyushu University

HTO #REEIL 0.2~3.1pCi/m’ TEHICE , ZFHITEV V) BHEBHFASL NS, HTIRE
12 0.95~1.9pCi/m’, CHT iZEE i 0.21~0.75pCi/m’ THA LEHEBH R AL EV, T/
HTO, HT, CH;T % T. U. TEbLT & EhFh~60, 105 10 LR Y ZhSDORFEDPRR LI L
PHEENS,

EhWIC

BERSRBO—BES, BEHEEERICOWTOBMEL B, BHEEICE L Caais
ZoWTHER L7, LA LEARICIZI0EL Lo BittgEsr S5 L vibh T8y, T
BB DRIZDFDIFAD—FICBE LRV, 4 E DV WA LB KEOSHEE, AT
¥EBEIHE SN, SBROBEOBEIESTEDOHBILEZI NG,

SE

1) Mason, B., Principles of Geochemistry, 2-ed., John Wiley & Sons, Inc. New York, 1985, p. 199.

2) Makide, Y., Tominaga, T., & Rowland, T. S., Gas chromatographic analysis of halogenated hyd-

rocarbons in air over Japan. Chem. Letters, 355, 1979.

3) Momoshima, N., & Takashima, Y., Variation in radionuclide concentrations and size distribu-

16
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4) BBRE, BRNE AEHRE p—FI L UoMBEEEGY CFL - s VEHIIBEOMS
bR B **’Rn DER, Radioisotope, 27, 504, 1984.

5) WHAT, H L&, RAKFDS Fr—2200 bV U HilE—EEY v FL—Ya >
hI ¥ =l BIRERLE, Bunseki Kagaku, 28, 661, 1979.

6) J. E. Pearson & G. E. Jones, Emanation of radon-220 from soils and its use as a tracer, J. Geo-
phys. Res., 70, 5279, 1965.

7) LucasH. F. : Improved low-level alpha-scintillation counter for radon, Rev. Sci. Instrum, 28,
680, 1957.

8) International Committee for a Manual of Methods for Ambient Air Sampling and Analysis,
Method of air sampling and analysis, 1972.

9) MFEH, FMIER, FHEE OAES, BRANE BRBRE, @A yFL-—Ta Vil
T X AZ2HH D Rn—222 R Rn—220 DE =, Bunseki Kagaku, 30, 499, 1981.

10) Okai,T. Takashima, Y. Shiraishi, N. & Matsuoka, N. : Measurement of krypton-85 in the atmos-
phere with a portable apparatus. J. Radioaanal. & Nucl. Chem., 81, 161, 1984.
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Iodine in the Atmosphere

Mitsuo Naritomi

Japan Atomic Energy Research Institute

Abstract

In this section some description is given of a sampling technique for distinguishing
forms of environmental airborne radioiodine at a low concentration of 10~ ** # Ci/
em®, assuming the determination of 129 I in sample by the activation analysis tech-
nique.

Iodine forms are separated by Maypack type sampler which consisted of
membrane filter for particulate iodine, Ag-plated cellulose filters for elemental iodine
and charcoal cartridges for alkyl-iodide. When air is heated upstream the sampler,
exchange reaction between alkyl-iodide and chloride contained in charcoal [type HC]
as impurity is available effectively for the collection of alkyl-iodide form on the char-
coal cartridge. It facilitates remarkably the determination of 129 I in samples by the
activation analysis technique because iodine in the charcoal is extracted by simple

chemical treatment.

ZITH, FEICREE L A RESHAOBSME I v EFHBNICERTARICERICR S
BT IV RE,
Fig. 113 1,000MWe DN OREFICBVWTERT 2 ZEIYEORE, WL 18 L

Y BAREF AR
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Fig. 1 Relation between Amounts of lodine Species and Operation
Period in Nuclear Reactor (1000 MWe)

1291 @ Wit B 2 R F IR OEERBICH L ORLZO DTH S, EFEEREBICHLREF TR
600~1,000H i DEEIZL o TEBRESND IATERXERL TCH0T, HEMITIZ 129 & 127
& o THERSNDDS, Butikid 2% 2R CGEERRBICBIRAR S —ETH b, #oT, Bl &
1291 Dl gtieid FhFh (5X8) X10* RUF2X 1074 #Ci/g L Rkt 5,

4, RESHADUECB VW CEFSNLBEL 107 “ACi/a ET5 L, ZOREISET
B L 18 0B ERE GBS, S ERER (1X2) X1072° RUT5X10™g/ab & % 5,
WRE L bRAFICHET 2BROREI Y ROBRE 5X107 1 ~5X107 /et & D L F
LBy, BiD, BFDMESRASSBE T2 I Y REIBROREI Y RICL o TRMIZHR
SNBT LR, #-T, REFHAICB N CHEETARSMHIYROBEL HRORET Y
FOBBEZDDDITENEEZ bND, §DE TS, HROKED Y ROFTIETE % 881547
L7 AL 5 %0,

DLERUZz &) 2 ERE 2 ROBRHNER IEEN LN CRATERTH S, #oT, B
BICBIRICHETERHEN L Ny ZIC LAY Y 79 ORESh, 2hick > TKE
PLRERBOBNI R INTEZ, COEDOY Y FFIZ2VTRETEIOL I FIZBWTHED L
720 Fig. 213, ZD1H%ERLA-b DT, BREFHHEH CEM L ZHEFFRMERZA 7L 1
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Charcoal Cartridge

} TEDA Impregnated
3

! Ag-Plated
Cellulose Filter Cartidge

} Membrane Filter Cartridge
} Spacer

Ball Check Valve

Fig. 2 Schematic Diagram of a Maypack Sampler

ARICBVWTHEALAL DOTH S,

BHWEMICEFF v 78NS BUKWIE 12l o R % Z Rt festill & UBEHES 7 i1
IoTERTAHI L ERBICLT, BE 107 4Ci/at D BBV 1P 2 ERT S0
LD 103 DEREY YT VI THIENUEIIL D, £, COELRER, Y T70
WE% 504 /min & T 5L, 2HEBULORBBICOI-2E Y 7)Y FPUBEL LB LY
ALTWA5,

Fig. 2ISRTH ¥ 77128V TC, THERRIVE () BRBMLZ7 4 V712 Agd DB TR
RIHESh, RTVAERD L ) LHELFHTHIRBEICRFSNTATHEEL 2V &8
HBEShTV5, L L, ARIVELHET2-000ERIE, FHALGS I HTEEORE
BYZIITHRMETL, 2ORERIEHNOY > 7)) Y 7l 2BEEC 2L LFAONT
WaY, COBLRHEBET2HCHD, BRERICERIVELILERGT 5ES (#121E TEDA)
% 5~10wt/o & L HEMPER SN,
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y-ray spectrum of charcoal (HC-30) by activation analysis
g
£
T
=
B Mn
g i i I\!a M
gF i i KG 5" NaCl Na
-' : iie a;
5 '_-N-. . :‘ ;; ;
M
0 1000 2000 3000

Channel number

Fig.3 7 -ray Spectrum of Charcoal (CH-30) by Activation Analysis

B OERICIBIDFEIENTHS, LA L, P OBSHLHMTIC L 5EE T, HHER%EL
SEMB L CIAaTRTMBT I2RMESUEL L 50T, HHRIZERENFEE LV,
ERE, TOEMLERVIZBAEICL s TRE A, BLOTHPEEATEY, X258
OFERRIZBE L2 THARITEWBEICHE R L TRT bOPDH %, Fig 3 BiFHR HC (¥
NVIa— VB REEHMELTC, EETAHREMD Y BARY PVERLEZODOTHE, ZOEH
RIZIE Na, K, Mn 2O E&RB O CL A 2ppm BEE T WD, COBEFIAERIVELOR

Mass spectra of off-gas from charcoal with and without
CHsl injection

CH4 |H20 N2 0Oz CO2{CHsCl CHsl
‘ with CHsl
Il,l L ln 1 u, tnn .| AR 1t 1
‘ ‘ without CHsl
] NI R A
14

| | | | | | | |
10 20 30 40 50 60 140 150

Mass number

Fig. 4 Mass Spectra of Off-gas from Charcoal with and without CH3l Injection
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TRYEEE LT, RIBEEDTHA2EREFIIREMDLERALLSLEBT A%, —Hna
T REIAHY OBERERITEERICRE IR SRS,

RI4+CI(GEHE ) =RC1 t +1(EMR) RI 7 VF V) (1)Fig 413, HBEMOT -7 VX2 EE
SHLTEDARY PVERLIZSDOT, I VX FUSHEM P THEIA FVICED, RO
RIBO#T % £ (R LT 5,

PEBAAC 1S, ERRORIGAE S A B USAET Y EEELI LT » TTHOT, &
REEHRCTOEHBOY > 7)) y 7 L THBERTEAZLER LTS, —RICERT
LBREFERMATH B 25°C, HAHEE 70% DZLUICIZH 2X10 Sg/cil DIREDKG 2 EA TV S,
COBBEIRAPOREIVEDRELHRTHELIEL, ARIVFERELHETLIKREL
FRICR > TV5, fEoT, BFE LA Y REE % BIMMERT 2201013, £OEERO
KESRAE 2 BT HUEND 5,

100 | /I/I""—’h T
? -— <180
< 80f G
X Face velocity 20cm/sec 6 £
g 6ol , Bed depth 2cm 0 :‘__:
& \‘ Relative humidity 1009 (24%) %
% , \\ Sampling period  0.5-16h 190 8
g 0r J = 1311 concentratlon 1078 xCi/cm3 &
.5 g
g °\\ (~10"gI/cm?) 20 B
%‘ 20 AN
o} o~
T 0~ e e L gm0 —===-0-4(
0 . ) X N ) ) N L SR
20 40 60 80 100 120

Temperature of preheating air ('C)

Effect of temperature of heating air on adsorbing organic iodide and
water vapor in charcoal (HC-50)

Fig. 5 Effect of Temperature of Heating Air on Adsorbing Organic lodide and

Water Vapor in Charcoal

MR ISHATHEE % 40% DTFICTIFa L, 3LALKDPERE LRV ENFoTWVBLY,
COWEEMAL, RRCAMEDE LTEREARI VEORICEELBHO LY 7 v 7ignt
B SN T 5, Fig 51, E 24T, HMEE 100% CREEDI VL2 FLESLEREM
BLTH> T 7L, VA FNOMEDRE KERREE L MBABE I L GRLAELD
Thbo TOTITMBAT 5 L, KSMEERIERIHBRENTI VLA FVORIEDEHHR L THe
REND LI HOT, HEDRIY > 7Y ¥ FEEMICEBRRIZE Y,

DEdAR7zH 7)) 2 7Tk, ROE ) RESFETHENEEHET LLEN 2L Y, &<
BREORGFEI VETORILLEBINTIEID 2 HHEIICHETE B,

22



2EM

1) BEMEX, BHER, BIHRE=5) V700 0REIATEOY T ¥ I, &
RIEE10, 79~93, 1977

2) BEDBIRIZBT HHEGHET 7 ROEME, %7 BREMEREL I+ —, 46~67, 1979,

3) Naritomi, M. Yoshida Y. and Fukuda, S. : Method for Improving the Collecting Porformance of
Iodine Sampler under High Relative Humidity, J. Nucl. Sci. Technol, 10, 292~300, 1973.
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Transuranium Elements in the Atmosphere

Aiji Yamato

Power Reactor and Nuclear Fuel Development Corporation

Abstract

Concentration of %> 240 Py in the surface air and deposition of 2> % py, 24! Am
at Tokai area have been measured since 1975. To calculate net fallout amounts of 2!
Am, suspended from soil and ingrown amounts were taken into correction. Oxidation

states of 2% 2% Py in rain were also mentioned.
EUBIC

KEFICRBEERICERTA8Y 5 Y TE (TRU), 4ic 239240py (Pu) B LU 24'Am (Am)
PHEELTWS, TRORIT—OYNE3HFIRE LTRAFISHFEL, WL TRT

(wet fallout) 3 X UENHLEIC L ZEHERT (dry fallout) LEHRT 5, & 5ICThFHRE

(resuspension) LEUBRTIAHRLIRONE, TNSDORREFEBEBHE DT — 7 #HITH~N,

FDLER, BILREBIZOVWTHLERT %,
1. TRUDBRATHIEBES LUBRTR

WEAXZT HE—OT A TAHBLTHLEEICEDLABICOVWT Pu BLTREBED /-0
Ny F#HWRE LY. FOERLETIGBREL LT Table 1 IZ7R L77e PuiEEIX1975E 05

* EF - BB RS R R R
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Table | Annual mean concentration of #%240Py, 9Sr in surface air and
annual deposition of 2%20Py, #1Am in Tokai.

Annual deposition Annual mean concentration
239240y UAm UIA m /239240py 230.240py, 90G 29.20py, /NGy
(uCi/km?) (aCi/m?®) (fCi/m?)
1975% —_— — —_— 9.7 0.72 0.013
1976 — — — 5.0 0.45 0.011
1977 — — —_— 16 0.80 0.020
1978 —_— —_— — 20 1.1 0.018
1979 8.0 0.41 0.051 6.8 0.36 0.019
1980 3.8 0.26 0.068 3.0 0.13 0.023
1981 5.6 0.41 0.073 10 0.41 0.024
1982 1.3 0.15 0.115 1.8 0.085 0.021
1983 0.85 0.15 0.176 0.73 0.030 0.024

¥ April-December 1975

19834, (0.73~20) X107 18Ci/m* DEHEIZH H, MF *°Sr 1% (0.03~1.1) X107 5Ci/nd T
Hoto TNOHOHWHEB X OLEEMIISCHD & —B LTV 5, 1981 ICHE DO KRB P EER
FiEhbhizzoEWEER LAY, BoRRBIOERCH S Z L5, MEEORSTEL
i, 0.011~0.024D#PT, F0.019: VbW 3 fallout BETH B L ERL T 5,
BTWICOWTIE, dry B XU wet fallout Ab¥ TREKBTEAREL, RBBMHEEPu
BLU Am OFHHEICH L 7249, T2, ThHD—EBIZ DWW T resuspension DEHFG KD 2
7=, Si0; B & U ALLO; DEERSHIT 1T o720 Table 1 ISR T B R X W ERMOEMAET
BTH LA, PuDBETEIZ0.85~8.0#Ci/lf, Am {30.15~0.41 #Ci/kf TH o7z TZTHE4
BTEITEALTHEMICH T, 19814EIC1E Py, Am & AR S Iz,

2. BTHO Am/Pu ISHEELL

Pu (23 ¥ 5 Am OSBRI 24" Am 25 24 Pu O BREDHR L 5 TER T HDT, RFEHT
BACHEMTAIEFANONTEY, HRE40% IETH L EINY, BRTUIERTLIERL TR
BWEFBHNENEY, RISRLAEBBRTRORIIZORERMIC 5RTHEL, 0.051~
0.176 DEMIZDH o /20 RPOBETEEILAME LB L TV 5 D13, resuspension B X TREHD S
HETTORD Am OPRNFBEESTEZMEL TWiRWI LIZL 5, 1978F > H19804F 3 TD A Mk
FTRIZOVWTIhLHIEREL-BDEL2 70y F LT, Fig 1I1I7RY, #IEIX, resuspension
IZoWTIRAREL (1) D Pu, Am B LU Si0,, Al,0; DIFHHESD S Pu/SiOz, Am/SiO; %
EDRERD, THIRERTYHO S0, DELEITTEB L. I 7-REBEESIIEE B
EORXPLBH L, 2OKE, resuspension PF5- X, BAIETEICH LT, PuTHIY5.1%,
Am TF3910.3% TH 7%, ZOWEKDOBEEELIZ0.005~0.21DJLVEBTEB L, ¥
0.066DfED R LN 72,
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Fig. 1 Monthly deposition of 23924°Py, 24 Am and precipitation in Tokai.

3. KXHBTRU DLW, BRILREBOWE

KEHF D TRU DEEBICDWTOHE ISV, SillY i3 Pu,0; D, BIL D Pu % 3EE
L7zo PudFh, £BRTED 93% i wet fallout & LTHETT 5 LOMEOXHL, 22T, W
KD PuDRRILIREL 7 v bibBRE THBMEL 2L 25, V, VD Pu e 38~
89% 2 HH TV B I LA 7210, KEEFD Pu (V) DOHEFEIX MPCw DEEICER <X L
DRFED B, BILREORER, ZOMEROHEELL DI, KRPEABOALZLTEE
Thb, I/, NEFHOWESBAEREFMICEET S ETRURLZAFTHY, 4%, =
NODOMBEICHET AL HMET 2EERI RIS,
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Chemical Status of Elements in Soils

Mitsuo Chino

Faculty of Agriculture The University of Tokyo

Abstract

The availability of soil elements to plants and mobility of them in soil are impor-
tant when we discuss the fate of the soil elements in the Soil—Plant—Animal ecosy-
stems. The availability and mobility of the soil elements changes according to the
changes of chemical status of the elements in the soil.

In this paper, the author gave general explanation on soil structure, soil chemical
composition and chemical fractionation of soil elements, and finally reviewed recent
achievements obtained concerning the chemical status of soil elements and distribu-
tion of them in the soil with brief interpretation on the various methods for the de-
termination of chemical status of soil elements.

The availabilty and mobility of soil elements can be estimated to some extent by
the various methods introduced in this paper. As the difference in crops and en-
vironmental conditions such as precipitation, irradiation and temperature influence
the availability and mobility of the elements, it is impossible to establish the general-
ly applicable principle or method for the estimation of their availabilty and mobility.

However, we have prepared methods, one of which can selectively be applied empir-

*
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ically according to the given conditions.
oIS

IR, KEE L b CEELREETHL, TR ARORD ) OBREMIE, 7249
MEEDHTHD I LICHET B, TRPOTEGEW NS h, 20OEFICHETHLLD
2, WbWwa, TR (AM) v EPEBLCAMICOEEYS L5, ¥, 1
WP TRBICBH L THTARICRATS VI MEL S5, Z0L ) CHEFOTEOBEIIA
MO&AE L BELBGEY b0

HEFCORROBEH S (HBH) PHY~OENSNG S (T BB COTED
FHME L HHICEGT 5, BB, BRPCHET 2RISR GVBE (TRE) 55
WIREBS LEVWEL 29 TRB b DX H b,

KECRTTRETRECTRO BB L HEBOTHEDEIEES & DRIV T,

1. TROBEK

HIREARPKRERL Y, WBEICZ L, FRALEE, RESNLIENFEVDT, HEd
DEFEBB LIS, WEEHROR LS (&1)Y BETLH83FL LTKICBRLT,
KEMAL LTBEIT2, 37, BESNAEVD, BHICL > THEOTEARCHEITK &
CRZY, TEOBBTERL TR L CO—RVER O % B#EIC LTV 5,

£1 tHEbCcOTROHHEH"

7T F W ()
Ca,Cd, Mg, Na 75~380
Hg 500—~1000
Au, Cu, Na, Pb, Se, Zn 1000~ 3000
LFHICRE L BEY 2800

*Yk1 (70~71H) LonFLn

TEABRTAME DI LEM, B, KRS, BHETEOERELETIOTHY,
HEEED 40~70% 5O 5, FEARGHNERETRN T (6AOEIRESERE0.002mn L),
204 FRESEH T LS SR2Z0.002mm LUF), &Y (HREH%) BIUEWICK
FlEhsd, HBEINODLDINTNFIZRESNIOOTERL, BRFFIEVIEES LEKk
ELTOLRh TR L, BIEL Tuwh, Bl (HBER RAMH (LEER) 18k
FEIOFLEE (HFEILB) ICHET 525, ILBFORHEFHOEEE, ZBICE > TEHT 5,
F I OEIC & o THMOBEMEIE R L 2 258F OMIKE CIIBHEOS C RBEILBICHEET
HOTENZLLBENIV V. L L, KERETIENCLLZTHNDBRIZS ., 1%
EFANCET 5 E TTRDFED WL O RELCLE) L TBEFOLENEZH LS LT
Wh,
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2. TBPOXTROHFHES

TEOLEMED 1Rz E21CF 7, HEORIOEERLEIIRT,

£2 LREVEMCU CHENERT 5BOTTHEARE
(Navrot and Singer, 1976)
(CHk1 58EH & V)

TLHE mg R/ kg LRE mg %/ kg 18
Al 60000 104000
Ca 61000 2600
Co 59 81
Cr 170 160
Cu 52 57
Fe 80000 103000
K 10000 4600
Mg 43000 4800
Mn 1200 1300
Na 25000 5600
Ni 200 300
P 5900 3000
Si 240000 250000
Sr 1200 36
Ti 19500 12000
Zn 95 150
%3 tEhoRSHEE
\ ] R N
ac KR 4(1.5—6)
187Cs FHEMES  63(18—90) 4500(2600—6800)
%Fe ” 7100
K KR 440(0. 2—1200)
5Mn FRF@RER 7.4
210py, KR 75—6300*
20pg s 8—220
238py ) 0.007—0. 07
BmHApy } O FETSEHER  0.05—-1.4 76(44—145)
Mpy ) 16
226Ra KR 30(7—180)
87Rb 7 140(20—560)
90gr FRY@HEE  35(20—55) 19—3000
Z0Th ) 100(3700—16000) *
232 —_
234Th } Fok 37(4—178)
U 26(9—120)
=By ) 24(8—110)

*—o DR LEIEPBU % 750~3000Bg/kg BA TV,
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TP OTEIFEAROBEE S RHAM, & JIIEHICLEHAINTEY, HLOFELRED
BROoND EBAA VEBICEBH LRI DL ) L HFAEESTEZL NS, LiEPE*BEIL /20,
HICRINE NS TCRE S TRERICBER L TV A THTH D, HEBEHEFOM oI —
T, EHEA A R4V EDPHFEL, &4 4 CHMICTFEBEE DS, LOXIRhA 4+ 8
DRI & RN SN B ITIZEBUZ 2 CASEREDKBEMEA + A& RIS NS & & ITHRERY
KHILN TS, BHFDA A+ Y IROKEIHBICE > TEEL, F/-PoRRT2KE LD
WA 70 =X > THEET 5,

ROCK
2 3

M-Clay ML(Humus)

N\t

M=ML |__
Soil solution PLANT

5 27 \5\ 4

M adsorbed by Insoluble
hydrated oxides compounds

1 TEFCBILTEOHEEES CH2, 27HL D)

TEEWRP O A 4 VYIRS NIz, BB L) LT, RESEA TS L, BEfEL
5, FHRRICH EONTHREND, H#toC, HWHIRINTE ZTHELELE LTI HIBERR
mDAF rDIEPIC, HEERICA A 2R CELEHAPOTEE S DEE LRI L SR\,
EMICEHEARTOAF L0, BEHPICH > THEFICHERERIE > CREIT A TEKEDH
PE, HEDREOHELTHRETEOBRERT, RELEERT LIFC, WFE OV %A
TAHNEREREL VW, TROTHERINASICL > TRESN S,

ERPOLEES & LT, OIS OBRHEICHRSE STV ALE, OIEREICEAE S
NTVBLE, @RLT NI =7 AONMKBIIZEE SN TVETE, OMTHEYOREN~
MEICE ) TEFNTRESNTWATLEK, OFBHNELE LTELTwaHE () Y8R, it
s, KBMtESRL L) Z0MFH5, ThonH b, BRIKIRTEICS - Tl LR RREICR
BEEINTOLEGIR D HBEBRICERLPICA 4 V2B L 5 %, R4ZTEOH oo (1 Fo
BEEZNOIHE - AN 4+ Y ERT.

TEERFOA v LEHOHEHE S & OTHEHERIIEL DRI L > TED, I, LED
pH & Eh BEEA A > DBEHB L URBEMEDEK - BBICKE 2B RT, HIBEEFIC,
NO;™ D& ) BBEA 4~ DBEIHKT 5 LERWPEEZROI-OBHA 4 ¥ e HLEIr GBS
BIlthh, I, WREBEA A L OBEMIBEA 4 244 VB L > THET 5. Hl2
EHEAD ¥Cs ORERT7 Y ESTIRHEOBS X s THET LTV ETAF D% LD

34



BT %o

F£4 FEouf Fo=, ZORE (F=YOTEOKHREER, Sanchez, 1976)

% 2 & R o 4 4 v CEG AEQ
e kg™')  (eq kg™ )
EVEYUF4 b KAl Mg, (Siglro (OH)y)s Ba, Cs, F, K, Rb 1-18 0-01
N—3F%254 b K, (Al Fe Mg)sSigOs (OH), Ba, Cs, F, K, Rb 0-85 <0-01
454+ K, (Al, Fe, Mg),Sig040 (OH), Ba, Cs, F, K, Rb 0-19 0-03
Naf4 b Al,S1,0,0 (OH)g4H,0 F 0-18 0.15
AFVF4 b Al,Si4040 (OH)g F 0-04 0-02
= (A1;03), (Si02)ynH,0 0-51 0-17
¥F7rY4 b Al(OH)4 P 0-05 0-05
S8k FeQ,H As, Cr, Mo, P, Se, V 0-04 0-04
VYA 7474 b MnsOumH,0 Ba, Co, Ni, V
VEAV RS Cas (P0O,4);0H. H,0 As, Ba, F, Pb
B M Ca7-100H20-80010—12N Br, Cu, Hg, I, Pb, S0, U 1-36 0-06
CEC, B4 A+ v X#AR AEC, B+ v AR (7R 1, 61ELD)

3. XBPTEOEES DRAEE

TREESOREICIE, HEZAOH,OHFETHET A5, L1856 T0HE % #E Y 2B H <l
HOMT2FEMRA NS, BEb X ) IC BN CTRRL, ERECTLRE LTV 2BET
FHEO—BHFIZHLCLEIDT, TOL) L0H - MBI LTItk ARY), BAKELR
OERIELAB B E Y RAERIE L 5% v,

TBERORNEIEAZRENTV LY, ROEBROBIZHEILERE *#E4 % ®LE
KHEEL, ROTHEICE > THEL S SN TL A ERLEOKIICHNT 2 HETH 5,
pF2.7 BEO NN P25 &9 2EEKRT, —BK, &O5BEL, WEDIT 55k EEIRA
TWb, NEEEAES LEIET O A 4 VRSO L, EEECREVWE, REZERY
Bo KEiTHND LI IC, LEXHERYES, MIESSIIWENIISETLHE DL, T2,
MR BHSICERNIIRE SN TV SES (INPFERTFOEELLIDOTHD) 31—
AR B E T 8 b, TA S LTI INBEBET ~ € v (pHA~T7 D—EfH),
B (0.1IN HCI %), PHEEHE (IN CaCly), ¥ L — MAEW (EDTA #, DTPAH) %¥H 5,
FL— FAERRIESEA 4 OMBIC I CRASI S, WAL LIRS WA EREIC
koTb%ES,

TEOFHEFEMNEEL VI EQUELD, TROBEIISEOL 2 WIHHIETH 5 2 L 2H
HBEINEZTROBENDSH N & b HMAIDBIREM L 45, £ DFERTIIMEEM EDIE RS
TOEEBOWRITIZ IV, &I, FBREISHHEOTEOMBIZOFAIN) 2LV ) R
b0, LaL, AKE, 7LAAU505HE VISV TECRAR CRMBEAMETLTCLE Y
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2O LS 1ETR pH A —RTEL LIS W (BT & V%) ATk v, HEPICS
BICEEOHLET S L 23V Th oMb ¢ L EUDOBEMER T,

I ORREE S OEEICHEHERETE R) 2AVAHENH S, NI —EORMER
BT, HMTED R 2 HEISRINL, H—C@%, HEORES 0 IITHE &SI RI &
ORI —EDOTHEEASER SNz L Bb B CRE (—HICIX24H) L, RSO
IrOFECHHEEO—BE MM 5, M Sh AT ENTHE (SHIHK) LRIESLT
EHEIZFES RI B %KD

S () = rolt) s ()

2k > CEHTORETERINDL S (FH) 2HETHLNOTHL EEE). 72, AEE
LI L WO—EO RGO R 2L, BE%, HEFoSEES L ORI FHRBIR T
VERETHD, ZOHETHEY EREE L, Eyh RS BNTRRELEDORIEE
ko, BOHNDLHREESS, HEWARINL S A2HES (THREES) ORAECLEERDS
L) HEbHb, BIb

_F(1-K)

Tif RI & Wit ie
Al - Ha gt

VIR O LB
L= (a/a,— 1) XEITEHR: (2 2 Cag= VI RI OHCHUTHE, 2, =B R 0 LA AE)

F={RITHE

(::TK=

F5 TEAK, HED, AT, BETROSEBOBE*
(T. Hinkley, 1978)

2BTHE | TEAK ppm | BAEY ppm | MKWTF ppm | #KTF ppm
K 7.00 700 18. 900 21, 000
Rb — 8.2 54 126
Cs 0.011 0.63 4.2 17
Ca 1.74 1130 15, 000 13, 800
Sr — 15 500 410
Ba — 39 260 930
K/Cs 630 1190 4500 1280

YA (AAbLz/ 4 v B, BBYIISTEDI9%
HEFEMIBELTT Ay T -y a VL 2BERS (21T8050%)
PR TE S L E50m OB L > THRBI L o i TESY (218029%)

(X#E3, 347TH &L D)

TROLN D,

HgEFCOTROBEEICH LTI HEEAR & A & OSRRRS 1P TOLROIEIRE
POWETHHEDN Db, ERFZNTHREAMGICTHIE L THIRY 7 2 2/ERL, TOKMEIZA
U EBWTCIZUR M T7 4 —DEHIIKERRBA L LTTRBANDOBEE % H~<5 7 ELHN
ERESG TR IICTE L RN L LROGARELH/2), BEAIC EEERIRNAOREE &
OPNBIAE R A OB SICEFE LT, BIMNCHBERERRLTBBM ALY, 7402
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Y= AVWCTHEERBET T AR RN L TKABL AL 2L L,

TEHN T 254 F BT HREL IR ZMEI DI, EFEa 8- X PELTE
RIZ, WhbWAIYN—RAYPEFLELTODIFAFIv s 2Ib—2a ilikbM30D
BELHETHFELHRBEN TS, Frissel & Reiniger & CSMP—[I &\ 3 FFET, LED
T4 L EHNESETO PSS BLU Y Cs OBBRRD L 23V -3 3 ¥ 2fTh>T05 (X
K 6)o

VDB~ 4 OFETHR LTV AL LEISET,

4. TBEPLEXROFERE LI T

(a) PEH/EICLZLBRFEFHIOXTF—HEDESIOEES—

TEAKICEEL, ELLAEE KUY UBS) A THERT 28BS €, KpToik
B BERIC b L IEERBNC X DR F 2 RENICHB T 2 HEIH 5, £/, ARYESIITHRE
BELAFZRBLAY, BRIEL CHED LML, ZOLERBENETRELROLILIZE S
THEOLNE, TOHBETCs, K, Ca e EOFEES (TI|WEW, AHY, MR+, MET G04m
PE)) CORHEELROLBFANRS DL, WTNOSBELTEOMAT LB FIIEL, AR
WA wAs, K/Cs DtE &5 EBEPDESTICCs A K LV ELERTwE, ZLT, HEAE
D K/Cs IS AEPE N ITEWOT, HHEPES O Cs ASHIBEREAD Cs DERFETH S L#
BENTVES, Cs ITHIEBRD I VK% 2V EICEE SN b, Nishita it 228Pu R 22Cm DEM
HATIEERY 2 BELKECRBT L EHMARTHILEIHEOPH ET VA VI LTEHEY D
EEIIEIT 5 & i3 0 238py, 2Y2Cm DAL HKRT 5 2 L2, HEAEYESITER
HEXRLTWVS EHBERTWS,

(b) HhHEEETHE

£6 FIEETEFOD CdOLFERESHICKTT LEpH & Eh ORE
(Khalid, Gambrell d Patrick, 1978)

pH6.5
i % ‘gféOO Eh (mV) *’EHhi(f
—150 50 250 500

KIBHEA 4 V(W) 53.8 6.6 4.4 4.3 6.2 0.5
TAMSEA + v (WC) 0.1 0.0 0.0 0.0 0.0 ND
R4 + V(E) 38.9 46.9 43.0 45.4 41.1 31.1
BZMA LV (R) 1.6 3.6 3.8 3.7 8.6 5.5
DTPA #itif 4 + ~ (D) 3.1 11.7 10.9 11.8 18.1 16.3
BEARMGEES(0) 1.0 7.4 6.6 4.6 3.5 11.0

(X#k3, 417H&0)
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MEFEELL I LICE HEbOKESA 4 ¥, A4y, HEREAHA AV ERFILTH

W54 4 P RERRMEORAL LR EN TV D, K6 IIKE LR D Ca DB OFIT,
KBHA A+~ (W) IKICEEBR, 0.454m D7 4 VY —TiFBLZPRTD A 4, WEHESE
A%y (WC) BKEHA+ hNaBIA 4 KB L @B LAb 0, TEA+ > (E) &
IN B Y — Sl mEiE %2 0.454m D7 4 V¥ —THEB LIPSO 4+, Bkl 4~
(R) &) DIIER—BEET v /R TREL CIHELET 5 DT, e~ AV BILHIIR
EEINTWwWHA+ >, DTPAMMEA 4>~ (D) &F L — M4 DTPA (pH?7) THIHSNBH A
YTERL— MERICL o THEBDICRE SN T30, HRIDEEERS (0) & DTPA TR
HHXNT, BEKECHERY I HE, BBy -y CHREESNE L5254 0 THEIE
BURICEINTUALLDEERT S, WCIKIZLAERL, EdpH ICHFREESHEREL,
Wik pH T <, #ICD R QIdE pH TE LAY, RIZASWETELZ V. HY (LEE
) LOBSEOHEEICIIYOY VEEF M) ARECTHEBH2ABT I FELAVORT
W5, 1EEHO Cu & Zn % Hy0, KNOs, DTPA, HNO; T:EFERG IS L, NEIZKIERE, 2HLRE,
FL— MEAE, ESRIIhIT A AN Silviera & Sommers 12 L - ThEN, FL— MEARE
LREEFKBATHEI EIRENT VS, K7 IXHEF O A ORGSR % Kb, B
BEY o E M GRlf), REMICOITHELZSDTH S, KiEHESE %Ru & 2Sr
AHEBIAE {, MBSV, ZRBEE S Sr ATKE L, DWTYCs THY, fid/hsv,
ARBEEEEE S 0Sr DAHIE K E Vv, ROBBICTAH 20X HBOMEHE, HEEE, 1%
PHEIZ X 5T, BL2DOBIENELH S THD, FIIE0Sr ML, RH N, FREBFEOESIC
X o THBED D DI 48% A5 80% 12 bR L KBUNEY T 5, HIZBY YERAKOIES 12
TR L, KEEZHENT 5,

®7 SEEEOLERICETLAFERE (HE%)

K B B % B E
08¢ 5 ~ 10 80 ~90 2 ~15
187Cs 0.2 30 ~ 40 50 ~ 70
104Ry 5 ~ 15 3 ~5 80 ~ 90
Sy 0.5 ~ 1.5 2 ~5 95
144Ce 0.1 ~ 0.5 1 ~5 95

(oCmk4, 272H)

() TEBAEPOAF > DERE

FHEORBEEZVTIBBRTOA+ Y EEB/ v RO DL, LA EITbiT
THEHERS LIk o7z, 8IXZD 1HITH 5% Co, Zn, Mo, Cu DWTRHEAS + » OEE
MK, BRIZIZ99% 258EA 4+ v CTh b, LEBERFOHI Y TV v 7 ADFTFREPEORET
HohrEET LRAADHENFBE, FVvro<, BREKBEEHVWTEERTWS, K9 IRE
BLEEPOMI s 7TV oy 7 R BIFATHFREUICHE LR TH D, TIREROIRINE
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TV OPRLSHERIELN TS, BlL, BMETHES LEPOFEI LTV » 7 235F
B500LL T A$47%, 500~10,0004553% TH Y, 1 HUED b DR EN L7z, BKTH
W 2ERTELIFUEN2% 252D, 500~ 1 FOESEASL, INEFBET € CHl
L7236 DTRSTESOLTAERMICE V. BokiliHh D53 FB500LL T OBisY £ 500~ 173
DEHREBEILF V77 h (7 7F 927 A2G6-25LG—100) KXo THETSLHEELW
{OPDE— s BEEFD»HBONLA, 5T-B500LLTF OB H500LL LD S DD Y — 7 A5
DONARE, FHEEA LTy 7 ZAOFHEEI Y TV v 7 AORER R EFELOMBELH 5,

®8 THAKFAAYD
A4 EE (BRETETOLEHM)

THR THEARRE (M) 44 EE(%)
Co <0.007~0.2 8 ~50

Zn <0.03~ 3 28~99

Mn <0.02~68 84~99

Cu <0.01~0.6 89~99.8

%9 EHIEBOREAHOSTENSE
(Schmiat, Wildung d Garland, 1978)

o F B B 45 fi (%)
R 50000 F 500~10, 000 10, 00084 £
T # M OBk 47 53 0
Bk W OH XK 58 16 26
BEf 7 v E v 92 8 0

(>CHk 3, 434H L)

(d) RfIEHRE

AfEER LEE G5 X ATHRETEOUEMN XL 20d b, RERICAVHHEYOHE
HRRMEEED 2 VILEMTENLENERICL 5 CTRR 208 PIRFENTND, LR
RO Zn OURHEEE % L HiETKD /2 Tiller & Wassermann DFR TR I LF, VN, 70—
)=, 77, rape, 4 A TORETIZIZ L OLECTHEYOREER, HEHH, RNEHOEETIE
EHBVIEITRENL, LAL, BHOBMETIENYNSH LI EATRKEENT5H, —7,
Wallce & 65Zn & 5\ 13 %Fe 2 HIBIZEML T, VEVEFL Y VR L L EEADERI
DOHBEEREICLECOREIFAL v VENEL WL 5EZDHH 2 &, DTPA 2 EDF L —
IO ERIMAHEM AN O RS B0 A Z L2 LR L, HIROTFEITTEE SRR M
EEOHTELI L ER LI, EFH RIS ML, Y KA LFET7T77F) &H
KL, WP Zn OIHRETEE L TIROFIERED 5V ISEEEE T ¥ E Ll O LeitRE 7
BTz BREEIONDE I o720 EDSDLLE ) I Zn DRMBESK E W &Y ORI
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3% In DIBSTRREBTHE SN A OLRALT, WEFRALEATHS I L ERTH, Zn
DEMBEAMEN EWHBHEEICK EVESD Y, EYORINT 5 Zn EH & BA & TS h
PWHREDIEERRL TN D, T2, HWHICE > THBEHESREL Y, THREREMEEL
HCTEBIT 5 LAAbR S,

£10 THICHEMU 72 ©Zn OEFLMHK, EEERHHRTO Zn OHBEHRES
AAFBLO Y FIENS NI BZn OS> O gD

(%%, +im)
N 6571 W . .
o) | gl | memmw | i | as¥ | 3wy
0 60nc/g 58 2960 2393 1548 865
90.9 ” 535 509 — 392
272.7 /, 206 187 155 131
545.4 Z 61.1 61.8 58 66.5
1090.8 » 55.5 65.0 45 48.5
% HBURBE D B mei/gZn

) H#EIC Zn % 0, 90.9, 272.7, 545.4, 1090.8ppm FML, %Zn % 60nci/g LEERML,
IAFERRIT YT EREL, RIEEYD LOHRREBRMHBETOA Zn & %Zn 28|
T ULiatae 2 ko 12,

(6) 14>DIFFEAOBEE

14 Y OEEFCOBBRIE A+ OLBPCORHBRENET L LIC k> THERSR
Bo FIHFEBHHME LV 2Dt (LBUARE) &% %o Zn DIBIREIL 10 3cl/s BEEZ DT, 10081

(t=100 H) 2% 5mm BEOEE) & & 5,

TN LORBIESBAA L 2N, KeETHEHBTL2U0° by 57 4 — DR
2IER T M2 Culil2o2nTHLDTHEA, BEMIZBERKICL - TRL2 2, BB AE

CONCENTRATION (UG/G)

s 0-2 0 500 1000 0 500 1000
5 : A h A
z 24 3

; 4-6 |

e 6-8 |

E 8-10-

= 10-12 EDTA LEACHING HNOs LEACHING
; 12-14

E 0~2 s i L X
a 2_4 1 /

o 46

Q 6—8 j o

g 8-10-

75! %3-3 j H20 LEACHING CaCl: LEACHING

B2 #EEEOD T 2CEME NG, > Ok (HO), WHHK (CaCl), ¥L— i (EDTA)
BIUBE (HNOs) 24 5 TB~DEM (Biddappa. Chino & Kumazawa, SCHE 5 )
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HTASL, IBBHOBRLF L — MEOBHTRRKREL, BBBAHTRKRTH L, 2D ki3,
JERASIAEL 72, AW EMR 5 EBHUNKEC LB L, BICBHERTOIBH LT
HILERBET D,

T3EH 5 L To 3 137Cs, 00Sr 858y, 9Ca DEBM L TN FI V- ALY NEFANTDY
Iab—2a YilLkoTHMNT 2RAE De Witt (X525, T’ KE) V-7
& o TELATRDbIR TS (OCHK6),

DX HICHEFOTERTHREE S CHREEICE L CdL OB EICE D, 5BREOHRNNT
WEEE B oleo BEROD L ICHEIIEANIC L 2B VATKE L, FE SN LMW RHKER, B, &
BEDEWHZELT, THRERPBHMICHE L - RNERICHERIELLL 2V, L2L, +
BIEHFEDEDOS K OMERENECE Y, TEMER, HEPHER, SIS RORBRITEAE
RHN, HHEEOREERHIZEAD Case-by-Case IZIRB I N, ERBILZLDLLEDNDOH 5B,

2EUW

1) Bowen H.J. M. 3%, &R, FHR  REERLE HEH 1983

2) Heavy Metal Pollution in Soils, of Japan eds. Kitagishi & Yamane Japan Scientific Societies
Press (#&Ht > % —), 1979.

3) Environmental Chemistry and Cycling Processes (edt. Adriano & Brisbin) Technical Informa-
tion Center, U. S. Department of Energy, 1978.

4) JIEE, A, /NIl EEIRE R EBUEE, RERFEHME, 1971

5) Biddappa, C. C. Chino,, M. & Kumazawa K. : Migration of heavy metals in two Japanese soil,
Plant & Soil, 66, 299— 316, 1982.

6) Frissel, M. J. & Reiniger, P. : Simulation of accumulation and leaching in soils (Simulation

monograph), Wageningen Centre for Agricultural Publishing and Documentation, 1974.
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2.2 HEHUZ 51T B BT RED
BB b KT PR ORE

W H 3% K™

Influence of Chemical Forms on the Movement of Radionuclides in Soils

Shigeo Uchida

Laboratory for Radioecology, Nakaminato
National Institute of Radiological Sciences

Abstract

In order to investigate the influence of chemical forms on the movement of

radioiodine in soils, column experiments were conducted.

Each 107% meg/1 of Nal and NalOj solutions labeled with I-125 was introduced to the
columns packed with sandy soils. Leaching patterns of I~ and 103 were obtained by the
measurement of the radioactivity of the effluent solutions.

The results obtained are summarized as follows: 1) About 70 to 90% of I in in-
flow solution moves as similarily as soil water through the columns. 2) The velocity
of 10~ 3 migration in the columns is about 2 to 10 times slower that of I ™. 3) Che-
mical forms of iodine scarcely change during passing through the columns.

These observations, specifically the different residence times in root zone recog-
nized between I~ and 10 3, suggest that the transfer of the element from soil to
crops should be dependent upon the chemical forms. So, it is requested to know the
chemical forms and the behaviors of the radionuclides in the environment in order to
estimate the amounts of the nuclides ingested through crops as practically as

possible.

»*
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LI

BRERICHM S - ERE (BT, RIEET.) ICL2HBREFMZITHOHE, 40
PREBIEZOND, RIEWEIUC X 2NHH8BIE, EELEBRREO1OTH), BEYH~
O RI DHTEER, KE—RIEYRELE-RENO 2085 5%, 1-129 %2 EORLEMY
L HEEHEL L-Ga 1, BREOBITRBIEHTE 225, RFTIk, 18 -EY
~ANBEBICLAEREHEL, HEY M F25 I ORBRBOMESIIOVWTH~NS,

1. HERETORRERBEOERRUBTICOVT

RI TEMATHELREINLy — & LTIE, RIATKAD S KB ITMH T8 I12ikA% LA < R
BT RPLTNKFIZRAL, ThehAdwKkE LTHEATAHAEREVIEZLLRSE, WTh
OBETH, BBRBIZEMSIN/A R, BAXEPAIVKE & HIZHHERR %8RB HIC
BTLTWS, L2L, I FLALORIGIELIGE - BERCZ VELRZSOBETS, &
DY - BEERICIE RIOFEEIC L ) B2 57280, HEPICBIT S R OBEIHE T RI OIS

Concentration of R.I. in soil
00.0001 0.001 0.01 0.1
L I

T

Rain
l

7777777777 R 1.

Soil depth Z (m)

Soil

(t:0)

Fig. 1 Profiles of vertical distribution of radionuclides in the soil at time ‘T’ after radioactive con-
tamination of the soil surface.

S VRELR A, Fig. 113, HEXRBIZBIA RIOBER#EANIIRLIZDDTHSE, t=0DL X,
FEEFB (=0) ICHWMEI N RIS TREREIIL, LE0OX)E9HE2RTHIERDLLIZIDTH
bo VI 7OMENIHIBEHMN AUV ICHEETLIHMMLRIE =00 X2, z=0ICHFET
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LRIB#1.0LT5,), MITEREISORETHS, RIOEFIZLY, 2otEdhTo
GHIRZD, IR, aDEH)ITHBELORENHML, HBERETHRS N, HEHA~D
FOBEHLLZVRIR, bR cDEHIC, LIS - BMREE D BLEPSBEL T
RIZXH 5B, dDHER, —HRIBERBIHRSINDD, BHVIIBICHT HVIESNTICE
BLTWLRITH%,

RIOTED O REP~NOBIT L VI BEr O LEELREEZ L, EELNFA-FLLT
2, BEMORYESA L TWBHES, WhY32REEATO R 54, BEBSA~OHTE, &
LHIZHEFORIOWHER EYICE > TRINTEEAZ RIE) E0E2o0N52, Thon/85
X —F OfEix, 1R RIOESR, BAEPLRBRFNREENFICIVRLS, £/;, ALRIT
HoTh, TOERIZLYRL S,

FRTIEREICBVT, BEHEI Y ROEEOENC L 5 EEP TOBBI DR IZDWT
BR5,

2. BRI IROIEEHDBVCL 3 LBPTOBEHDEVICOVT

TEFICBITA 1 L 10;” OBE)/SY — 2 % Fig 2138, Zhid, 3EEOBELELR
FTrLAAT A, EFEE T L I0; ICRELAKBREZHEAL, WB Y- 2RO/
bDThHb, THEH T LDRESIE 20cm, WABPO I T FIREL 1ppb Th 5, #EEIZH AR
ROITRIBE (Co) ISHTHHHBBFRDITRRE (C) DLTHY, HFBEEERDT, ¥
#ix, HHE (V) 257 2HOEHBRKE (Vo) THRLAMETH S, Fig. 2—ald 1 O, Fig.
2—bi310;” DHWH/INY — v &R To 17 RUI0;~ OFEERL D, Bised 1~ XX 103~ DKEH
¥—%E (I :5Vo, 103~ :10Vo) #AR, IUELETLVKBEELEKL, BEEOHKM%
DBE L7z, 72, HIIIRLTWARWS, HEKDOL—H—L LTI F 74K (HTo) %
BwT, AHROEREE1T -7,

HTO D34, #0.7—~0.8 (V/Vo) TRt SNtsD, ZD#, SBICHHBET DR
EXRELLY, C/Co=1.0I2#TH, LaL, I” DA, LbEF) AR HEN)HEIZ
HTO LIFZF L THBHA, C/Co$0.7~0.9CTTFJ b=t Y, C/CodL.0ICHLEV, Thb
H, 1T ORESIEBEKEFL L) ZHEETBR T 545, —# BHRAZED 10~30%) (& 15
KHCPEL T, BEHIBH L2V bbb, —F, 103 OBEFR, T ChRBELLE
BONEL, ZOHBIPLRNTHD, Zhix, HEH T LA% 10;~ HFHELIGE - Bk
Bk DBLENOBETA27:0LEIONE,Z0 L) B3 v FRoLEF TOBENIL,
ZOMERICE VR 5, BEESRLENE, BIEWORBEEN TOSME CREBSN O 1%
YRLRLETFHEING, —H, WA F2LRSEE, (EFROBVICL ) RIED~ORINE
BELDLLOBEY LD S, DL HIT, RIDEERIX, IS EEW~ORIOBRITELE
BT AIDODEELNTA-FID1DTH A,

4tk, KERUCHHBTERICBITARI, HBICIvEOLFERELBESPLICTHE L BIZ, b
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Fig. 2 Breakthrough curves of I and 103~ for 20 cm column packed with three kinds of sandy soils.
Iodide solution of five times pore volume of the soil column was introduced to the column (2-a),
while in case of I03~ (2-b), ten times pore volume was introdiced.
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Chemical Forms of Iodine in Soil

Kouichi Yuita

National Institute of Agro. Environmental Sciences

Abstract

The author constructed an analytical method of iodine classified by chemical forms

in the soil solution in close relation with the crop absorption or migration of iodine

in soil, That is, I, I3, 103~ and organic iodine such as CHj3l or the like are fraction-

ated into four fractions according to a solvent extraction method by utilizing the dif-

ference in the solubility in water and toluene or the difference in redox potential and

iodines are subjected to quantitative analysis at each chemical form.

In the chemical form of iodine in the soil solution according to this method, 103~

was mainly present in an oxidative condition under upland field moisture, while I~

was mainly present in a reductive condition under submerging and an iodine concen-

tration level was one ~— two points higher under submerging.

From the forgoing, the greater part of iodine is physically adsorbed with a soil

solid phase in the form of Iz and a negligible amount of iodine is present in the form

of 103 in the soil solution.

Under the submerging , it is estimated that the greater part of the iodine is re-

duced to the form of I and dissolved in the soil solution.

Y RHOKEY RERSEBAR R
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MAZICEDNTHERBICET L ppb LNVOEEBEI T FIZ, WAKTOLELBRE
ZOIFLAENTBIEE SN DY, 2070, REOLE (KEZEBRL) B, XREHTHE
AW SN HBKEROIVELEEAICOAL - TERE - £RLET, ZoOHERE L LT 40ppm
FROERENIVELEALTVAY, ThbntEEa vHiZ, BEOMASEAT ity
KHENEhD -, BTIREBETLLDIDLTHLEEZOLNRLY, LAL, k3R pH 2 ED
RELHOEAIC L 5T, TREBRPICELISHL, THYE - B0 avRICEF T3,
BRI, TEREEAKILT AL 2~ 3HTOBHFEIMAT A, 20720, FHPLKEADOEBEERHL
EIE o TIhETHASRE GEEARE) 0o -hENEAbE D L, Iy KIE
LS EHEREHL, KiRiZ 3 7 F0BRIBIUC X - TREVERE ZELINEVETT 529, —4,
TIRBEBRPAKRZICHER L CE -3 0K, BTEBECLRAREL LICL > THEL, 3~54%
bTBLHEAVEREEI B ppm LTI CTERTTALEI LN S,

PER~7=TE L, 2RI TROBUEIKRE BT 254, BRI YFROMERELE(L
ThEEZOND,

A#TiE, FEOFRAL L. LIEEET I Y ROFERENME, 2. #KB L 0HAS
ToHEEwba Y EOFREHNIEE, $56123. HE - HEARRATOIVEDLEREL
FERR IO VTR,

1. ARSI UROLERER DA

HEEEPIVEDFHREE LTI, 1, 103~ Db, CHl 2 EOEEEZEEL, Zhbd
AMOSE - EEELMANL T, ZOFHBEIR, FELOIIEEED I Y ROBEHMLSHEOH
THWBEMBED £ b L1, bl S O KPBRSEI Y ROBENMMEY £ L h And
DT, ZOBIE% Fig. 11377,

Soil solution

+toluene
(organic solvent)
organic lodine _ _
(CHil etc) T L2 | I+ 103
[ |
organic layer (toluene layer) soil solution layer (aqueous layer)
+H:0 itol};e.n.e t
. oxidizing agen
+reducing agent (NaH SO
(Iﬁnf_) gent (NaH S0s) +HNOs (pH=12~15)
(I"—I2)
organic lodine |8 - 103
f | I 1
organic layer aqueous layer organic layer soil slution layer

(aqueous layer)

Fig. 1 Chemical Method of Analysis for the Individual Forms of Iodine in Soil Solution (Solvent Ex-
traction Method)
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BAREICIE, SR L-HEBH (30~80me) 7272 bIch#u) 250mE) AR, “hi
BITFRO MY EMZTIAMIRE 9 Lo A (HEHBB) C1 L10;7, ABH (M
IUM) 21, & CHsl 2 EDEBEIT Y HEIFHBE ENBDT, ZRENHUDOHHIFIBL, K
MMV, EREIFIKTIEEHELZ, S S5IHFRHEOR > TV A ST IZERH
LIFEEOBREKREANELH L UCIMERHEBAET MY A8HE Ind 2T 1 5RBEL
9, LEIICELUCKHEICHE, M rHCREL TV AABEI YR LSE L. —F,
[T L 103" AHAET 2 LBEBAHICHER 1+1) 2 TLTpH #1.2~1.5¢ Lz, ThEldiz
FEOMIVEMAT, BEAE UC2.5%FMBEF MYy A% Int 2INZ 721 1 5EERE S
L, IT 2L RBMELTM AV AICHI L, HBBBEHICERELTVWA 10~ ESE LY, &
WAL 0.5 TORET > TNMICEY (M AHLFER), BALE. 20%I12, HHEHR
I Y ROBEMESITEY ICHE LT, RBELSPITREER LT,

2. MWKDE SURKEAHTOLEEERSI I BOILEREREE

(1) EEEERNE
Table 1 Characteristics of the Soils Studied
Soil Tochigi Andosols Fukui Brown Forest Soil
(Forest) (Forest)
Tochigi Agricultural Fukui Aguricultural
Sampling sites Experimental Station, Experimental Station,
Utsunomiya-City Fukui-City
Horizon A A
Depth (cm) 0—20 0—20
pH 5.1 5.0
Moisture content (%) 11.7 6.9
Total carbon (%) 11.4 0.62
Total nitrogen (%) 0.55 0.04
C/N 20.8 15.5
Texture Lic Lic
(ISSLi'fdi‘;“if,?lt) 2 15

Table. 1 KR TRHABBHERLLEGABRR 7 LoD 2 1AL, FhEHEAEHLT 2008
& 150g % b—WE—H —ITHIL, MKG OKkDEIFE 60%, FFEK 87w & 121n¢ 7RID) &,
HAK OKFEAE 120%, BHK 173m¢ & 241w FIN) RFET 2:8M, 30°C THEL, 20O
Co— WhN—TER LA, 1 HIBIRKRLEREANEZ . 41 v Faf ¥ a VT,
MASX KB L%, HARRIZHEAS L ORBEL 2 BE L%k, T8 HEFERTURRILE
ICELLTHL, 14,000rpm (pF=4.2) Tl1HMELAHL, »BEED T LEER L
L7
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2 & B8

Table 2 Chemical Forms of lodine in Soil Solution under Field Moisture Condition and Waterlogging
Condition

Soil Tochigi Andosols Fukui Brown Forest Soil
Soil moisture condition during the | Water- Field Water- Field
incubation logging moisture logging moisture
C ntrati - 1.26 0.0015 0.40 0.0033
oncentration (90.3) (6.5) (83.7) (6.0)
. . 0.001 0.001 0.002 0.002
ppm/sol solution Iz (0. 007) (4 . 3) (0 . 42) (3 .6)
- 0.14 0.022 0.066 0.046
(Percentage %) 10 9.7) (93.2) (13.8) (83.6)
Organic 0.000 0.0004 0.010 0.004
iodine (0) (1.7 2.1) (7.3)
Total 1.40 0.025 0.478 0.055
Iodine (100) (100) (100) (100)

w2 Y EORBIIRE 2 O ICHEESER Table. 2 1R,

K5 T Cid 90% Bi#AT10;~ OFRET, 1~ OFRED 6% Fitk, I, & CHsl Z X OAEEI Y
FEHETHIET DK T Tl 90% FithAs 1™ OFEET, 10,~ DRSS 10% Fifk, I, &L AHEI
FEOFAERIZITE A ETIEIC R SBHEV E WV E B KT HEBERPOEIEER 10% O 1037 i,
BETHRD EMAD T TI0% DHFERTHH10;” N2 EL2oTnb, ZTHOEMAIZ, T
BEEA (HAEK) BO10;~ F—HBALLHPELSESHLVIEGHEBRERICSNTT O
—EATIO; WKEHMLEINTLE oL HEE S NS,

3. 4 - HERRRICH T B IATROLFEHE HFEHR

BEOHE, SN B L, RESHO I, MASEH LV IBRILHRAT T, DRBTLE
HBY L RS L TARBHOBBTHEELTVEEY, EATEV)BTHEGHTCTRERDT @
HRBIZETINTHEBRRPICEHE LT A bDLEEL T D, & TRHRARYOREN
BRI TS, BARERICESIILATVREDIFTIREV,

HKEOTEFITEERR, BHEEOBED TRVIETH, FBEOTHVIBICELTE
DONZ L3EXDE, BROUNOHLIEMES ITROBRERE LTBC LEESNL,
Whitehead®1® i3BHEHOEE L I Y EOFEBBII T LEL, 17 OLBRHEEREFT L3t
2, TEROFEREAL BRI VEEELOBRERE LTS, Z0O%T, 1I” OREHS
ELCHEARDOIED, T Iy ARHkOEEBILMIBRELRZ LEHHBL V5, T4b
b, pHS~6 TRR7 NV I =Y & (FIKEMEY) [CROLSBESI LY, pHS LATICR D L8 (R
KAL) OFICX BB SRS, pHE DL L HRIH RO TELBERL 5555, iy
VEPHEA A v EOBRA A VLR BRI LB RTVA, 2, AF Y VREVEY A
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M EOBERMERTEWIZIZEALRELEVI ELHL NI LTV 5, Whitehead DFEIZHED
L, BEOTEO pHSIFEAL 6 UTTHAIEEEZ L L, BRMID S Al X Fe DUEHERR
WO FEEELRERL 25D T, BHEROVEVIETL EDLOTHRENI VEELEH
LTWAI L EFE LRV, Fig 2 ICHEZEK LAEES, SO I 7 ROBHEBORRELER
L7245, T0 X5 RiKEERDSOEHE 3 T ROBMFERKIE, Whitehead DFETIFHATE
T\, P, TOEBL, 2 - (DOTBEBEERRRNEOHOFEAIIREF UFETA v F a1 b
L7zb 0T, HHREHEFEa v RIOHT 5 HBERTEI TERDOFETRL TS,

50 F | ]
20 /ﬁ
104 =
*3 T0F
5 50 * Amount of iodine in soil solution %100
2 Amount of iodine in the soil
= 20}
%7]
1.0}
0.7F
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0'2_ o =—a Tochigi Andosols
0.1}
Y7 U T B B VRN
Incubation time (days)
400 |
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>
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<
= 100 . )
55 p—0oFEh Fukui Brown Forest Soil
0 a—apH "
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Y123 7 14 A
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Fig. 2 Change of the Solubility of Iodine After the Waterlogging of the Soil

EEERERDTINI oY AREDOERB LY OBEHIEIZI IFED LS ITEKERD D 28I H
Mz &idiv, £/, ThHOEMRBIELYOEREOBAICL 53 v RREREORI I,
pH D LRI S TET S, HAKICE 2 pHD LR ZRIFEAHIORKNTELEVWL, WH
DEEY - b R% D, Fig 2ICAN5 T8 L, BHEEFKTDOEE21H KT pHL.3 5
4.8F TIRAICLERE LTS, avRDOBHFEI1~2HOMICEERLTBY, /87—
$72 %, Whitehead i3d & b LIREERZFAR L LCHY, HEFRAEI VEOBEHIZOVTIE
FICH) EIFCwiwl, 37ROMEERBELLMY EiFTwiv, £ v bifT, White-
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head DHTHHK T TOFE L VBEHIFTBTE 2\,

2T, BALERTEMS pH OMPOEBTENT 5 I v ROLFREZEE L TEHEOR
LEFHHET L L 2RAART

B N5 As, dkh I v EOFEHREIL, 105 A730~40#gl/ ¢ L BN —E CTHERD
BAT, THIZRST 30~304gl/ ¢ DEERTESL, AWERICL > TERLESNTEKT S
70, BELIIBITHEVDRTVSEY, 10,7 L 17 FEREFHEL V) AT LITER
OEFELEPLTEY, AL I TEZDLDLEKRID S,
HEATCARRICBHLTELT &, EEBAP T RLRIHBRBIES720725 ) H,
TR L RER, HAS, #BASEMDTEDLOTEL, FLMFOED LV, FRER
LT EMATIO; ™ =1, 1.20voltos & NO3~ —N30.75voltos & ) 2% D H <, HESTEHRKD
PEICETH L, T/, —1 $%0.54voltos THBE I L FZETH L, LAMKFTTHLRY
DYIA P CHEET A EEEEND, AP T, LI3HEFNICT P BMIES W TERT 575,
ERUECTAEFICEITRTVEVDRSY, 1, BRI THBEMEN T 2103~ L 9FEL KR
(0.0013mol/ ¢ )0 €D—4T, EHEMERANOYHNEELABLAME ORI LS5 TR
EEINPTVEVDR TS, 5T, BRKOBFELRLY, LIZXRAPICERTH L %L
FRT NIy LAOBEHBRIYEEUCEEER IO FROBHEEORB IO A FICHEICKE
SNTHFE -ERL VB EHELL, 1 #1037 1, VIV BR7oyEA T DR+
RO OFEHBAEIC L > THEICHBEICRES T 5L Vo bl LIZIFEALLZWERDRS, b
L, BHREEFAKELYIL e obedhid, #AKLICE2avEOREOBRHOES S 2
WTHAH ), KT THEHLTELT F, C17 £ NO;~ ZEEFEBRICRS 4 R HICE-TE
BIIRAE SN LIl 5D, 13LALOLEIIRA F RIS (HYES A HIEEE
iceEinrz itz s,

DEOHE#RRE T LT Fig. 3IIR L,

Field moisture Waterlogging l

(Upland field, Forest, (Paddy field under

Orchard etc.) submerged condition)
Oxidative environment Decrease of|  peduyctive environment

Eh(mV)

Iz (most dominant) is I” (most dominant) exist
mainly adsorbed physically almost in the soil solution
on to the soil solid phase and partly adsorbed by the
(claymineral, humus etc.) anion exchange to the soil

colloids (allophane, free
iron and aluminium oxides
etc.)

103 (secondly dominant)
exist mostly in the
soil solution

Fig. 3 Chemical Forms of lodine in the Soil-Soil Solution System. (Presumption)
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TEBRPRE I Y ROFRRIIE KL EORBRILIC L TEDbDOTELYRTVI L
EHLDIC LIz o TATBS I v ROLERBRIBICAN SN RATRRROELE S
TRERL DD LBV, k) RRICEDOERESRMICHD L TREI YR LR UBRICLR
5TH 9,

TEERICEE STV 5 3 T EEFRERLEEKRIC OV TRERNIHAIATES
T, SHROMEL LTRIN . X, HEEBPITRICOVTS, ERERTIIL(BHMICS
FHEEKERRIC, K (KR) —LK (LR - TKROFCIEREOELE
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General Commentary

Nobuhiko Handa

Nagoya University

Abstract

Recent advances in the analytical methods of heavy metals in the coastal sediments
and seawaters are briefly reviewed. Significance of sinking particles collected by the
sediment trap experiment for the fates of heavy metals in the open ocean is also dis-
cussed.

Chemical leaching method was quickly developed and applied to the coastal marine
sediments last decade and demonstrated that heavy metals mostly derived from hu-
man activities on land were distributed in sulfides, carbonates, hydroxide, organic
complexes and silicate minerals of the sediments. It was found that Cu and Zn occur-
ring in coastal sediments as their sulfides were more abundant, while Fe and Mn
were more abundant in organic complex and silicate minerals. Sulfate reduction sys-
tem occurring in the sediment is reportedly a most important factor to determine the
spaciation of heavy metals in the coastal sediments.

XAD-— 2 has been applied by several workers to separate organic form of heavy
metals from seawaters. They found that more than 80% of V, Fe, Cd and Cu occurred

in seawater as organic form. However, a series of papers heavily criticized the re-

¥ BEEREKEN TN
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producibilities for the analyses of both organic and inorganic forms of the heavy
metals in seawaters.

Recent development of the sediment trap experiment demonstrated that large parti-
cles with more than several hundreds micron in diameter played an important role in
the vertical transport of organic and inorganic materials from the surface to deep
waters. This type of the transport process is assumed to be one of the major factors
determining the vertical distribution and fate of the heavy metals in marine environ-

ment.
iFLoHIC

HE, ANHEBINERICELICOo0NT, WBH2VIIBRBICAT SN ESETROE TN
MD—FE /LS TD, TN DTERDOKETIHARSLBRESNTHEMIIBITTH, £
D—FIFBEFRETHAKFIRY, HEEBRIIEEZER 5,

TR, HEMRCEKICBITAESBTROFERBL ZDGMRRIZOVTHERS L E
bIZ, BRDOHEBY~NOESELROBREERIIOVTERT 5,

1. WM H T ZELBTROFERE LI

PER MR OERY I REMEY SIS, COPCEERTEPRBEINTVE, K
EA JKBOWEY Tk, ESBITKREDHEIHAEEIN—A0EMORTE LD CHEER
ODANBEBOEBHLFERLTnE I LHFRDLNTWE (BK, 1983), ZOHEX, BEE»L
AR SNEEETENFNE - BRBICBVWTERICKRESI R, Tho0EREEDICESICE
TLTVABIEERKEL TS DERDND, 37, HBEKOESE CHRRENSHEEYE LD
WBROZNICHLTELLAESWZ LR, —BBITL-EEBRLRIHREYICL (AESH, &
BRZELARELE L COBHIIBEO THENWI L ZRRL TV A,

P - IR OREERY LY, Fe U Mn OB KB LY, REE, Hiil
DT ABEGY, AR EPOBEEh, ESRTHRIENENOBET L EBICHFEL T
%, LPL, INLOBHRSEBMBIIHNTAILIIRBETHY, WFE TR LFIL
T\ B, TGOS EILFRAEIZE - TGERNICERL, ESRTRLBHIE S5
HBBEPRRENTVS, COHER, bLb LEREOMIMHERY ¥ BEREIFE K8 L
REBEANS T ARUBLLPRII YT OBWE 25T 57-OICRB SN HFETH S

(Goldberg and Arrhenins, 1958 ; Cronan and Garrett, 1973 ; Krishwanaswami, 1976) , ¥ 7=, i
AR OHERW~DOEHA S EREND2DH B (Skei and Paus, 1979)
Kitano and Sakata (1978) (X & EHEEH HIRE L HERBIRBEW IOV T BIEMEZHRE
Lo 2SR, HEWEHERT 25, ARYROT 4 BEETEZN LN 0.1M HC,
30% H0p & U HF —HNO3—HCIO, MLEIZ X o CHML, BB TREBH TS (Fig Do 2O

56



Fil. 126EER

0.INHCICiE %
o B
LEH BE
; 30%H202—0.06NHCI T
L B
L?m Bt

S (30%H202 7 X 5) HF —HNOs—HCIOsJLE
SHT(HF &K 5)

Fig. 1 ZRIEMEIC & 2EBRYHAR 0L H

BHBICOWTCEELETE (Mn, Fe, Cu, Zn) #5HL, FEFOZRLDEE LTV, &
DOFETIE, RBEINVY Y AEFOELBRTERIFMYESOEFNE LTEHIISN A, 208
PEWHERABEBAE TSI LIS Y REELERL, AR RERTS TRIIBE ISR
RERZSAA LY SN BT LB R L ALEND D, T/, MitamicidzA + o g
DEEBTEDEENEZEZONS, TN b1 MeCl, AR TRE BB &, M?T L4 0%
BEEHILHHELY, ZOL)BRMFEROELBELEDERIENCTH o770, ERDER
RE DG ORI ZDOZERIZZ SN T Wiz,

BONIHMERE Fig. 2 1R T, AHENDOSEREEERTLRICL s THROTRKELFHE IO
xR L7z, Cu BU Zn OKRBS BEALHAICHER SN, BHRYRO Y A BIELSYEA~NOSE
DLW EHFRBENLA, Fe RUMn i3t LA T 1 BHEZEW~OHEIKE L, HRDH
WP LYDEDFe HDH\V I My DFEELBOL. CRIRINLOEEBLROMILWOBR
BEOEZL-TRLIDER DN, T4bb, CuS KU ZnS DEMERIIENFN 1076 B
FU107247 23 LT, MnS DBFBERKIZ 1073 H5 LHE SN TS (Stumm and Morgan,
1981),

E2OEELFIIBBREO/NSIVIRLYII WO TIZHERL, TOXE2WEMES 25T
RO, SMEIZH - TKEFROBE 2 THETH D, D L) R EMEAHEDI BT
AZDEERTHRBEOKFEHRAOEH #HE L SELEVERICZ s TWALDEBDbNS,

B3I OBICB I AHBETROBE L EEETROMILWOEKTH S, WE - BFET
KB OGR4 ¥ DRI L DHAKZEOHESHCWDER LR L, ZOREHERYIC
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BUILESBETRDREFEVEBI LT,
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Fig.2 i, =~ %> O45%E (Kitano and Sakata, 1978)

A EHBANERY & FROBESITERE L RKBICBVTHBBEIN TS (Fig. 3), K -
HE (1977) 32 OFE L F—ORBRWHERBEHIOWTESRE TR L5 L, TOREOBX
252 BRBOERTIMMEEETH L L HIZ, 1900FEEISBRAICHML-ELR TRIREIX
ABEBOFERILICHRT A DE LTS, LT, BEHBOAMFEEICL 5> T OXR
WA SN Cu BT Zn (LZFRE LTS 4 » RUBRILY 2 b KA A58 & 7]
HEMATKE ) DIFLA LR E L CHERYICAZ SN TR0 EBbhb, ZhiatL
T, Fe R Mn DBFERFESDOZN S DREICHERIEFRBDO Sz v, LA oT, Cuk
UZn LFERICABEENC X o TKIBICEBH ENE Fe R Mn b o2 LTH, FhHIEA
B IRREORBRWICEESNGHEREREDDOTUNENILITRE SRS,

LHEBBARURRBA IR L 3R 1), BRIBERICDH 5 KB R HBOHERY T3t
MOFEAVNE V. ZhHDERTIRESE TR IBILY R KBS & LTHET 5840
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Fig. 3 &4 KK » HRE L ERUERAE Y O, EHY RV 1 BRIESYE 5 ~D
&), Wi, RO~ F Y OSE (Kitano et al., 1980), RIFFDEFIIZE D 2P £ TH B,

BV, L7dS- T, #FW% HClL Xk CH;COOH THLE#, H,0, ME %3 5872 IM NH,O0H—
O.INHCI LB %7 5 Z LT X VB RO KB OESBTE L SET A 2 L ASHES
(Kitano et al., 1981), L7:%55C, HRBWICHHNERELBHTAICE>TIEENETATE

DILFEHME L & b2, BEBRNTE L CERYOBEERSE GRS 4> TBLEND
%o

2. BKICB I P ELEITROFHERE LR

BRIZBELTWLEESETR AR E ONEEROEER, ARSERERTER LTS,
D) LERESEREROELEIBKI TCOMETENILFEE D5 (Stumm and Brauner,
1975), #HR#EADFHA (Martin and Martin, 1973) B L UHBERERVBYW 75 v 7 P Y ERICH

59



TAHELBETEHENEM (Sunda and Guillard, 1976) % &ICL o TRBENTETWV S,
BARICHEETAESFREOABEMT L LCIERT I VB, ARBEUENE: Lo il
ZMBE LTETONL, SNODBRER—KIZI0EMUTTH 5, KA —EEERTAE
TIRARDOEGEESD ) (>107°M), FRESEHAROEES DL LEZX LN TS,
WA ICBETA2EITERY (OFE 5X10°-10% JIEET, BERDADLBHEAR
RAMFEEZONTVS, LA L, ZOMEFBEIFRHASA TRV, ZOFEFHKPICBITS
ELBETEOHERBEARPHEICL T AIREREREERR 5,

HEAK (20—252) |

[ #7927 (ro—(0asum) il |
I

]
| WAODH, it |
I BHNOs & H20:
| xapwmn) | & 25
[ [
CHsOHizk3| | #ime(1) %@l
3 i3 L W
I I
Awiemosmste| [ pHSCHA | | o)) e
Y T
| xapamme |
T I
NHOHK | | #0(2)%:@& | | HNOs, HClUz
£ 5% U7 i Py
R = ]
p pH7ic Rt 5
R L__T____J LR BTE
X1 — | BifE
[
HNOs, HCIT
e
]

BRI Bk, WARERFERIEC & 255

Fig. 4 #K» 5 OERESBEEEDOMM S8 (Sugimura et al., 1978)

Sugimura et al., (1978) HKOHELBILENLERICOVWTOSEITEZRAEL, 138
DEBRTEIOVTEERIINT L BIEFEROEEEMEL TV D, FHEE Fig. 4137 T. £
BEM It pH 8 £ -3 3 ICFAMI LK Z 2N ZN XAD—2 BHIRICE L, AREEHEKTRAESE
b, BB TN - EENARSESEE, BELBEAREBRHB LTS, ThoogkkizEhe
NAY )= VBLXUKEILT Y E=T LB CHEL, SHEEROERTHRZEFREECL YA
ET B, ITHE L-HKDOERTR LB L, EBRTROEHE~OFTEEANT 5, FEEd
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FRB R O IRE LB ARRFHI O W TOHMRER % Table 1 XU Fig. 53R 7o

340 S(%w) 345 350 Co (ugl™) Cd (ugl™)
00 t(C)5 10 15 20 0 0.05 0 005
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B Y
=
w3
59
4 L
51 !
1
® o
000: (mil'!)5
Mo (ugl™)
5 10
e
=
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Fig.5 FEILAT#E (29°53N, 146°49°E) IC8iF5 Cd, Co, Mo, V, &5, KEBRUBHEEEDSH
B

BoONTHERETLDBE, (VEKIZHBHFETAV, Fe, Cd, Cu TR, BRLDEHFELETE
D80% LA ERME DHERL LTHEELTBY, ZOEREZIICEILTIRIFT—ETH S, (2)
Co & Pb &, REMHE TIIKES D HHETH 5 2%, RIBAKTIZZD 50—60% HYWAREEIZ b B,
(3)Al, Ni, Zn, Ag, Mo BLU'Li TIX, BHEBEBTRD 30% LT HEHEL LTHEETSIC
TEZ, (4)Se 1 45% T CTHFABBL LTHEEL TS, & LTV 5, Sugiura et al,, (1978)
K OBFEABHKICOVWT ESICHMLEFES LTV 5,

i, Mackey (1982) 1 XAD—1 #fE % A\ THEK» & DEBE R SR O % 3648 IR
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Tablel HBKISEFT2ERTROLEISHTLERBEERE L TV 22BTX L OHE

LRIHT BAREOWE (%
= T HTBRREORE ()
(Mg/1)  TRROE  guman  (DHROZE

ZAEW5(1) XY A A

Al 8 0.8 ~1.3 4~20 2~11 7~ 30
v 8 1.5 ~ 2.8 60~79 11~20 80~ 89
Fe 8 1.2 ~ 3.5 4~14 79~90 93~ 97
Co 8 0.03—~ 0.08 75~95 5~10 81—~100
Ni 8 1.6 ~ 1.8 6~ 9 2~ 3 8~ 12
Cu 8 0.8 ~0.9 75~84 6~ 9 83~ 90
Zn 8 3.5 ~5.9 3~26 5~23 15~ 34
Se 7 0.07—~ 0.08 17~33 10~12 27~ 45
Mo 8 5.7 ~10.9 12~16 1~ 2 14~ 17
Asg 3 0.07 14 1 15

Cd 8 0.03~ 0.09 53~70 28~43 96~100
Pb 7 0.04~ 0.07 50~86 14~50 100

U 6 3.3 — 3.5 1 15 16

(Sigimura et al, 1978)

L7:#R, BREL ) EHMEVEORBE 2 HW2EE4TLABRESBEAD XAD—1 BiE~®
BAEIHRABREZRE P/t BEL TS, ZLT, BEFSEDOTHETH L0, ZOH
FRDBERIZ & o TlKHDER LK DLEH OB IZHEY TRV E LTWwA,
HRFOEBETEDNEBIC OV TILBEREMICKEREFID 572 & ) ISR L S,
EINLDFREETHICREERPHEZEETSH L) ThHD, Thiz—EILEHERIZON
TOREFLL L VRETEEEZRL LI ETIHMCERSH LD EBbIs, L24557T,
YHIIBEFARY OB T 2R E/T AL PRI R 2 L RIS,

3. BKLSERETROMRFKER

BKICATHSNIESRBRITRILERD A 4, ERERR KT OMES % EOLEEL D -
T5b, HEHA 4 RUABEEROREHIERTF ¥ 7 b RFIBTT 5. 7 BENT%
BFOTINLDNTFOERIANE - BERUNEICBI2ESETLEDOIAICKE BB L5
Twa,

WE - IR TIIBERFEORBB T IHEEL, ORFOWLREIC X DLW E OREELINE
RICBI DR TWBLDOLEBbNDA, NEBRTRREILL EL S,

BB EOHESTA DO RBRO ML BENFORBEEEIX0.1-1mn B~ TV (Sackett,
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1978), & bDTHEV, LHoT, BHERTOURICLIZ2ELETEOMEBEEIIAEW
bDERZALV, LTAH, HENE - IRRBIOGHERIIBVTEI AV b bT v TEERD
BALEBINTVD, COAETHROLNIESRLROHERERIBERNTOUBEICLE D
DOBEMIELTBY, ESBRTEOREMEIIHTHEBRT (VXY hT v TERTH
BENLAERT) OBREOKEVI LAITRE SRS,

Osterberg et al. (1963) &4 L I JHiiAE D 2,800m ENHBELSRE LT ZO—RICE
ERIAD BZr, MCe REDHFEERM LIz, Lcd o T, HERRBADLOERHEIH ST
EbOTRELZICEYMEOSKEMERDOHFELRE L72. B4R T Lid, Honjo (1980) I2& -
TORENTWVE, Thbb, REAINY T AMMEEELEDOR » GIRE LR T I O REF
REDIWEILE, HAEORBAINVY T ABRVPELETAZEEABLTWS,

RAILAKSE b
kLT HEREE
% 2360m pr 1,360m
| Al
11 lﬁfnﬁuﬁg&%mm
UcM
& 3560m

s T

Pr 27
800m IS 520 | 28
17 22 B3
18192021 23|24 31
1516

120 160 200 240 280C Holding

Fig. 6 FHEEH» GBRE Lotk T, WY L UBRBRTFORILAZEOF 220w L 75 A
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Handa and Matsueda (1984) Xt ATF#EB L UHEBHIZBWTEY AV M T v TER* £l
L, ABHTFOABWHR 2RE L2, —Fle LTE O RRRT, BBNTRUERDO
FRALKFHMB % Fig. 6 IR BRTORICAFMBIZRSICE > TITLALERERED O
Lo 7298, HEM R BB T ORIEKERR LIRS GEo T, 8IS, BERENIIAE
Exa, bR (Cos DARHIKILKK) OFFERLEN FIRBRYR VBB FICHLTX
DEELMETHHT L ER L (CEH - BB, 1985),

WBHEREIIB T AR TFORREE 2 M5 2 LI RERKEY, itk FOEANLRESL
LG R R d o 4%, BERFIELBEEEEEY 2 oy TREABRCERATLI LI
1Y, EERTORB CORBREEL2EETSH I LICEII L CBHE - B8, 1985, LT,
ZOMEIF80—1,900m H ' OFPFICHY, W7 I 7 b YHTFORERE 1—2m B 1
HLUTKEXRERETH L I EBRBERTNS,

REDiERET OB L, HEORBAKTIXRARERCIVER T T 7 b A HTFIBHEES
h, ThPFEOLNTRERTRERL, EREELH T, ZORBRFIRBKS S ERBAN
DEBP R OB EEE L O LEWROBROEAL Y, T-Z0HBEHRROMME S %
ATREEICR-TWAELDEEBIND,

ESR TR OBERREIIN T 5 KENTFORRIILPHEMETH D, T4bbH, Cd, Zn, Ni K
CCuREDEIICH - FBAKICTREEOBELEBZRICTIELBLRL AIRVCs & L
DEHICHEREIES L LS ICHEMT 2EBTRLDPD D, b, KEPTICL > THED
KB O - FRBANREICSERL SNL LHIIFAUTH 205, ZRIHBEST 2888 % 5,

HEK P OBAERE Cd OSRESA L PO~ DZREBOTI WSS (Fig. 7). SEICBIT
PO T KB L EBITHML, BEE lkn B TEREELRT, ChIIRBAOWY S5 > 2
MRTFIZBD AT NI POST SRTDURRICE b % o THBMMAMESh, BUPO,S™ %4
BT AaZ itk hEBBENT VA, Fig. 7 DRERIZEAKICBITS Cd DFEBHI PO DFR
LRI TS > 7 P DER - SR - BEICL s TRESNRTWAEI LR LTS, Zn,
NiRU Cu DEED CADEFNERL B INS,

Fig. 7

HEIZBITD AL RV Cs DEEIECAd R EDTERDENERRREL > TVE, ¥IRA VM
Ty TERIZES Al RUCs OHERRER R FIZBIT5 210 OREOHRELELL &H
5, A1HAHVIECs 2 BEIEUCRBUA TIKBRTICL o THRES NS Z LA%HKP D Al
BUCs DEB T ROLELERTH S EHESN TS (Bruland, 1980),

BHERKIBILESERFEOBRHIIOVWTRBAEN L ZAZNEBEXFLUEKEEZ b o T
2biITREV, COEOF— s HFERINIE, FRBMOTFT— 52 bSEICLT, #APICB
L EEBRTERUCBEHEAEOZEICOWT I Vil p 0B BB HEL D EEDN
%,
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4, BBhHIC

WE - BEELONEZEL T, EEETEOBH)ICHEL TZOMTELBRTE, ES
BREZESTOIENFTEIRFREFEELZ ATV EOTHRERELREZR IV, 1278, &
O LEIBEREIIN T2 A\HERORELAL7:0, MLl ) ZFHThiEivdy
DEIIDVTRPRYDORBEEALERZ S,

65



3.2 SEPTOHES ML O AIZAL
B LA D REZE (L

k =2 wr

Physico-chemical Forms of Artificial Radionuclides
Estimated from Their Vertical Distribution Patterns

Yutaka Nagaya

Division of Marine Radioecology
Laboratory for Radioecology, NAKAMINATO
National Institute of Radiological Sciences

Abstract

The vertical distribution patterns of artificial radionuclides, 137¢s, 99Gr and 239,
240py in the ocean demonstrate the effect of physicochemical form and its change of
the radionuclides in their vertical transport .

137Cs,  and®°Sr, in upper layer of the sea show a vertical distribution similar to
that of fallout tritium and imply that the nuclides are in “dissolved” form in sea
water.

On the other hand, in deeper layer '37Cs, and®’Sr cotents show a rather uniform
distribution throughout the whole water column. This distribution pattern in deep
layer indicates rapid removal of a small part of the radionuclides from upper layer
in “particulate ” form and subsequent dissociation in deep layer.

239 240py concentration show remarkable subsurface maximum which are believed
to be formed by association of the nuclide with biogenetic particles in surface water
and its release in subsurface layer. The approximately uniform distribution of 23°,

240py in deep layer also suggests the transport and dissociation of particulate pluto-

Y BSTREFRATIATIREESN - B R
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nium in deep sea.

BSHERTY & L CHEREICA > 22 AL, REICTRAN BB L TIT A HEA
OBALER DL WBRICHN, KEOKEVIETOHRERENL, »&VEVHEEICDZ > TH
LR ERT I EFEV,

b LATHSHAEEA AP CELICERE L TV AHEICIE, FOHRESHIZEBKDOREEE
KXo TEENS, FIRVICELNDL X IZ, ¥7Cs, Sr DEIIRERE A — P VBT
FIEIFY—T, FRUOETREEOHEMICE bR > TAMICRENMET LTS, ZOX) 25
APV FILDFREREBL, 1¥7Cs, Sr OHERR @8 L COHREREIFEEICEZEY
CEERLTWS, METITCs, YSr ik T, LTWBEWV)ZLTHA,

L5412 1,500~2,000m LUEDIER T, 137Cs, %9Sr BEIIFED 1/10~1/100 DHEISE E
VA, EIMICHEELTWA, DK ) M 13Cs, °Sr O—EARTFIRE % o TREIC
WBEL, B LODBEE L7 DIl SN L ER LDERETHA I,

—F B9240py DSGEAAITE 2 VISR T £ H I Cs, NSr LiddA Y RE 5 TWT, 500
~1,000m FICHELBRKEIFET 5, BABLUETORERT X 1%Cs, sr DijFIILE
LA %LT, BBTORELNVEIRATHOINEKELV, TOL ) ZHBESMAIIRLT 5

Conc. (pCi/100 1) Conc. (pCi/10,000 1) sigma t
PO, SRR o100 N 10 20 25 30
=0——b— T T o T S S S
!% o0 &_ ‘.\\\ ‘\
[ o] %_@» ‘\‘ “\\‘
o0 * o ‘-‘ﬁ A Y
14 -© 5 L o Vi
-o-e- ® il
—o—0— e o i}
o I
29 —e—0 21 & | 4
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Fig. 1 37Cs & 9°Sr DSAE A DB Fig. 2 Z23924%py (DGR 5375 DA
(FEBILRTFH) (PEILATFE)
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BREE LT 7N = A0KERE CEYES ICHRTARTFICE YATNTHRKEL, PET
B ENE7-:0THELEEZLNTVEDY, EEHTOEDWNFE 3Cs, O Fkk, BB
THREEL o 2R FORBICE B 3D TH A ), HNFROATHFEBEEOLBRII LY £~
b by FREBBUTIHER IR TN EY,

DL ATHHBEEOSEBEICE L TR, BERIORTFRN, IHFRIOBHE
RNOYBACEHROBIS B 5 TBY, FLFAKRIEENEROERIBI s TnhEE
oMb, ThOOELE X FHICRAT AT LA LY,

2Em

2) Nagaya, Y., and Nakamura K. : 23%240py 137Cg and %%Sr in the Central North Pacific. J. Occa-
nogr. Soc. Japan, 40, 416—424, 1984.

2) Fowler, S. W., Vallestra, S., LaRosa, J. and Fukai, R. : Vertical transport of particulate-
associated plutonium and americium in the upper water column of the Northeast Pacific. Deep-
Sea Res., 30, 1221—1233, 1983.

3) Sholkovitz, E. R. : The geochemistry of plutonium in fresh and marine water environment.

Earth-Sci. Rev., 19, 95—161 1983.
4) Livingston, H. D, and Anderson R. F. : Large particulate transport of plutonium and other

fallout radionuclidess to the deep ocean. Nature, 303, 228—231, 1983.
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OB X BT

Comment on the Chemical Forms of Radionuclides

Shigeki Hirano

Division of Marine Radioecology
Laboratory for Radioecology, NAKAMINATO
National Institute of Radiological Sciences

Abstract

There are sevéral points to be discussed when a radioactive isotope is to be dis-
charged into seawater. If an element can take several chemical forms in seawater,
radioisotopes of the element might be present in different chemical states from natu-
ral stable isotopes. Therefore, accumulation of the radioactive isotope by human
beings through marine foods might be different from that of the stable isotopes. The

chemical forms of a radioactive element was discussed in comparison with that of the

stable isotope.

X C®IC

HKFOBUHETREOB & 2 RRORERMAEOB) & L BAN/BAIEL DT, ZOREICD
WTHBIZRRD, £7°, HEICRESNABEHITEIL Mass & LTEIEEISNSWE, $/
LIELETELSHERE LT ARERMEL IR YEILENBETH - C, MEIYEBILENT
RIS LT THR VB2 ET 25405 5%, 2 L THREICEAOLBCRAHEICE
ETAENERTREBATHAILEZOND, #toTC, PRPOF VBB TIRLETE L FH

* BUHRESR AR - R R



hBENICHRE N KBAFEELTLE ), 20 L) BBV TREERMEIIDWT
BoNlzF— 7 P OBEEAYC L ABHBOBEREEROLDIKRELREOERICZVES,
F7:, HBHEBRBORVESHEHE TS > THRB IR TS LIES { DMIZRRDLETLHR
ERELYELFEHEBD TGN H S NHDOREIZDOWTINN F—60& I TFE—125
HWTHT o EBROBRIIDOWTHERS,

1. J/ULM—60& T 3 JBRSESE

NV MEEWICUADTECTHLOTHEMET /NN F S WTREZDOH A 7 VIHARNRD
B9 CH B, HHERIISEEDRVEHICXRSNLLEXLNHDT, —fl LTHE
D7 I7BE Co(ll) NREEERE RO THKTIHFENTFHRINMMEAEELHELCRIL
FFY, HAKPICIE L HIROZET IV BAFEL TOUAENFALATWEDOTE 1 OFE
WHWAT7 IV BOBRE1077~10n/ L 3REZIDTH S, Co(ll) —7 I ) BRSEAEDER
THERFNIEEL ZVEFRP DI B, LPLERNS, REEAL DT - RIDEERTIZ
80Co RS2 MDA 4 > THAKICHIB ENTH 20—#3 3 MWICELT 2 E»BESI NI, 3D
IV MR 2L D DERDOEEEIWETOTERT ST I/ BRERDOEHEGL L 2 H2EP TR
dhb,

Table 1 Abundance ratio (%) of ® Co (II) complexes in seawater estimated from

experimentally obtained stability constants.

Molal concentrations of amino acids used in the calculation

Species

10" "moll ™* 10 3moll ! 10" °moll ™!
Co-phenylalanine 3.0X107 %% 4.1X1073% 4.3X107%%
Co-histidine 31 4.3 0.45
Co-proline 9.1x107% 1.3X107* 1.3X1073
Co-valine 9.1X1072 1.3X1072 9.7X1073
Co-tyrosine 0.67 9.3X1072 9.7x1073
Co-inorganic complexes 25.2 35.1 36.5
Free Co?* ion 43.4 60.5 63.0

RICEETREDER & £ DREIS IR AO#EKDOEEIHELRIFTHELTIY
1BV TELONIEROERIIOVTHENS (#2)2, REFRCTHARL ZAT#EKIC
REIAVRRET L1037 A A YDOOBTERFNEBELXE L, MEIC—o0{tEHna Yy
F-125% PL—H— L LTEML, CoOPCHEAXFATLTIVE-1250Y AAT N %8
Bl K2 ATV EANL 7 LEBADHERERLTWS, T4bb, REI 1
F v OWEME T 125 OBEHEEIATE L, SR L L CRBREIMMEL ko7, P10~ % AN
A7 LI3GEDORHRRIE2ICBRL TRV, REIO; BLUL 41+ OBBIXIILALY
CRAERBIZET1 Tholee COKBROBERBEET Y ROBEAIC L HRMICOVTZT
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Table 2 Data obtained for the accumulation and loss of radicactive and stable iodide by Dorome
in the artificial seawater which contained 217 as tracer and various amount of iodide
and / or iodate ion

Stable iodine Effective falf-life = Biological Calculated
Aquarium concentration (d) falf-life CF
number (rgl/l) of iodine

I~ 103~ 1251~ 131~ (d) 1257~ 131~ 1297 =
I 0 60 14.0 5.6 18.3 267 116 344
Il 20 40 12.4 5.3 15.6 120 56 150
JIff 40 20 10.0 4.8 12.0 102 53 120
I\ 60 0 8.6 4.5 10.0 83 47 95

A v DA R CBRINER SN, T-FUAERORE D TR OWHKT OREDEE IR
BEERECEILESELE L DD 572, THITH L, 103~ OEERIZBHREL NS, BE
FMAADBREDEBEL /NS VEFTbY o7z, #-C, BRI TROBEMIZ L HRMIILET
TEDILDI A A VHOBREDEENREVOTEKFOZIOENETLEILE L TH { FHah*
EEL L5 THR

SE M

1) Hirano S. and Koyanagi T. : J. Oceanogr. Soc. Japan, 37, 145, 1981.
2) Hirano, S. Matsuba M. and Koyanagi T. : Radioisotopes, 32, 353, 1983.
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Tranfer to crops (review)

Yoichiro Ohmomo

Division of Radioecology
Laboratory for Radioecology, Nakaminato
National Institute of Radiological Sciences

Abstract

Radionuclides discharged into atmosphere and/or terrestrial environment enter
into edible parts of the crops by direct deposition, translocation from the leaves and
root uptake. Solubility of the nuclides is one of the important chemical properties
especially related tg foliar uptake.

The experiment on the leachability of 37 Cs and °Co in pine needle litter col-
lected in the vicinity of power plant was briefly introduced. Deposition velocity of
gaseous elemental iodine and methyliodide onto plant leaves, and uptake rates of
iodide and iodate by Komatsuna vegetable were presented. Experiments on transloca-
tion of °°Co from contaminated leaf to radish root, aging effect of ®®Zn in soil and
migration of radionuclides from culture solution to rice plant and veghtables, con-

ducted by the project research members of NIRS, were also introduced.

LRI T 2 RBBOMTT X, EFIFFICIVRES, T2 TR, REFHSVIRTEFOR
SUMEDFERRICL 5T, RIEU~NOBITESED L ST, ENMELT B2V THEN

Y BAHRESR AT - REING A R
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5o

KA &S -l o BIEM A~ O BT L deposition (£%) & root uptake (%
BIFID) 2K &N B, deposition iX, F 7= dry deposition & wet deposition {ZbiF b5,
BEBANDBITEVHBE L O, TEEAD direct deposition & —HEEANDOXEL-H LR
BTN B3 E (translocation) & IZhiFb5h b, pzrticﬁe ELTHEBETAERICEERE SR
BIEA, HRIZSr & 1Cs DRADEERBIZOVTRE, AV F—DOHBIZWTHELT,
I Tk DML DBFEDIERE L & translocation 3 WITEARBIUIOWTHEH T 5 Z LI T 5,

2B, KAPIZBWTFHICE T, EYEREICHEAET H5E6 L, —H dry deposition & L CEH
HELhE, M, B, BLLICETTRNIAIEELIER, RECHEI LT 5,

1. EEDHK

HOFEL, BRI > TREIN, KFOEBEZHVTV S, ZOREONMUIZNEL» DY,
DN IZIERBER T v 7 ABOWE P LBR ENT WD, £ V25T ONE%2ERT S
CENTELANBELZELTDA F 7RG F DENNDEEUT, EPBRNTVELEFICRE S NS,
FOBRHADUMEDIR, KOFEETHAERIEDVL2LTHLEHBEINTWEY, DT L, K
SHEM R AR TR CERLE Lzd L, EmHSOBRPUCKEIHREICHS LTWE I L ERgE
LTwW5,

2. (FMBAOMERE Y AT LR

Ve RPN O E LY A7 LIk 252 H 5, Xylem system & phloem system T3 5, B
B, KPREE BRI OB ERNEETHI AT LATHD, HRER, RKIW, 7I/8BH5
WEEBRBER 2 EMERISET LV AT LATH S, IVE, V¥, WBEH%ZLIZ IO phloem
system CEITH, 7V A VLEEEELE, VYA VF2wh T AR ER,
phloem system D% &8 L IZ { W7z, xylem system TLAEE EShiZnE b TwaY,
LPL7 VAV LTHEBRTENOFTH~Y S 27 Ald, phloem system TEITND Z LMo
TWwh, —#IC) VB LEES L TkEE D Y BWILHEIL phloem system TIEEZES LY, &S
xylem system T L &I R WEEMH 22, #oT, BEHIvHREL, —BEISBNEIS
E, B EFICRINATRBENH B, v 727 22BA TS ) TEERTE, )T A,
VT h, TV ald, KERLZoTERPLEDATNTY, ZOEMICLETE
h, HOBEIIEITNRIIAC W EILRDB, 2B, IV, w7y, B, Sk,
phloem system ThETEIINL DS, FOEEIR, LI T7ARI3vHIILLENE, 350K
W EFERIICEEH ST B Y,

Z 2T, EEWINL translocation (2T ZEBRO—BZBA L TB L MRLI 1IN 7 KR
DED 1 HIZ CoCl, R BAT L, 24BEMBEDEIA AN EH ~<72, Fig. 1 1ICZORHRER
o Fig. 1 DEBRY O—FEINCCl, 2 BAT L7ze () HOBFIZRAT L Th S 245 HE

78



L 7= 2R Y S L7z percentage %, Z DO FIZBAEHED CCo #100& LB BRBEIIC
B & Iz 9Co o percentage ¥ 7R T 4B T, 84 L7 Co D % MSBEIZER LT
555, 48RFM B L UTRMBOERES T LA LEDLL ko2 o ZHIZEOREHRLE
L7:7:0Thb, EREAFELEWVE I LRI, BUTENEHRT 5 238Kk % RE
Thb,

Front side Reverse side
8.8% 11%

22.4% 34.2%
(66.1%)  (60.6%)

U 00%  00%

0.0% 0.0%

1.1% 13%

1.6% 2.8%

Fig. 1 Translocation of °Co from a leaf to the other parts of radish.

( ) : Removed (By Yanagisawa et al. )

3. EEMRRUCRAS T 3EF & LT interception coefficient

LA L7, BORKADEBLw ARRERRINUCESETA2EELKETTH 5L, intercep-
tion coefficient T -EELRTFDOUV LD TH b, ZOHREIL, EPS5KE-TL AEEEDE S,
BYlEoT, LML EXAELNE2ERLTHIOTHY), EPOBEEERLET RN BEER
MREH 2, EFEOMEWIIREE ~ 7 AFEICETO Maximum ICEET 50T, ZOBHIC
interception coefficient  Maximum (272 %, 72 3 phloem system TH% &I { WM, &K
DT REMASED TR WIRT, TAMICEELSE L2 DL FARICER S A TREMDH 5,
DL EHETRI» CERMOLEEFROIRYD S, Mgk oiE, ZEFLT2LENET
DHIB A RITNITEVHE weathering I X HBREDWEENE L 20, FHCEErSN1L F
TOME A4 A2V 2 weathering 12 X BBRGEDOWEERPEL 2526 TH 5,

4. FERICES T 2EF L L TORBOBRER

EHILE LB MBESER» SR E N5 2B R ZOBRBEIC I oTWD, EEHELY
i3, BEEFHREEHRELCRIMLARED 5D ©Co, 137Cs B L U 5Mn DBLMEIZ DV TER
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L7zo ZDER% Table 1IZRT, FH R IIEBMEI L AKIEIC L VIRED SBEEE L7 activity %,
HRBEDKETIREILOHBEL o7z, WHITRH activity 2777, ERLRTWEL 6%
WDIE, BiBEL7- activity BIAKEBETRZWEWVI T EThH b, BRI TRV, Kk
W& D BiBE L /-5 %, membrane filter THMBT 5 &, KEBS (90% F2EE) A% filter LIZFR Y,
BRPICAHMENEDIR, ER3IBEOVWTRICONTTY, 106U TFTho2Z LEHELT
Wb,

Table 1 Duplicate measurements of the contribution of readily removable radionuc-

lide and hardly removable radionuclide to the radioactve contamination of

pine needles.
(pci/ kg dry)

137 54Mn 60C,
Sampling location R i R H R -
D 169 110 40 46 51 41
277 26 63 4 101 4

E 223 48 30 6 20
204 79 19 9 29 8
F 511 221 15 5 11 8
316 170 17 9 20 11

*Readily removable radionuclide
* *Hardly removable radionuclide (By Watabe et al.) ¥

rryrrT rTiy T T T T e rrreor oty

Og.of:.. .:.0 e o O, .

T I T

COUNTING RATE (cpm)
o
o

0.01 TN R RN N AT O AT A AN A A N A

0 100 200
TIME COURSE (day)

Fig. 2 Loss of '3Cs (solid circle) and ®°Co (open circle) from 100 g-dry of dead leaves due to
leaching by simulated rainfall.

Note : Bars present couting errors. (By Watabe et al. )®
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ERSY R I ROBEELREABHL, ChEAFMROERICOD, 20008MICE-T, £
FIFEFE & 1,500mm IS THKEHETL, BFEICFKRS activity ZBB L7z, ZOHE% Fig. 2
R, BRI 1%7Cs, BIRAENE Co 2R T, &L LT, BEICRETS P Cs BLU
60Co DEMVETHBATHEMERL TV 5, BATIE, KEHOMS L AMT Z EHTE LA,
ZDEERIBO T heh ol ZOBE, ML LUROEELHVTVLDT, 3 TIIKIZT
BUOHSIHERML ETHEVK SN TS EEMED S Y, fresh deposition DI FEE G DE &
ERTIDOTIRRVA, BELT—-5 ThrLEIOLND,

5. HRAKIIROLEN LEBILE

HRARI Y EDOERLE IIOWTRTTRE 7 AREFRE LI F—TL ) LIFTWw50T,
CITRIKHMEICSNBIIEED D, FARITVEOETMILERIZOMEBRBIC L 5 TRE
CTLiBILR, TTRHALPIZENTVS, ZOFEMELEERIR, EARMICHXIIKEOK
MEEY D ICET LT AEYLEIcE Lza3 v EDORE (Be/af - sec) &, KAFDIwED
EHEE (Bq/cf) LD Vg (em/sec) & LTERDLENSZ EAE A, Hoffman 139, Hfiks
BICTEMORMNERL ) ICHE LI TROREDL VA (al/g - sec) % & oo AFERNTH
HLERLTBY, Z®Vd % normarized deposition velocity & & TV 5, & D demen-
sion POBHLLTH S & H I, Vd DEIEMOBIEERE (g/cf) 2FTNE, Vg DENBFON
%, Hoffman ¥, Vd 25 Vg ~DME (Ui Zoi#) 12, HEHEEOFHMEEL LT lkg/nf %8R
ALTw5, Table 223 Y EDLEHEINOD Vd L Vg DR RT. LBEKTIE, Vd & Vg
PENREN n'/hg - sec BL P m/sec TERENTWD, EELHIED, ASHFVILIHD],
BLUCHl DBTICOWTHRE L, LIBRAPSEDAThLIPEORTICEET L L,
CHil RELERALL LV RENEI L 2BHTVS, &5 Adams 52 i3, 1, DEE~DBITIC
DWTHMZHEZIT R, ZOBTHRILOGMMA L BEEBFEIH Y, T220KRILOMEAINE
BERIERICHEL WA EEREL TV,

Table 2 Deposition velocities for various iodine compounds

Normarized dry Dry deposition
Form deposition velocity velocity
(m%kg™1s7Y) (ms™Y)
Elemental iodine 0.1 1X1072
HOI 5 %1078 5X1074
CH3l 3 X107% 3X1078
Particulate iodine 1X1072 1x1073

(By Hoffman) ©
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TOESE, EEBEOLIGICE D, BERNS LD EORBPLERIK S & bANVHE
BEND,

6. RRMN &1L

WH 53, BREIDUER DS BIERTESICBIT T 2B EOR2EE T 5 -O08E
EFNIZDOVTREIL TS, T LT, AENEHEETVS3IEHL L), EDET
WEUTITRT,

BHEETN

(1) C plant = TF - C soil

{2) Cplant = (TE)’ * C soil

(3) Coplant =F - S+ (Pt/Pep) *+ TC - Ct/L(O+ PKd)

C plant : B (TALR) BMEEL)ORIE (Ba/e)

TF : BITR % (Transfer factor) (—)
C soil c MR EBRV L ) OTHEERIE (Ba/g)
(TF)’ : (TiaRE) BATRE ()
Pt D EBEARERLG ) OREWEER (g/cd/y)
Pep EMHEARERY ) OTEREEE (g/al/y)
TC c (RYEEVER L) 0) RBRE (nl/g)
F : B HIC BT 5 R OTRB~OBTE (-)
S DR () % ()
Ct  REEATRERL ) ORIE (Bg/c)
cHEORS (BEBORES) (cm)
0] : BEASRE (nl/cf)
: EEEE (/)
Kd SRR (me/g)

(By Uchida et al. )®
(OREBTRE "TF) AV HETH D, TF SIBEH, 5 DS T CoMMIC, fETRER
WRER SNBSS ERE (Ba/g) &, TETOBUHMEEEIRE (Be/g) DL LTEHS
oo AR, BMTHHRFICERBL AON52, BEHBHEO LR TOLERRBENE
BERRBEZRIN TRV,
H2R0 (TF) O, TF LIZERY, SROME LT, RS HEL LTOT
BREOENEONTV S, VRDOHAD LI I TFENRE, ¥MHEHOFEHENLES
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LBEDTRL, MRER Lo TWE LW HT, RIOFAEBESZRINTWE LW T
T&b, CCCHIBL 201, TREBAIEEN2~3OTEERVTHRILERTWEVEN
Zt, RUTBICER EN:RI D Aging SR ICOWTHSFLARPBLATHEVWI L TH A,
A 51008, HIC5Zn BN, 20 Aging 3R & THABMMF OREICHT 2 EBET2 -
720 TEPIZETNLTEHICOVTIR, ThETHRIFESEDOONTETBY, ZOTHRE
DOHHH & LT, MgCly, 0.1NHCl, EDTA B L U'DTPA Bl LR ENTETVS, L
L MgCl, i3 ##, 0.1INHCI I3RS, EDTA BXU'DTPA 2L+ L — MITH-T, HE
IALFMBEH L 2 50T, LEFORCESOESLHMH T2 LidE 2By, X6, L
L 4 A O Tid DTPA FH ST RBHIE A & LTRDREL TWA I L2 HIEL TV A,
TARM Sk, HEXLKIEE L BB MRELEIC®ZnCl, 2L, EBRENICKELZ, £
DHHHEMER L ICHBEO—FRE 2R LT DTPA THIH L, MM D %5Zn/Zn Hist
BRHE L, ZORBUNEEDORBEELS,S Aging $IRE ATV 5, #ERO—F% Fig. 3 1TR
L7z TOEP LB THHIRIC, Zn BIAKT HOMIZ, HEGHRESEBICET T 525
ZOHIEVLRPICHERTLHI L, LA LZORBSREIISSMERFOENIVEIEH Y, &
DEBRER, S, CZn BMERTHD S biZ, HETTOEERENEBLTAIE, LAL,

12 -§
A Tanashi soil
o ® Naka-gawa soil
10
E T 3 ROl o
= ° T
X T
g8
b=]
[~
)
NE:
K
[a]
=i LY
g x
$ = = z =
s 4T
<
)
2 b
S_.A. of ®Zn in digestate (Naka-gawa soil)
| "S.A. of %Zn in digestate (Tanashi soil)
| { 1 l | |
50 100 150 200 250 300

Days after %Zn administration

Fig. 3 Variations of S. A. of Zn in DTPA extract as a function of time.

(By Honma et al. )!?
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FEL7:E LTH ZDHRBIBTERETH 5 T L 2R Sz, SHBEHEMED 8L &~
DBRITEZQRICL > THET L2011, Z0 Aging R L TREBAEELH O LORE
LTBLZEPRETHHIL, ZLTEDLDICITDPL ) DEE LT AT CHREICHIEEZED T
BHPRIERLLNI b hoT,

(3} 1 Dorp™? LA L TV AR EETH %, ZORIERIZ, 1EWH R 2RINT 554,
HEABPICETNTVL R 2 HEERE HKICFENTELLWIRENS LICHATTLRTY
5o COXTIERNOBITRICEEZRITTHEMEZR KL > TRHRET A L 912 o T 5,
RO LT, FEWHEERKSEREE (TC) 12, R EKDEDL L ZEEMICTINT 5 i, B
REPURE (S) & LTHARINTWAS, RIDEEREDO LWL, EEXODIHEARATAT
BV, Kd R SICHBNICKBENTWYS, HVIEKBEELIENTELEEILN
2, I CALEE L ERBINE L OBRICOWTRE LEHEDO—BI2BAT 5, FHR5 112
AKBETaw Y FEREL, ORI B BL U0 RN L TA4RBZROBINED
ErxHhiz. TORKRE Fig 41TRT, HICBVTREOBRTIERICHV 32y FOHEBER

80 -
Or T
07 [
sor Roots
st || -
41 Shoots 40+

Activity Ratio*

Activity Ratio*
[\ w
S
¥

—
T
—

23d 35d 40d 23d 35d 40d
Plant age (days after seeding) Plant age (days after seeding)

Fig. 4 One day uptake of iodide and iodate by Komatsuna, Brassica Rapa var. pervidis, of different

growth stage. (By Muramatsu et al. )12

o 72Tz~ Y F & KBHED activity ratio & & 572, HEBDEWI <Y FRRINEK
X, I OFMI0 L VBNENG VI LHbDA B, Fig. 5 12130 BLU1%0,” %
HFUKHR Ty -4 1AMSRE L -ROBRNENHEIER L7, [T 61037 bIZITEBRK
KRNENRSEZTWEY, I” ORBEOEHFI0; DEFNID BRIV, CORTHLPED,

1057 3L TFLTOTHLEIRRENE LI ITHZ B, Fig 6 IKBESD 10;~ DILFRED
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Fig. 5 Accumulation of iodine (iodide and iodate) in shoots of Komastuna, Brassica Rapa var. pervidis,

as a fuction of time. (By Muramatsu et al. )12

100 = — 4

J e
(%) \A\ —
L ﬁ\A

BN

§ Culture solution without plants
% 50 a with 103 carrier (10ng/ml as I)
?éo | O carrier free
-
o
S | Culture solution with plants
o 4 with IQ3 carrier (10ng/ml as I)
o B carrier free
0 1] 1 ] 1 1 i J
0 1 2 3 4 5 6 7
{(day)

Fig. 6 Transformation of iodate to iodide in the solution with and without plant, and also with and

without stable iodine carrier. (By Muramatsu et al. ) '?
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ZLeR Lz, BIREBEMI VIS, BARMEYS S H5E, AMEZF v ) Y—IZ&mL7
B, CIEMEF v U Y — 2R L 25 o B DN ENOLFRELIL LR T, EORELET
TR0~ 25 17 ~NORILHFHEEFIZRObN S, Fig 4, 5051310, bBRENL LS IR
R7285, 105~ OEALL2 1 AR ENAL L ABMTIE B TE D, BEICRININIEO[LE
FEzmMbHENOEDELT, EBOINTE o 2EBRO—F2BAMLTBL,

ALY, ASBET-ENREZI TS -—EO MM EEELTBE, RIZEML
ToORBHBUCBAEE R ICKBRE S S 10em DL ZATERYIIZL, YO1HHMTL 2BWEK
TR L 72 RS, ABHEF RIBE L BUWHHF RIBRE L OBBREZHL 2T 5 HHTEY
WERMLzOTH B, REZFATAILIZXY, BINEN2BEOLFHELAL I LT
XpLEZLND,
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On the Effects of Physical and Chemical Forms of Radionuclides Existing
In Environment upon the Movement to Crops

Hironobu Kobayashi

National Institute of Agro-Environmental Sciences

Abstract

In general, the contamination of crops with radionuclides released in the environ-
ment, especially in the atmosphere, is known to occur mainly in two pathways, i. e.,
direct pathway; the atmosphere to the crops and indirect pathway ; the atmosphere
to the plants via agricultural soils.

The relative proportions of the direct and indirect contaminations depend upon the
deposition rates and the available amounts existing in the soils of the radionuclides
during growing periods of the crops, respectively.

However, the quantitative relationships between the physical and chemical forms
in the environment and the behavior to the crops of the radionuclides have not been
examined in detail to date in relation to the contamination pathways.

Among the biologically hazardous man-made radionuclides, the following ones are
considered to be very important from the angles of their behavior as affected by
their forms in the pathways, the plant morphological and nutrio-physiological charac-

teristics, and the types, and physicochemical properties of the soils, in addition to

Y RMKES RERRBANIT AT
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the the meteorologiccal and agricultural coonditions including the soil management,
fertilizer application, crop cultivation, etc.

In connection with the movement via direct pathway, such radionuclides as '3',
l4c, 3H, etc., released in the atmosphere, after transformation into gaseous or vapo-
rized substances with passage of time, enter easily in parts the crops through their
aerial parts by adhesion and photosynthesis. Some radionuclides, for instance, 90Sr,
B7¢s, 1311, etc., dissolved in rain-water during their deposition, enter partly the crops
after adhesion to their above-ground parts. Soild radioactive materials such as air-
borne dusts and particulates are taken up partly by the crops after entrappment in
their flowers, leaves and stems.

In relation to the behavior via indirect pathway, the available (i. e.,, water soluble
and ion exchangeable) amounts of the radionuclides such as long half-lived 90Sr,
137Cs, etc., and if necessary, moderate half-lived Mice 106Ry, Fe, Mn, etc., and
short half-lived ®Sr,'3!, and 4°Ba present in the plow soil layers during the crop
growing periods after deposition on the soil’s surface are very important.

Therefore, in order to solve the radiocontamination problems of the crops with the
above-mentioned radionuclides in the environment from the quantitative aspects of
their balance sheets in the agro-ecosystems, it is necessary to investigate their
physical and chemical forms and their amounts in these forms, which contribute as

absolute amounts to the contamination of the crops, in the atmosphere as well as in

the agricultural soils in more detail.

FUBIC

R, fFICKREADICEH S BT E O BIER~OBATEEIL, —#IC, KA—~BED
DEEER L KA~ R BEYORBERBO 2EERBI VA LFMOATHE™), &
o OREED S BRIEM~OBRHEDEOBITEHE, TobbBUHRERIIIT 2HF5RIE,
Table 1 & Fig. 1 1ZR L7z %0Sr OB EFL S HO 4 &1, BEWOLEEPMHICBITS
KEPLORTHE (EHEGHRE) LBRTAIEPICRESR, L2 REDORIIL ) 2HE—
WRRBLPSE—THFEL TSR (MEHRE) ICLWERENRS,

LALeds, The 0Bt EOwE - (LENTHRE L RIEY~DBEIIDBTRIZOWT
EROEHREFMCT bR TI b o7,

1. RIENOBHRE L TER RN EE

HEMFEMICEER IR TV S ATHEHEREE LT, %S, 13, 137Cs 2 &% &8I °H, “C,
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100
L Nation-wide (Average)
2 % g
= i Z=11.974 X+0.341 Y—0.261
2 7 R rzxy=ogssrt (n=22)
8 60r Fo=106835 F 3(p=001)=593
s I ® Observed
' o Estimated
4 2l Estima
1960 1965 1970 1975 1980
Fig.1 Annual estimation of *Sr in brown rice via direct and indirect pathways.
Table T Simple, multiple and partial correlation to "Sr in brown rice with "Sr deposition rate and "Sr in paddy soil.
Number Simple Multiple Partial
o of correlation correlation correlation
Name of sampling site samples coeflicient coeflicient coeflicient Regression equation
n xy yz "xz x:yz Xz *y yz o x
Sapporo, Hokkaido 22 [0.478%  |0.630%* |0.896%** [0.925** [0.872%** | 0.518%* | Z—7.503X+0. 358Y—3.192
Akita, Akita 22 [0.492%  {0.455% | 0.928%** 1 0.928%* |0.909%** | —0.033 | Z—11.004X—0.006Y+8.294
Sendai, Miyagi 21 | 0.39 0.475% [ 0.877*** | 0.887** |0.851%** | 0.292 | Z-13.082X+0.558Y—4.32
Tachikawa, Tokyo 16 |0.319 0.344 0.988%** | 0.888™* | 0.989%** | 0.197 | Z-15.987X+0.111Y+2.662
Hahikino, Osaka 20 |0.508% | 0.651%* |0.909%** |0.936™* |0.885%** | 0.530* |Z—10.375X+0.388Y+0.656
Tsukushino, Fukuoka 22 |0.671%** 1 0.737F** | 0.924%** [ 0.937** | 0.857*** | 0.412 | Z—20.822X+0. 368Y—0. 669
Nation wide (1) 123 | 0.412%** | 0.440% ** | 0.802%** | 0.896** | 0.868** | 0.178* | Z—11.696X+0.136Y+3.710
Nation wide () 22| 0.559%** | 0.632%** | 0.951%** [ 0.958™* | 0.929%** | 0.393 | Z—11.974X+0.341Y—-0. 261

Correlation cocflicients with signs

in brown rice (pCi/kg) .

*
‘*and**i

are significant at the levels of p— 0.05, 0.01 and 0. 001, respectively. Z—%Sr

X~ 0Sr deposition rate during the period from the maximum tillering stage to the middle stage of ripening (nCi/m?) .
Y- exchangeable *Sr in the plow layer soil at the harvest time (aCi/m?) .

Nation wide (I) and (1) ; Calculation was made using the individual and the yearly average data, respcctively.

55Mn, Fe, ®9Sr, 4%Ba, “‘Ce, '®Ru % &5 MBS, RREHPLEEH, KL,
R OBEEHOIED, BEHEBEOSRBIC BT A BENOES), REWMOBRL KEER
HESERULED Y 4 7, M, BN EREEERT AL, ROBEFERTHL LAD

(P

2. HESBICLUBTTIIREE

KEPICHE X R B, MC, 3H 4 X, BEEI L EEBICHEV, CH'', ', CO,,
SHOH 72 LA FALRICHEELE 5 11T, —HIZBREDOR EIIMAE L) AR
EVESICEEDCBITL, BTRBAICERLZ YOS, ¥Cs, B2 ERRENOB EHIC
HELEOL, Zho0—BENICRYAThS, BEERLKNTROBEABGEEWE I REY
O, LML & THIRS L T—IERICBITT 5%
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3. AEERICIVBTTEERE

BECETL, B ESIcI) AT R BEHERED ) b, 2Sr, ¥Cs & EORLHMB
EAEICEER SN TED, 372 1%Ce, 1Ry, Fe, 5°Mn % &% 8%y, 131, 1403 2 L' -
FEBPHELIFEICL o TRERT HLENH S, MO OBEOTEPICB T 5 FETRS,
Kith, BRERCHEED 3SHBRBICKF SN TVEA, BICHZERELICBI2HE4ICRTE
BLLTEETHY, 2OHERMELFORLEMOHEELE, BHOKLE, TEOpH L
BALBTEM R LICE D XBENSDE™Y, T-REWILANE, CThOTHBELRNELD
BERTHLPICTHULENDH S,

b

LDk, BEHEWEORIEMANOBITICRITTLER OB O W TEBBI OB L7124, &R
I S N7 BT ERRRIC & 2 R OHREE  REEBRICB T ABEOPZOE D b 5E
BEMICHRET L2003, BEWERIOE LCENE L LTREZ5 2 5 BUHEERORES &
CESLIEPICFET 2 WE - (LENBR L Zh O DFERZFHMICRI T A EILETH
%,
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2.1 & E)

ANl T

Transfer to Marine Organisms (review)

Taku Koyanagi

Division of Marine Radioecology
Laboratory for Radioecology, Nakaminato
National Institute of Radiological Sciences

Abstract

The difference of behavior between radionuclides and their stable isotopes in
marine ecosystems due to their different chemical forms frequently causes the large
fluctuations of concentration factor which is one of the most important parameters to
predict the concentration of radionuclides in marine organisms for estimating the in-
ternal radiation exposure to men through the consumption of seafoods.

The complicated behavior of organic or inorganic complexed:forms of fission prod-
ucts or corrosion products, such as radioruthenium or radiocobalt has been studied
on various marine organisms and seawater and their different biological availabili-
ties have been pointed out with the different specific activities of these nuclides be-
tween organisms and seawater suggesting the limitation of applicabilities of concen-
tration factors calculated from the results of stable element analysis for radionuc-
lides.

The oxidation state of elements also affects their transfer from seawater to marine

organisms and it has been reported that the concentration factor of radioiodide by
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fish is an order of magnitude higher than that of radioiodate.

Although the diversities of concentration factors are not always explained only by
the effect of chemical forms of radionuclides, their multiplicated effects with other
enviromental or biological factors on the transfer of radionuclides in marine ecosys-
tems should be clarified with further detailed investigations to minimize the uncer-

tainties in dose assessment caused by the fluctuations of transfer parameters.
BU®HIC

4 OEGID HREICHUN S BRI, LORABECHRICEASN, Vikd
TR L B O RO AT 5 T LI, HEARGRICBI D EGHEMOBIT £ I L, W%
B O AMEOHSHRBIBRE £ 5T 5 LT, b0 TERESOTTXORHBEL ShT
Vb, B, BUNBUHMREOS LRI I LTV BT L LR - TR CHik P I
RSN, ZOWE - L#H B X CEMFRRERHINIET 2 REFLTR S 5 L FBRTHE
ELLFTLA B LW LD, LELEMERD—DLENTVE, HhTHBEERRICB
BB EOBAT I L CERELAR#E R LTV AHEENR, ThEY, BHRmEzR
BT 52 L1k o THOEEB Rk RS ORI & 5 MEOBURAIEIRICH 5T 51241 T
%, TOEMEEIC X - THRETHEEE, H5VIREMETEOTEELEL S TICZ0ELLIC
HLTHEDOTEELHELTRIILTWAZ L {HMLATVS.

LB B I BT B AR BRI BB % FF S 2 10% > TEE /35 A — § —O—
D& LTHV SN BRI, RN ORGSR (UIRETE) ORE & HKHOR
B (LRRETR) ORETH LML LORSA, ERREOT COBREENOREN
RERVANVERETH7200FBE L TERSNTVS., L LeOERICIE, 74— F
TOBMTY, H5VIREHNTOLRT LS5 N HBAHFROMIILA—HH, F—Lpmey
ZE SR Y OEBNADH Y, FREOBM I L TRAT X EORBRRIE L & 557
ThHDH. Thid, BEERROEELRT2BERIKE, pH, BEL V) RICBERIICHIRT
PARBIR DL, SRR, WL CEMEKICERT AWML bOBHHIEY, T
Y LGRERELRE Mo THELHRAZIAL 720 THLI EFAONTEY, ThLAHE
BT ARRETIRETH> T, B—OBEROHFIY LIF TRET 5 2 & ik L TREN
TREWEEZLBNS. LELENS, TITRAELIF-OFEEIIPANAL, VHIINHER
D—DTh BRI, &5 VITRETEOERA, EWBEICH Lobs 2 BEE RITT
PERLIZERT AL ETA.

WISV HRMEES L URERBTEOFELRE

HRFDOTENHEEIIOVWTHR, TTIHOL Yy Y 3 Y TEFRLELONTWHDTI ~ TidfE
BIZANBIZL ED D, Table 1 1352 T D. E. Robertson? 25k L= DB | H CHEOHEEILE
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Table1 Possible physico-chemical forms of radionuclides and

trace elements in the ocean.”

True Solution (BLA4E ) 1) Simple Hydrated Ions
<0.001 microns 2) Inorganic Complex lons
3) Organic Chelates
4) Molecules and Polymeric Species
5) Ion Pairs

Colloidal (z a4 F) 1) Mineral Substances
0.001—0.1 microns 2) Hydrolysis and Precipitation Products
3) Biopolymers and Detritus
Particulate (ff  F) 1) Organic Particles
0.1—50 microns a) Plankton

b) Detritus
¢ ) Bacteria and Microorganisms
2) Inorganic Particles
a) Mineral Substances
b) Precipitated and Coagulated Particles

ERFOKREEDS, HEBHE, 204 F, BIPRFO=Z2ICKIILTWA. {t2ELEEIA
ErOBRBTABILHENERDIALE, TLHIXBTVA)TEEBIETAEY YA, R

POV F Ll ENHBIER LKA A Y E LTHEETAEFNORTOADIIH L, R
%, M, HHVIEECKRELRELDEBRERETEN, BAKTOEE, AROVI TV FEKEL
THERLESTFYWEOHEL LY, BE, dHViIauf FREDETHEEL, EP~OBITIC
BLTCHHELDEBX L6 LMo N TS, BELEFL a0 FIREDBOERNIXHE
WKEoTRLLTLIBESTEL, ZOFHEEEGOREICI 2 BRI OFMIFZIN TS, &
BICRTFRK (0.1~503270) Db}, ARELEREOLOPD), WIHIETT V2
FYRF ISR, NI FYTEY, $BHICE, BEERROEDECHES LEE 2 LSS
nNo. FEEAFORTFIRWESTIE, FEYEEBYOHFEEEL] [ 1 THEH LS HIKEE
BEDALNDD, BEDY YY) kbR IS, RFRTHEETSHERDR
ARFILAICEZONTV LD T AR, BIELR LR, 053270 <DRTFIRT
DERHERERDOFEEL V110 L% VWEENRTWE, FIZIF0.53 20 DX TL 74N
¥ —CiF#LTYH, Ni, Cu Zn, Co, Sb, U, Cs, Sr, Sc R ERFRA EHW T 54\, 72~ Slowey &
Hood? i3 A %> 2 EDHK%E0.453 70 D7 4 ¥ —TFBLT, Cuit30% Mn &ZnidH
10% 130.453 70 Y PLEDR FEHEL T2 EME LTV 5.

Table 2 B ELZHMOSBEERMOBKF TCOFLEREELR LIS DT, 52T Greendale &
Ballou® & Zr—Nb, Ru, Ce % iz FOKB A VR FRTHEET 5 LHE L7225, Z O Silker?
BABOH Y TVEHWTREL, 033270 D EoRTE LTHEETAEEE:, RICALN
BRI B VELRE-TWA, BL, INSHEVEKDBITH > THRERKF TREEWCE
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Tablel 2 Comparison of present physical states of radioelements
in oceanic waters with data of Greendale and Ballou.”

Percent Particulate in Seawater

Radioelement Present Oceanic Waters Greendale and Ballou
(Silker, 1969) 1954 Laboratory Simulation
Zirconium-Niobium 1-13 (8)* 96—100
Ruthenium 1-3 (2 95
Cerium 1-54 (21) 94
Cesium 1 23

*Average value in parentheses

MEBOREPRECLOIINEKR LI DL VEFERLY, FIZENY 74— F2 (4 VX
7= VORFIHERERD HH RIS & Wz BESHERIE D35 & OFRIC Zr—Nb, Ru, Ce %2 EAIF b Y
FRARLT T 7 by NDBEHFVEESL LW, FELTERTHEELZONSCs Liddhk
&S TEYMRBRELRTES IREI LRI AONBL5THS.

AR EALTR O BRI 4 ViR

Table 3 1 RSB BRI D LRI DV THEKF DS L FAERIE R R L1 b O TH
2% Bl RuTRBA A, BA 4, dHEEOFEOIPRTRCOFELER SN
3. BAEAMRRELETE S ORI L TREELV T =9 A3= bua i vV T = A5
EOBTORMBTFTEENRL L IAHE, ZRLHEL OHEKOBICRELLRINDEY, S5I,
BEABEOFRICE > THRAA VY, B4+ v Vi pEREICHE L2 RIZAVA ML —F—
FER - L HILEHBORBORIHI VL OhBE SN TS, Fig 19 8L U2 N Z DR TR
L7=%%, 44 YHEIC L - Tl RIS RES ML VE LR < WEEEITREENTWS, SrBL
UF Cs 12DV T i Z DEFETHREAS B AL CIREEEB O b /M S W ih b AL 2125, Ru

Tablel 3 Concentrations and Physico—chemical States of Trace Elements
with Fisson Product counterparts in open cceanic waters.”

Element Abundance (zg/1) Principle Species
Ruthenium 4—7 (x107% Anionic, Cationic,
Neutral, Particulate
Cesium 0.28 Cst
Strontium 8000 Sr*Z, srS0,
Niobium 0—0.005 (filtered) Nb (Colloidal hydroxide)
0.01—0.1 (unfiltered)
Zirconium 0.01—0.04 ?
Cerium 8.5—42 (x107%) Ce™4, Cet?,
Colloidal, Particulate
Europium 0.95—1.4 (x107%) Eu™3, Colloidal,
Particulate
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Fig.1. Uptake of electrodialytically separated anionic, cationic and neutral fractions of '*Ru nitrosyl-

nitrato complexes by shell and soft tissue of mussels.e)
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Fig.2. Uptake of 196Ry chloro complex species (**Ru/Cl) and 196Ru nitrosyl-nitrato species (*%Ru/NO)

by Fucus virsoides. »



RCe, Zr ®°Nb 2 &id, ZOWAKFRENEV LI, BRKENEKRKLOBIDREZIKE L,
KR LB IO T 5 L idE 2 .

BICOMERKICD TEAEGLAIREATVEETIEROALA, EEICET»ERE
BEDLDTZLVEIRTHS. LZHOBBEOHENICERETH LY, ZDREN R EB) OFHT
K25 55— ¥ DERIZEND,

RICBERSHRE IS T 2 REFAMTEOBKTIRE L, F0E/-LHFEFE Table
4 VIR UZe. B2, 442 0% Fe 45H D% Fe, 71 H D58 Co 5.24E M5 Co, 312.5H M5 Mn,

Table 4 Concentrations and physico-chemical states of trace elements with

. . . . 1
activation product counterparts in open oceanic waters. )

Element Abundance® (zg/1) Principle species
Iron 1—20(5) Fe (OH)3, Colloidal, Fe chelated, Fe (OH),*
Cobalt 0.005—0.5(0.03) Co*? CoSO,

Manganese 0.01—0.88 (open sea) Mn*2, MnSO,
Zinc 1-10(4) Zn*?, ZnOHY, Zn chelated
Nickel 0.5—3(1) Ni*2 NiSO,
Chromium 0.01—0.8 Cr¥s Crtd
Scandium 0.0001—0.001 Se*3, Colloidal, Particulate
Europium 0.95—1.4(x107%) Eu™3, Colloidal, Particulate
Tantalum 0.002 ?
Silver 0.002—0.04(0.01) AgCl,~, AgCl;™~

* Average values in parenthesis

4B D% Zn ¥, WIORL 7+ —NT 7 e CTH I, BEFFEEPTLEEL N2 5D
FEBSUBECH L9 ) T, ZNOLORERMEDS LWL > TUATLETH -
T, BERIGAYBEHBREEZRTELLOEERSINLIDTHS. FICZNLEBEETE
DHFERIE, RICDRONBRIC, B, 304 F, BTREFEFICEETHY, HCEBALR
N5 B L TRAEWE~NOTRUVRL LI EXFMSNTV A, Table 5 VISR ONBE
I2Co, Zn B LU Cs DHBGFHEZ (Y =, OINFAA4 T, BV HINTHE, @7 oL
UE, TLTONTAFTAIIONTHKOLKRSEE BT A L, Cs TidiE v 1 i#DO#ES
RTOIH L, Co TIF100, Zn TIX300IC b2 L, HHMBEDS D, EERMEKIZL H~<B L
EYIZHNATNRTOBETH 220 LFEHIA TV S,

7= & 21 Fe O34, Dayies (1967) DiZMEADD Fe DI Y AAZ L LN, HFLLIAERSh
1213 ) OKRBRIESITBEOREICESLDIIRE T 545, AP TREIEER L Db DKk
BRINEZ LR, BERIETCIRIBRIATNRVWIE2BELTWA, LK TR, B
FCKREHAICET LRSS0 R 25, HiELKBSkoB L e - T, R L DHFELZFER
SHEDE L D DBEMICHBERAICREL, SO CFANFEWEHEEHRL TSIV 7 R4,
B EIIEABITTATHA ) LEL TS, ) LIzBA»SAB L, Table 6 VIZRLE
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Table 5 Comparison of specific activities 0f*°Co.5Zn and"*Cs

in surface sea water and in marine organisms.”

# K (dpit/grgn ogf-feleﬁlgent)
89Co—Co 1X10°
63Zn—2Zn <1X10?
137¢s—Cs 4X10°
K o s e 7Iod:A Eil
(dpm/gram of element) WK O Mo iest e
1. Colalabis saira (3~ <)
80Co—Co ~1x10° ~100
83Zn—2Zn ~1x10* >100
137Cs—Cs ~6X108 ~1.5
2. Diaphus theta INFH AT VIE)
80Co—Co 4Xx10° 40
83Zn—2Zn 3.4%x10* >340
137Cs—Cs ~4 X108 ~1
3. Lampanyctus ritteri (b ¥ HINTHE)
89Co—Co ~4%10° ~40
63Zn—Zn ~6X%X10° >60
1¥7Cs—Cs 2X108 0.5
4. Sergestes similis (7 9 TV B)
50Co—Co 1x108 100
65Zn—2Zn 3x10* >300
5. Tactostoma macrupus (N % K7 1)
89Co—Co ~7%X10° ~70
83Zn—Zn ~2X%10°% >20

Table 6 Specific activity of**Fe (nCi/mg Fe) in three species of Salmon."

Species inlg;lvnilé):;ls Specific activity
Chinook (predaceous) 4 1.2
Pink 2 7.7
Coho 6 11.8
Chum 1 15.1
Sockeye (filter-feeder) 2 15.4

BIZALYrDMETOHAEMED~Y X/ A4 Chinook £ Wb, #F57 F<2Z Pink, ¥>¥4
Coho, ¥ %% Chum, X=#7% Sockeye L EIMICT t V¥ — 7 4 —F— Il DIZo2N TS
BOENTI 7 M ORBEZIITADHBSELR > TWE I b2 b, 72~ List
UHKLLEFTURVIFEEBLADOLICRETEREFLVWERBIIELT2EEL05EIHH
5, LOBETEWHIEYALLIZL > TREDHENEYREIBRINLVWTERELSHS S
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LITEBRLRIThE R S 2w,

S zn IZBILTd, HICFLIBYEE Zn OHFAEHEE LTt Zn*2 ZnOHY, Zn ¥ L — b %

}:“0)3\‘275%%' ENTVWBEDIK LH S/ EASNAHEE Zn 1, L5 FTLITNTORED

En LEBLICERINL LIZRLT, FOMIIBITAEY~OTHREDENICK > TES
é%mﬁ#ﬁ%kﬁ%éhfwé.T%kGf&éﬁU“Zn@ﬁ#ﬁ%anD%i%klo
THYATAZNI ENFRENTEY, —BAPWKNTORIHBR &M L7 Zn OF I TG
BAMENT- D L EZ HNTWEY, FEOBEFALH - THMTRZWVWIDLIEEI NS,

80 Co DAL, ZFOREFMPARNFBERAT CRAHSERBCHET LT HHIHD
EDD, o IXOARE, EREBEOMONEICER S TREPFS . 207058 &Ehs
BITHHH, Table 7 VICROLNBBRICEY, BEELSH(D, ERBERES I A=y 2%
Cok, HBEBLRETHI T 2aANT IVOFD Co L TRRLELWIHAICIINIERENE
BHHILERLTVAS, BiizRAE T, BNERRLTVOIRERE Co THO®KARIC

Table 7 Discrimination factors for marine organisms and sediments and fresh

water phytoplankton for organic and ionic cobalt in water.”

=% £ B D A & E
(HHa v ]~/4 F VRN

wKEM 757 b 15
2L M AV A 15
TNVF 37 (Artemia) 15

= (%) 5
H, B4 (Donax) 4
R T A 4
HEBEERE (Fi8) 0.9
W EHERE Y 0.5
TIFYH= (RIFDATS) 0.5
TIFYHZ (&) 0.4
RKES TS 7 v 0.2
A% (Donax) 0.03

I<{MYRATh, HENOERED Co DBTIIEL L TR LRAREICLLbDTHS )
CHETEDN, TOBFICHERFACEPEL EDBVICL 5o TIHBEOBRIBEEINTE
O, IABECODTRTRIT ) anNsIvOEHIrLOABRTLILIZOHEND 5.

7o, BCOBANAEY, REBKPCTERECOEEIEESNATRERIP L DL, BRE
THE IS SN BSEEERES N O RERMN A L AROARBAELLT 5818, 50K
B 2MEERZ R, RICORLAVESEBITEOBEIIBNTOIRFTLRHATETHHRET
H39.

YA B HEE Y KD O BRI AL, AYWEHTERL TR ALPICOWTORR
bEHBERENOBRENICE s THANHLLINELIATHS. BERNERLT 4 — IV F¥—
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N DERPS, WTNRORY AKXEBIPELET HPREB ~ LZHEEIFOVTERVEY, 2T
SHICH Y AAML T RhkFKh L0 FRMAL % BE L72#KD 5 OEERINA, Hz#E L TOMH
LERIUC & BIDENET TR L, KT LR & TRESHEEDLERYR > TV A1
BEICOWTOZERIFLETH Y, ZANFETNETNOERTORNEDS L VRBBITRIZEL L/
LI EIRNERXOLND.

Table VI'® iX Pentreath 52 & ARRFHERT, I A2 5 %Fe DRFERIIFOTLIBS T
HoTHEBLETH A THoTIRAFNEDB L Z30% LEDLRWVICHIS S, HiE TIRIKS
L7:5°Fe DXBHHHLEICRBA L TV HDIZL b, BEDBEIZHE X F 80% HaKICIIN

Table 8 Percentage distribution and absorption of radionuclides by plaice,

Pleuronectes platessa.m)

6575 54Mp 58C, 9Fe

Organ Gelatine Starch Nereis Gelatine Starch Nereis Gelatine Starch Nereis Gelatine Starch Nereis
Liver 24 39 1.6 134 9.2 74 0.7 1.8 0.7 2.1 1.2 1.2
Kidney 1.8 2.2 0.8 20 20 1.5 0.5 1.2 0.2 0.9 0.4 0.8
Gut 4.9 32.1 17.2 344 41.8 17.5 11.2 9.8 48.1 82.1 88.7 20.1
Gill 1.7 1.2 0.9 57 28 4.3 0.4 05 0.3 0.4 0.1 0.4
Rest 46.1 60.6 79.6 44.5 44.2 69.3 87.1 86.8 50.7 14.6 9.6 77.6

% retention  72.0 71.2 35.7 14.0 44.9 40.3 25.8 71.9 3.5 15.5 3.6 32.0

SIERICERLALRZINTVA, TLROLEYAARKIEIFA L TH > Td IRZFRIER
PRZ2HOE, TREROERFTO ¥ Fe DILEHAIE - TV ALDLBREINTWVS., Z0D
BB 0 Co R EMOBSUBRECT LB SN TE ), {LEROED, BITRICEESTZITHh
O ThEMERICBIT MBHBIMICOEREZ DO T I L ICERLM ) LEYXD 5.
BB EORYEHEBIT IS T 2ILEROEE L I VRICOVTLOXAANH L. ITvE
DWKPIZBITLEERIIVEA I~ (1037) BFEET, BEBKOBEIZZEYORS b H -
TIAMMAA Y (7)) OETOHEETAHI LM ONTWVES, BT v ROA~DOEY
ABRET OEOEHI0;~ DL D LIMESVE VD MEFHH B2, BEAOR D AR
BOTHFEHDEAHSBIRE S NLA, BEDOANET L2205 ORBIBRICBVTIIEDEH
LR, RBEECEVOEIRONL DD, KAGMHRERES L OREL S LTIE
ABELREFALNY, —HEKRNICBYATNOLDO I TEOEEICIZ, LFEHOEBIEIH T
DREL BV EIRBERTV S,

bW

BB EOTRERN A Wi 2B+ AR BILERIC OV T ORI OATIREHL A hi
W EEWLOhDEE DT THEAN LA, 728 ZITEBHRROTEHI T 2551k, {L¥EED
AV TRATEHEV 2ERECHMTH ), HHIC L 5 TiX102~10* D LB % 7R $ i
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BEROEHER L U CHREBEEOLERIZTTINTEHALELVI L AL TH S, L
PULBHSZEERIC S & T CHBEDHRICH LTRTEERORBOEERI R L THRATI L
WADTHHIEDTLHALITHY, S5ITHAELERKBITZILFEROLEIOVTOFM
LRV RFLELERS.

SENM

1)

4)

6)

7)

8)

10)

11)

12)

104

Robertson, D. E.: Influence of the Physico— chemical Forms of Radionuclides and Stable Trace
Elements in Seawater in Relation to Uptake by the Marine Biosphere, “Marine Radioecology”,
OECD NEA, pp. 21— 93, 1971.

Slowey, J. F. and Hood, D. W.: Copper, manganese and zinc concentrations in Gulf of Maxico
waters, Geochim. Cosmochim. Acta 35, 121— 138, 1971.

Greendale, A. E. and Ballou, N. E.: Physical state of fission product elements following vapor-
ization in distilled water. USNRDL— 436, U. S. Naval Radiological Defence Laboratory, San
Francisco, Calif., 1954.

Silker, W.B.: Unpublished data. Battelle Pacific Northwest Laboratory, Richland, Washington,
1971.

Osterberg, C., Pearcy W. G. and Cur, Jr., H.: Radioactivity and its relationship to oceanic food
chains. J. of Mar. Res., 22, 1964.

Keckes. S., Pucar , N. and Marazovic, L.: Accumulation of Electrodialytically Separated Physi-
co— chemical Forms of 1°Ru by Mussels., Int. J. Oceanol. Limnol., 1, 246— 253, 1971.
Ishikawa, M. and Pucar, Z.: Continuous Electrophoretic Separation of °’Ru Species in Sea
Water and Uptake of the Separated Fractions by Sea Algae. J. Radioanal. Chem., 14, 53—61,
1973.

Davies, A. G..: Studies of the accumulation of a radio— iron by a marine diatom. In Radioecolo-
gical Concentration Processes, pp. 983— 991, 1967.

Lowman, F. G. and Ting, R. Y.: The state of cobalt in seawater and its uptake by marine
organisms and sediments, In “Radioactive Contamination of the Marine Environment”. IAEA,
STI/ PUB/ 313, pp. 369— 384, 1973.

Pentreath, R. J.: Radiobiological studies with marine fish. In Design of Radiotracer Experiments
in Marine Biological Systems. IAEA Technical Report Series No.167, pp. 137— 170, 1975.
Fromm, P. O.,: Some aspects of radioiodine metabolism in marine teleosts, Bull. lust. Oceanogr.,
Monaco, 64, no. 1329, 12p,, 1965.

Hirano, S., Ishii. T. Nakamura, R. Matsuba, M. and Koyanagi, T.. Chemical forms of radioactive
iodine in seawater and its effects upon marine organisms. Radioisolopes, 32, 319— 322, 19

83.



2.2 A TEE O AP isi

E I S

Bioconcentration of Radionuclides

Yuzuru Suzuki

Division of Marine Radioecology,
Laboratory for Radioecology, Nakaminato
National Institute of Radiological Sciences

Abstract

When marine algae were held in the filtrated sea water contaminated by inorganic
60Co, radioactive organic component in sea water increased with time, and about 70%
of the total radiocobalt in sea water changed from inorganic to organic form at the
8 th day from start of the experiment. This radioactive organic component was esti-
mated to be a kind of polysaccharides with molecular weight of about 1,400 from the
results of gel chromatography and spectrophotometry.

In general, it is considered that such organic materials in sea water contribute

largely to accumulation of radionuclides by marine organisms.

BRI SN RS R B 77 > 7 b 2 UDIRICERTAIEE A LD
EMICE o TREV DB ENS, £/, ShoDEYh ORI E IR EWEHRZELT
MOEM~EITL, HEHVIEYOFRLIICHENS T ) THIIL > THHESIND, BETILE
WHKEETHLH20, TNHDONRENS URE LD, MPEICHRT 2BESHES, B
KICHRTBY V0B, RTFF, TI/B, BELISHEL OB EHRLHEELR ESEHICE -
TWh, INHDOFBEYWO—EIZHTEPICE > TRHSWER Y 7 BIZER S h—EBid

E J

BATREFR AR BT - deEns 4 R AT
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TEAREL U CHKRICIEET S, WOOLERWEET A 7 VOGEESRE I TWEY
D, P THETEWE PRI ERE CHKPICBIBE SN T ETHEREO T TRESAL LI
BRSS, BROEBLEICHBEENRTOWL DLV LEDbNS, BIZIE, #KFIZT AHLE
ERRESCo 2 IRMT 5L, L v 7 ZABIRICHIE SN2V RS ILRRERICHML, 8 BB
BWARPICEFETHCCo DIFIFTO% BF Ly 7 AN T LEBBT DI ol CORDEE
BDTINaA (T 77 v 7 AG-25)F 5L FELIBEDEEHLEEDNIMATHS
Edbhotz, 23D, TOTERTAIDLEKFNFITHIAREDE L Co AL,
AN L2 BRI O FRBEA~ZOILEN B LD LBRTE L, BICZOAKE
80Co DDA~ DT % EBRIIIIRD B0 H S5O TIDOHBECo % L —HF—¢&
LCHKICEML, 77YICE55%Co DL DAAFBE L L & AERERRE Co ICHTiRFER
¥i31/5, FEALRASFREDYT 7 aNT 32 —5Co |2H~B LIFIF/100IC L ET 5729, |
UABERECO T, LR TEOFELTHo THEY~OTRERKEL REL2HTH 5,
HEICBWTEROBREERZFA L CTARMLEYE THDREL LTHEWTH 575, BiE
HiBEOWERBO LI SRL EZDONIEDOTHE D THA LT COEEEY ITERE L
BEICHEW T 7 v 7 by THHEEE, BEERLR L > TEDEREET R T 5, HED
—FETH iR D Chaetoceros gracilis #2505 cell/ml F2EE 124 % LK IZ 137Cs, 54Mn,
8570, 90Co AEiEEE L L CiliN¥ 5 & chaetoceros 13 #EAKH® RI H T %Mn >5°Co>85Zn>137Cs
DIEICRET 5o ZOBFERSNLETTI 7 M 2%ED pHE.3 D MY XA —BEfE/Ny 7 7 15md & 3
WRETZFAZXLG-T5ICL B Vs 7% & *Mn, ®°Co, 5°Zn I3HIK 2 DDHFFEDOY
BEREAL, Y¥Cs RESFESZFISRDOONLY, DT LidiEKTFOERD R O—EBAWE
WMTI2 b rDEYRRLEV)BEEELTERILIN -3 DEEILNE, T2 0fEY T
7 M ETHEAR, FOMORFHESY, AL CICEREREE S, BEE BRELZED
BTy o 0RM(ELY, IO FBOEYOREEL & B X ICBEHMEW R X557,
W, ABAREEDBELANOEEEZ TEHBINTOLINLEZOND, £WBWRICITE
LLTZODOBBIEL LN TV S, —DIFEEBKPS LI RERL B L THENIZE D ALE
BTHD, dH)—DOI3HAEY LR L TOWLERNDOERTH S, RIEITEHEHEEE LT
LERBODLDY, /LW REROTEEARE GIR) OBREEYESEIND, BB
ANOBDOEBRVCITITARBLERZ TL WS ), Co, *Zn, **Mn % LOZHEIIAHE, BEk
FiIcEE LAY EE L URSMEDEEERL T 5977, —RICEHIC S L 205D
BOEWRGEIZIZZD L) CARRBOBAHEDENKREL pDPboTnEbDEEZILNS,

SER

1) AAGESG - wEE, KEFSEEIVS, E2HEARM, RE, 1965.
2) MEEME M LA, WEHBR D) — X% 8%, UMM, Fx, 1970.
3) PRI | B ABSTREEERETAASHAE SE, T8, 1984

106



4) BARER . BRKEZKEFAIHHEGE, Wi, 1985
5) Suzuki, Y. :@ Bull. Japan. Soc. Sci. Fish., 45, 1979.

6) Nakamura R. :ibid, 48, 1982.

7) R E— D BAKEFZFSRFRIFBHRERE, G, 1984.

107



2.3 BHEREOEHERE L TO
BEHER D LEE

& H # =

Mechanisms of Bioaccumulation of Radionuclides by Marine Organisms

in Relation to Their Physico-Chemical Forms.

Yoshihide Honda

Faculty of Science and Technology
Kinki University

Abstract

The mechanisms of bioaccumulation of radionuclides by marine organisms in rera-
tion to their physico-chemical forms were briefly reviewed.

The mechanisms of bioaccumulation are classified grossly into adsorption and
absorption, respectively. Adsorption is used often in the chemical sense, however,
both attachment and adhesion in the physical sense are also important in some cases
such as the concentration of particulate forms by seaweeds.

On the other hand, absorption is used mostly in the physiological sense. This
mechanism is related to biological membrane transport with or without specific car-
riers. The active carrier trnasport is well-known in the concentration of some biolo-
gical essential cations. The transport with flow, i. e., solvent drag is main mode of
concentration of water-soluble and fine particulate matter through gills.

The importance of radionuclide metabolisms in marine organisms is also empha-

sized in relation to metal-binding compounds such as matallothionein and so on.
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REOBSIERICER T 2 BRREDOREDN-ODEELR/IF A -y D—2k LT, Bk
MHEOBRBREYHITONLY, RERBEW L LCKEEWEE R 2548, BRIEKDOBSE
KRR L W RhIBEED, VIR DIHT—EICk - - THREBICB I 2WEOL, $4bbse
BIRBIC BT 2 EWETRE REKTEEORFEREREERSATVAS, LiL, £Wik
FIREB L UREKFBEL BIZ, WAWALRERICL > TEHT A0, MHEOH T ZFN
- CERT5. ChoDEHERLE LT, EWEFICERT 24:9%0RT (EMOKE,
e, VR, A7, AMLY) L SICHMRERT GREKOEEMR, pH, KR, TXKik
BELHEAERELLY) 2HiToN, BUHBHEOLERENIEERER, ZRIEFERTFO—
2L LT, EEERTWA.

REBEREZL2OAPLE R STV 2 BEEEE BARERYS L OCHERSHHEE) 1
DT, FDLERLT A OWBEEY I LCOTRE, T2bbE 0 AKERE, KARSES
fiB LOYEHEE 2 L2 ED TRBREICV 2L 228 % RITTHICOWTE, IMIKE L U5
ARDPOHESNZDT, T2 THEBEEMICL PEMRBDO AN XL EDEEIZONWTEE
LTABIELET S,

1. BEEMCLI3EMRBOA H =X A

EYigiE L, REARRCERE, BBICEMTIMEIEREOMEERICEY, EFICH
NATH, ZZCHEIRBETAHRBLLEBRLTC, Table LISRT L IR AD A LN EZLHNE.

Table1 Mechanisms of Bioaccumulation of Chemicals (Elements)
by Marine Organisms

A, Adsorption
Chemical sense,

(physical sense: Attachment, Adhesion, etc.)

B. Absorption
Physiological sense (Membrane transport)
(1) With carrier
(2) Facilitated diffusion (Passive transport)
(b) Active carrier transport (Active transport)
(2) Without carrier
(2) Lipotrophic substances
{b) Transport with flow (Solvent drag)

C. Metabolism
physiological sense
(1) Chemically unmodified
(2) Chemically modified
(Biological transformation: Metallothionein, etc.)

109
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MHCEB.

i,

(1) HECEAGE . HELIEThAHBRS NI LEA L TEKBREB%RITbRE LD
T, (a) MhASEEUIIBESRICHE ) SEME T, TRAVF-2LEL LW, (b) geBhEm%i
BEARICES ) DDT, F0DICRIANVF -4 UELTE. FHOBA + » OERICBNY
T, CORBWMEOEBENEETHIIEPFALNA TS,

2) EERIZELRVEE ] BRVWBERTOEERTSHY, (o) FEMWER, £HEEORERE
2BLCHBATT A, (b) WIS 28X, AR ET25BOBMCMILEE LT, KB
HB L UK T OB LEWHI KON E LB ICERTH DT, ADHRIZHES 05
DY ARG ERINIHT:5.

2. EEROREE

B OEYRME A H = X AR LT, EARREORRIEIE L L TOLZERSRLHEIRIE S H12
BIFANF—BREL VR, ZEEHETDH Y /30 AOBEICE 53 0T, EREOREREE,
Thbb) VRER EOBUREF S FRBEIED, EIIRY YNNI EPFRATRD EVI
BEFA 7 TSNV (Figl) L HBHICBERLTVA.

Polar head group of
the phospholipid
( molecule
ﬂ . Phospholipid

bilayer
Fatty acid

chain

Polar head group of
the phospholipid
molecule

Fig.l Fluid Mosaic Model of the Structure of Cell Membranes?

BURHEBRREDOEMBIT L ZORBICB VT, EHRES 7 BRI LD, WH0A EBEN
B & OMEEREHEOPICT BT EHFUETH 5.
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Thb. 0¥, ERNICBII28RTE*EUHRLEITESY V328 (5T EE, 6000~
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MM OB, BRICBIIAIEFNERE L TAYOFF R OBRE L & HITVABVA L AEBE
HEa L OMEERIZOWT, SHBOMEORENHHEINS.
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Human Body (review)

Hiroyuki Okabayashi

Division of Environmental Health
National Institute of Radiological Sciences

Abstract

The behavior of radioactive elements in the organisms are largely depend on the
chemical forms of these elements when they enter into the body. For example, tritium
administered by ingestion as organic compounds were more highly incorporated into
the tissues of rat than tritiated water.

The whole-body retention of *3Co-cyanocobalamine was considerably higher than
that of $°CoCl, in rats of all age groups and the younger rat showed higher retention
of both %°CoCl, and ®8Co-cyanocobalamine than the adult rat. Moreover, it is re-
ported that intestinal absoption and body retention in rats of ®®Co incorporated into
seaweed, chlorella and freshwater fish are very high compared with that of °CoCl,
mixed with the non-radioactive materials.

The important properties of transuranic elements are their marked tendency to
hydrolyze and to form complex ions under physiological conditions. These phe-
nomena are of great importance with regard to the biological behavior of transuranic

elements.

BEHRESE AR - GORERTART7EEE
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From the analytical results of animal experiments and autopsy samples it has been
assumed that the behavior of actinide elements in human bodies are very different
due to their existed state and the route of intake.

As stated above, retention, distribution and excretion of radioactive elements in
the organisms are very affected by their physicochmical states, coexisted materials,
route of intake and ages of organisms. Therefore, the investigation of these field

must be more developed.
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2Apy DX FHASREVOT, FUBSEIC LGS ICIEENSKEL LD, B LZEE BT
LSRN TCESL, A0 auf FRTEEEL:Z-OICREENS koL EEL T
%,

% 72 J. E. Ballou %29 13 238py & 2%y 07 T U EREER R 5 o F OBIRWICES L THEROL
BET-TWBD, BEEEEZEL LB, RERY - MBEFND 5V iR
BOWR, PPuDhPEREIKEVIEEREL T2, Zhid 28Pu OLBMIE DI,
% LOWHEHEEIC LBA ISR Z RS EEN %P0 D210 D 1122 5DT, Fv MEWNTOR
T - WENRLLOEEZONT WA, KRL 2.5% BEDBUEED 238Pu % & A 75 239°240py 7Y
BEOI7O Y VET v MC1IARASELEDT v MiRICBITS 239 290py DFEIEIZFK 1 D
YT, HSOHDBRAMIMEAPTRA EBLA D o7e TOBFEDT v MERD Pu it ERE 14
EkgHBh 1~5#CifEET, J.E Ballou SNEBRTLHRE kg 4D 44Ci 25 LK
238py & 9y DERNGA I IFRA EENFBO LNT, &5 LLERICK 5T Pu DEKREENHT
BT B LHITH S,
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Table 1 Activity ratios of 2®Pu to sum of 238Py+ 239240py

Days aft. inhala. No. of rats 238py /238pyy 4-239.240p,, (94)
0 5 2.55 = 0.03
1 2 2.58 £ 0.06
4 3 2.52 £ 0.06
14 4 2.53 £ 0.03
32 5 2.48 £ 0.07
80 4 2.55 £ 0.10

AER D Pu DEAT - KRl dD HWITERFICOWTIE, autopsy B OMIERE 228730 Hilic
SV Puke Y IAXE FORAEEEYD, 50EREHMOFE SN AOFIRAIC Pu % 35t
L7zt OBBRNG A - PR OERD 2 EPSHR|ME SN Tw5h, autopsy EHH IR S iz
Pu B REBRBARDO S D LE X LN DO TLFERIZERILY TR CABBIIBRAIZL S50
PBETHBHEBDONEA, I F. Mclnroy?®? %D ¥ L 775 L, EEABRERD SEES
HOEEEENT L L, FRPOEHEN2FED 70%, B 15%, Mid*10% BEL Y,
Pu DBALW A BA SE-BWEBROBER L 3R )R- EE2R LTS,

v P OBIRAIC 2 = BREEAR % ST L 25A3Y 121, G5 ED 66% 2VEKIC, 23% AHFBEIC
BITERL, BEBROER L EBHI AR ERLTW A, T8RAICES L B
ORI Pu i, ESE 1 BIRPHREDE YR 5 7243, LR 3 BRI PRl
RbpE L 0 32 A0, ZhDBREIFBUORPHEEIERIR X ) % ko7, BIMERDK
BT WHM Pu 2 EHIRPUC S L2 AR P HER D HE R HER L ) 3 E 2 254 HE S
NTVBEY, RADVWEHEPuDZTIY VR 1ES v MIRASEAERCIZ, 808 OB
PP BREAR R HRE L D b S o 722,

T2 181TIEH HH L — Y —BOMEE Pu - 72 AOFEW F Pu HIEOFKHR i, R
Pkt D ¥ — 7 SEBPERY -2 D 3 B ICE bR, EAOHEEIBBCLRPHEREL Y b
ZLFHLC2fEnEER L,

ZD &I Pu O ARG - BREIX, (L2 - K& - BRERZEORTICE o THEFICE
A%<, BT LIBWEROERLE—BLEVEEIHLDT, SLIHE - HELOTT5
TEFLETH B,

2.4.3 TRAYIY A A CIR2BDOFEMESH SN T 5343958, EYPFE~OFBEBHEERS
NTWBEDIZ, BBRBERICL > TERLE M Pu A BHELTTEZ AN ThH b, *'Am
BAREDOYERERBI 2 b b, aMEHRML, AMEKRTIE Pu LFRIC, & LTHEFRIC
LETHEEZ SN, ICRP Pub. 30V TIIBMADEDSFII W, f1 1 I5X1071 LW ) fEZEIE L,
MAICA 57 Am AVEH EFHRICBIT S 25& 1 Pu L RILCTH B ERE SN T 5,

Bao M AnfbaWE T v b« ROBIRPIIEST L7 2% ICRP Pub. 19" 253k X LT
ABLE2OEYTHb,
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Table 2 Distribution of Am compounds after intravenous injection

% of dose retained in

imal | D
Compound | Anima S ["Skeleton | Liver | Spleen | Lung | Kidney
241 cat 4 31 38 0.3 0.3 2.7
AmCly | 48 45 12 0.4 0.5 2.5
241 6 20 57 3 4 1
Rat
Am(NOy) 5 43 28 22 4 — —
R 6 26 32 0.08 | 0.1 1.8
m at
citrate 43 26 1.7 0.09 — 0.7
e | o 1 ~2 | 2 49 0.03 | 0.35 | 0.65
m og
citrate 401 ~ 48| 48 18 0.07 | 0.39 | 1.21

ILEYOBRICL 5o TEARSLHERE LR LTS, B LFB~OBIT - (L& HE
T, WY ZABORERE & RICEROEREEGHIHML, FEPOEHEGITERI L Tb,

FMENR 572 2 Am0, DT 7O VN ERICEA SR7:40 > Am OEENFAAH]. A.
Mewhinny HIZ X o THE SN TWVE39), ZORRO—HERTLERIOE) THS, BEFNT
HEDWHMOEESRATH LA, MirOoMOBR~NOBIT - bkEBLUHER I s HE X
monodisperse BLF TR BED/N I VL DI LR, ZOLEBIMIIEWK LIFHTH -7z, poly-
disperse B FTlt, FOEHIIHNTFED/NEVLDIIPBERITTENTV S,

Table 3 Tissue distribution of 24! Am following inhalation of monodisperse or
polydisperse aerosol of 24!AmO, by the beagle dog

X Sacrifice Time (day after inhalation)
Aerosol Tissue
8 32 64 256 730
1 49. . . . .
orsem | s e |
AMAD iver . .
skeleton 16.5 25.5 27.3 28.5 24
(mono) )
kidney 1.3 0.8 1.2 0.9 0.4
lung 85.5 39 21 8.6 1.7
1.5#m li 4.7 20.5 25.3 39.5 22.7
AMAD iver . . . . .
skeleton 2.8 20.5 11 23.3 25.3
(mono) )
kidney 0.3 1.0 0.6 1.3 0.6
75.5 8.5 . .
3.0#m 11'ung 4.9 ?4 2 iz 22 : 2:13 '
AMAD iver . 4. .
skeleton 3.5 9.0 9.1 17.5 20
(mono) )
kidney 0.4 2.4 0.7 1.1 0.9
74.5 6 . . .
1.8%m 11'ung 11.5 ;6 5 Z Z 32 0 42 1
AMAD iver . . .
skeleton 6.7 11.2 23.3 25.5 30
(poly) )
kidney 0.6 0.5 0.8 0.5 0.9
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BHRIZEDTERD 2 Am 2L ) TAKE MIDWTSEM EICh > TBHHEZE LR
S 8T 537,

ZOHEYOBEIBEOPLDL Y ZHRERAILLB LY ZHAP IR 725D TH LA,
HE SN B EN R IIWMR 3 HRIC 26 4Ci Th - AWM ED, SERICRHEBAUT E 2 5
0 LT, BRANRIX3IHHO 13£CI A3 FERICLB6.2LCIHRELTBY, TR
BRI 3 BRIC38HCI THo b D2 ERICRIBBRICE TR L7228, 3E#KICI
0.1#Ci, 4#EHITIZ0.254C TTHML TV 5, Min s DBRERIEHNR WD, Wb bkEis
N7z 2 Am SERRICHEEL, L) RUMBREL TV A b2 b, T 7-HFBER E-78
LD DTPA G5 L2 EZLNTWED, L FOBEAIEWOBEDL I ICE
LB E AR L ZE 2 0N 5,

3 7: Z OFERBOHA ORI, DTPA HEOHEN D HHHBEEZDL S 5 EMOBLEHNMN %
WLC, #B2H, 3HEERVTRNDOHRDIEANOPHEL ) Lo T b, THIIHL
T Am 2HALE L —F—BOMWE Pu 2o 72t F DR EEA~D 2 Am PR 2 5 L 7o 4
B3, EPIIRTEY UCORPIEEE O 2 50 Shiz, SHIEBRERICERET S 2Am 2F
BREEZBHRDOODTHIEhHLRBENABROBICL-TEY, T4 An DL ) ZHHK
ADEZDPREVEHD LD LD LNVHEET LI LERTIDOTHS ),

BAEREPICHFET 5 *Am B OEBGBRA S 23920y FHF LT 5, 2MAn 320K
5 60KeV O 7 % AFRSRPOMINT 5T EATTELDT, 39°20py RMNESFICHiLS
BREETHHEIC, ETL 2V An OB 5 Y ROGHIESL ST T L FESE LT
5o RLIDHER Am & PuEBEATHR LRSI Z L 5T L 2HRE L TCEBLE L HETH
b, bbbt 2 Am 2 & 23920y HBED T 7O N2 1HT » MIRASE/EBEDT »
FRHPUI BT B 2Am & B9 20py OB ZRELE L2 TAHK 4 D XS LEEREIE S N7-20,
WAKDBEEREB L & 12 239290y (2345 5 2 Am OEIEARA L, 241Am H5239°240py L )
bEL Ty FOBIPLBRESNIZZLIDDP o7, TDXHIZ Am i3 ICRP Pub. 30V TH 3 L
TWBEI, HEATPu LB LEHZLLTEIHITH S, T M Am 2OBM S A
% 60KeV O ¥ BOEHHED b 3ET 5 239240y OB HEE T HHEICIE, WHEOH A - FEH
HOBEZEBLE LM LEVE, KRNBDOHEZBRLBENIDH 5,

Table4 Activity ratios of?*' Am to sum of 23%240py+238py+241Am

Days aft. inhala. No. of rats 241 A /239240 pyy 4 238py 4+ 24 A (%)
0 5 11.84 + 0.27
1 2 11.94 = 0.17
4 3 11.64 + 0.24
14 4 11.00 + 0.40
32 5 9.46 + 1.18
80 4 8.40 £ 0.64
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ICRP Pub. 30V Ci3, AR TETLMBHES L UFhICoT (BEERDIZ, BAD LW
OFEWSN-BBEE - HICRBLEIL L) BB L HERELTVAA, Am & Pulddd
LORUEBI% LV, £ LTHBRERIC L o THETER T 29 240y 010G BERSED I
B &z 24Py id B MMM TH 4%, ZOREHED *'Am i3 e RBHBETH ), BE
BREBOMBE®Z 2 5L, WEHEOLEEKNEEL, REFEOHEICERETILENH S,

3. BHYIC

SLROENIATBEHHEHTRICOVTEDER LRI L TERRNOER LT DXTE
P, EYEROTHEDOEEICOWTI, BIWHEOMRE, B TEOEWMENICBIT ALY
—5#540, L) ZHADOBOXEYEIC L HAREROBEREY, S CHAMICRORS Shik
HUBEOEFREPRAB OB LRLZ LI R EDHRIZDOVTEHEL DERNEBI L bNT
BY, FAKNOTERMEER D BT EOBNEEICKELBUAZETLOLBbNS,
IRHDR[IZDVTR, FTEAHENDERIE L, BICEIWER - autopsy RO 4 L %8
LTIhLOERCHET A - IESB I abh iz bnidi bk,
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2 BUHMEEEDO AFREHE T L
ICB T BLFEELE EDHBRE

#A ST

Consideration for chemical form of radionuclides and elements in metabolic para-

meters in man

Hisao Kawamura

Division of Radioecology
Laboratory for Radioecology, Nakaminato

National Institute of Radiological Sciences

Abstract

From the standpoint of radiation protection of the public, some of the ICRP
assumption on parameters in metabolic models for radionuclides or elements in Re-
ference man were mentioned with reference to chemical and physical forms. Recent
data on metabolic parameters were reviewed with an emphasis on the application of
human data in the light of need for realistic dose estimation. Gastrointestinal absorp-
tion coefficient, f; of actinides, particularly of plutonium, fractional deposition of
radioiodine in the thyroid gland in Reference Japanese Man as well as fractional de-
position and biological half life of plutonium in relevent tissues were of special
topics. Transfer factor of strontium from the diet to human bone in the Japanese was
also pointed out and significance of racial difference as well as variance with age in
the metabolism of elements was stressed. Accumulation of human data concerning

these aspects was recognised to be urgent, especially in Japanese.
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O, BET 3AERRICBITART
N ARICE B AAR L RERE
CHhET, BEBIUPERBADR LY ¥ — 2B 5, b0zt s ¥ —ROBSHEEROIE,
BE), EWM~OBIT - BEICRITTILEROR ORI IHLONTE L, BRI R
BUCABRICID AENT, 8E - MEBICBETRO LA NVF - %252 5, 2 NISHERIBR OB
AT, BRERSEEIC X 2 AMBOBBRREOFMAT 2 b b, &fiE, BHIE - SFEER,
B - ARRERB L UCARERI OSBRI NS, BEEEEOILERH LV S LIEL L
52 5% LEERER, RFFEROVEOLEZ LD,

1. BRUREOACLSER, KBS LUB T CRIZTIEE - GEREONE

BROBIUI BV TS E DL EOMENEE T 2 A WEBREIE - ICERE» S
DEINTH B, RADEZEE, BHEWEOWHENEE FT O AMAD) B L UMbZEMER X
FNENFEBERADLEFEFINOD I )T 5 RIEBT S, Vol AWK - I ICH
AT NI-RSERIE I, SE8E - HEICRIT - A LRI T 5, MRS b £ 72 Microdo-
simetry DBIE» OB L L5 (BHOTL7 7 MBBHEL L),

2. ICRP Publication 30DHE 7 & L%
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% (L LTECRA) OBELZHNL LTRESNTVELDTH S,

BOEREFEAICBIT 5B E O{LEEDOEEIZD T Publication 30iZ, |HEh% Pub-
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AEB L URRBICBIT 2 EWFR LB O ICRPEBEADFNE KBTI E D AENT
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H& 720 500~1000 #g) 1%, BRRADEHL 200 g lBRTREVI L, @ FRBCTER XN
E/)BIUVa—-FFud roRavEECETLERE I TENFEHH SNV EXFDOERRA
ThbHIEDbhoTHEY,

Sr DR 5 ANB~DBITHE Transfer factor (3, KB BEOEYU L2 Ca s L T 25
Observed ratio TEbL I N 5B, KESr HMIC L, HERAICBIFAMIF0.12C, BEAICH
T 5E0.25% YHALIIAEV, BfFOWDW A CF. HIC X ABBHETFMEN DS L TiE, 91
FERBHO VS IZL 2 EREFFRIPV 27D 1 E LETNERLRWVTHS ),
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Gastrointestinal Absorption of Zinc—65 and Iodine—125 Incorporated into
Biological Material.

Masafumi Uchiyama

Safety Analysis Unit
National Institute of Radiological Sciences

Abstract

The gastrointestinal absorption of zinc—65 by man after a continuous intake of
oyster or Rocky mountain white fish contaminated accidentally by zinc—65, have
been a little or about 3 times higher than that of carrier-free zinc—65 (ZnCly) given
by ICRP. While, the gastrointestinal absorption of zinc—65 by rat after a single
administration of that incorporated into the edible parts of sea clam, the liver or the
muscle of young yellowtail was less than, equal to or more than that in the chloride
in this order. It might be concluded that zinc—65 incorporated into biological mate-
rial in some cases is absorbed easier than the chloride and stable zinc in the mate-
rial works depressingly on the gastrointestinal absorption.

A fraction of iodine—125 found outside dialysis membrane increased with time
when a sequential digestion with enzymes in vitro was applied to iodine—125 in-
corporated into biological material. The order of gastrointestinal absorption of
iodine—125 incorporated into these samples by rat has a tendency to agree with that

for the dialyzable fraction in the in vitro digestion.
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Experiments would be required to find a general rule between the internal radia-
tion dose from oral intake of radioecologically polluted food by man and its chemical
or -biochemical forms. For this purpose, a reliable method in vitro should be de-
veloped to estimate the radionuclide metabolism because of a shortage of manpower
to devote this problem. Socio-economical and educational parameters are also impor-

tant to estimate the dose because they are related to food intake.
BUsIC

RELICHUE S BGHESE L, B, (L2EMICAERICHE - BET 5, IAYDNEETE
MINDGE DD, COEYHKRAEY (Ri) Thoie MFEINEEOMNICERL TR
BICL ZNEHBE T 5,

BUHRIC & BREFEAOWERHE % HIBR 3 % 3# & LT ICRP i3 BUHHEWH OEBPIRE L 2D
EBL Lo RBTF— 5 ERL T D, ZOF— ¥ IBERECHEAT 2 B EM LR
SOBHUME XV EOL + &5 REWICHRS L TEABETHR S TWwaY,

—RAROAHERRE ZHET 2B G IBHEYEOER P COFERBIBHETHY, Z
DHFHLERIFEZ M & HM S ICRP30 DFMEE BARR LY, BAZICLZBEOEGH S
CELICBETRETH B,

BOHEW R OWIEBERIFEIZOWT, FERFRIZTEE L B & Bttt a v RiIcow
TH~<5b,

1. AABICIYIAE W7 %5Zn OHLERIXER

BESRIE RNA ase 2 XL L T2 EBMOBROERLICLADOTE TH B, WX, T4~
TaY ORI L) ICEEOBBBESICHAATINLGAE VDD, TORZLER, ABEOLE
BEFOFBZENHRIZZ V. 7 4 F VY BREOHEBAYOTE, LROFERFERMETE (£
5E Zn) T b ONCERER, LFNITEROILROXEIBEHEES O LE R L MEl+ 20
KERTAZ L AL TV B,

LA LAESRE LTOFEERD ®Zn 122WT, HILERINE L ORED S ZONBEE~DE
B2BEL/IPIIHTH S,

N7 — FORTIFGEHAKOTNBH T Uz — AR 5Zn ANERICOWT, PSR
& BREREOTHER RIS 5 220 FF QTS LTI E LT 2 KEEYOBRER) B
Zhbhiz,

REInDVESEICKET S L SZn OMLERNERIET T 505 —KHLRARTHL, H ¥
BEVWRE InRETHLICHPrDOT, TO—KUAICHEELEV. Thbb SzZn 2 EM/L
Teh ® H EHRBMLCTE L7 %Zn DL HFEREIXICRP2? TRENLKRE Zn OXFE LRV
85zn OROBICH - ELERNEF AV B 2o - RER I VETEI 7Y, —F, &
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K T#H 5 Rocky Mountain White fish DZE5E Zn XS FDH1/1000TH 5, I % EFEE

LCHE L7 %Zn EHEH, S HEE L-HLERINEIZ ICRP2 O 3EUETHBY, #FIHEE
5 %Zn #EWLHE LD BEV Zn OFELERNETH - 727,

ALY A E 7z °Zn OFERE T, HILERINEAS SZnClKBROBRIREL h K&
(b, ZDBHENLEEIEE In ODXFEICHERHITL LV 5,

L2L, EWEICHDATNS 5Znid, ZnClz & 0 HILERINEIE W E V) —FHRIZL
FTLOAFICELT AT TRV,

Table 2 Gastrointestinal absorption of iodine-125 incorporated into

various plant and animal material

Material Gastrointestinal absorption, %

1 1.00 + 0.03
Harigane 0.32 £ 0.11
Aosa 0.71 £ 0.05
Hijiki 0.71 £ 0.04
Tsunomata 0.31 £ 0.08
Soybean plant 0.63 £ 0.06
Kotamagai 0.67 £ 0.07
T 1.00 £ 0.03
“1 mixed with milk 0.95 £ 0.33

Footnote ;: * is the control for the absorption of I-125 incorporated

into soybean plant and kotamagai.

5 v MIEOHRE L7 S5Zn O LERINECOWT, RICKEREZHBLY, 354 ICHD
REINT-5Zn i, 95ZnCly & ) HLERINEAE, N FICHD A TN/ ®Zn i, ZOHF
BEICHEAET B 5Zn OWLERINEIZ ZnCl, L A% TH Y, HRICHEET HHE IR VRINE
Tholo BIRIRLEI I, REBOKE In BEIRSTHL, L2d->T, Wl
L O - A OBEIKEL T 520 OWLERNEICERIEIL AN EEZI LN,

2. M)A E W7 120 OHEEERINE

Bt v FOBELERNEIRE I 7 ROAER, B a R BENT HH0LEa v E
OEREZIAKE L, LEORE I 7R EBEHED 7 ROBLETIER % WHl§ 5 40 E
A3 %,

—%, BEEIvEFWYAALZEY %, invio THILBEZZHVWTERLAEL T, £EH
AYEAKNENT 5 &, ERWAEKPICRB SN I Y ROBIIHILBROETLE L DI
BN 5 OF—HBOERTH 5, L LZOHLBEOETIZE b %) RHEOMINY H#EIX
EPHEBCERIH o/ ORI Y REMYAALZEWE T » MRS T HE, ZDHIL
HRIVEICERNDH Z L BB LY, BRIEOME, EBIAEKP ICHRE LIS
EOM LR OIPIHFAERI T A2HE L, 7 v ML HHLBERNEOMEEE, ThEh Nal D
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Table 1

]
40 60 80 100

Dialysable fraction of
iodine-125 after the in vitro
sequential digestion, %

1

Gastrointestinal absorption, consentration of Fe and Zn and body constituents.

Biological sanmples tested

Concentration, ppm Body constituents

{order in absorption) Fe Zn protein lipid ash

kotamagai 24 10 — — —
(~)

Control 24 10 — — —

Hamachi, liver 42 3.9 8.1 8.1 0.63
()

Control 43 3.9 0 0 0

Hamachi, muscle 42 4.9 17 12.4 1
(~)

Control 43 6.1 0 0 0

White fish — — — — —
(~)

Oyster 36 160—270 9.7 1.8 1.6
()

ZnCl, — — — — —

125 W ROMMETELT, $1RIIRL. WFIBBRORN T 2@ A ED 55,
BYAEns 2l Ol OBEOME L HILBEE~NORETHMT S L, EPRICLYED
HHTENTRREIN, B2RIIBFMEI VREMDAALZERE T » P~BOKRE LI ED
HILERNEE, "1 OHEOMSETR L. ~1 OHLERINEILIZIE100% Th b,
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avRLEMIREE, ERFHCEARBICHET IARIEETHS, LI LAYEHZA
LTBEtEa v &, BEHEESEROBNL TR 2 NBERRRE L HET 57 00EMIE L
CARLTwBHRTH S, HILERNRICRELTH, BETLIERIES . EFNVAMREY
ERELT, COEYEZROKEG LIBEOFAT A7 ADAREL T, RAEWEERT AL
TRIFTAINMPROWMEZ B2 ) TLRATHRTH 5. BEHHEWE LMY AALZEEEOLY
ZDOWTRORGEREB I 2\, ERMLIT— 7 20 BHERIE & FERICET 5 —i&HI5
BIHSINLI LI LDEEXOND, L LI OHBICAZBIWERICIE, EROANEHHH
LETHHDT, JRCTRBRIZHET LI LI X DOTHETSH 5,

BRERELED T, ZOBERIZET 5 in vitro EBROMEL D, MEHEEOTREN L FEMIC
BLTEETHA,

T, NEBRREIRRORICHENT 2B R DR L R# S LR TREShA DT,
BEHEWEOBM A2 O AMICEEY 5 E TORGABFNESHCEVFNEHIEELRTTH
5o =%, EIPHENBYWTHALILIZXY, ABHOWREICET HEHEHET, KMHOBERIC
RS a3t - BEICHETLRAF, SHICAOHERZESBROMICEN SN REHEDEIC X
LAEHEBROMEE IS LITTHFEROEELZFMET 2 LT, ER LA TWEL L RVWRTTH S,
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Removal of Radioiodine from Leafy Vegetables and Algas by Cooking.

Misako Sumiya

Division of Radioecology
Laboratory for Radioecology, NAKAMINATO
National Institute of Radiologicai Sciences

Abstract

Removal of radionuclides from dietary food by cooking is one of the important fac-
tor to estimate the internal radiation dose through daily foods. In this paper, removal
of radioiodine from leafy vegetables and algae by cooking are discussed.

Spinach, spinacea oleracea, and komatsuna, Brassica Rapa Var prividis, were trans-
planted to culture solution with *3'1~. After 24 hours adsorption those vegetables
were submitted to cooking, that is, washing with water and boiling with 0.5% NaCl
solution and then washing with water again for removing the harshness. In addition,
spinach, exposed to gaseous CH3l and I, for 6 hours in a exposure chamber, were
also examined. Percentage removal obtained was as follows ; 60 to 80% for I and
CHg3l, while only 30% for Iz Significant differences was not observed between spi-
nach and komatsuna.

Sea algar are commonly used for Japanese dishes. They are commercially sold as
dried or half-dried algae. Therefore, they are steeped in water before cooking. Loss

of iodine from algae during the steeping procedure was examined. The loss rates

Y BURREFRATR - BB E RSN
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obtained were 5% for wakame, Undaria pinnalifida, (steeping time : 6min.), 19% for
Hijiki, Hijikia funciform, (steeping time : 30min) and 72% of Tangle, Laminariaceae,

(steeping time : 15min) respectively.
FL®IC

ERPICETNIRSHEDE D, L0, NOWNIBHBERELFHET 254, FEMIIC X 28Ut
WMEOBRLESEIL, ERT LI LDTERVSTIXA-FID—DTHhHb, T4k, FBICLS
RI DBRGEFNEICHE L COHBERHEIT TV, BEHEI v FITK - Tk~ 5,

KEHPIZHH & /- B 2 7 %O critical pathway i, TAPEOEE, Fv L UEH, PMEE
T LOIEFEREOEETHDLEZOLN TV D, BEEORKD popular LE~ND2IE, TBE L.
ThHHHS, BRI RN, WIATIWEEOEFERICL - T, BRLICLAKROREEY, R
5V, #LT, ZOBREROEVHZOT IHEBHEIZLALIZ S,

—h, BEHES Y ESRERE SNSEEEEZ S L, B Y R ITEEBICERE SN A,
WREOMFIC L > TR SN/ L LTH, TOEEFAMORBBEBICAL EIZRS WD,
SR F—ELT, ZOD220MBEICODVTERD—HKEEBND,

1. BRICIVEIPYATNBEDERICE 5T, BRLICLAEO I Y EORERIR L
5 &) EBRFERIZOWTEANT 5,

Kor(r;gt)suna B @18 | Washing with water for 5 min.

] D Boiling with 0.5% Nacl solution for 5 min.

Spinach [ 30
(.I ) g Washing with water for 5 min.
Spinach [ [ 40 | for removing the harshness.
(CHaI)
Spinach
) 1 ]
L L —
0 50 100%

Fig. 1 Percentage removal of radiciodine from leaf veretables by washing and cooking

Fig. 112, BRLZMEAIROFME, BIUBHEI VR EUCERLROHTETREL LGS
D, EXPODBRERER LI, 77 7 LOBFRERICRENIIKR-2F IR -k YT —
TTChHbH, —HFLIIIRE, TOIFIE, WIFRIFIL VEZOWTOEBRERTH S, /MR
FiE, KPHEIC jodine—131 % I VKA 4+ Y OBETHRML, URMERBNSETRLND
DEEXDFIETHELIERTH S, MEIIER-723TRORIE, 18% Tholz, 2%, B
BLICTAHILICED 80% MDA TEPREEIN/Z LR D, YV VY EOBETE, &4
D¥Z T 713, IMEEOBELTAR, IRV ORTRRRNSELGET, RO201H
ARDIATEAF VRS, OBFBAOPI, w7 L EZ6BRAKEL, IvELERRINE
BB ETHD, COL)LHET, avREMYATHE, BRLICTS L, Fig LITRLAX
I, BERSFRL D, HICL CERARRECLEEII R YOI TEIRESRTICRY L
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VEIIRDL . OBEFITHBIC L ABREEE —BICERAT ARV P LNI L ERBL T 5,
BRRELT FHTAET—ELBETHHETHLEE D,

2. RECBREBRHESNLBHEEI VR, FICHEBEHOR L iodine—129 DHEH L OTIUZI D
TERO—mE BT 5, ZOEBIX, KR, BEPOREIVROFABLELAL D75
72 b DFEDTS, iodine—129 DIFHAITH TROTHELH AL WEEZ B,

Table. 1 IZ7 A A, BV F, aVT#KICRILGE, BRL T3 VRO -ty T7-D
ZRL7z. COBEHERIZ, ThPROHRENTW2EME, BHHICROLPLTH00H
B TH 5,

Table 1 Extraction of iodine from algae by water

Algae Stee Il'llllll% )time Rate of( g;raction
Wakame 6 5

Tangle 15 72

Hijiki 30 19

TARAEKIZETT, 6 7HKELAHE, ZO5%MLAKICHTI 2V, eJF0EE
1230 19% I ¥ TOBARIHET 0% DI T HEAKICETHT, &8, avr7HheELE
& BRRICIZ12~ 4R BIRLKICIR T B A, KPSANTHET S ZTELD, WTFhrokFiEdE
LNBY, ZOBEIATROK~NOBEMEL, LHITH80% Tholzo Table 242, BILFDE

Table 2 Iodine contents in human milk in relation to intake of the element by nursing woman

through algae

Iodine inke (mg I) 24hr

Subject Days after Iodine content prior to sampling from
(age) delivery (ugI/1) Tangle Other algae
51 100 0 0.1
52 6430 32 0.8
A (33) 53 367 0 0.2
54 135 0 0.1
39 84 0 0.1
40 133 0 3.9
B (28) 40 147 0 3.9
41 113 0 0.1
61 476 2 1.7
61 407 2 1.2
C (30) 61 337 2 1.2
62 352 2 1.2
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FEIAVRBRELBEBNE L OBRER L7, case Cld#M dmg DIV F R a v 7PN D HES
LEL7GE, case Bid 2mg I FELXavy 7 (3707 Li) 76, 1.2mgnavE%
2 TUNOBEDI SBIML T B, 2 v 7UNOBEL AT BIATORE I T RKBER
background level ® 100~150 #g/1 BETH o725, a7l Ly, /-2 L dkarr
EENLGE (Fuuary7oReTh) ANEKBAROREIVRRBENSEA LTS, 2
30, BEHIOENTIAAPORYRAEINTLH T ) AMFORBRICEASLZVITAE S, o
TR A F N7z iodin-129 I AKICHD AT B LRSI NG,

bW

41, FUEDSNOBEHESREICE L C L LFER 2 LB TIC L 5B ERICOWT
EODLLENHHEEZ D,
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1) Sumiya, M. Muramatsu, Y. Uchida S. and Yanagisawa K. . J. of Radiat. Res., 25, 12, 1984.
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Problems in the Determination of Trace Elements

in Biological Samples

Masatoshi Morita

. National Institute for Environmental Studies

Abstract

In discussing biological accumulation of trace elements, two points, accurate
measurement of trace elements and determination of chemical form, have been impor-
tant. As to accurate measurement, preparation and evaluation of certified reference
materials is discussed. Contamination and systematic error due to the difference of
analytical method are one of the sources of inaccuracy. Analytical results of human
serum and hair reference material are collected for 20 laboratories and shown in the
table. A new method for characterization of trace elements in biological samples in
proposed. The method is to use inductively coupled plasma atomic emission spec-
trometry for the detector of high performance liquid chromatography. Application

data to human serum is shown.
1 @EUsHIC

WETEDEFNEREERTHCHLoT, 2O0RPERLEZON S, —DIEDTHE
DEHVEHRIHESINLIPEPTH S, bH)—2ik, TEOHBE (L¥R) WL ETIHLE

¥ EMAERZER
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PHHIETHAI, bBHAINYNIG, ERAOERIZIFEETRERIEH LA, —I0l
D2EDEEMIFR A DEVWEIATH S,

KHROEDOEMZBEX, FIHWFLORETRD 55, FICEFRKEHIBVTEL Y,
HELWERE, AR o TUELTRIEENEVIRETE TN TV, RLOEL, Sidd
BLALETRWITEE, FFRICEBENEL, 2L CAKRRBES IH4EMR~v )y 72 L
W2 A7:0Thb,

b ) —DODRETH HERRB P OTEDNERICHT 25K, BICHELBR 2R EL
TBY, BbEPTOMEIEATHIRAEVZ L) COMEDHIEL, EHEOETORER
FEABTLIELET B,

1 AGEEROBETESHOMER

HEABF OB LTEOFHLZREZROLILEBEHTIIR V. FPHOBELBELSD
B2, DEET AT T TR, BLERELEERTHVTOF 2 v 7LEE
%ho EVAERTIE, ANLEBLCAEZRD 2EHOFERANLHALL, BNOEEEOEV
FI20 DB FEREBIIARIE L CRFEST 21T o TV %o

ALiEiE, BRBREL Y Y - CTREICHVWLOW D LomEL2 77— VL, GHREBEELTBW
bORHCTHRB L. HEE, 0458 DAY TF 74 NMF—TaBL, Sml SOMHEEIZL
Totk, BAEEERL, YR (CP0) BE LD DTHL, FIMBROFAZELIRT,

R FROITEI L DO ORER, —HETRICOWT, AELZAY—SHFRBOLNN, T
BEHZEINE ROV, BBUARFLESFELNTY 5, HEWE  &iE, KBk
Ippm fHEE B X 50 CDL ) ICHHHENHHERENEL, WL OPDFHEDORL L 5T
BT 561, BEREZEOLIILIMNEL LD, TR TELRELERLT, —LoOREEL
BET DI EHMEELTTHIECa, Cu, Fe, K, Mg, Na, P, ZuD 8 LETH 5,

IhPANDOTE L, FEORLBLZDOD5ETHEIRD LMD, &5V ITHIEEORE
PRETELLOREMEEBON LD o 1o —#KI ppb A —F—TEHEINTL BTEROAHI
BOTHETDHL, BLHL, TOBLYIBEDNFTHAEORRERDLTR2DTHS ),
FromFe V) RE, FROERELEOELEA, BOoOAEHEBRELIILALET RV,
BOTHMOBLVRRTHLZ L IFEHIND,

E23, MECHEL CESRBEOAMHOS LA THL, ZOHEMHIL, Na® KE0HEZ
SRIZAEI VI E, BMESEIBRENTVUAI LSBT ONE, —HFEBESWIE, BEHER
BrBhl-niidbdhoC, RIBEERETTATHLLERBVN Doz, ENV.AENAEA
TER L2, BEEA 2 TDFR—NVINTLEWRDTHDL, 2 ) ITOBPETERAL
eV BEAND Y, —ERICABbDTHL, HASHOBRRIE2 IRTLILD
DL o7z,

Al, Ca, Cu, Fe, Hg, K, Mg, Mu, Na, Ni, Ti, Zu iCOWCEEBORLZ L=2D5HE
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%1 AL (NIES NO. 4) DPHHED 54
Element Value Technique | Element Value Technique
Ag (1.32) ppb IDMS Cl 2680 ppm INAA
3200
Al 0.30 ppm AAS POT
3400 POT
6.83 INAA 3276 INAA
4.5 INAA 3000 INAA
0.59 INAA
1.5 INAA 2360 INAA
) 2850 INAA
Au 0.00600 ppm INAA 3000 INAA
Ba (0.51) ppm INAA Co 2.66 ppb AAS
0.62 ICP 1.0 INAA
0.7 INAA
Br 8.28 ppm INAA 7.7 INAA
4.3 POT ’
6.47 INAA Cr 2.50 ppb AAS
6.8 INAA 4.5 INAA
3.7 INAA 3 INAA
8.1 INAA
Cs (1.1 ppb INAA
Ca 360 ppm INAA 0.81 INAA
76.8 SMAC 0.8 INAA
75.6 AAS
Cu 0.77 ppm AAS
74.5 AAS
: 0.90 AAS
76.6 SP
1.09 AAS
88.2 AAS
(1.04) IDMS
71.4 AAS
1.02 AAS
86.8 AAS
1.02 AAS
77.9 AAS
1.06 AAS
75.3 ICP
79 IcP 0.98 ICp
1.03 AAS
76 ICP
1.11 ICP
81.9 AAS
1.04 ICP
81.8 FES 1.03 AAS
79.5 ICP '
1.04 ICP
Cd (1.74) ppb IDMS
1 AAS
0.43 AAS
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F+1 ALl (NIES NO. 4) OMFEOF A (5 X)

Element Value Technique | Element Value Technique
Fe 1.06 ppm AAS Mo 3.59 ppb AAS
1.13 AA
S Na 3188 ppm INAA
1.6 INAA
1.08 AAS 3070 FES
) 3120 FES
1.1 AAS 3030 SMAC
1.0 INAA
2735 INAA
1.10 ICP
3300 INAA
1.06 INAA
1.06 ICP 2720 INAA
’ 3293 AAS
1.06 AAS
2700 INAA
Hg 2.34 ppb AAS 2980 AAS
3400 AA
K 166.6 ppm FES S
3060 ICP
171.9 FES 2900 ICP
164.6 SMAC
182.6 AAS Ni 9.28 ppb AAS
178 FES 50 INAA
178 AAS
P 107.1
179 AAS ppm CPAA
107 SP
167 ICP
108 SP
168 ICP
105 icp
172 FES 110 ICP
174 AAS 108 ICP
173 ICP
103 SP
Mg 19.2 ppm AAS
Pb 101 IDM
19.3 AAS (o1 ppb S
20.7 AAS Rb 8.201 ppm INAA
19.9 AAS 0.17 INAA
19.6 AAS 0.32 INAA
19.6 AAS Sb 0.8 b INAA
19.0 ICP : PP
19.0 ICP Se 0.13 ppb INAA
18 ICP 0.31 INAA
20.5 AAS 4.1 INAA
20.4 ICP
Mn 3.83 ppb AAS
(6) RNAA
0.52 INAA
5 ICP




A& (NIES NO. 4) DS HEDOH (k%)

Element

Value Technique
Se 0.0415 ppm SF
0.110 INAA
0.094 INAA
0.25 AAS
0.18 INAA
0.082 INAA
Sr 0.05 ppm ICP
Ti1 (0.38) ppb IDMS
A" 5.18 ppb AAS
33 INAA
12 ICP
Zn 0.89 ppm AAS
0.83 AAS
0.777 INAA
0.63 INAA
0.737 INAA
0.833 AAS
0.89 INAA
0.93 AAS
0.67 INAA
0.88 AAS
0.89 AAS
0.81 ICP
0.93 AAS
0.94 INAA
0.94 ICP
0.92 AAS
0.91 ICP

IDMS
AAS
INAA
ICP
POT
SMAC
SP
FES
SF

I AN A RE ST
CRTFHOGE

D SRR T REHES

L ICP ik
TRFUYa A MY —

A= MTFIAH - (EEE)
DA
7L — AR

HE .Y 9 S
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+£2 F£% (NIES No. 5) DOHEDTA

Element Value Technique Element Value Technique
Br (1#g/g) 90 INAA Cu (rg/g) 15.9 GFAAS
920 INAA 16.7 ICP
80.9 INAA 17.4 AAS
87 INAA 17 AAS
110 INAA 16.7 AAS
92 INAA 15.7 AAS
18.5 ICP
22 ICP
Colrgle) 7 ¢ 16.8 AAS
740 AAS
15 INAA
707 INAA
13.36 GFAAS
510 AAS
14.3 IDSIMS
737 AAS
16.7 ICP
730 ICP
16.1 ICP
736 AAS
16.2 AAS
712 INAA
16.1 INAA
750 INAA
16.2 ICP
692 IDSIMS 13.9 ICP
723 ICP ’
780 INAA Eu (#g/g) 0.0028 INAA
728 ICP 0.00037 INAA
736 AAS
F / 224 ICP
640 INAA Ll
226 AAS
719 ICP
700 ICP 233 INAA
240 AAS
Cd (zg/g) 0.21 GFAAS 224 AAS
0.24 AAS 225 ICP
0.198 IDSIMS 220 AAS
0.23 INAA 198 INAA
0.23 GFAAS 136 SP
220 INAA
/ 0.47 INAA
Co(ne/e) 230 INAA
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F®2 E£% (NIES No.5) DHHEDSA (e x)

Element Value Technique Element Value Technique
Fe (1g/g) 228 ICp La (#g/g) 0.27 INAA
228 INAA 0.26 INAA
230 ICP 0.21 INAA
221 AAS 0.184 INAA
210 INAA Mg (ug/g) 198 AAS
224 ICP
211 ICP
217 ICP 206 AAS
Hf (#g/g) 0.0106 INAA 244 INAA
220 AAS
Hg (#g/g) 3.92 INAA 207 AAS
4.49 AAS 202 1CP
3.8 INAA
4.3 INAA 21 AAS
350 INAA
3.91 AFS
3.94 AAS 206 1cp
3.6 INAA 213 Icp
4.8 CVAAS 209 AAS
220 INAA
1(#g/g) 0.82 INAA 207 ICP
1.1 INAA 201 ICP
0.62 INAA Mn (2 g/g) 5.37 AAS
K (rg/8) 34.6 AAS 5.3 ICP
34.2 FES 5.0 INAA
38.7 ICP 5.8 AAS
38 AAS 5.6 AAS
50.8 AAS 5.1 INAA
31 INAA 5.49 AAS
32.0 IDSIMS 5.1 ICP
32 INAA 4.83 INAA
34.5 FES 4.55 GFAAS
36 INAA 6.5 INAA
28.3 ICP 5.3 GFAAS
35.9 AAS
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#2 FE£% (NIES No. 5) OHWEDOH»H (FEX)

Element Value Technique Element Value Technique
Mn (zg/g) 4.8 INAA P(xg/g) 168 ICP
4.8 ICP 167 SP
5.4 INAA 151 ICP
5.17 ICP 159 ICP
5.06 AAS 168 ICP
4.7 INAA 166 ICP
5.3 ICP
5 35 P Pb (#g/g) 5.96 IDSIMS
’ 6.31 GFAAS
N / 26.0 AAS
alrele) Rb (#g/g) 0.22 INAA
25.9 FES
0.192 IDSIMS
26.0 ice 0.16 INAA
26.5 INAA ’
26 AAS S (%) 5.8 INAA
26.6 AAS 4.9 INAA
30.0 ICP
S / 1.50 INAA
29.2 AAS e (#elg)
1.26 INAA
25.1 INAA
1.25 SF
25 INAA
1.44 INAA
26.1 INAA
1.4 INAA
25.1 FES
1.29 INAA
26 INAA
22.5 ICP Sb (#g/g) 0.078 INAA
Nd (u#g/g) 0.3 INAA 0.071 INAA
re'e : 0.08 INAA
Ni (¢g/g) 1.85 GFAAS 0.07 INAA
1.84 INAA 0.073 INAA
1.75 IDSIMS
1.73 INAA
1.8 GFAAS
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F2 FE% (NIES No. 5) OOHEDSH (BE)

Element Value Technique Element Value Technique
Sc (1g/g) 0.052 INAA Tl (#g/g) 0.0216 IDSIM
g:g:?s iﬁ‘:’: U (zg/g) 0.02 INAA
0.057 INAA V (1g/g) 0.55 INAA
0.046 INAA 0.51 INAA
Si (%) 1.25 INAA 0.70 INAA
0.46 GFAAS
Sm (¢ g/g) 0.016 INAA 0.56 INAA
0.0197 INAA 1.2 INAA
0.67 INAA
Sn (¢g/g) 1.6 INAA 0.21 Sp
Sr(#e/8) 22(5) LC)IS)IMS Yb (#g/g) 0.025 INAA
2.4 ICP Zu (pg/g) 174 ICP
3.5 INAA 176 AAS
2.24 ICP 155 INAA
2.27 ICP 170 AAS,
176 AAS
Ta(rg/g) 0.0064 INAA 171 AAS
Tb (zg/g) 0.0034 INAA 185 ICP
170 AAS
mesoom o
154 INAA
Ti(zg/g) 23.0 ICP 162 IDSIMS
20 INAA 160 INAA
22.1 ICP 165 ICP
25.0 ICP 167 INAA
22 INAA 168 ICP
19.9 SP 171 AAS
22.8 ICP 164 INAA
19.4 ICP 150 ICP
169 ICP
175 AAS
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PANEL DISCUSSION—Problems on radiation dose
assessments under the influence of chemical forms of
radionuclides.—

Chairman :

Masamichi Saiki (National Institute of Radiological Sciences)

Panelist :

Katsuko Saruhashi {Geochemistry Research Association)

Masami Izawa (Japan Atomic Power Company)

Sadayoshi kobayashi (National Institute of Radiological Sciences)

Takashi Maruyama (National Institute of Radiological Sciences)

Kazuo Watari (National Institute of Radiological Sciences)

Commentator :

Nagao Ikeda (Institute of chemistry, University of Tsukuba)

Ryushi Ichikawa (National Institute of Radiological Sciences)

Kikuo Kumazawa (Faculty of Agriculture, Uni'versity of Tokyo)

Taishi Ueda (National Institute of Radiological Sciences)

Shoichi Kawamura (National Institute of Radiological Sciences)

Yukio Takizawa (Faculty of Medicine, Akita University)

Yoshihide Honda (Faculty of Science and Technology, Kinki
University)

Shigeru Kumazawa (Japan Atomic Energy Research Institute)

Seiji Fukuda (Power Reactor and Nuclear Fuel Development

Corporation)



G A\ = A
ﬁﬁ = Z 511

BN AESIANINENS Y 3 =G I R 7

5l

i C & I

ElaiE (ER)
HE2LARIIHITT, KR, B, @20, REMWEIER AKICW/:5ETORBKCE
VT, BHENEOMEROMEIBITICGE X 2HBBERELVLE LA, LAPWELT, £
AF@mICBVTIE, ThboR Mm%, BEICRESNBHEWEICE > Th 208 hBA
OBEHREBRBREOTFIICL DL ) KM ERTOL PERLETOVAEELWVRETT, £
EREZTFOBEVLTh o5 BOIWERSHICBFRAITVTT,

BEPOYEBRRETRORBEIL

REBT (WREEMRHS)

BIETIS0ET, BRRD-OADITREREMI bh 722 TTBHRILTBELVE
Bwid,

SHOBELEZHLOA->TBY FT L, (CFEROMEN, BACHRSATW2EE, RY
WZELLBwE L,

BEMOET RO L T T EARYIBHOEI LT, ZEREELED, DEidSEL1L
FRICHEGTALICEBo Le o TVETH, ZRIERELDHICE - THLFERICHET A
MEIPBHOLNTVEI L, KLEIZHINLLBVET, BERSEL V) LT, i3,
FICHBERBEICBAMBEIIODWTHIAEZ TN ETI L%, PLENEETWAREEN
ERWET,

BELESVEITEHREKABEDOIHD 2 #FHY, FHLTI00m DESEFLOKRELKET
NTTITREDS, EPKBELVAITIEENBT VA ERTENEEBIZBII TV LIRIEL LS
VLI RVEEMICEZ ONTET LA, LALZEILEAEYHITATHLNT, BIZERT
ENBERLTCHDLKET Y TRV, BRELTVWAEEBTENIRRSVWIAEY, FhEEDLIC

161



FIUEETATHAI LR BIIENE VI ENBEEFLBVWET, FIICHETHEWIC
Lo THhEONLZAERYORIX, 7L 2FFIPLLTD, ZOFERBEREICE, BOTER
HBEPIZLEVET, uE LTHEENLENBELR TS & 2121, ERET, H50ILEH#
BIZGTRL, TNLOBEREBTVITE, ThOoDBIEDLIILEDOTERLLTERXLI L
B, BEZERVET, L IEHMT, AYRBIIBLTERNLETRTHLRE, ERLL
ROWTHIRZHEITITED LY, REIZEXBITCETUINRED, ZoF0E#KEIL
—EZ bW, T, EREBORESEL, #K kg 470 25~30mg 25EIT T E 975,
IRV U THEREORFEIIERETEAK 1kg K720 4~5mg 25EITTB 20551 L7
COBOTYEBDOERRFED, FWICERLREERLLTVAZLEIITHLET WES
bVEd,

PERIZ, BRRFIIHEAK 1kg 2D Th lng LPBII TR0V ETSbh T T LA, LI
HEICHOMEFHLLEER, MELEDTEY TT L, HERIICH K Lkg 128 4~5ng fLOR
FIIABEBL LTRI T AR T THEEN TP - CE T Lz, ZOELYRBEHE O HEER
WMCTh»HLBbhId, BRIIOWTIAR, EROGECHEAK kg 57:90.6~0.7ng NS
FNBFC I, REOHER, ZOFRE, $4b50.5~0.Tng 45, AIRETHL2HEIFL
CRRELDMENOHHY F L7z, AREBIISHL TERRBICR ) ERBIEICARRBICED S
T EWI)BRIINTAMEBREZEZEZ LI LIV R TEY 3, BEMHEEICOWTLE
BRICAR, EREBTERLAFOHMRLEDRINELbLVWEICRY 7,

AHIREL LTRE, BRICOVTEBFELLILADY, IRZFTELIDILRELDE
BRUELCODVWTHEZIBIETY, EOBHIZBWTIKRBIZOWTBHENTELLITAED, K
BIRDFERSRIZLTAF VKB E VD) BHZEBRILEW D, &5V EN0GifeRbics
B RERY CHENE V) ZELBETIILVWALESTBY T,

INEDEERFECABWY, BRKOFTEDL ) BIFRTHEET LMLV I LR, &
ELBLDOHBLIATITENETOT, ARECHEHEZED TN LEE, HIFELTVWAER
TTEVWE T, R HBRKFOBHEREDN, 4T TEION T EOBRBEIEREL L Tt
REIWHTTH I E2HEWICE, F-EWEIOIHOPICT A EATEE LT,

KFIZDOWTH EAFHLSHIEOORFK L RITHEIEA, S OICHBNICSHEHAIED S
RTW ZEICKDRESER L, EEF—EBHLPIILATHS ) LBVTT, HEICBITS,
HLRATHL L, BEICHD > TEEIEI TWAEENSE (i, RETIIFAE EXEREIZ L -
TWABE TP ERVET,

GHRIZHIVIFICHZ LIS, TROOMEFETETREL UTEI T L 2L
T, ROBEIHLET,

162



WERIR BRI Rite 5

PFREE (BXEFHEEHARH)

SEDLIF—DOFEEDH L THBREM, OBSLLBRNTHI,

PRRE LT T THT 50100, BEAOBHEMEDEAD L ADWIREIZV 7254
L3 UE, EXAUEEEITS, EFTMETHIEMTONS, ZhDTHRILLZALT
L %% ICRP Publication 7 %R ENTWT, ZRRE IRDEY ThHbH, Ih[_ThrIEh
&I N— b AV MERBETHIE, BLUY, av/— 2L  NEOBESHODTINT X —
¥ L EOBIEZFRODIENNLEL D,

BB DB R
% G ;
RO 1t
(L]
5
| %] . | EBOHSR x
B REE
BA gy | EOER
WA

Bl REHICH S BRI E & A L OB O EAL S R -k

ZDFEIZ1E, ICRP Publication 29 12X 5 &, 20, T hbbigfalik (CF&) LI A7
LB SAEE) 2 hHbEsh, FREFIC—E—E1H5, AiEL, §a3/85—F2 Ml
DGR %, BRREE V) KBIMERICROB AT X —F —2HoC, REFRIFHEHREICDH
BGAERBTHODOTHY, %EIX, T8 2 v MEOBUTRROBIT LR OBIKE LT
HobTIEITEY, NTA-F-BIIELD, FERIBETE TP LB %5205, KHES
KRBT H I LATE D, Publication 27 [ZBIREN TV B, I T ROKKF~DOEEHH =48
BLEEED, MEECLDBEEOT YN~} A ¥ MEERRLAOSE 2 MEHE3MTHY,
MEEICLDAEDT U=+ X MEERURLAOFE AR, E5RTHL, Khildhb5/<
FRA=F—DEKREZZT—AHATLIRBE LV, EHLLOFERZEHIICLTOIMEN LS
KEBELA DRI A=F-D 12122522 TN EIBERLHRLIILIITE LR,
(Publication 27 21, “FUIRIZT ELR Vv, LOWNEZEZDIFALIRT, TRXTDONRTA—F —
fEERELTEZTWABDT, BEIIEIN/I,) LALERICE, ChoDROPFTHRHY S

163



ﬁﬁ% i3 Hj
4| 224t BB Xo(£Ci/m®) |

vF' 20
vF'10 { 1 vF's0
wrogmpEm| |RRFHERD | 4 -
XiGCi/m®) |\ ER || (cim?)
E.F a1 EcF e Fa2
WTOERAEY
Xa{xCi/m?) Fs3 Fes
UsF a1 UcF a1
AoIoF o2
RA DI BaFa1 [ A4p
BRE Xs(uCi/kg)
B.F c1
MdoF a1
430
Xe(uCi/l)
MF a1
RO
4cIcF ez HEE

H2 CFEIBIILEBOBANL 25— Ay ME FRICTE RV,

FREBE |
D(uCi/d) |

R hBE  Xo(uCi/m?) |‘__~

v4, v4, l v, l vd4,
st gy T2 BRI | | e sl wamotm
Xicilm®) L Glhcimy | ] X(uci/md) | XiluCi/m?)

75 LA
e T

T R el AL

E. X5(uCi/m?) X6 (4Ci/m?)
E. . e
e 7o
nnBel  X(uCi/kg)
BC
uA
HA D A M. #4,
HigE Xs(Ci/1)
MC
4. RO
By

B3 SABEICBITAEEOBRAR LRI V8- b A Y ME BIRICTELR .



Jifi Tae HBE
XafuCi) X (uCi)
T oo T 5o
st
X&(ﬂcl)

T %6 T oo
# Tan T Jj&é‘: )
T oo
FORMEE ISR |
X,y‘ #Ci)

Bl4 CFEICBILIAGOBSHRI /=X Y ME. FIRICT ER W,

( mAAH ) (@ommAn )

B F oo EIr
X 5(uCi) X (uCi)
Fon Faa
bR
Fon
FURAR F 7o I3 SR
X&(#Cl)

B5 SABEICLZBEMLAEDT V8= 4 Y ME BFIRICT %W,

critical pathway (GREREK) ICiR-7-b D% BLIIEETHI LT, BHERTILOTE A
BAVEVWTHAHH, BEL/INT X — ¥ — T 51213 sensitivity analysis (REEMEH) 2 AW
LEEBHTHY, KEFBIYEDOFTHD &, ZOBIFICE - T, BERLHEY~OILEREA
HOBEERNRG AT —THEI LHbhb,

REA D L KBS L o TERONTELL I, REOELII-ABL Py —HOWE
BB ST — L IZOWTE L DHRIELSNTVEY, TR bLLEbrsTuwivEbLEN
LI THB, WETHMEV)RBRBNETERT L2010, L SAOHMAZEDL S ICMEE
TEFNEELD, Fi, BRIIBIFZMRICL > T LB critical b D% 2 5THTIIX
EATEBD, REILIEDNNELLAH, T, BREMRITOIZN, robustness analysis (BR{H
R 2fT-THBZ LD, HHERIIEIODTHA), SO IF—DEEDL S 2 BEH
GZHMZSOMEICE - TX, BN, Flle T -7 2RO EVPRYTHLI LR THTH
5H, FNCMAT, LD L) REBE»S, L EITRE, MREOEEKELZSL VDI > TEET

165



BHIEHEELRS,

EREROMEI CTHE) LT5401E, BHMED AMEKRGA 2RO LITER b2V, HE/
D L 312 critical organ (REHRE) OBEBUECIL T, EFNHEENE, F/-EARNERIISH-
TREDFEIBELUREL RO LI ETHHFITIELIZEITHY, TR OHEIRZE
EHEVWERRbRRV, $7, AROIILMBUETHE) THL0IE, A%, LICTH
T AEEN LA OBEEHV A LENTTL b,

B LFRROBS M E #ME L L iFhuds 574w & %21, ICRP Publication 30 (21
FOLHEF-FRIFEAET s TV RVRL, BHLT—F 28D, L, SiEr#OLZ L
b THVIRNHALENPE I NI, ROLIEBELUEDEHI LHEICLYREE
HENDLTHA ), ICRP TIIBIE, BUMERER L HZT SN EFEOWBRICHT 2MEELE
Bk EEVTWADT, —HEREOME TR ZVITNREIBETHIEHNTEL S,

BN & h - BB OEERDERICE B U X7 DX E D&V —Pu-239 OF

IHREE (BHHREFRESMRERT)

AR OIS AS R4 5 L BEULOKRPIC BT 558 (BT - & - JEl) OBEIED,
ZOEALITIB L CHA ORE - MBICBI2RELEL, TORR, EWEBOBDITIIVE
LA, ERehs LTORFHRY X7 0FHERLKESHIESTL b, ZOHBLHALELTT
Vh=h (Pu) #BABRLAHAOESFEWHER ) A7 HEHEIMFERIIL HERIID
Wik~ 5,

Pu—239 IS IIWEL O & ) ICHEBEOLBMEVLER L, B - KB O X 9 ISER
EAEWILER L 2H B, ICRPOSHIZ L B LHHE% Class W, %E % Class Y £ LTW5,
class W, Y DZFNFNIZDOWT Pu % 1Bg AR L7356 OBRRE - MRIC BT 550468
OWEHE (Sv) OEME, ZOWRICL > TEMNBEICEETEWHFET S ) X7 %1064
LY DFAEBE L TEHRLEEZRLITRT, I THSFERDHAREICL > TRIAVRY
A RIHMICBEIR 2 K ETRATH D LREL T %,

F1 Pu-239 BRAI&BHBAFRERHETEE (1BqH4Y)

{bRIc kB3

. Class W (R[iAH:) Class Y (FRii:) :
”(ébm@%?ﬁ FARE (SUE) 7ARAR | BACRE (50F) NARER (iiofﬁfv‘)

Sv (105A% 1) | Sv (105A%40)
Em%%%)mmﬂ 8 |7.6x107° 3.0 4X10*
it A fit) | 1.8%x1073 0.7]3.2x107* 12.8 410
B P ( %%E) 2.5X1073 25 |9.5%X107* 9.5 1x10*
i #»5 A (B)|5,3x107* 15.9 [ 2.1x107™* 6.3 3x10*
) it ~49 =32

TASEARE (Sv/Bq) '3 ICRP Pub. 30 Part 1 Supplement iZ k%,
V) R 7 BEIRIASA I D WTIZBEIR- I, D ASA 2 Tid ICRP Pub. 262 X %,

166



WHEEOREICL - THIBEE 2 2EWFHAY (ITA) OFEHIELD, Class W TIX, FRE
EHDARVCHMBAEEL KB TH LD LT, Class Y T, HiAAYRIKRENY) 2
L% ho AEFT Class W I3#50 (49), Class Y i3#930 (32) T, WBEHDO I DDHFHFHAD)
27BN &Ik B,

BEDESIAGBEREDOZ LOAEEZ THILFROE: (2 THRBEDE) 12X -T
EZHBNEVRy FBEEKEE) PESTLAY, SO LI L RBOBEOBEIZLAS
n, BEFNHERED>ORIMBETERD ) R 7 58l % 17 ) H& 1 MR ERULET OREBITHIC BT
2B EOT—BE L TARMILFRORE L, SHBICBIT A RHE S OROFM L &0 T,
BT HLENDHLLEDNRS,

AN ERIREFMICRIE T TRDILER OB

AILRER) (HSHREZR M)

ANEPUZBELS NS E 2 & DREE - IGORIRE 2 HET 00101, k07 —%
PLETH D,

) BO, BA, B CEIER

) BES NCREHEME OB B X OV

o) MG D HET— 5

) BETIME T SRS - AROME, HEBLIUYAX

) HSHEWE ASRIBESS - B RIS T A RETRE DR B X OV 5 A6

) BEROBRES - ALY S N RIEIERS - AR S B SNBUHR T AV F - 0EE
INEDF—% D) bib)E(NIPIRICEERT 5 45, FOMITEWZ IR LTV 25 GRS -
MR 1 2Ci BUH W E D 1 BB T 5 L &, £h ) OENRLS - W#OZ T 548 Drad 13,
&5 WHHEHIZDOVT MIRD (Medical Internal Radiation Dosimetry © BB R P BUFHE & 5H)
BIIoTEHEINTVE, ThODRERIRICEEDLNTEY, HiFEES - AP OB
Bl & RSt D U, B - MEOBRIREIESICHETE 5,

MIRD %

9, MEVR 6 D& ) fsHES S OHBAfAETHB S AL L, IIBEKEORLEENE
T53RLEREREEZ S, KANOTRTORRIOERRIZED (4, 3, 2) TH2ZLWA,
BB L OBBEOHRIE, B T IBARCANT 22 L, $RCEMELBFEIATEDL,
IV - FEHESTRABATEBL TS, R1% MIRD 77 » A LZE ) A, BERCKA
DEBIZEDLEIRESTHY, RIZAVLBERLHBORE I LRKRAATH S, BHRADKE
#iZE&hH¢7: MIRD B REM TEE ST 59,

B WD L RIEFEBHBETRE R T 2541013, BIERSE - AEIENES - JkTH 5
A, BEXRC Y RO L) 2 EARBUREBRB T 2B TR 22 VBN L 25125 5

167



E6 MIRD 77»bA (HfL:cem)

2 - HEBAEN L 2D, BENFE TS, EROMLHR2OBEDE T 1o BHEWE L]
& 5T, B - BROBER ZOR TOBRSREOHEEONM S B2 5, MIRD i, HALR
Taiatee GEERSTRE L RO, #Ci-hr) A H7-0) ORI E (rad) DS #A%HET
KRR L TR L T\ 5, RIFHHSS - MBIHEEH 20T, ZRLTNTHLLD S DS, S
(n+n), S n+r), S +RB) RBIEEBLUh UNDOTRTOMREES - BliTH5B),

RHMGEE, A

A O, BUTEDEOBRIFRD - AB~OWRICERLTEY, TRL0WELEET ST
FEREDMFRIKET b —RITANBIRBRETMIZIL, MIRD EAEA Sh, RIS - #
BOFHRIGEREED (rad) AR TEHE SN S,

D=A4-S (1)

M & ¥ 10 | OEFRE T;, & HRIFEREDS - ABRODICHER§ 2 BU R OBRIE 235
BEE a;, BLUREBIREA,; L3¥E, HHj0 A ofzkRTROONE,

A=1.4%A,@;"T, (2)

168



®1

» YT — 5 %N R =
) fiil) ; =D BRBGTHE
HAtERES  (B5E | Yow | REBRE |BRIR0IDL | smey | TRIGH @ A
g”_’;ﬁ%ﬂu‘g ey | AROD | BOBE | (G
"”I,:éw Favibe 7| i | 1360 s 8'33 1(2)?} 0.187 B % B 2.5
) .1 0.065
0.05 5045 . 0.032
0.10 1285 W B 0.020
& -3 0.4025 184 0.370 B B 0.01
0.085 18R & g 0.011
s> 0.0125 7.5EFM
123 3 B {kiy &0 | 138 ﬁ %ﬁgﬁ%@ . L3 " 8.8%3
| #o B 0.030
POk OB H B 0.23
L/ 0.012
R B 7.5
& F 0.027
BLo—-XRyHN B | 13K | B LOEE 0.678¢/H e 2 BE 0.25
RREERA .~ -
NoOB 0.60
M B L URED 0.36/F KR L35 (B%) 1
K LBOREY 0.1185/ KA T 55 (B%) 1.5
KB THRONEY 0.0687H p i3 " 0.19
0.28
# B 0.080
W% 0.014
1251 3 {4y &0 | 60.28H j’% » Li3 " 0.22
0.033
g & 8 0.077
BORK R (ﬁkﬁﬁmﬁz "B 0.26
BIEI% WoOR 0.018
O B | 450.
£ 0.29
2Ly v bavibe s | @ik | 60.2A I 0.34 25 0.271 B Bt B 1.9
%3 0.10 105 " 0.069
0.05 505} | B 0.008
0.01 12850 W8 0.0047
& -1 0.4025 185 0.432 7 o § 0.0026
0.085 15 & ¥ 0.0058
0.0125 7.58:0
ingr o i
BLe b7 VT | BE | 60.28 & gt 0.95 14.7H 391.2 B R B 1.2
v Bl P 0.05 288 ] ?; f g 1.0
0.69
woO% 0.56
£ ¥ 0.67
18I g ki &0 | 8.060 W (;ﬁéﬁgﬁﬁ;‘?) " L1z " 8.35
E .14
| e 0.20
Bk R 7B 1.6
HoO® 0.085
B 4K B | 800.
£ 5 0.47
Vil rmF7 73 | %iE | 8.06H ES & 8.95 1%‘%@ 173 Jﬂéﬁh 74 g 3.4
v .05 1.9
BB A g " § 1.8
3 1.9
£ % 1.7
mll;;u Favibe 7| ®ik |8.06H E -4 gggs 7.?§% 0.4272 B % B 13.
J . 0.41
04025 | .36 oy | 0.073
=4 0.01 128 L 0.053
0.05 505 0.264 D= 0.021
0.10 105 E 1 0.028
0.34 25
BlLofyux7.7 | %t |8.066 [ 0.57 458509 | 32 B B B 3.7
(15~20 g m) FHEORY) ORS g.gg 4B5R - ?g i 333
. oo -
BERRE # % i 0.31
14.5
£ % 0.49
‘“V;zﬁﬁz M7 | #iE | 8.06H ¥ g.gig zsgg% 2.6 4 % B 4.5
N7y . 0.99
0.09 0.58ER Rt 4.
fie* 0.8 7.8851 8.4 | B 0.2
SERDEY) DED 0.05 o 14.3 WO 0.17
B REY* Z & g gge
BiLg— X~y HN it | 8.06H ;;;éggﬁ 1,565/ % % g 1.1
BB L A 2.7785 o 3.5
K EBONEY 9. OFFH KB EER(BE) | 14,
KETHONEY 16. 685 X%TH%@) 33.80




EC, o, BIUT BABTCORBUHEOIHIZE > TRE %, HHHEORBHEWE I
WTHAHN TORSEED G B ER CRARONTE D, {LEBI M kb b ECHEICEE
THHEZLIFZE D oTnbE, LAL, EENARGMIIRHLET—IRRTHHDT, EHI
COHEDT— I DERPLEL SNTWS,

€ MIoWTREETLERILEWOBNGAH ICRP HMEFIL KI5 X O6NTWEDT, b
AHBICOVTRENRLDF— I PHVONBI LidH B, TOBE, KOBICEET HLEN
»H5Y,

(a) BIERAEFTOLIWIZE 5o THEAZEITKEV,

(b) RELEMPOTLENMERIER L -HSHHEDEOZT R EZF L TldZ,

(¢) BEHHEME TIXERBMPD 57:0, KELKOBAGMELRBELL I LDBH D, BIZIL,
32p \ZHEE, BICETI DY, EREM0LD) Y ORELEOENIH EZREL D,

NERTORSHEME O3, BEZICBIT A HEHERS RS LB CHllTa L
BT&5, LAL, MEZETBH - RIS O BN TRE LT R0, BRI
BTa7— 7132 Lo

G- FEEUCE D, LB LU L 2ENES - fEEL R 1IORTY, %58 1Ci
H1- ) ORETHEZHN TV A,

BG5S HFERIESRETIEIBRES @D BPEV0T, ZoOF-4 220 IRBICEATE RV
A, ALERIC X B EHES & ZFNADRINBO LI WAL { bhr b,

BbhUIC

AR R 11X, MIRD VAV LT W5, BT RERGEE (#Ci- hr) 72 ) DR
IR (rad) TH 5 SHIZMIRD H:TEH X 5N TWAH D, RREHSTHE A IREEWE DL¥ER,
EMTF—y R ECEBRLTWA, 207, MIRD THEL SHEXHBTH A TRELTRENE
MTTLEWY, HBELTOTFLHEA - SEPRYOE|ELE), BIRTIR, BRERIHEIC
LBBAEBRETEO L AT MO0, BMERSCHEZFAICL 27— DEREAC
NETHb,

2EM

1) MIRD Pamphlet 5.(Snyder, W. S., et al.); Estimation of absorbed fraction for monoenergetic
photon sources unformly distributed in various organs of a heterogeneous phantom. J. Nucl.
Med, Supl. No. 5, 1969.

2) 0 E KX SIORE D NEND MIRD %2 # A § 5 BEOEREE. HERFEREE, 39,1979,

3) ICRP 23 : Report of Task Group of reference man. International Commission on Radiation
Protection, Pergamon Press, Oxford, 1974.

4) ICRU Report 32 : Methods of Assessment of absorbed dose in chinical use of radionuclides.

170



International Commission on Radiation Units and Measuremnts, Washington, D. C., 1979.

5) FLILKER] | BURERESMIC X 2 HRRE, BUREZE IR, 36, PILESE, R, 1985.

BT =7 ARRICBIEL T

EF—R (BARREFIESMER)

BN 7 = & (Y06Ru, 'ORu) ISR E {, 2oL Bh MR 72
OMGHEEERZ 2 5 L CEELRBHEEL LTHALRTYWS, TRIETR 7+ 7Y MILAHER
BERACHLBE TS, 5O NVEER ORI X i ORGTREE R 2R & LEsE L
LTfrbhT&7,

IHREDOMFEZBL THEICHKBENTELDRERBEROBHEMEWZ L TH L, TRV
T APES L OFETREL L VELITHRTHY, TLTZOLULOBLIRED b 02T
57— ANHEWI LIRRYH B, ST SILRERDD HEW~DE DY AR R KAEE AR
BHDIIBARDZLTH A,

L7:d5o T, BEENT = AOBRELIT ) BICREICZOMERICER DL R TR S
B 74=NT7 Y M EMRLETHHEICIHMBREBORRTE U2EMEIROBRIEY (RuO,)
AEE, BTSN TRBEEORILY (RuO, 55) 5V IZKEEDLEWIZ R » THREFIZET,
DRTHEENTBY, A F VY BOFHICL2BBLIEMIN TS, T/, BEBHOBAI
Z= Y VALERASI BRI B, Thbh, BUBETECIERTARBHIMBERTER IS
OOV TF oy Lkt L= b a s VLAY (RuNO = b MEIE, = MusHE%) 2AEKT 5,
IO IREBWEECHLOTHRIEBERFOEE/FHLEZL NS,

WROERE & B ICREAE P CONFNBEBOMA L EA, T72, FHESITED IO S
Nizo BF, BERODE S HED UBGTHEEED OLE, N5 AT A YR SNWTBETIEA
BOIEED S DI > TUTIZHERSL L) IHEBEEV Ty A L FEREL T =7 ADPTBEIC
oTETWA,

BREMLTF =9I LICDONT

BABETRICBVCERMMARER Y OB A BAEELREO -2 L ENTWE, ZHT
LML 7 =7 AOMEIEINFEIN TS, Thbb, SHTAREOBE, B 7S
ABLEHCRE T 2 S BLIKB ORIV 7 = AORTERDH 7 4 V7 —DETI Y L
720, AF Y VARF - VDEY, BEHOERELZPHTH b,

—%, REDBOSHCTOLERBULT =7 AHPSEOBRETH b, 724 218, BRIEHEHLE,
& CIIRIERFIC BT D IEARE ST TR HETHMEICL HRELERTE LW I LAREA
HELNITENTV S, 500°C THDIKILE 1T - 72354, '°Ru X 10 CIIE L2 VO
USROS AE 45 & 33% HSHERT 5. THERDHEITIZ400°C, 6 FFHICHIZITERICIERT 5,

171



) VBB OHERE L ERICEER RITT I LB ELLICENTE Y AR AEW OIKLEFC X
FTHICERAEIL L B,

3/, BBEHEFMOMEIC L TOERFAFLETHL I EFBRHENTHS, Thbb,
ICRP #h&5Tid 2 £ C 1Ry, 10%Ru iICBI L Tk b 2 e L LTV 525, %R %
WY %) EBRCTE U AMRBRFHOFTIIO, ROMELEENOKANEFHETHLZ L
EFRLTWB LT > TINETLIZIBL - -BAPOREFMOMEL EDLLELNDH S,

BEEILT = LICDOWT

BB R R TOBS AP HETROMBILENFEREEME - L X2 00h Rk
MNOEBLEFETHLETUETHD, 14 VK, FA+ R HTFR HIVIIKESEICH
TAHHEITONTELD, KhOBR) Y FOAREALORID, BOTABY L ORKER
CEFBELBETELERY L OBEIVEH ST, BUHEE, & ICVvF=yalzonT
RIZEALHLNTOWEWOIBUIRTH 5052 DBFENRBIZIOWTE T ST FETT Su—F
DBRALN TG, 728 21E, KERREPISBITAHEHMENT =7 2O RIZTTHEAERY
BoggErLoxoh= bui Vtdorauggke 7)) v v a b Wiz Kithe L a - 7
T = v L ORIGEBRY KRR CHOREICHLET A UWHEIRRINTND, /2, 79727 b
v, %, RARS0 L) LBEYCBIEHERY 8 L OB EEREL T = ADKEN
ERTELVIENIRINTBYSREOERSLEHOBAIPF I NG,

LaL, EBROABRWEFFEL TV HREREF TREEEEOFEREL Lob 2 Lk
ELDOTLOPLVWEETH S, Bl Wb BEE BRMENHESTHW RSN
BmMLCEDMERRBSRINTV S, Bifl, A 4+ Y EEXBREBESE (71—
41+ XAD-2 2 &) 2#RRAKFOABRBEREOBE, SHICHATIRAAG LTIV 22D
BEEIER SN TS, COBRBRIKPOFEBRYOREICT CNAHEERTIOTEEA L
VIREMTREAE SN VWIEERER TS L) 5 ARRE L RESETHRBORICT LR
BEND LI Do 7L 2T %Ry b+ 53 VEHEOBICT 5 LBESND, 0L BHE
ERARKFOERESBEOWEIFHALLII LTHbDTHS, L L, REARREIHFEL
G TCHERERAF VR a0 FROESBITRAI XAD-2, XAD-7 IZHA SN D Z L,
HEINTWwD, T/, BRICECRESNABRD L SRA 4 Ve LTRAE SN HEEMR S
ZZbNb, E6I, ZOEDOBHRIEERED 5V IIRFEFIMED 1 F »TREHSPRA,
BELBBIURA & VRRBEIAE—ICBELTHAT LD ELNIIEINTVS, Lids
T, AR, EERHLVIZM AW, A4 EREDHE ZOEOBIEZ T ERAWTTS
CLZMEDD Do WK OPDFEEREABETIT) ZLHFRLETHS I,

172



HERS TRES W AMER

#aEE (ER)

CNTHRERSEOHRBREREZHEY I L, BHIRBAEIHEFOMELLYH R 5T
ATHEICBITALRMEROBER 2 ONOLN, E%HIFTHELEH R, HBRIBICE
FAEWMERER, EHORBREEOVHRS 2RL ERERFLTIHLITH, LI TEOH
TRHRETHICB L COLFROEER 2 M S E Lz, T-RBICHERNLER, BRBEL
HEREENE LTEESNABEDON T =Y J20WT, ZOLEHICHEST 28 BE4H
BT CABOMEREICOVWTEREENT L, COTHKIERYE LTiRBLWIIEICLE
FEHBTLL, SRPOABPDL ) L ELLIEBIEE AN 727213 dH > TERNMLRW T,
2T, BROBABBEREABRERERY OBREERICHE L TOREHEOITIC, AIER (K
B, ANERK (KR, HEHRHARX (ARELKR) 5, ThEPROFELRELT T
hCOLEE L ERERE) L THARERERS A EZBCHLITY, ZhoH
BRI ETURAEREREICE, TLORTHoRRITWENE LIBRYEDH) T, 2RTH
b, REICBITATENCEELOMBIILRLFLERLTRL T b 0D, ZOMERIE
GTHRVEBWHILEN/ZHDTT,

AT, PBRHREFMICBAELTIX, BZAORENDH D ¥ L7z, IRFEEZ ICRP Publication
29 BWOEEEFN L LCIEBBREEL VAT ABERBH SN, kLRI NV FERY
FEDANTORBREEEOMELZHITONE Lz, MREER, PudBHEEBICLT, %
O TEER (BB FREEIICE PO R ICEOBRERET S5, % B. Cohen DEHEIC L
DRL, I7MAOEEESRCE LTHEY X713 PuO, 5 Pu(NOs) , D25/ BB LED
FonE L,

WINLEELHES BV LE, ) TSI L, ThOEDOHETABICOWTH
BEAH T LR HIEE) Fy TRTHE, HFILTEVWEFALIZOT, RICEZETY
1272%, w42 %707 - CBLT, BT& Ly ¥ a VOERORESFCHRES L WLEEET,

HEICE T IRHEBEOBITICOVWT

HEARE (HBKE - 1L2R)

TEDOE YT s YIZBET LU, FHEEOHER REEE, KNEEDIXY MFHY
F LA, WIFNJAERT, KESZEII2D T LA, ShICBIERLI LT, RELDH T,
tTEE—onsuv b3 7R EEL, TEPCBITABEE IV EOBREHFMNOBITEED
HEERATLAOT, HHICHEESLETHEII Y,

B 7 ICKBRE RN TR L L 2B OBERLIcoWT, BEHEI Y ROEES A D
—BERLE LIz RO EESS 30em COVDEL I T ISR ShET, ShbDLE

173



BRI &, I b=, Ny FETHERE Ky 2RkoITE, FhEh4s.
16(ml/g) 22 h 3,

Depth  No.4
(cm) . | | . i L
0-10 —t+—
10-20 b
20-30]H4
T T T T T T {
0 2 4 6 x10°°
Activity(I-129)
(Bq/g.soil)
Depth No.b
(cm) ] 11 | 1 1 1
0-10 1
10-20
20-30
30-40
o ' 2 ' 4 6 xio*
Activity(I-129)
(Bq/g.s0il)

7 Virtical distribution of T —129 in soil

COEEXAVT, LEFIEER lof, BE30cm Dh T LEEZ, HBEREICET, #igX
NBEES T FEDS, 30cm DRSICETETLIOICETAEMZFHELTAHAT L,

—RICHB I DD LG AERT 5 TICETL2EHE (ZOBEIRFAK) OER (vml) 13,
BENZEBOLLTE, XRCL-THEEILRET,

V=I+M K4

T RHEBAR (ml), Mih 7 LhORFE (CORERIE OoF (@ ThHYEd, =
DREACTCV ERDTIT L, RUIGRLEIT LI, £n£11300cd, 530cf 2% 1) 5,
Thbb, CRETORKEETAHI LR T, KE#HHOFHEMERER 1340mm TT
6, EBROVOEIRERER 10y, 4y DRMEZICHLETEDIITY, $4bb, Thboot
B EEHANC 30cm BETAHDIZ, RIDESAITRLET LHIC, #nFNH 10y, 4y %
BTarZ il ET,

174



Table 1 Adsorption behavror of I on soil
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