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Proceedings of the Cross-Over Symposium
“New Approaches for Studies on Environmental Radioactivity”
November 26-27, 1998, RIKEN, Wako-shi, Japan

(Eds.) Shiro MATSUMOTO’, Shigeo UCHIDA™,
Hiromi YAMAZAWA and Hikaru AMANO

Department of Environmental Safety Research
Nuclear Safety Research Center
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 25, 1999)

This conference was organized by the Promotion Committee on Nuclear Cross-Over Research and
the Specialist Committee on Assessment & Reduction of Radiation Risks, and co-organized by Micro-
bial Toxicology Lab., RIKEN and Environmental Chemistry Lab., JAERI.

In 1991, a project on transfer models and parameters of radionuclides in terrestrial environment
was started in the Specialist Committee on Assessment & Reduction of Radiation Risks. This project
was finished successfully to have active cooperation of different organizations which were Japan
Atomic Energy Research Institute (JAERI), Meteorological Research Institute (MRI), National Insti-
tute of Radiological Sciences (NIRS), the Institute of Physical and Chemical Research (RIKEN) and
Power Reactor and Nuclear Fuel Development Corporation (PNC). Subsequently, we started a new
project named “Development of dynamic models of transfer of radionuclides in the terrestrial envi-
ronment” with adding a new member, Institute for Environmental Sciences (IES) from 1996. The
results we obtained so far were presented in this conference.

About 120 specialists attended in this conference. We believe the discussions in this conference
were of great help to the crossover research project and also will be expected to reach some agree-
ments which could lead to fruitful cooperation among scientists concerned with all aspects of the

radiological consequences of radionuclides in the terrestrial environment in the future.

Keywords: Cross-Over Research, Radioactivity, Dynamic Model, Transfer, Terrestrial Environment

* Saitama University
** National Institute of Radiological Sciences
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2. BB OX0Pu,/ BPultDHIE EZNNEKRT A HD
R EAT BEHRE ¥R & W

BERETO IV b= LD SR CRMELDRIEHEIZ DUNT ICP-MSZ U ik
Ui, SOHEICLBEBRPDOTIV k=Y Lo TR 0.02 pgml (2P : 0.05
mBqmil, 240py : 0.17 mBqmi'l) T »7c, IAEAD LBHEAERRIA T LIz & 2 5.
239+240 py oy i |3 AREAE & B —BE R U too ook skt i o0 240Pu/ 239 Pu 7 i 8
4 BMEEIZFE LD, AEEN S ICHT 2 KBS ISR RBETE I, Fhe T4 v
Y aill, LVOTBE, v— Y v VEROHRY., F V) T4 ) SN0 IR
M) . BT, AATER U HEY (BMTRR LB HAT) OFIV b= Ak E
240py 239py bric BT BIEHRA B D = ENTE Tz, O0PuP I Pufsi 7 Lh1d#90.04~0.4 & JEUEE
Fichh. HREICEIDARXSBUEDZIEX DM oTc, TV LEEIDF TS
240py 2Py b A B EIT & D BIHIEIER IS B Z ST E, Fio, BUEREIA RN
3 ETHESEMRAREL T NS,

Determination of 240Pu_23%Pu ratio and its significance in environmental studies

Yasuyuki MURAMATSU
National institute of Radiological Sciences

Analytical procedures for the determination of Pu concentrations and its isotopic ratios in
environmental samples were developed by using ICP-MS. Detection limit of Pu by ICP-MS was about
0.02 pg ml"! (0.05 mBq mI'! for 239Pu; 0.17 mBqmi ™! for 240Pu) in the sample solution. Analytical
results of 239+240py in JAEA standard reference materials indicated that the accuracy of this method
was satisfactory. Data on the 240Pu/ 239Pu atom ratios, which are rare in the literature, were also
obtained for soil and sediment samples (including IAEA standard reference materials) from different
areas such as Irish Sea, Mururoa Atoll, Marshall Islands, Chemobyl, Kyshtym, Nagasaki and some
other places in Japan. The range of the 240py;/239py ratios was about 0.04-0.4, and the ratios are
depending on the origin of the materials. Analytical results for the 240py;239py atom ratios provide

information about the source of the contamination and the transfer of plutonium in the environment.

Keyword
Plutonium, ICP-MS, Analysis, Atomic ratio, Environmental samples,

Standard reference materials
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T LORERIZEIT HBRE EEBRBER NS Z SIEBREY 1 7 iR 2 R5E
RET L AEEEEEZ oM 5, BAERETICHET STV M= AOE  DHMHERIC X
DE ANz bDTHD. ZOREIRZ20p L L0 Btttz s hTi 3D,
BUA TR, €574 —VE@D O 22574 28, #2070 9O oMk oK
HANTE D EIEENERINTO S, T k= AORMAITE RI232~246F TH &
NT3, ZOFTHREBREEZ 5 ETEERbOIE. 28Pu CERM: 87.7 4), 29Pu
CRI: 24110 4E), 2%0Pu CRR: 6580 4) & 241Pu CR#: 14.4 4F) TH B (Table-1)
#4512 239 & 290y I BRDB O DRICEE XN TV B,

Table 1  Plutonium isotopes and their half-lives and energies.

. Half-life Energy (MeV) Energy (MeV)
Nuclide (year) Alpha Beta
5.768 (69%)
Pu-236 2.85 5.721 (31%)
5.499 (72%)
Pu-238 87.74 5.459 (28%)
5.157 (73%)
Pu-239 24110 5.144 (15%)
5.105 (11%)
5.168 (76%)
Pu-240 6580 5.124 (24%)
Pu-241 14.4 4.896 (0.002%) 0.021 (99.9%)
4.589 (81%)
- 7
Pu-242 8.26 x 10 5.443 (14%)

T b= LOAEE LTEL VSR TNEDIF. a AR b A b —ETHHE
PO, SR SRR IR S TR B, Ei, ZOAETEZOPLC b
238py | 4 py st p RALAKIZIE T & 2 0%, 20Pui3239Pu & 1 3 L — 4L e D S BERISE
138 U, 23%u & 20Pu o R D RISEIITIMS 78 E OB BAMFEE NS 2 &1 & b ERE
sk 5n 300, Uil 2 0FEBRIAERETSH ) XA CBEOBAEETS L
T OEBINETH D, ARE T, HERBITEOMTOF T THANLE > TX
TWABICP-MS (FEES TS XEBMTE) £AVTIV b= AORSEIHZ#HE L
720 ICP-MSERBERETLADHHTICAVOATNED, RILBREIZEATHA I &b 6.
EXREmosHc b LT3, Kimetal (1989)9), Crain etal. (1995)(10)
Yamamoto et al. (1996)(11) j2ICP-MS % F U EBERBH D LIV b = ADMT 54T » TR
BREAZLTWVAS, UL L. BEDEZATIV DT LOTICICP-MS 25 L7 flis £
niE% {15 ICP-MS T U7 ALFE S BEIZ DT b HE DBXSNTUHIN,

22T R E L PuD B SRR A RS Uy ICP-MS % L 23%Pu & 20Pu 4y
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AR BT 37— 7 3R EH AN TOR DT, IABAD HEFEMEYIE DS AFT - 720
X oic., ke EOREO2 0P, PO s A E L. TV k= LORKLE
Kb B EEPIZ ST bEE U,

2. AVrFHk:

IR = LD T OHEIC L DB Ui, $THVTABE LTI, T
b= LA R R (P9 240pu T 10Bgkell | TiE 2~10sD 8% AL,
E—#IZANS NR# (S54EREIE) AMA, /31 7 & LTEMBRDOZ2Pu (New
Brunswick Laboratories, CRM 130) A& L7z, 2. IV b= LABEEMEOER (—fD
BESED 1Tt 2 BA%108~50g & % { MBER DT, FHS00CTMNE L. HHW%
SRR UTz b DRV, MBICK 2B AyY FPL— b ET4~6 BT, 2hiH
Teted S BICH T ABRTRA L7z, ZOMEBEELZ 2EIZERDEL, BERE —HDODE
—HICE EBT, TABRICEZE TRy FFL— b ETIBL. 20%. MBRICHENL
DEERIEICE B,

AEHEBRNSD T IV b =7 LD BET. A4 &g (Dowex 1x8) A BB k&,
iy o2 757 4 —#ilE (TEVA) 255D 2 D% i L7z, Dowex 1x8 ik 3
B TIARIRICIL 5 723K 8 NODIEBRA M A THEN Uiz, £z, TEVAIC K 40801 2
NOWBRIZEN Lz, EB50OMIEERAV3BETLPOIER S 4 ficZ A2 LUl
15180, £ Ty NaNO,, HONH3Cl 3 TNT HyOyD 3 D KA FI U TIL IR % % Lok
BeEt L7z,

(%% 4 Il Ulcth, SURHEIE A A L CilE (Dowex 1x8) Ffziditi/ o
N5 74— (TEVA) 2@ Utc, PuidBiRiciREah 2, FBEORER Lih- 28I,
B & LT, Dowex 1x8D4A 13 5 %NH4l -1 0 MIEBAT & M iz, F72. TEVADE
&3 0. 1ML Fo¥ ) VEH-9 MIERER AR OCEE Uic, ISBRERy M FL— L
T—B RSAT7 v P Ul ThEMBRICHED L. BREICIE 4 BIBAKE L. ThENE
ot Urz, BIEICIZPIEARRICP-MS (Yokogawa PMS-2000) % VM %47 - 720 HIE L
7o — 213239y, 240py, 22py, 238y OB IE U T, Fels KD MY v 7 RTEHETH B,
BBULRIET BDIE. b LLUDRELTATHNEUH DS Pup -7 icpBE 52 2
AREPED B B ThEF 2 v 7 TEHMTH 5, WEREREE UTIEBI 25 M LIH, &
WIS A BB RN 12292 Pu izt 5 2%Pu & 20Pup e R B AL R T
fTote Eho. AEEOEERIIPUDORMKLD XS ¥ — N TH 2 NBS-9474f5E UKER
Lizo SHiB0OMEAFig- 11tk &% 3,

Hh. PudBBEME TH 31 EARBYBAGAT 282 THHREESII 20T,
HREERH L. BBOHSHMNIZT A VT — %M1 30T RE UERZF 2T - 72,

ST RO EHE . BN & L Tid, JABA-13S (74 Y v ¥ 2 BEDHERH) .

_6_
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IAEA Soil-6 (4 —Z b —D+3) | 1AEA367 (w— ¥ v IV RDOHHEY) | IAEA-368( L
o7 REOHERY) | IABA-134 (T4 Y v ¥ 2 BOMAD) WEZMN L, TOM. B
Eo+E (KR, BH, BH. BREE) RUBHAOLIE (F V) TAYPFAT 1 L)
batTRIT U,

Pu o5 M - fiik
: | +i (S BH . 2 ~5090 (BECKCKE

242py (spike) . THMR (50~250mli) ZEINZHNH
3i&

(1) Dowex 1-XBEALRA (2) EIChroM TEVAERR(\-HA

58 (8M jiEk) NaNO,F%xmA S (Pu 41H) B8 (2M FHEE) NaNO,F#mMA S (Pu 4{H)

i

Dowex 1-X8 (100~200 mesh) TEVA resin (100~200 mesh)
- #E# BMIHEE.  10M 1EE% A 2MIHEE . OM IREE
- WM 3T S ED D LAS%)-EEEK(10M) - XM ERaF/ v (0.1M) - EEERE (IM)
BREE K479 T BRR KFS47 97
HEICBNMT (3%) 5 mi IHBICEMT (3%) 5 ml

ICP-MS ME (Yokogawa PMS 2000) ZRiEHA): H#E—-50-200% (x 3 [@)

Fig.1 Analytical procedures of Pu by ICP-MS

3. KRRUBE
3.1 MFEIcoNT

PuDfb¥F % 4 Wiz %3 5 B TRIERENOHAE (NaNO,, HONH,CL i TNZ HyOy) %
it Utz & AHEBF M) Y L%k FANcB4 i Dowex 1x8 ETEVAL & IR b BU R M
Bohitc, HyOZAWTIEAMINERNELFERE 4T 5 DI+ TKU,

ICP-MS 2 & 2 2Pup il Tid . HRM239D & = 512 B8UH A E 4 RITS M S
ADOTREGEH AT/ EZ A, Dowex Ix8 THTEVARFHNIBATH & HITUDR LA
1210~ 105 B TH o720 Fios BLOT M) v 7 ARRICBOTREEBIT104~1078%
THh., ICP-MSOREISET AT TTI B I ENTEI, KOTBREFZHDHI% Fig.2
IR T . HLU. REFRHRIAHOBRICL > THRUL LD TEBROMTICH > THHmIIC
FRBZEXREE L, FEEREOHMBULEE ORHTE—EZITHF2THDH, Uh oD
FEIIZIFHNI ENMERTE I, AR L7c BT, U2 TidDowex 1x8D
F5DNRL. o, HEBLRPEHK TIITEVADIZ S BRVBMIZH - 72,

_7_
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Dawex 1x8
5 TEVA
10
: w
£ NN
NN N HN
: $§@ N 5§§
£ 1000 %j&; ] §§§'§' N
100 N &gﬁ;ﬁ: N .:3%%;
Mn Fe Ce Th U

Figure 2 Decontamination factors of selected elements by Dowex 1x8 and TEVA.

AT L 5 POPuoti I FIRIEE . SRR OB S LT, 0.05 mByml (F724d
0.02 ppti2f) Thote (HU. B TRIIBEBOREHCL-THAEINE) , B
OHETIE. k208 V84, PPuTi0.1Bykg (4%) REOBE T TUETHET
B o720 POPupi i FIRMEIL. REHAR T OBE & LT0.17 mByml, 20g0ahkt% FL /s
$5613035Bgkg (4 Th o720 220PusPPuip it FIRMEICE DS 201k, 20Pus
AL R D THAHERE & LTABRIBIRRMIZE 2> T B,

2Py pRlEEOUMN &4 U3 OUHT OEBIC DN THENIE DA, BT OUSBEN 1
ppb DEETOPuDE— & ADFBITH 0.03 ppt 1AM T BETH 72, Zhid, BETHE
WEIHZABRETH D, MEITEBE UL, (LRHEREC X D IEERTOUREE 1
ppb T icd 3 DILE M ORB TIRZHIT LB U < 1700, Table 2T B HBRA, #1K L8
=B UUH 02 PufllE A DBEBIC S THBICE & B,

Table 2 Detection limit, RSD and influence of UH™ in the ICP-MS determination.

Weight basis: 0.02 ppt

Detection limit (solution) 239py activity: 0.05mBq/kg

240py activity: 0.17mBg/kg

239py activity: 0.1 Bq/kg

240p, activity: 0.35 Bq/kg

RSD (Relative Standard Deviation) 1~3% (3 determinations)

UH* /U* ratio: 3 x 107

Influence of 1 ppb U: 0.03 ppt (pg/ml) 239py

Detection limit (soil sample 20g)

Influence of UH* on 23%Pu peak

3.2 PUEEIZHONWT
TABADMERR U 72 FBi 4 O B M 2 07 Ui B & 0 2P 20pup s st 38 L
Fzo IABADH#AR(E b 2 3Hl (P9240py) 2 FLTWBIRIZ. A v —a %) il
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M U725 & OMBRMBEIE T VT 7 —ZRZ ho A b)Y —THELTE D P Pue20mor
— I EDBETETEHTRLTWEATH S, AMETHSNI TS EZUTIIRY, (B
ZD 71 HIZIAEADHERfEA H v TNIZEL T, ) IAEA-Soil-6: 1.0 Bg/kg (1.0 Bq/kg) ; IAEA-135:
211 Bg/kg (213 Bg/kg); IAEA-367: 39.5 By/kg (38 Bkg); IAEA-368: 29.8 Ba/kg (31 Bykg) T
atie THODERMSADDL LHIT, JABAHRHEE RO —HER U SEOZ SHMN
MR TEI,

TAY v 2 lBOHREY (JAEA-135) TRONEWERER. €57 4 —)V FELE K
BHSDFEENBEREL > T B, A —Z + Y —D+iE (JAEA-Soil-6) DEIZHRLEDEKE
Tl (R ERBETH . FxIV/ T4 10kmERND 1 TI31000 Bgkg %
ZAEMHEENI: (FLWTF—F I3RS FEEDHTNEEIATHS)

3.3 240py 29py ot

IAEA O WM SEH DL TR OTE b e gLkl COPu 2PuE i) wlid 27
— g DB ST, TA Y v o MEOHREY (JAEA135) 1021, T4 Y v ¥ 2 #FDMH (IAEA-
134) : 020, < — ¥ v VEBOHERY (JABA-367) : 031, Lo 7RIEOHNY (IAEA-
368) :0.04, A —Z k) —D 3 (JAEA-S0il6) : 0.19TdH -7z (3 LU ks RITBIE R
D z) , wEteRsmo?40r, 2% b B4 2 JAFADHREIZ I E QA TH L
SEMS, THODHIZASBRANTEITO LTO—oDBEE LTERILDERDNS,
Tk LR T FALA (i 20Pu, 2 PPut) bRET B &Itk
k= AOELEORE AR, 1o, HREAITOZhSOLAERD S Z &I,
TN k= AOBEBITABITT 5 LTHHRIOTH A D0

Krey (1976)(13) [ it 5 & EH S L7z 6 0 540+ 0 240Pu 2 Pu i 7 4 H B4}
WA R OTRE LEERBR i 7oy F LTV 3, ZOREREICHREBTOTHIEE
LT, 0176 £0014 LS A LT 5, BL. ZDMEIIRNNTEERBABOMAR
FbDTHD, BERBAUTI. 0.1LUT GBEM : 0.06) BRSO -THD, Fo—n
MET 4 =T FOBBTIHEL . WIS R ERFINREREELOND, Eic.
RO KFEZEMUTHM AN T012~0.15L 1 H D UVIEDDENROM > Td, IS
LV 0T B AT T ORI MEROEBER M LTV BHEEZ 5h5, £k
HRBEOE { OHIETIF01T~01IDORDHLPBMESHTE D RO T+ —IVTY b &
LTl F L7220y 239pu i3 ekt~ Th % 2 Edvbd B, BT~ B 25, HIBHOD
FEIC L 0 290py 2Pyl k& C B B SR SN B, HRIICATHIFABRETH S
M Id. KREMA R T AR S NI RBEICA D ERICER B I E£2 5h 3,
% & 25HE L AAD KR+ EH 02 0Py 2Pu 1345017 E (BEKOREER ) T
B0, Keypsie(D LT3 70— 07 =7 FOFHEERN—BATR LTS,
L. BEOBE X TERR LU +E020Pu, 2P T 10id#50.04 I8, SR,
EMz T - PuBROMRERBR L TWAIHEELOhb, D), PUERHTIE
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2% i s T B 72280 20U A h U, B  TIRAROE - 118D
HROEBIA X, 20kw/ha?m sz cnz tfEahs,
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OMITT +—NT U DMLY BV UKREN, 574 NV FOBLEBBRTUBI NI
020 PP i g LT B EEL oS, £DM. Fxb) TAYE
HCHERINEBRB LAE L TOE2, HOLBELVL I BOENESATING, T,
S NDF T 4 LOTIEDHTERITO0TRE LEVMETH - 720 L EDIFHED T
S TREBHFIDTH Y, T, BUELHTESETTT— 5 bR LT3, LIS
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SHHERD S AN B &5 iz. 220Pu 2Pubid AEIRIE L7221 T by #9004~
0.4 L REHMHHICH 700 CHSDEIIBELRBOMAERRLTH D . HULEPZE )
SOBEBTARANS LTRISIOEEZZ 5,

B TFERCOPuDAERIS PBUH i 7252 D U TFIc 7T RIE2E T 2PMdvEoh 3,

28y 4n — 29U - 29Np +e — 2%y e
Fo. PPt pash B 2 TP, M CEREMKEBPBTETOL, £
DIz F—OF TR UEBROBEE R Ul RIEEE LA 520pu 2% it
B, Fio. PORKEOHAREFHROBRIC & > THRA 5, Table-3iFTIHTHEMRK
4 % Pu ORISR DY A S TR Y,

Table 3 Isotope composition of Pu from different reactors
(from GSF mensch+umwelt, 1989)

Nuclide Weight percent Activity percent?
Pu-236 0 - 6x10-6 0 - 0.005
Pu-238 0.02 -3 3 - 84
Pu-239 45 - 98 5 -9
Pu-240 2 - 30 7 - 11
Pu-241 0.04 -16 (60 - 2700Y)
Pu-242 0 -9 0 - 0.04

a: alpha activity, b: beta activity
hhobad s ks, BEREERL EPPuoganks ., kEic20m, Hlpy
B o Fiol BUEEE (FVT7 7 —8) ELUTIRERMICEERT 20T, S8Puptksinz &
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2% (ELUBPuria D AN B AR I OB D TR o T, PAlPupgR—5
G T 7o b EITIHEIA & THAEORI S 28R TH B, Z0LHiz. 20pu, PPy
3. BB ORI TR, TOBBEPFORBBIIL->THLRN S, TOIENH B R
FIEOEARKEROBERSTMICEE LT, BETOBESH 27213 T { DR
HbEREIEREEEEL SN,

4. #E

BERET (F& LT HEDHEY) OPuRMAORES ICP-MSHIC L WiRE Uiz, £
DR, BOPuLBENICIIBEL NVETHANETEE 2 EBh -7, T, 20mu
BRI DN T OF— 4 i S, BREORITE &I bR ENTE XN, 4
%, FLERHEEY O AR KRB MOX I DER Skl PucBE LcBBE=S ) &
RMFAATH 12D DB BEASEE N > TETV B, AEFLIICP-MSEAHA L
PRI, BRI, 0P 2OPul bR ONB T ENSKEBREER S
Ndo, 1o, BEOHTHE S AAKLIRE DELREOEHRLBS LAETHD. 4%, B
BRARELE=Y ) v ot —T7 4 — KICHEEd 30~ OIA bR TE 5, BEDR
FERTOPSH DT 2 FNVTRTINT 7 — ARSI bt MY = LDBXRSHATNE
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3. KHBBICMIELIZFET S 2 CsD il F ol

Bk EtEF. BF BAT MEoRY
BERBHMHTR. "TTREFREREMRR. U EAIERF

HHEEDKEBLCHEL SO CsOBRENRBEELEHKMCARBL, P CsOfFLRN
HHEYEBRBIUMEL (top-soil) 25FDOTRE (sub-soil) “DBEHRREHEEL 1=

FEUKAELEIVBELFOFNRFNOEEZRIT. 2ETFHTHEELL DI, BREK
SEEBTOM AL DEYT 5 P CsOADTOHBLBEMITIT~18FT, 51" CsDik
HHEEZHELBROACLIOED TS P CsOEDHBELEIRIZI~42F k-,
EEDSFOTRAD PTCsOBBRRIFEL L DL 6~LT%/ ETH Tz, iz, 19964
BIIS P CsOELEFOTROGHALNEGEHE L BRI TFHTE: 4L o7

Residence half-time of '*’Cs in the top-soils of Japanese
paddy and upland fields

Misako KOMAMURA, Akito TSUMURA*, Kiyoshi KODAIRA**
Nationa! Institute of Agro-Environmental Sciences,
*ex-National Institute of Agro-Environmental Sciences,
**Prof. Em. Ashikaga Institute of Technology

A series of top-soil samples of 14 paddy fields and 10 upland fields in Japan,
vere annually collected during more than 30 years, to be examined in the contents
of '*"Cs. The data, which were obtained by the use of a gamma spectrometric system,
received some statistical treatments to distinguish the annual decline of '*’Cs
contents from deviations. Then the authors calculated “residence half-time of'*’Cs”
within top-soil, and “eluviation rate of '®*’Cs” from top to the sub-layer of the
soil.

The following nationwide results were obtained irrespective of paddy or upland
fields: (1) The “apparent residence half-time” was estimated as 16~17 years.
This one consists of both effects of eluviation and nuclear disintegration. (2) The

“true residence half-time” was reported as 41~42 years. This one depends on the
eluviation speed of '*"Cs exclusively, because the influence of nuclear disinte-
gration has been compensated. (3) The eluviation rate of '®’Cs from top-soil down to
the sub-soil was 1.6~1.7% per year. (4) The ratio of distribution of '*’Cs between
top-soil and the sub-soil was estimated to be 6:4 as average at the date of 1996.

Keyword: '®"Cs, paddy soil, upland soil, residence half-time, eluviation rate
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Table 1 Soil properties of top-soils in paddy fields

Sampling sites Soil group Soil Depth pH Sand(2-0.02mm) Clay(<2um) Humus CEC**
texture® (cm) (H20) contents(¥) contents(X) contents(X) (mea/100g)

Japan Sea side

Sapporo, HOKKAIDO Wet Andosols LiC 0-10 6.22 41.3 26.7 3.89 28.9
Akita, AKITA Gley soils LiC 0-12 5.03 30.5 30.7 2.35 25.7
Joetsu, NIIGATA Gley soils LiC 0-12 5.59 26.0 39.5 4.13 30.8
Nonoichi, ISHIKAWA Gley Lowiand soils cL 0-14 5.80 33.6 23.3 1.79 16.4
Tottori, TOTTOR! Giey Lowland soils LiC 0-14 5.57 35.4 29.1 2.88 19.2
Tsukushino, FUKUOKA Gley Lowland soils cL 0-10 6.56 61.9 17.0 2.18 16.4
Regional average 0-12 5.80 39.1 27.7 2.87 2.9
Pacific Ocean side

Morioka, IWATE Wet Andosols LiC 0-12 6.42 40.4 31.6 1.7 55.8
Natori, MIYAGI Gley Lowland soils HC 0-12 5.73 21.8 47.6 2.74 43.4
Mito, IBARAKI Andosols LiC 0-13 6.45 48.1 28.1 7.28 36.4
Kounosu, SAITAMA Gley Lowland soils LiC 0-12 5.70 39.4 27.1 0.82 17.3
Tachikawa, TOKYO Brown Lowland soils LiC 0-15 5.46 35.5 31.9 4.61 3.2
Futaba-cho, YAMANASH! Gley Lowland soils SCL 0-12 5.66 7.6 15.1 0.95 10.3
Habikino, OSAKA Gley Upland soils CL 0-10 6.40 55.0 21.5 2.93 17.9
Sanyo-cho, OKAYAMA Gley soils cL 0-15 5.75 53.1 23.4 1.61 13.8
Regional average 0-13 5.85 45.6 28.3 4.08 28.5

Nationwide average 0-12 5.88 42.4 28.0 3.56 26.1

*+ LiC:light clay Cl:iclay loam HKC:heavy clay SCL:sandy clay loam
*#* cation exchange capacity

Table 2 Soi! properties of top-soils in upland fields

Sampling sites Soil group Soil Depth pH Sand(2-0.02mm) Clay(<2um) Humus CEC**
texture® (cm) (H20)  contents(X) contents(X) contents(¥) (meq/100g)

Japan Sea side

Sapporo, HOKKA!DO Wet Andosols LiC 0-15 5.52 36.1 32.8 8.53 48.0
Nagaoka, N[IGATA Gley soils HC 0-15 5.59 10.5 51.6 4.47 40.0
Amagi, FUKUOKA Gley Low!and soils LiC 0-15 6.56 42.9 26.2 6.53 34.9
Regional average 0-15 5.89 29.8 36.9 6.51 4.0
Pacific Ocean side

Morioka, IWATE Wet Andosols CL 0-15 6.02 471 20.2 10.71 45.0
Iwanuma, M!YAGI Gley Lowiand soils HC 0-15 5.73 21.9 47.6 2.74 43.4
Wito, IBARAKI Andosols LiC 0-15 6.00 46.8 25.7 6.03 39.4
Kumagaya, SAITAMA Gley Lowland soils CL 0-15 5.00 48.4 20.6 0.99 16.3
Tachikawa, TOKYQ Brown Lowland soils LiC 0-18 5.46 41.2 28.2 5.22 29.3
Futaba-cho, YAMANASH! Gley Lowiand soils SCL 0-15 5.66 63.4 18.8 1.1 14.6
Sanyo-cho, OKAYAMA  Gley soils cL 0-15 7.05 53.0 22.6 1.80 13.2
Regional average 0-15 5.85 46.0 26.2 4.09 28.7

Nationwide average 0-15 5.86 41.3 29.4 4.81 32.4

s LiC:light ctay CL:clay loam HC:heavy clay SCL:sandy clay loam
#+ cation exchange capacity



JAERI-Conf 99-001

" CsD B RERIE % 1T o T2,
3. RRERLER

3. 1 XkH - -WELD'"CsERDBZEHD

APEIBIIE X N 19584E0° 519934 F TOBSEMICHBITHKA - WfELDL P (sEED
BEHBIZIOVWT, FOREOHRREFig 2ICRL T

KHE - MBELD "PCsEEOY - 2T LA DA TIHEBEBIRAUINL, Zhb5DE
L. 19544E — 19584E L 19614F — 1962 O HIMICHE I Th A ASBAAR R RELROE
WA FIF, YUV T+ = V7Y e LTHEIREDLDSLSERLAEIHLS, 205
OEREIZ. DHAECBITE T+ -7 b P CsORARTREEREDN1964F TIZIIY -
PIESOVTOS LN [EFEFOBRESEY ITIZIF—HL TH5, DREEEMICEEL 2,
F 71986 F =V ) T A ) RFFRREEHICL DL D P CsHHIR EIC R X izl
FOEEIIFig 2L FMA LN,

16
.
14 * o Paddy fields
o Upland fields
’:E‘ 12
} [ ] ) * ®
g 10 ] . i *
- o o8 L o
.“: o o.. * o5
=z 8 ° ° ° . * °
- o P e ® 0o ° .
- . ] o ] ® .
= 6 ° o L o. e o
pem [] [ L o
© o P4 e 28 [} * *
a ° ® e s ° ° ° ¢ ®eqpy © o
4 : S e PPN : o ‘esuc, 8g°o
G e
. ..g! gg oogoo‘g'o 08 ..':..;:800
o..oE 8 agoﬂoa g s © Qo.. .;'.gc
ot Eadl 88°§§§§§E§§g§§@§ gsggsgég ¥
TRADEERHEH IS T HIHNH]
0 ' : ' : -
1960 1970 1980 1990 vear

Fig.2 '*'Cs contents of top-soils collected from 14 paddy fields and
10 upland fields in Japan
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Fig.4 Decline curve B

Time course of the contents of '*’Cs which have been accumulated in
the soils up to the base year 1964

Each of the amounts of '®’Cs,newly-captured by soils after 1964,is
subtracted from the corresponding point in the Curve A

»xx,p<0.001

Decline curve C
Revised curve excluding radioactivity decay from the Curve B
***.p<0.001
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Comprehensive time course of the cumulative contents of '*’Cs in the
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Fig.6 Decline curve B
Time course of the contents of '*’Cs which have been accumulated in
the soils up to the base year 1964
Each of the amounts of '?7Cs,newly-captured by soils after 1964,is
subtracted from the corresponding point in the Curve A
*x*x:p<0.001

Decline curve C
Revised curve excluding radioactivity decay from the Curve B
*x%.p<0,001
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Fig.7 Estimated distrbution rate of '®*'Cs in top-soil and the sub-soil
of 10 fields at 1996 +: Paddy field =*: Upland field
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MSr LIC D& BE, T L, KON THEMEREOFELERIT VOO S HFETH D
TEEPLMI L, T, FREORIRL LT, ¥l HEKMEFHNCEERIBR TH S ¥
MBI Y, ABBEEEREO L 5MNWFTHD AREMNERRE L, o, EiRtish
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Observation of the *Sr and 'Cs Deposition and its Application to the Research on

Environmental Behavior of Radionuclides

Yasuhito IGARASHI, Michio AOYAMA, Takashi MIYAO and Katsum HIROSE
Geochemical Research Department, Meteorological Research Institute

Depositions of *Sr and Cs have been observed at Meteorological Research Institute
(MRI) since 1957. After the Chemobyl accident neither atmospheric nuclear test was conducted
nor the severe accident occurred, the present atmospheric ®Sr and "'Cs concentration level
became extremely low. The argument has been focused on the significance of the resuspension
in the radioactivity deposition. We analyzed the radioactivity deposition data from the viewpoint
of decay time, 'Y’Cs/Sr activity ratio and radioactivity to stable elements (r/s) ratio. It was
concluded that most of *Sr and '¥'Cs deposited in the 1990s are from the resuspension. Also,
the comaprison of ¥’Cs/Sr activity ratio in the deposition and Japanese soil suggests a hypo-
thesis that a large portion of ®Sr and ’Cs may be transported by the aeolian dust from the
Asian continent. We have observed an anomalous *Sr deposition at, Tsukuba, Japan during the
fall of 1995. This anomalous deposition was confirmed by the re-analysis of the sample, the
associated lowest ’CsSr activity ratio and high r/s ratio, etc.

Keywords : ®Sr and ¥Cs deposition, Half residence time, Resusupension, "’Cs/*Sr activity ratio,
1/s ratio, Anomalous *Sr deposition
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Distribution and Migration of Long Lived Radionuclides in the
Environment around the Chernobyl Nuclear Power Plant

Hikaru AMANO, Takeshi MATSUNAGA, Takashi UENO, Seiya NAGAO,
Yanase NOBUYUKI, Miki WATANABE and Yukiko HANZAWA
Department of Environmental Safety Research, Japan Atomic Energy Research
Institute

Characteristics of the distribution and migration of long lived radionuclides in the
environment around the Chernobyl Nuclear Power Plant (30km exclusion zone) has
been investigated. Research items are, (i)Distribution of long lived radionuclides in the
surface environment, (ii) Speciation of long lived radionuclides in the surface
environment, (iii) Characteristics of the migration in the surface environment, (iv)
Characteristics of the uptake into the vegitables, (v) Predlctlon of future
radioecological situation in the environment, respectively.

Keyword : Chernobyl, 30km zone, Long lived radionuclides, Distribution, Migration,
Plant uptake
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Fig. 1. Speciation procedure A : extraction of soil solution and organic matter.

Table 1. Determination of Pu in same soil at Chemobyl (No.1 and No.2).
239+240Pu(Bq/g) error 238Pu(Bq/g) error
NO1-1 1.4E-02 1.9E-03 6.4E-03 1.0E-03
NO1-2 1.6E-02 2.0E-03 6.5E-03 9.7E-04
NO1-3 1.6E-02 2.7E-03 7.3E-03 1.5€-03
NO2-1 5.3E-01 5.4E-02 2.3E-01 2.4E-02
NO2-2 4.9E-01 5.5E-02 1.9E-01 2.3E-02
NO2-3 8.8E-01 9.5E-02 4.3E-01 4.8E-02
Amount(g) Ignition loss(%)
NO1-1 1.17E+00 9.0E-02
NO1-2 1.12E+00 6.0E-02
NO1-3 1.18E+00 9.0E-02
NO2-1 1.04E+00 8.0E-01
NO2-2 1.03E+00 7.9E-01
NO2-3 1.03E+00 8.7E-01
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Fig. 2. Speciation procedure B : further extraction of the humin and insoluble fraction of

procedure A.
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Fig. 3. Radiochemical analytical procedure for radionuclides in environmental samples.

Pu-238
Pu-239.240

Table 2. Speciation of radionuclides in grassland soil at Novosyolki village (speciation A).

organic substances seperated from the soil layer of 0-1cm

percentage(%) 238py, 239+240p, 241py 241om %905, 1370
water soluble 2.0 1.7 1.2 0.5 5.2 0.9
exchangeable[pH7] 1.9 24 2.9 0.9 32.8 7.0
exchangeable{pH4.5] 1.7 1.5 1.6 4.1 15.6 1.8
fulvic acid 3.8 4.0 3.6 9.4 2.6 0.5
humic acid - 27.8 30.1 29.3 16.4 0.4 3.2
humin and insoluble 62.7 60.3 61.4 69.2 434 86.6
total 100 100 100 100 100 100
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Table 3. Speciation of radionuclides in surface organic matters at Sahan forest (speciation

A and B).
239+240py, 214 137
Percent (%) Aol  AoF AoH Aol AoF AoH AoL AoF AoH
water soluble 2.6 0.8 0.7 n.d. 0.6 0.8 2.3 1.1 0.3
exchangeable (pH7) 1.6 1.5 1.0 4.6 2.0 1.9 83 39 5.0
exchangeable (pH4.5) 3.5 0.9 1.2 3.6 2.3 3.6 2.8 2.2 2.1
fulvic acid (free) 5.8 4.6 23 7.6 3.8 2.8 2.6 1.7 0.8
humic acid (free) 4.0 5.6 39 149 1.4 1.3 0.4 0.3 0.2
fulvic acid (bound) 4.5 82 311 214 230 417 1.5 0.9 0.4
humic acid (bound) 0.5 0.9 33 0.1 1.9 2.1 0.4 0.3 0.2
Mn oxides 18.7 133 144 1.6 7.8 5.0 2.3 1.5 0.6
humin 28.6 100 0.1 n.d. 2.3  nd 49.5 379 142
amorphous Fe oxides 81 450 358 nd. 58 nd 84 42 27
Fe oxides 1.6 2.1 3.2 58 nd. 1.5 1.0 1.7 24
clay minerals 15.9 4.5 1.4 343 446 35.6 03 196 276
residue 4.6 2.7 1.6 6.2 4.5 37 203 248 434
total 100 100 100 100 100 100 100 100 100

n.d. : not detected

|Soil or organic materiak

. {Distilled water
Soll : Water
Shaking(50rpm.481m) =1:.20
Glassfiber fRer (0.7 u m)
Tetonfiter (02um)
Ultrafitration
MW cutoff of 10,00
Original MW<10,000 MW 10,000
extract fraction fraction
easurements
Radioactivities

(Pu-239+240, Pu-238, Am-241, Sr-80, Cs-137)

DOC (dssolved organic carbon) concentration
Dissolved norganic cations (Ca, Fe, etd concentration
Three-dimensional exctation emission matrix spectra

Fig. 4. Fractionation procedure of water extracted from soil and organic materials.
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Fig. 5. Activity ratio of global fallout and Chernobyl soils.
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Fig. 6. Depth profile of radionuclides in surface soil at a forest near River Sahan.
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Fig. 7. Speciation of radionuclides in 0-1 cm horizon in surface soil at a forest near River
Sahan.
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Fig. 8. Distribution of species between MW>10,000 and MW<10,000 in water leachate
from a forest soil near River Sahan. '
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Fig. 9. Cs-137 concentration in sandy and peaty soils, and transfer factors in vegetables

(Carrot and Komatsuna).
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The Concentrations of Chernobyl Fallout Technetium-99 in Soils and Plants and
the Transfer in a Soil-to-Plant System

Keiko TAGAMI and Shigeo UCHIDA

Environmental and Toxicological Sciences Research Group, NIRS

Technetium-99 is a pure beta emitter with a long half-life of 2.1 x 10° y. The most stable form of
Tc under natural surface water conditions is TcO,. In the chemical form, Tc has high mobility in the
terrestrial environment, so that it is one of the most important radionuclides for dose assessment. At
present, there are almost no data on *Tc¢ contamination of environmental samples and consequently,
limited information on the *Tc activity released by the Chernobyl accident is available.

In this study, **Tc contents in soil and plant samples collected in three forest sites in 1994 and
1995 around the Chernobyl area were determined to obtain transfer factors (Tf) of Tc in soil-to-plant
system under the natural environment. After the chemical separations, *Tc was measured by ICP-MS.
The concentrations of **Tc in the soils were 1.1 - 9.8 Bg/kg-dry for organic layers and 0.13 - 0.83
Bg/kg-dry for mineral layers. For plant samples, the concentrations were 0.19 - 2.3 Bg/kg-dry. The
calculated Tf (dry weight basis) based on the *Tc contents of the organic layers and the mineral layers
ranged 0.09 - 0.41 and 0.5 - 3.4, respectively. The Tfs were lower than the expected values of 12 -
2600 for vegetables reported by IAEA.

Keyword: Technetium-99, Environmental Behaviour, Chernobyl Accident, Soil, Plant, Tfansfer Factor
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Fig. 1 Probability distributions of Tc-Ks. (Uchida et al., 1997)
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Table 1 Reported and calculated transfer factors of Tc in terrestrial plants.

(Coughtrey et al., 1983)

Form of administration] ~ Plant Plant organ®  Transfer factor
Soild Wheat Shoots (d) 340 - 150
Soild Wheat Shoots (w) 38 -85

18-166, 32-213, 56-253, 127-268,
Soil? Wheat seedling  Shoots (w) 209-326, 40-124, 86-191, 48-130,
158-269, 107-200, 54-143

357-421, 104-112, 158-190, 130-

S '1b Tumbleweed Shoots
o @ 220, 54-114

Soil (two types) Cheatgrass Shoots (d) 294-362, 178-248

Note) 1 3_increasing Tc content; b=varying soil types.
2 (d) = dry weight calculations; (w) = wet weight calculations.

CROP . e T 1: v e

Spinach

Lettuce
Cabbage [ —
I

Pea, bean-pod

Grass

Fodder [

Cereals-grain

102 10 10°. 10! 102 10° 10¢ 10°
Tf

Fig. 2 Soil-to-plant transfer factors (95% conf. range) based on Bq per dry

weight crop/Bq per dry weight soil.
(IAEA, 1994)
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X517, TeRHBEADOIEE . BIENARR B TR, RLAICETTD I EbHESH
T3, TEBAOTCOWNENRLISETTEOTHNL. YREN~OBITHEOHEE
2352 &5, TcOMMNOBITRORFEIICET 2EBRICTDOWTIX, Vandecasteel
52 FoTND, T4 P A—FITHEZMA =%, PTcO, ZEFITLD 2 [ TEITHM
L7z, MWAKZXICAEEER. WEEH EHomZE L THRIRL, I 72305 OB ER
EARRE LR, 27 oI tREITbITWS, FORREF 31Kk, MK
BTeh BITRENIR I EBEE I LTS, &Ml LR O ML —3—HROX
HEWVENRES N, SEEERBLARAICBNT, YIEEOIIEEIZETE
LT3, % Vandecasteel s dagingZ)RICKZ D EMRL TW B, bbb, Tehit
W THEIC RN E VT WEAREBIZERLLZEE A5 N5, HBPICBNTTecD(L#
N T 22N D EENH S, Fl L. LATEE S, HBITTco, Zami .
BIRHINEZAWTTCOEE 7 T 72 a NREEEDICEDOX DITRILT 50N 2R
NP, ZOFR, BIOBTRENRETIRECIBNT, TeMEEOBEWEFERITELL
=0, BHMEEEoFe - Mo bYW~ QI ICE 0. R &3 B T 5 138 OEHE
INELTWL ZE2BELZ. 20X BEEHEOELICHN, Tl Bkl . H%h
WIRN S WEZE> TN HDEEZILNS,

PR DB O TcDBATHEBIT DLW TCreen ZFKENRE 2T T3 Y, HENLT
T4 =)V RS R SN BB ALE U E L 2/ A L TH RS Bl 2 RIZ,
BT IR ERD R ETable 2,73, A UABERIENEAE L TH S0, — RO R
BRI BT ABITRE S BEMIC T2 Z RS TH D, ZORROBERERIL, #
BEOLIICIY MOV INERERAESEN, HRELAHT TRTRENRD SN
ETH D, NRPBEF) OV TecOBITHRE (£H) B5E2FHLTNSA, ZOMITHLT
TR BT ATcOBITREBINSI M7=l EEREL TW5,

B EDRREMN S, TeOBITRE 2RO 51CH7% 2Ty BREFITHIH & N Tens 1811
FELTH 5 Dagingd 2L, WEMLFINBESE+AEET BBEND B,

3. Fr )l ) TAINEDHEMRO TIBR OEY OV T/ bt

F )l ) TAINVEFEELTHRIE SN2 TcDBRE L X)UIIT & A ERSNTR> TUWRRN,
T, ERBADOREHOVTRE L XV OHREFITIZEA ERW, EEFEGILEH], Fob
J 7 A IVED THEER SN ER 52 B WTER SN/ EEEYE TAEA-373 % (NAEA-
375 %4347 L 7= 4558, 1AEA-37370.86Bq/kg-dry, IAEA-375T0.25Bg/kg-dry Tdh -7z, 1%
SENCE LTI, EEONINETICHIEL TEE AADOKAL BT O TREL X)L, 6-
110mBq/kg-dry Df2 s & Lh#kd % &, IABA-37SH TGRIEIL2 - 405 TH D, ZDIEND,
F b ) TANVEIEETIE, YO0—-NNb 73—V 77 LXK DHTRBEAGNIE
MH]SMETrotr. FO, Tl L ~)VME < EBRVPREZBRICBWT, Fxb /
TANEFKENOTE, e B TARERENRRTHLEEXSND, £IT, Folb
J T A Iy 30kmER D3 5 I DL D 5830BH R ORI 0 P TR RIE &2 a7z,
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Fig. 3 Evolution of the grass-to-soil Tc concentration ratio
after two successive surface contaminations.
(Vandecasteele et.al., 1989)

Table 2 Comparison of measured transfer factors with current NRPB model values (Brown &
Simmondsm 1995) for *’Tc (fresh mass plant:dry mass soil).
(Greenet al., 1996)

Crop Mean (x10™) Range (x10%) Model (x107)

Green vegetables? 1.0 052-3.8 50
Leafy green vegetables 1.2 0.52-2.7 -
Legumes 0.73 0.48 - 0.93 -
Onions 0.99 0.15-3.8 -

Root vegetables 2.1 1.1-3.2 50

Potatos 0.64 0.26 1.1 50

Cereals Not measured 50

Note) a: Includes leafy green vegetables, legumes and onions groups.
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3. 1 EBMEKRUOAE

+ 33850 i3 30kmBE N DMK S Hi . A (6km) | B (26km) KRTAC (28.5km) T19944E K TN
1954 RN =xEHE AMELRE : LIF+Off+Ohfg. EHMHE g : Ahjg+Bg) T
H 5, WA L0 3 U TRIBHIICIRM S Nz D VR UNY) —HOETH S, T
B, HEEEHNI RIS, ERIGETSETERL. B L. BB 0 Cs% % G ik
BH3EE (Seiko EG&G) THIE#H. “Teptricft Lz, BINRERDZ-DD M L —H—
WP Tez Wz, £7. ARSI EEMENE (ZELF. AA-100) ZFERLE. 25
LTOEDTH D, @T3iEL : 450C T 8 RFEIR(LE, MIBREICKOTcEER - MEL.
RS % N 2 THRI0.ANHNOICAR L /=, OEMaEtEl « bR Ic K0 Tezi L, 18
BET > 7. BIKIZKO.INHNO,IZFHE Lz, ©a, bTHSNBEH T OTcZTEVAL 22
(Bichrom) 124 04> Bt - #8845 L 7=, #5SmLOSNNHNO,IZ B & 17=Teid. #70°C THZRE L
72 &, 2%HNO B ITIEMR LTz, 5N/l OTcEIN#R %2 Naly o)V R S > F L —
arhm iy — (7O%, ARC-380) (2 & DR, PTcHIFIZICP-MS (BERI 7 ) 74
AT A, PMS-2000) 12X V{Fo7z, ICP-MSO#H FREAEI30.03 mBg/mLTdH > /=,

3. 2 MRRUOEBE

3. 2. 1 +@EaRBE+t0”Tc

1Rl DO TR N Csir i Dk 2 Table 3i1T7RT, 4, 19944F 19956 OE BAE D
BELTRLTH D, FNTNOPTCREIX. ABELETLL - 9.8 Ba/kg-dryTH D, R
B+ /g 0.13 - 0.8 Bakg-dryTH o 7=, BHEEHED P Tl & 2 EULHRIL62-93% TH >, A
Bt B OCTREL, EESNTNETICRAE L TERAAOKALERO TCRE L
NIVEET S &, BHEUETH 5. SRG ST —F 13, JAEA-37S3HT O R E[FH
B, Fo) ) TANERCE0 P Te i anizZ L& RLTWS, £z, FxI)V/ TA
N 5 O RS T OBRIZDWT, EEMDEFEREMELS Lo TV Etbhn
29, rhE TOTBETF— 7 I20WTIIEE A EBSN TR VED, 5%, & 515 —
B OERBEED., BERNSOEMELEREOBBERNTILENRHS S, TCIZBELT
3. 2K OF—InHD, FOMEBRMIMROFEHICELSNTVS, SEIAW @B D
BICsapE (19864E4H26H) 1, AHELEHTIS - 195 kBokeg-deyTh D, HEHE+TET
0.64 -8.8 Bq/kg-dry TH > 7=,

BonfFEEMNS, TETOPTCORBEARANOBTICEAL., Fz)b /) TAIVEHTHRIE
XNTHES~UENEBL - AT, EFHNE O TCREBYBRICHRREINTNEHOD
O, RECZTEBIIBITLODHDENAS, BITEEOKE LT, HBPEBHLICIN
EEPbNTNE TCsaRE L THHERER T/ Cs2RDIE IS, LEBOEHETE
0 TR TEAKEL AZEIRS -, Thbb, “TcohHNCLD HTFTHNOBIT
FERENC EE2RLTVNDS, SEHOAHIZBBENPTGRE 2IEE92 Z ENEMTH -
., METEONET—2318Z2 2BICAEILEbODHTHD ., HBHBIT DM
EOWTIRERTHIENTERY, TCIZEL TR, PROBEB TTHAREMNAIRETH S
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Table 3 Concentrations of *Tc and *'Cs in Bq/kg on a dry weight basis and activity ratios of
*Tc to ¥'Cs on 26 April 1986, in soil samples collected in the 30-km zone around Chernobyl.

Sampling site 15Cs (1986.4.26) *Tc Activity Ratio

Bg/kg-dry Bg/kg-dry #Tc/*Cs

A (6km) Organic Layer 1.9E+5  +/- 5.5E+3 9.8E+0 +/- 3.3E-1 5.0E-05
Mineral Layer 8.8E+3  +/- LI1E+2 83E-1 +/- 18E-2 9.5E-05

B (26km) Organic Layer 2.0E+4  +/- 6.3E+2 2.1E+0  +/- 6.5E-2 1.1E-04
Mineral Layer 1.4E+3  +/- 2.1E+l 3.6E-1 +/- 6.0E-3 2.6E-04

C(28.5km)  Organic Layer 15E+4 +/- 23E+1  L1E4+0 +- 24E-2 7.5E-05
Mineral Layer 6.4E+2  +/- 1.7E+1 1.3E-1  +/- 25E-3 2.1E-04

IAEA-375 (ca.180km) 5.9E+3 25E-1  +/- 2.0E-2 4.2E-05

Table 4 Concentrations of *Tc and *'Cs in Bq/kg on a dry weight basis and activity ratios of
*Tc to ¥'Cs on 26 April 1986, in plant samples collected in the 30-km zone around Chernobyl.

Sampling site B1Cs (1986.4.26) *Tc Activity Ratio

Bg/kg-dry Bg/kg-dry #Te/*Cs

A (6km) Berry 1.4E+4 +/- 7.3E+1 1.6E+0  +/- 1.6E-1 1.1E-04

Fern S.0E+5 +/- 45E+2  23E+0 +/-- 26E-1l 4.6E-06

B (26km) Berry 9.0E+3 +/- 9.5E+1 not detected

Fern 4.0E+4  +/- 1.2E+2 19E-1 +/- 29E-2 4.7E-06

C (28.5km) Berry 13E+3  +/- 3.0E+l 45E-1  +/- 9.0E-2 3.6E-04
IAEA-373 (ca. 50km), Grass 1.4E+4 8.6E-1 +/- 7.3E-1 6.3E-05

Table 5 Measured transfer factors for *Tc in the 30-km zone around Chernobyl.

Organic Layer Mineral Layer
A (6km) Berry 1.6E-1 4/~ L7E2  19E+0 +/- 2.0E-1
Fern 24E-1 4/~ 28E-2  28E+0 - 3.2E-1
B(26km) o™ 903E2 +- 14E2  S3E-1 4~ 79E2
C(28.5km)  Berry 41E-1 4/ 82E-2  34E+0 +/- 6.7E-1
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3. 2. 2 fMEEHHO”Tc
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7. HYHEINTF VA EERB RO ZOFAHBICKIT S
Pu @ik e " Cs DA

IhAEE', £ ER° &H S, FAE#°, A Kh.Sekerbaev’. B.I.Busev®
CEIRKCEIEF IR L ~OL U REFEBR R
NRERFERBRRREREM RAEREER Y 7 -
TRUERR R SR
WY T 28 U REHRE R TR

HYEEINSF v A IBERS /R Z ORI OKRE M REOBREL X)L, 34, BITH
DHIRAB 201, TEFOEFEHOREN2"Cs R Pu FAELZHIEL 2. F5C Pu DR
CEETIE, 2t 20Pu BEHIEICIMA T, BRONEEZRWTOREERE, X561 Pk
230py RINHKRELAE A S DERED A A ET L 7z #RE LT, BERBARUZ ORI
Otk 137Cs EEEIE, BP0 Global fallout (3000~7000 Bg/m?) & F&EHLLENL RN T,
—F5 289 290py FER L AR (40~120 Ba/m?) DE~BERZOBL NV THRE SO, EEICARY
— AL TNBZEMD o1z, 1P7Cs R 229 219y 3 30 em EX FTRVWHE MR D H
298, KERDIERBT 5 cm 2L 10 cm FESFETIFEL TS, TIEF Pu D KE S (60~
70%) ZEEECHEATREZIRETEEL TWB I EMBHLLIIR >z, E5HIT **°Pu/*?* Pu [F
AL DEIED S, ZOHIBEDIZL AL D Pu BEREGAHEER Pu THHZ BN Tz,

Distribution of Pu Isotopes and '*’Cs in and around the Former
Soviet Union’s Semipalatinsk Nuclear Test Site

Masayoshi YAMAMOTO!, Masaharu HOSHI®, Jun TAKADA®, Tsuneo TSUKATANI®,
Alexander Kh. SEKERBAEV and Boris I. BUSEV’
'Low Level Radioactivity Laboratory, Kanazawa University, Ishikawa, Japan
?International Radiation Information Center, Research Institute for Radiation
Medicine, Hiroshima University, Hiroshima, Japan
*Kyoto Institute of Economic Research, Kyoto University. Kyoto, Japan
"Kazakh Scientific Research Institute for Radiation Medicine and Ecology,

Semipalatinsk, The Kazakhstan Republic

This paper is a report on our survey of residual radioactivity, Pu isotopes and

137Cs, within and withiout the territory of the Semipalatinsk nuclear test site.
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Soil samples within the test site were collected at approximately 30 sites along the
roads connecting Kurchatov City, ground zero for the first USSR nuclear test, Balapan,
Degelen Mountain and Salzhal settlement.  Furthermore, outside the test site, the
soil was sampled at about 20 sites, including some settlements (Mostik, Dolon, Tchagan,
etc.), forest and pasture areas, along the roads from Semipalatinsk City to Kurchatov
City and north Korosteli settlement. The contamination levels of long-lived
radionuclides, '*7Cs, 2%%Pu and 2°*% %4“"Pu as well as *%°Pu/?®°Pu atomic ratio in the
soil were determined by non-destructive < -spectrometric method and radiochemical
sepatation followed by a -spectrometic and/or ICP-MS methods, respectively. The
resutls showed that although '°7Cs was within typical environmental levels except for
an areas near ground zero and Balapan, *°° ?%°Pu was elevated levels contaminated with
weapons-grade plutonium in all area we visited. From the stepwise leaching of Pu from
the soil, 50-80 % of total *°° ??°Pu in most samples was found to be tightly
incorporated into the soil components which might have been melted at time of

detonation.

Keyword
Nuclear Test Site, Semipalatinsk, Residual Radioactivity, Soil, !®7Cs, 232 219Py,

240py/239py Atomic Ratio

1. B

B ERIB IO SN RS EWE OB KD ) - N —Th B AM, T4bs TEAERE - AK
BEOBRICB I 2WEBREFVEOLOBH Z L BEL HORHE N, HERITEESHEL
D fallout MEARHWTHEINTE 2. CODLHIL—EOMEDHFT, HELBLEEINT
Wbzkid, BEFGTLLLERHOEVWEY T »tFE (Np, Pu. Am) SEREEGALHRIZED LD
RE;ETDENTHD. BICZOMOR, REDBUCEREL -2holBY 5 2 RSl 08
ERIZFOBEREBE DL DICELL T D, ERKEREDEATE DL D 2 b EHEAH
HPBEHCHPMOBRBIUCRLES T 2002 EICERL TWd, TEBHTOEBY IV TED
BITEENL, BB Eh RO - LR L DIROME - (b5 - AYEREEZo%ko+
BETORBIERAZEICKEIRIET D, ZOIOLEEL TBBETOBY 50 nR2OBITE
e Tl FET 5201003, ENM - -FEBHLSOTTO-F L HIBAOBERE»SD
BRETOEENH 2HFEERE (RE) MRLEL T+ - L FHESEEL LS, L L, BES
D& D 72HRIL Global fallout DA THERINAFEENRIBETIEIL NUMBEL, i) HEEC
RODODHD, MEBITHLTOEBEFTERMED 1 DL LT, BEBREBSBTFONS,

B3, b FHIHSIHYELINTF Vv AT EERGORIEFE BT 2 BEEREHED A
DREEICH T 2HE, HIIRHOEREERO AREEAIRRT 5201, 2oiEOHBRE
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FMEB L O TIBORIBEEEL XL EZH/EL TWd. A7 257 Y HNEOILRICNET 21
INTF v A 2¥ERE (%) 18500 km*, HADWUEOD L= IZILHE) T, 1949 £ 8 A 29 HIZR
MOFGER 247> TLIRAS (87[8]), #i b (26[8]), #iF (346[]) T 450 L EOREER M FE
ENTE(1989F 107 (CHASH) 1 2. EEIBACIE global fallout L AL A& IC_EE2 S
MEEL TNAETFHENEH, ABINTVWETF - 2304 <, REZENZN 1, 22T,
CDEHRGERL BB TOREBEREL AL, BICEEORW?Cs & Pu RAHAD
B AN EFDOFERELHEL, T TICF — 9D dH Sglobal fallout, FEEAEIELE T4
(Sellafield, UK) XSIZF—IBERELOOHD2F 2/ 714 EREHHRK Pu OTIBFTO
GRS L OLEBRETER L Lizn,

2. &
BIEREITARTHIBARGLEL, BR 4 Tom DAFT Y LANRNAL TH2#BNT, 1 #iEHHED10
em FEDOXKBLIE 3 ~ 545 LIFRFOHFRT 30 om FENAT7 1B 17 ML= 10
cm FENRBHBIDNE TR L2 ZNEE, —F 30 cm FXDAT7 —ABIRES»S 0~
5, 5~10, 10~20, 20~30 cm (F 7zi3 0~5, 5~10, 10~15, 15~20, 20~30 cm) IZH&IL 7=,
AL 1%, 1R 2 mm D3BNWTHTE- 8%, Sz, UTIORT R E W=,
(1) #FEBRIHNOTIR (Fig. 1, Appendix I)
1995 4 NNC (National Nuclear Center, Kazakhstan) DO /10D ¥ & T, Kurchatov » S]]
DOREBPERX NZEOMICEL 280 W RTEBOHAE, 512 Kurchatov 2> SEO I
TFH;EEE (Balapan, Mt.Degelen) ICEBERVWET TIBAEINL -, /=, BEBGIN
DFERIZNIE L T2 E{FHE, Sarzhal THEIL 7z,
(EIREHFZE “hRTIT - AP T 25 VOBRBRERFOFAE" , AR m8K - BF
i, ZAfEM #iE, 1993 ~ 1995 £F)
(2) BEBRBREDOTIE (Fig.2, Appendix I)
1995 EA 51996 FEIPFT, AW 725 VRS BEEFREMIER L OEEHFEL L T, &
IRRESHENE VL REXN TV DERBIIZD Mostik, Dolon, Tchagan 7 & DithX,
WIEMB D NWEEDN TV D Semipalatinsk HE LOHDILD 7 LY 1 (Altai) HIAICESD
Korosteli 7z & DEEE L % DEB\ T EBRIBA & B4 AT HBRNAT - 72
([EBEMNTT - INT5 0 AR OEBRETHNE KRAR" . AR LEBX
CJHEN, B OIEE BI®, 1995 ~ 1996 &)

3. o#r - BIEE
3.1, FEE RN fO X b L

FFHIERE AN 6em, T 2 com D—ET T ATy VAR (HIBEK : 50~80g) i AN,
2~3 BRRAEL 721, @HD Ge REHEBRECEH Y, 1~2 HEIEZIT- 2. HEHBEL
T, NBL(New Brunsw. 'k Laboratorvi23E 0 H L T3 U HEEERFIOBEHIBE 255K NaCl {EFE
W — SRS L OB KO o THU . ZOREICE - T, vy REBE T 80 RN
AR 7 Cs RRAMEIMRIEL Y #FBL 7z, 7z, planar Bl Ge BHEPSHDHET R
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FoWFART FORA =% — (LEPS)IC & > T 2'%Pb £ 2**U(***Th) DEE L ERL 1=,

3.2 Pu BEER U RIGHARDHEIE

Global fallout Pu THEHXNEZTIBIZOWTIE, HEEEOHEARHW-MM) -5 7T,
Pu BIZIFEBIICHE I 2L RECHSNTND, LAL, BEBHEY A D Pu iZDNT
i, PAYADEINYEBERBECFORID Pu ilZOWTTTICEHE > 12 PahiTnd &
W, Bt EICRR L -BUBHEMECS A BB FIC N T v TENERBOFEELDH Y,
Pu OMEICIIEBRLILOLESH D, 22T, 10 cm FXORBLIBIC OV T, FKEH - 7
LR, (1) c.HNO, + H.0. — (2) 10M HNO, + 0.IM HF — (3) 74 ) (NaOH) Bbfg (¥ 7-12
HNO, + HF + KC10, @) 234, Pu OBFEREOMASESNELDIILE, —F, a7 -
FHIDWTRBXRIME 2T I, TR TLABEERL 2. 20HA F U TBBIEL 5 Lhik%
BAWRAET Pu 208 - BRL, EERBRARI bOX MY —IZLY2Pu BLT
239. 240py AFEBU. £—HOREHIOWT, FERIC Pu 2578 - BRIL, B0REFER
&7 5 X ERMEE (HR ICP-MS) ZFWT, *°°Pu & **°Pu DEIFKLZREL 2° ° 7

4, BReZER
4.1 '7Cs B 70 i0pu BHEE

BERBNB L UOF DN THRILL 72RE (0~10cm) B L U2 7 =3 EH0~30cm) ITDNTD
1370s TEHE (Ba/m?) % Fig. 3 12T T, '?7Cs TRBRARIHTOETH 5. HERIEAN
D17Cs EEB'Z, BRIONERLIT - =B OHHED F6(10°~10° Ba/m*) < F5(210°Ba/m?)
TEWME%RL, Kurchatov HRINDE#E & & ICIEBEBMICEHBL T\Wd. ZOMOMSET
REEZICEVMEA R T HlE 2143, 2 x 10° Ba/m*~8 KT 10° Ba/m* & TH -7z, [l
ATEIL 2REf T, 28 21 F5 T 2.5 x 10°~2.1 x 10* Ba/m*, A4 T 5.3 x 10%~
5.6 x 10° Ba/m* D& Hi2'?7Cs FEREBICALVDESH>EBRVWHEE N, R —THD 2
LEREEN D, 1953 FORIDKBOEEA M ZIF 7= Salzhal &% (XHF D S &) T,
5 x 10° Ba/m® FRBETHBH, $i2ld S5 D& DT 1 x 10° Ba/m?* DFNE Y h ARy b
ML HESEEL TWd. ZDKD ZMEMIIEERIGND (s BEEEBIODVLWTOLRKTH D,
EBED»S OBMAE Fallout 2 T THBREELEW LEHESN TS Mostik, Dolon,
Tchagan &% T3, (1~5) x 10° Ba/m* Tdh -7z, HFMHD W8 HiZHlx (5~7) x 10° Ba/m* &5
Vo 7z, Semipalatinsk A5 Altai MiFIZEU 2B RV OFZ KB THEINL - TIBOERE
LEFDITLAED (1~3) x 10° Ba/m* T, JHOTFHRIIRL TLRVENWZ LB -7, H
KT, BkoZ\WHAHEH (2000~2500 mm/y) T 6000 ~ 7000 Ba/m*, PEKDDLNKEF
] (#71000 mm/y) T 3000 ~ 4000 Ba/m* ¢ Global fallout '°’"Cs EREMBHEZINTND® %,
SERELT, P0s EHBIZBEOHAHED F6, F5 2B\ T, ARy FEIC 107 Ba/m?> DEWH
HbHDH, HARD Globull fallout '*’Cs EHBLEAED, PRELNNTHL LB -
Tzo

ZONEBIZTIE, BrXEXIRIATEHBORLIEEBRPAKPL R TERE N,
EH, HIEAOBHEZMES W HpDORTHERLITONZ. KRFTOREETIR, BROSG
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XL KHROKZXIBEAT + — L7 b OB AIZIZRET 2. KKSHRECHN DB,
TR FoMOMESEREL, KBOELHABRVWETSNZ, 2hsd OMEBBEEEZHRU T
NS CEEORT EREVH, ORI TAEIED, EREBARICESD. PBTEMN
o THIRICET LD, FORICHREIZ, KNFORKEILRABIIL>TEDD, XHI
BREADHEIZL > THAREXIELL, 2hdFEHIN7 2 =)L 7Y b (Close-in fallout) D<K %,
—F, KERBHIRICEL WSO REX TERLABAICE, BT+ — A7 RSP
BiznD, ForELANEEDN TS, COLIRILABERT DL, ERECEDEL
D PCs EHMEBOAFRAY—THBZENYRTHY, LRAUBTFRIIRL TEVWDE,
137Te — 137] —!'37Xe(T,,, = 3.84 m) — '*7Cs O—i#®D decay-chain 2B TEWRT 5 '*Cs
B, BB T 2 — L7 b AL CTET TR '°7Cs DT, EREMD Te® I, 25612
FHAD Xe DRI HBHREEICEEL 2120 TRRWPLEEILND,

RICEHAT P7Cs BEE (Ba/kg) DR LEVMEAR L 23BN DWW T Pu ZHEL iERZ2Z
NFN Tables 1,2 IZRd. FRicld 27 27°Pu BE, BFEELISIC *7Pu/?2% 24°Pu KT
230, 240Dy /1370 FRETRERL, X512 **°Pu/??°Pu [BI{ALL (atomic ratio) HLHFETRL TH Do
F7 Fig.4 12, a7 —REH»SRO-EHELEDH T, HATOD Global fallout 2% 2*°Pu
EREBL OB AT, Fig.d 56552 & 012, BFERIFANSC Salzhal £FD *°° **°Pu
EREIE V0 BHBLAXCER ST, BLEALDHE THARTRWEE S 40~120 Ba/m®
GHEOEEEAB~HI00E LE > TnW5. BOMAED F6(3.3 x 10° Ba/m®), X S5ICEFDET
D F5, F4, F3((1~4)x10* Ba/m?) AHR& TEL. Salzhal #7&lX 10° Bg/m® D **° *4°Pu EFR
BA%H 5, AXOEE Dolon X Semipalatinsk HiZ EDERV TORFM W #if) TH 100~
1000 Ba/m?> OESHENE SN DM, Semipalatinsk T Altai AETIICLEVMEARIZH D,
INSOHSD PPu/?% 210Py FETRELLII EBIBASN T 0.02~0.04 TH Y, Global
fallout Pu TRWHAR B EKEL V. KBOFELEL Z1F 7z Salzhal EE T Z DL OEN
BEBELREOND, —7F, 2% 210Pu/127Cs fRERELLIE, B LAY DRI THRERWEZ NS
Global fallout {& 0.02 X VE<, '#7Cs ITHART 3% 24PuS BRI T L TWB Z L0 H
%

4.2 '37Cs RO 2?0 0Py BEDFEEST

97 —HIBREHCHONTD 137Cs KU 2% 21%Pu BEOFEE DA Appendix 11 (Z/RY. L
I3RS, BHROBAICIIBITH > 128, —HOREM AR MDITLEA LDOHKAUIIAT >V
LANA TTEAITHRAEZ SRR BN TH > 2. BPOSDODP B LD, RBREATIZ
1370g, 299 240Dy L p (T 20 cm FEXTRWHENZHELH D45, RET 5 om L TITAH
APEBEL TWD., —F5, ERBAOBEMBZEICBENTIREELR 30 cn FEETROVEHZHN
HHIEBH Y, PCs R 0% 2Py BE LT L LIRBEEANIED L TV, Tsyb 5728
Dolon TIEENL 7z tiE a7 —EHC BT, °°Sr, '°7Cs RUF 22° 24°Pu BEEAS 10~15 cm iF
XiZP— VA RTEEMEBEL TS, BEMEED TRIRBOEWRMK 7 + — L7 7 M
EEEAEESE DO, FRIBEORAZEML ZHIBLHEEEMNTED, FHET
1370g % 239 290py MENHENEDIRBEFSL ZOABNBRICERT 2 DEEZISND,
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FOEILMBIBNTIE, ESOITHEWEELT V0s ® 77 'Pu BRVERDATRESESH S

4.3 Pu DIFTERME

BEBIBANAO LTS Pu OEFEEBREICOWTOHIREZB 270 Pu DFXRSHAERET
10 cm FEEFTORBEHNTERL 2. ZOHRE%E Fig.5 IIRT. IXTOMHIAD LIS Pu
LEED 0.0, 25 HNO, NBY) —F v ZETRFESRICHE N0, 10M HNO, + 0. 1M HF
Y7523 a0 Puld, BOMSS Kurchatov N U B8R THEEL 7= TIECHMICEZ L
FIELTWEH, foE (W 20 T) Tiddihn. BEOERETICES Pu id, BEBBAT
id 60~ 80 % LIFHIZHE W, EERIBANDFKET Pu i3, BTICL > THLDIESDE, W5 HiH
T 97 %, W2, W8 15T 80 ~ 85 %, AD Nl ~ N5 #is5T 20 ~ 40 % T - 1=, Global
fallout Pu {2 & BERTBIZOWTIE, HNO; + H:0. V) —F v ZETIHITTEEMNIC Pu HlH X
hBzenEZHED L, SEDZD HNOy + H,0. i Pu B3B8 #5< Global fallout
Pu + EBHROBHK 7 + =)L 7Y b Pu OMKN TR TIIRWPEEZS5NS, 10M HNO,
+ 0.IMHF ) —F v 73— RRICHEAY Pu BIEMAE VB ZhDH BN KBRS TE
RHETHD . ZORIPHMICE RNEE2 F5 ~ F1 #idd 1949 £ 8 BV ED
B 1 BOBERPSORBMBT 2 — V7Y b OEELES FII M TH S, BiEFD Puld
ARELETIBCRBBEYL EOR A L REZDEERFIZHDAENT Pu THD a%z%n
5. ZO&IBHRIE, ZOMBOTIES Pu ORIAEEAFH - FHH T2 L THICEETH S
YEZB, BB, s OWTIREERH R TH S,

4.4. Pu {BRIEDHH

EERBANO TEHFIIE, ESEL TE 2L S ICEER» S DR fallout & Global
fallout R '°7Cs 239 24Py MEEL THFEEL TS, Global fallout HRDD % 38
AL, B fallout KD '°7Cs P 2°% 290py B, HOAWIEBELFHEICIEETLZ L
i, BIEROGBRREAEEET LI L THO TEETH D, 2, FNFNOFLRELSD
Pu OHIBHTOMITEHNZFM T 2 L TORETHD. ZOFAD 1 DDFiEE L T Pu [
R 22°Pu/??°Pu BN 2 W2 5EMBH B2 12 10, 2 °Pu/?*°Pu AKX BRI
&~ T, Table 3 IZRTLDIZEILT S RBRPLINTF U AV BEROERK Pu 0RE
()72 299Pu/ 2 9Pu [RILZ{KEE DS L, Global fallout & 0.18 ZFRL T, FiddX Ly Pu
AT 2 ZENAEETH D,

(Pu) w v (Re-Rs) (1 + 3.73 Rw)
(Pule  (Rs-Rw) (1 + 3.73 Re)

(Pu) ¢ + (Puw = (Pu)s

1
(Pu) G = (PU)S
1 +Y
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B2 2Py E AR (Ba/m?)
(Pu) ¢ : FABIFD Global fallout HEKMN**° 24°Py EFEE (Ba/m?)
BRI DF U R IERY S ORMK) fallout HKO
2a9. 240py EHEE (Ba/m?)
Rs : @K Pu o 27°Pu/?°°Pu [RfuiKLL
Rc : Global fallout Pu & ?*°Pu/?”*Pu [EI{i{kLL = 0.18
Rw : ©INTF L AIEER»SORBME fallout Pu @ 2*"Pu/?*Pu BHKEL
Y : Global fallout L:%]‘L/’C;U)}%ﬂﬂﬂq fallout 2% 27°Pu DHFSLE

o
g
w

=
e
=

LEENFT A= —DHRT, Rs IFABOHEABL THEDZEMBTZ D, X7z, Re 13 Global
fallout Pu DA THEREN TS IR Pu QRELSBZZLNTE, FF 0.18 T—ETH
ZZENHSENT NS, ROMHAEDOEEER/NTA -5~ Rw THd., 71 TOEL DB 42 DI
EONERBELEEBENTNWDOT, BERBIZ Pu REESELZY, SUBHREIUIAE TR
B2 OBRSBEORBEBERAEL TWEEFEX6ND. 20M, LINSFUr 272 TNl
H—EEBABIELRITERNTHA D, Rw [EITHEHREG A (Hg) SICRET DHMLEBH D &
22505, FRORICE>T (Pu)e BEMMTED L, XSITFRERICK-T P70 2FAIT
HTLbulEL D,

(137Cs)w = ('37Cs)s - ('37Cs/Pu) g- (Pu) ¢

(1°7Cs)s : FAEHD °7Cs EEE (Ba/m?)
(*1?"Cs)w : i fallout HED '°7Cs FHEE (Bg/m*)
(137Cs/Pu) ¢ : Global fallout HIRDOIMED T IEh °7Cs/2%% 24Py FRETRELE

(1°7Cs/Pu) ¢ (BT, HUtS® NI L > TEOBITDEEZSNDH, 30 om BEE TOE
XOWEEOBEHRENIL TR L, HE 50 AT TH D.

238, 210Dy R AMIE L - REHI DWW T 21°Pu/?? PPu [BII{RLL (atomic ratio) ZHITE U 724%
£ (Tables 1, 2)% 1 DICFLHT Fig ¢ URT. W55 2 &1, Kurchatov %
Salzhal # &L EBRBATIE, Global fallout f# 0.18 (2T 0.025~0.072 DHz O {EUVME
Ad. T, EEIEACEOTS, W HLET 0,100, SP1 M T 0.125 DR NMEART
M & &2 hs, oIz 0.024~15.083 DERWEERT. ZOLIZBEVEBBONE LR,
EEMEZ DD D Pu BREL TWD 2L A2BWLRIET 2, SEOEIZ Table 3 IZRT7A Y
HOFINTHERIBR O v X~ + 779 FTORBHK Pu, SSICREP Thule HHHZOVWTD
Pu Rk L K< ITWB . RFUT/RT Ist Exp Site KU Balapan (dER#)DEIEEER (1949
8 H)BTbngi, RCFHIRBOEK TT- 2 FIER (1965 & 1 A) TES O
% 704 (atomic lake) OIEPFTE FAHECIREIL 72 TIEIZ>WTOKR LA DHIERRTH D, ZORK
IZONT, it Pu EAHAS LG L 245 R A LT Table 4 IORT % ©INTF U AIKE
BIBRA T RO S N AEN 1P/ Py ARHAELO Pu ASERIEABOBIRE Pu THBHE S
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PICONTIE, PEFERINL THEBEZEL (752 ax—Yay) iz Pu, 5612 20 o
THETERLE Pu AMEROEFESLHDLEEBZONDH, 5DLIAZDREBHL, FER
Pu ZOHLDTIIHVWAEEZTND, HBRAICZZ TRWEENE **°Pu/**°Pu LEOER LKW
flE 0.025 BLINTF UV AIBEBRORRVLELRET 2L, FHT 0.03~0.05 BHEZTRY
HisTId 95~T7 % HEHIAY fallout Pu ICHRT D ZLIC#RD. CHOEEANWT, F/HIAY
fallout '°7Cs DFE5L2EFBLAL PR VOMETED °'Cs (FHEY fallout '*7Cs F572 L)
EAESN, FIRLAZ LD Rw HICOWTIREFNFNOMAT, K0 EHECHET ILESD
BB, RERBROEENSRE % RWT, S8 CHiivlgE & ARTaEL Pu AR
W ?*OPu/? 0 Pu EMALE AZBIEL TH Y, GBI AREEA Pu ORMKEESZENEFNDM
B Rw #RBL TWADTRANWIPEZZTND,

5. 8D DIC

RTEHIESERET TH DY, BONLERPS ELEREL TLUTOZ EBHSPITE -
2o () £EEL T, HEBBARUTZOREOTIEREID °7Cs LXIVIZERD Global
fallout (3000-7000 Ba/m?) & FZEHRRENL NN T, —F 22 2Py [ZEA L N)L (40-120
Ba/m?) DEUEH S 100 ZDEN L)L TRHEEN 2. (2)ERBA 1*7Cs RU **% **°Pu &
FarEBT 5 cm £ TIZEEL, JERICAY—(hot particle DIFE) TH D, Pu iZHOVWTIE
KEADLE B TZETHEEL TV, EBIGOAMITIX, BMCLO LR ELD
5, HIEL = 30 cm FEXE THREINBRESH - 2. (3)Pu (FREDHKEZHRFT T L7101
240py/239py RN ERLE 2 BITE L 25558, EBRIBAOZ DL 0.025~0.072, EBIHHNTIZ
0.024~0. 125 T, Global fallout DA THEFANHIED 0.18 kb Lk DEL, FEMH
FOHLODOREGDBEIERPY THERIN TS ZEDBHES IR -2, 4k, ORI
fallout ICHIRT 2 Pu DA TE B FIFERICTHEL, '*'Cs DFEMOERL T, 20 EFh
DEZEDS S OB O TIBPTOES), X5IZ20MigoREREEL»S> OREBEBEBELRA
BFETH 5,

B, RERBENTBIWEEWEATTIZAS D NWNC BLXU AT 7 25 VREHRE FIRIFH
RROWEA Y v 7, ESICENDOEEAY, LERFE, RREEAES LUSRKFEOMFEA
$ v 70F %, Pu FRRIEICH W72 - BERBERNMRAORMBAK, FHREOVILD
BN EWESEROPAREERERICEHBLE T,
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Fig. 1. Location map of the former Soviet Union's Semipalatinsk nuclear test site,
with sampling site of soil.
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Fig. 2. Location map outside the nuclear test site, with sampling site of soil.
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Fig. 6. Atomic ratio of 240py / 239py in soil around the test site

Table 3. Comparison of 240py/239py atomic ratios in samples from various Pu sources

Sample

Atom ratio ¥**Pu/**Py

Remarks

Ist Exp Site (This work)
Bolapan (This work)
Nevada Test Site soil
Rocky Flat Plant

Bikini soil

Bontenchiku

Nagasaki soil
Thule sediment

Irish Sea sediment

M. Kanmund soil

0.036 = 0.001

0.067 = 0.001

0.051
0.338 = 0.051
0.318 = 0.023

0.042 = 0.014
0.058 = 0.008

0.19-0.22 (Ave. 0.20)

0.18 =0.03

0.054—0.063 (Ave. 0.05)

Surface soil sampled near the hypocenter of the first Soviet nuclear
explosion on August 29, 1949

Surface soil sampled around the top of the bank of crater (Shagan
River Site) which was formed by the underground nuclear explosion
on January 15, 1965

USA: Nuclear Test Site [12]

Weapons-grade Pu fabricated at the Rocky Flat Plant (13}

Bikini Atoll: Thermonuclear atomic bomb (Bravo: March 1, 1954) [11]
Hemp-palm leaves: Fishing gear used by the Fifth Fukuryo-Maru
(Lucky Dragon: March 1, 1954) [11]

Nishiyama area in Nagasaki: Pu atomic bomb (August 9, 1945) [11]
Greenland: Weapons-grade Pu due to accidental crash (January 1968)
of a B-52 bomber [11]

Surface sediment from 24 intertidal sites around Irish Sea: Release of
Pu into the Irish Sea from Sellafield Nuclear Fuel Reprocessing Plant,
UK [14]

Surface soil (May 1978); Global fallout Pu {11]

Table 4. Pu isotopic composition in soil from the 1st Exp Site (ground zero) and Balapan

Atom relative to 2Py

Isotope Activity (Bg/g) Activity relative to »**°Pu
Ist Exp Site

Bipy 0.404 x 0.028 0.0145 = 0.001 (591 = 0.44)x107?
Py 246 £ 0.8 0.88 = 0.03 1.0
#opy 335 2027 0.12 = 0.01 0.036 = 0.001

9. 249py 279 £ 04 1.0
M'Py 4.83 = 0.14 0.173 = 0.005 (1.16 = 0.05)X107*
3Py (7.5 = 0.6)x10"° (27 £02)X10°* (4.8 £ 04)x10°

Botapan
PPy 3.96 = 0.08 0.447 = 0.006 (2.01 = 0.04)x 107
ot '] 7.08 = 0.13 0.80 = 0.01 1.0
¥opy 177 = 0.05 0.20,= 0.01 0.067 = 0.001

9. 49py 8.85 = 0.12 1.0
“'Pu 10.8 = 0.3 1.22 = 0.03 (8.99 = 0.26)x10™*
#Pu (1.3 = 0.2)x10™* (1.5 £0.3)%X10~* (2.9 = 0.5)x10"*

All are as of the date of sampling (October 7, 1994 for the 1st Exp Site soil and October 8, 1994 for the Bolapan soil).
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Appendix 1. Geographical position (by GPS) of sampling site

Site No.  Sampling Pasition Remarks No.of suface  No. of core
date (By GPS) soil (0-10 cm)*®  soil (0-30 cm)*®
F6 Oct.26 50" 2547°N 77" 4924°E  Bare dirt, ca. | ki SE from GZ**, vegetation cover ¢a.50% 2
FS  Oct.26 50" 2652°N 77" 494S°E  Bare dirt, ca.1.5 km NE from GZ.vegetation cover ¢a.50% 4 1
F4  Oct.26 50" 2804°N 77" SI40°E  Bare dirt. ca. $ km NE from GZ .vegetation cover ¢a.50% s 1
%} Oct.26  S0° 3177°N 777 S$17°E Basc dirt, ca S km NE from GZ .vegetation cover ca.50% 3 1
F2  Oct.26 50" 37T03°N 78" 1341°E  Bare dirt, ca36 km NE from GZ km.vegetation cover ca.50% 3 t
Fl Oct.26 50" 440I°N 78" 2948°E  Bare dist, near gate of main road from Kurchatov headquarters to 3 1
GZ, ca. 59 km NE from GZ, vegetaton cover ca.20%.
K1 Oct.26 507 4TSN 787 2709°E  Kurchatov, ca. 60 km NE from GZ, courtyard of building. 1
vegelation cover 10-20%
AKI  Oct26 50" 4TSN 78" 2T40°E  Akzhar (ca. 60 km from GZ). in the middic of town over dirt road, 1
courtyard of a certain house, vegitation cover 10-20%
AK2  Oct26 S0° 47SI'N 78" 2TI6'E  Akzhar, odge of town in pasture, vegelation cover 30% 1
Al Oct22 50" 3350°N 78" 30M9°E  Bare dirt ca. 50 km E from GZ. vegetatioa cover ¢a50% H l
A2  Oct22 50" 233N 78° 2903°E  Baredirt,ca20 km S from Al along road.vegetation cover ¢a.50% s !
A3 Oct22 50" 1706°N 78" 2524°E  Baredirt, ca40km S from Al along road.vegetation cover ca 0% s i
Ad Oct.22 50" O615"N 78" 4146°E  Barcdirt, ca.80 km from Al along road,vegewation cover ca50% s 1
D5  Oct25 50" 15S6°N 78" 2143°E  Baredirt ca 45 km from GZ, vegetation cover ca50% 3 1
D4 Oct.25 50" 0555°N 78" 1020°E  Bare dirt, ca. 45 km from GZ. vegetation cover c2.50% 3 1
D3 Oct25 49" 5656°N 71" SY34°E  Baredirt, ca. 55 km S from GZ, vegetatioa cover ¢a.50% 3 1
D2 Oct25 49" 4753°N 777 5949°E Mt Degelen, in coppice, ca. 72 km S from GZ 1
D1 OcL25 49" 4659°N 78" 0208°E ML Degelen, about 75 km S (rom GZ, vegetation cover ca. 100% 3 1
B2 Oct.23 49" SFSA"N 78" SUS3"E  Bare dirt, ca95 km from GZ, vegitation cover ca. 50% 3 1
1 Oct.23 49" 4716"N 78" 4222°E  Bare dirt, ca.96 ki SE from GZ, vegitation cover ca. 0% 3 1
Cl Oct.24 49" 4Z30°N 78" 4I'l1"E  Ia pasturc, ca.100 km SE from GZ, vegitatioa cover ca. 50% 1
sl Oct.23 49" 360S™N 78" 4421°E  Sarzhal (110-115 km SE from GZ), in th middle of town, 5 1
. . by the side of a certain house
S2 Oct.23 49" 3556'N 78" 4402°E  Sarzhal, in th middle of town, by the side of a certain house S
s3 Oct23 49" 3546'N 78" 4415°E  Sarzhal, in th middle of town, by the gate of a cenain house 3
S4 Oct23 49" 3536'N 78" 4407°E  Sarzhal, in th middle of town, courtyard of a cestain house 3
S5 OcL 23 49" 3530°N 78" 44'12°E  Sarzhal, ca. 0.2 km south of town in pasture (ca_S0% cover) 3 1
S6 Oct 23 49" 36N 78" 4514E  Sarzhal, ca 03 km cast of town in pasture (ca .80% cover) 3 2
s7 OcL23 49" 3635'N 78" 4414°E  Sarzhal, ca 03 kru orth of town in pasture (ca. 50% cover) 3
* Area per onc soil sample collected =1734 e’ .
*¢ GZ = ground zero ( S0° 26 11" N, 77" 48 39" E) for the first nuclear explosion site where we were escorted.
Site Lab. Sampling Position Remarks Dose rate* No.of surface  No. of core
No. ID dae (GPS) (uSv/h) soil (0-10 cm)** soil (0-30 cm)**
W1 spod4 10V3/96 50" 3608° N 78" 5145°E  lzvyesika, near Pechika, sand 0.06 3 1
W2 spol 10/3/96 50" 4201°N 79" 0T40°E  Mostik. in forest 0.06 H 2
W3 spos 10/3/96 50" 3608"N 79" 1248°E  Tchagan, near railway station, vegetation cover ca. 0% 0.08 M 1
W4 $p2 1O/3/96  SO° 39'37°N 79 1906"E  Doron, bare dirt ncar Charch 0.09 s
W5 spo3 10/3/96 507 3940°N 79" 1927°E  Doron, oa side of river in pasture, vegitation cover ca. 0% 0.06 s 1
W6 SPI0 9/24/97 50" 4439°N 79" 1845°E laforest, on side of the road connecting Doron and Semipalatinsk City 0.06 b 1
W7 SPIl 924197 50° 4927°N 79" 2536"E  Ia forest, on side of the road connecting Doron and Semipalatinsk City 5 1
W8 SP12 9124/97 50" 4428°N 79" 3831E Inforest, on side of the road connecting Doron and Semipalatinsk City 5 1
W9 $PI3 9724/97 50" 38'S3"N 79" $336°E Inforest, oa side of the road connecting Doron and Semipalatiask City 0.05 s 1
ZNI sPo7 1/3/96 50" 0423°N. 79" 3S13°E  Znamenka, in the middle of town, courtyard of a certain house 3 1
SP1 spo8 10/3/96 50" 24'30"N 80" 1535°E  Semipalatinsk City, courtyard of a certain house 0.10 H 1
SP2 SP19 9/24/97 507 2302°N 80" 1TO01°E  Semipalatinsk City, in field, vegiation cover ca.50% 5 2
N1 sP20 9724/97 51" 0304°N 81" 0024°E  Kolosteri, in p 2 cover ca.50% 0.07 s 1
N2 sP2i 9724/97 51° 0205°N 80" S8ST°E Kol i,inp getation cover ca.50% 5 1
N3 sP22 924/97 50 4301°N 80" S637°E In pasture, oa side of the road connecting Kolosteri and Semipalatinsk City ) 1
N4 sP24 924/97 50" 4325"N 80" S4'11"E  In forest. on side of the road connecting Kolosteri and Semipalatinsk City S 1
NS sP2s 924/97 50° 3822°N 80" 3437°E  Ia pasture, oa side of the road connecting Kolosteri and Semipalatinsk Cit ~ 0.06 S 1
N6 SP26 9724/97 S0° 2840° N BO" 1739°E  In forest.on side of the road connecting Kolosteri and Semipalatinsk City 5 1

*; Exposure dosc rate (potable type survey meter, PDR-101: Csl detector, Aloka Co., Lid, Tokyo) in the air at about | m level above ground where soil sample was collected.
**: Arca of soil collected (17.34 cm’)
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Appendix II. Depth profiles of 239,240py and 137Cs and their activity ratios in soil

Site Depth Concentration Inventory Activity ratio
BOJAOPU I.\‘ICs 2.\0.240Pu '”CS :”MPU/L"CS ’_upu/:yl_"llpu

(em) (Bgkgdry)  (Bgkgdry)  (Bg/m®) (Bg/m®)
F6 05 5017 £ 63 941 1 4 332268 62311

5-10 145 £0.2 4.86 +0.28 1093 366

10-23 042 £0.02  0.70 £ 0.07 50 84

Total 3.33x10°  6.28x10° 5.31 0.028
Fs 05 439 £7 175 £2 27880 11100

5-10 678 £ 021  4.09 £0.14 343 207

10-20 0.04 £0.004 0.30 £0.04 5 38

20-27 0.01 =+ 0.004 n.d. !

Total 2.82x10*  1.13x10* 2.49 0.026
F4 05 51510 138 £ 1 30154 8103

5-10 3.54 £0.14 330 £0.20 243 227

10-20 0.03 £ 0.003 n.d. 5

20-25 n.d. n.d.

Total 3.04x10°  8.33x10° 3.65 0.023
FI 05 1.79 £0.03 128 £ 04 105 752

5-10 1.02 £0.06  4.49 £0.25 57 252

10-20 0.12£000 042 £0.04 21 74

20-30 nd. n.d.

Total 1.84x10°  1.08x10° 0.17 0.023
Kl 05 1.02 £0.02  20.6 £0.7 60 1217

5-10 1.23 2004 22007 74 1331

10-20 220 £004 177205 335 2702

20-25 0.05 £ 0.006 n.d. 5

Total 4.75x10°  5.25x10° 0.09 0.032
AK2 05 1,78 £0.05  15.7 £0.4 110 972

5-10 0.04 £ 0.004 nd. 2

10-20 n.d. n.d.

Total 1.12x10° 9.72x10° 0.12 0.035
Al 05 956 £0.08 214 06 658 1476

5-10 402 £0.04 798 £0.33 272 540

10-20 0.08 =+ 0.006 n.d. 13

20-30 n.d. n.d.

Total 9.43x10°  2.02x10° 0.47 0.012
DS 05 10.1 0.2 28.6 £ 0.6 673 1914

5-10 7.63 £026  2.80 £0.15 515 189

10-20 0.04 £ 0.003 n.d. 6

Total 1.19x10°  2.10x10° 0.57 0.020




Appendix II. (Cont'd)

JAERI-Conf

99-001

Site  Depth Concentration Inventory Activity ratio
:so.wpu l.\7CS :.W:.«wpu I.WCs m&uipu/l.l‘lcs mpu/m:wpu

(em) (Bqgkgdry)  (Bg/kg dry) (Bg/m?) (Bg/m®)
D3 05 31.1 £06 76.3 £2.3 1537 3768

5-10 525 +0.13  6.34 £043 316 382

10-20 nd. nd.

Total 1.85x10°  4.15x10° 045 0.036
DI 05 103 £0.2 177 £ 2 207 3576

5-10 0.51 £0.05 n.d. 15

10-20 0.04 + 0.003 n.d. 4

Total 2.26x10°  3.58x10° 0.06 0.026
B2 05 2.19 +0.06 102 £05 139 643

5-10 0.04 £ 0.005 nd. 1

10-20 n.d. n.d.

Total 1.40x10°  6.43x10° 0.22 0.026
Cl 05 145 £ 0.2 48.7 +0.8 773 2603

5-10 1.86 £ 0.06 1.95 £ 0.11 58 60

10-20 0.03 £ 0.005 nd. 5

Total 8.36x10°  2.66x10° 0.31 0.014
S1 0-5 856 £036 54812 419 2683

5-10 798 £025 53.2%1.2 474 3157

10-20 1.82 £ 0.05 134 £ 05 220 1619

20-30 n.d. n.d.

Total 1.11x10°  7.46x10° 0.15 0.005
S5 05 256 £ 1.0 123 +£2 1453 6991

5-10 5.79 £0.28 143 £ 0.5 337 834

10-20 0.05 £ 0.01 1.69 + 0.07 8 254

20-25 n.d. n.d.

Total 1.80x10°  8.08x10° 0.22 0.007
S6 05 149 £ 0.5 1122 718 5392

5-10 374 £0.12  266*1.0 184 1309

10-20 0.04 £ 0.01 1.05 £ 0.08 6 148

20-28 n.d. n.d.

Total 9.08x10°  6.85x10° 0.13 0.013

The error shows one standard deviation of counting statistics.

n.d.: not detected.
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Site Depth Concentration Inventory Activity ratio
139.’40Pu ll'ICs 239.240pu l}?Cs 2.19.."40Pu/137cs Zlkpu/ll‘)l«wpu
(cm) (Bg/kg dry) (Bgkgdry) (Bg/m®) (Bg/m’)
wi 0-5 1.15 £ 0.04 184 £ 0.7 96.5 15462 ©  0.062
(SPO4)  5-10 0.40 £ 0.03 172 £ 0.7 340 14532 0.023
10-15 0.60 + 0.05 167 £ 0.7 423 11720 0.036
15-20 0.68 =+ 0.04 16.6 £ 0.5 52.8 12846 0.041
20-25 0.69 % 0.04 183 £ 0.5 593 15855 0.037
25-30 0.45 £ 0.03 192 £ 0.6 37.9  1613.7 0.023
Total 3.23x10°  8.66x10° 0.037 0.030
w2 0-2 6.11 £ 0.20 655 £ 1.4 2093 22435 0.093
(SPOL-1)  2-7 243 £ 0.11 178 £ 0.6 163.5 11953 0.137
7-12 0.034 £ 0.011 nd 2.3
Total 3.75x10°  3.44x10° 0.11 0.019
(SPO1-2)  0-5 336 1.2 139 £ 2 1329.6  5501.8 0.242
5-10 2.93 + 0.07 577 £0.35 181.0 356.5 0.508
10-15  0.222 + 0.024 nd. 13.4
Total 1.52x10° 5.86x10° 0.26 0.020
w3 0-5 1.11 £ 0.04 21.0 £ 06 98.9  1874.9 0.053
(SPOS)  5-10 0.82 £ 0.03 7.75 £ 0.52 82.4 780.1 0.106
10-15  0.044 % 0.008 0.39 + 0.08 4.0 35.1 0.113
15-20  0.017 % 0.003 nd. 1.6
Total 1.87x10* 2.69x10° 0.069 0.025
W5 0-2 0.62 £ 0.04 459 £ 03 16.3 120.0 0.136
(SPO3)  2-7 162 £ 04" 14.1 £ 07 1047.5 911.1 ‘1.150
7-12 0.19 £ 0.013 2.88 £ 0.2 16.1 251.3 0.064
12-17 13.7 £ 04 242 £0.18 1143.2 201.2 5.681
17-22  0.024 £ 0.004 nd. 2.1
Total 2.23x10°  1.48x10° 1.50 0.039
w6 0-5 142 £ 0.3 60.6 + 0.8 9012 38389 0.235
(SP10)  5-10 0.50 £ 0.02 2.64 £ 0.17 35.1 187.4 0.187
10-15  0.072 £ 0.012 0.58 £ 0.11 59 478 0.124
1520 0.045 £ 0.008 n.d. 3.7
Total 9.46x10 4.07x10° 0.23 0.023
w7 0-5 2.05 £ 0.07 308 £ 1.3 1442 21604 0.067
(Spil)  5-10 0.17 £ 0.03 3.16 £ 0.11 13.1 244.0 0.054
10-15 n.d. 0.43 £ 0.08 334
Total 1.57x10*  2.44x10° 0.065 0.030
w38 0-5 263 £ 0.8 39.3 £ 0.6 1897.2 28309 0.670
(SP12)  5-10 1.70 £ 0.07 10.0 £ 0.3 133.3 784.9 0.170
1520  0.038 % 0.005 1.03 = 0.07 3.0 80.98 0.037
20-25  0.021 £ 0.003 0.19 £ 0.05 1.6 147 0.110
Total 2.04x10*  3.71x10° 0.55 0.022
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Appendix II. (Cont'd)

Site  Depth Concentration Inventory Activity ratio

239.240Pu l)?cs 239.240Pu l37Cs 239}40Pu/117cs 2]3Pu/239.2é()Pu
(em) ( Bg/kg dry) (Bgkgdry) (Bg/m’) (Bg/m’)

W9 0-5 1.90 % 0.06 53.5 + 1.1 1334 37569 0.036
(SP13)  5-10 0.12 %+ 0.01 1.60 £ 0.28 8.9 119.0 0.075
10-15 0.023 + 0.003 n.d. 1.9
Total 1.44x10* 3.88x10° 0.037 0.038
ZN1 0-5 0.32 % 0.02 6.02 £ 0.10 22.9 4246 0.054
(SPO7)  5-10 0.052 % 0.006 1.22 = 0.03 42 97.6 0.043
10-15 0.036 £ 0.005 0.86 £ 0.04 3.0 71.9 0.042
15-20 0.083 £ 0.008 1.08 £ 0.04 6.3 81.3 0.077
20-25 0.11 % 0.01 1.68 % 0.07 8.4 133.0 0.063
25-30 0.061 £ 0.008 1.08 % 0.07 3.7 65.0 0.056
Total 4.83x10' 8.73x10 0.055 0.021
SPI 0-5 0.23 % 0.02 102 £0.2 15.3 686.6 0.022
(SPO8)  5-10 0.32 % 0.02 7.72 £ 0.31 260 6224 0.042
10-15 0.34 + 0.02 7.12 £ 0.42 25.0 531.3 0.047
15-20 0.26 =+ 0.02 3.60 £ 0.27 17.1 236.4 0.073
20-25 0.03 £ 0.006 0.65 % 0.06 1.4 31.0 0.046
25-30 0.013 £ 0.004 0.35 £ 0.07 0.94 253 0.037
Total 8.58x10" 2.13x10° 0.040 0.022
SP2 0-5 0.51 % 0.04 18.0 £ 0.5 27.6 980.6 0.028
(SP19-1)  5-10 0.33 £ 0.02 4.45 £+ 0.09 21.2 289.4 0.073
10-15 0.24 * 0.02 6.71 £ 0.21 14.9 420.0 0.035
15-20 0.61 £ 0.03 211 £ 05 372 12869 0.029
20-30  0.053 £ 0.008 1.14 % 0.06 7.0 151.9 0.046
Tota] 1.08x10* 3.13x10° 0.034 0.026
(SP19-2)  0-5 0.48 £ 0.01 163 £0.3 21.3 928.3 0.029
5-10 0.38 = 0.03 9.15 £ 0.33 23.4 582.0 0.040
10-15 0.80 % 0.02 6.40 + 0.23 52.0 414.8 0.125
15-20 0.31 £ 0.01 6.21 £ 0.20 20.7 4113 0.050
20-25 0.21 £ 0.01 3.74 + 0.08 13.4 251.7 0.053
25-30 0.015 £ 0.003 n.d. 1.1
Total 1.38x10*  2.59x10’ 0.053 0.031
N1 0-5 5.83 = 0.14 672 £ 1.1 340.6  3930.0 0.087
(SP20)  5-10 0.39 £ 0.02 7.23 £0.20 23.0 424.6 0.054
10-15 0.034 £ 0.005 1.23 £ 0.07 1.8 66.7 0.027
Total 3.65x10°  4.42x10° 0.083 0.024
N2 0-5 0.80 £ 0.03 257 £ 0.9 474 15872 0.030
(sp21)  5-10 0.63 = 0.03 8.12 £ 0.64 42.1 544.0 0.077
10-15 0.59 % 0.03 7.92 £ 0.60 37.9 507.7 0.075
15-20 0.22 + 0.01 3.36 £ 0.29 16.7 251.0 0.067
Total 1.44x10* 2.89x10° 0.050 0.026
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Site  Depth Concentration Inventory Activity ratio
239240Pu 137Cs 239,240Pu l}?cs ‘.’39.240Pu/l31cs ZJ(PU/ZI‘).ZAOPU
(cm) ( Bg/kg dry) (Bg/kgdry)  (Bg/m®) (Bg/m?)
N3 0-5 3.36 £ 0.09 60.9 £ 0.9 2139  3880.2 0.055
(SP22)  5-10 2.40 =% 0.06 615 £ 15 1419 36337 0.039
10-15 0.80 £ 0.03 20.1 £ 1.1 51.7 12982 0.040
1520 0.086 =+ 0.007 3.37 £ 0.33 6.4 249.7 0.026
Total 4.13x10* 9.06x10° 0.046 0.029
N4 0-5 1.58 * 0.05 33.6 £ 0.3 109.6  2326.1 0.047
(SP24)  5-10 0.096 * 0.015 0.60 £ 0.06 8.1 50.1 0.161
10-15  0.069 % 0.007 0.41 £ 0.05 5.7 33.3 0.171
1520 0.026 £ 0.005 0.40 £ 0.06 2.1 324 0.066
Total 1.26x10°  2.44x10° 0.051 0.030
N5 0-5 3.28 £ 0.08 49.1 £1.0 2274 34072 0.067
(SP25)  5-10 0.11 % 0.01 1.62 £ 0.16 8.3 123.3 0.067
10-15 0.01 =+ 0.003 nd. 0.7 30.3 0.024
15-20 n.d. n.d.
Total 2.36x10*  3.56x10° 0.066 0.026
N6 0-5 2.08 % 0.06 490 £ 1.8 952 22380 0.043
(SP26)  5-10 0.037 % 0.005 0.60 £ 0.07 2.9 47.0 0.062
10-15  0.015 £ 0.007 n.d. 1.1
15-20 n.d. n.d.
Total 9.92x10°  2.29x10° 0.043 0.034

Error shows one sigma standard deviation from counting statistics.

n.d.: not detected.
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Abstract: :

The computer program UFOTRI can be used for assessing the impact of accidental released
tritium in the two chemical forms tritiated water vapour and tritium gas. By applying UFOTRI
to potential European sites for ITER, it could be demonstrated that the main goal, the non-
evacuation criteria, is fulfilled for the present release limits. Contributions in international
studies together with the re-evaluation of experimental data showed that the plant sub-model
as well as the soil sub-model are areas for further improvement.

Keywords: UFOTRI, ITER, SEAFP, tritium, modelling, dose assessment, experiment,
comparison study

1. INTRODUCTION

To estimate the spectrum of consequences after accidental releases of tritium from
nuclear installations, processes such as dispersion, deposition, reemission, conversion of
tritium gas (HT) into tritiated water vapour (HTO) and conversion of HTO into organically
bound tritium (OBT), had to be considered time-dependently. To that purpose, an atmospheric
dispersion module has been developed which allows for reemission after HT/HTO deposition
and which considers all relevant transfer processes in the environment (soil, plant and animal)
up to approximately 100 hours after the release event (during which atmospheric transport
plays the dominant role). It was coupled to a first order compartment module, which describes
dynamically the longer-term behaviour of the two different chemical forms of tritium in the
food chains. The physical and mathematical basis of the new model called UFOTRI is
described in detail in @

UFOTRI was applied in the BIOMOVS 1I (Biological Model Validation Study phase
I) study with the aim to test and validate environmental tritum models. Based on the
experiences gained within this study and during the applications of UFOTRI, two areas have
been identified wherc model improvement seems to be necessary. This comprises the OBT
build up during the night and the reemission of HTO from soil directly after deposition.
However, further experimental work seems o be necessary to better understand at least the
OBT formation process.

UFOTRI has been widely applied in fusion related safety studies. Among others
assessments have been carried out within the SEAFP (Safety and Environmental Aspects of
Fusion Power) and in the frame of the ITER (International Thermonuclear Experimental
Reactor) project. The SEAFP study described the potential design of future fusion power
reactors. Within the ITER programme, probabilistic dose assessments for accidental
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atmospheric releases of various ITER source terms which contain tritium and/or activation
products were performed for the - at this time - potential European ITER sites Greifswald,
Germany, and Cadarache, France.

2. MODEL DESCRIPTION

The present version is based on the Gaussian trajectory model MUSEMET®)., The
importance of the reemission process necessitates two level modelling of the atmospheric
dispersion. Primarily, MUSEMET calculates the dispersion after a single release event and the
subsequent deposition on soil and plants. In a second step, the reemission of tritium after
deposition from soil (evaporation) and plants (transpiration) is taken into account by an area
source model specially developed for that purpose and combined with the original model.
Hereby the area source is simulated by a single source point in the centre of the area, with a
given initial widening of the plume(4) .

All processes which may modify the total balance of the available HT or HTO such as
the conversion of tritium gas into tritiated water (HT into HTO), the transport of tritium into
deeper soil layers, the uptake of tritium by the plant root system, and the conversion of HTO
into OBT are taken into account in the atmospheric dispersion module, together with the
foodchain pathways such as the production of milk, milk products and beef.

2.1 Plant/atmosphere exchange processes

The exchange reaction of the plant with the atmospheric tritium takes place via the
water circulation in the leaves. The mechanisms of the plant/atmosphere exchange are
described according to 'big leaf' approach(5 »®) There the aerodynamic, boundary layer and
stomata resistance determine the sensible and latent heat fluxes at the earth's surface. To
determine the HTO exchange between the atmosphere and the vegetation, the model of
Belot” has been used in UFOTRI There the temperature, the inorganic content of plant
matter and the transfer resistances determine the uptake of tritium in the vegetation as well as
the loss of tritium from the vegetation.

C=XZ(1-e) 1)
P
with
k=—L @)
aurg

where C is the tritium concentration in tissue water in pBq g'l, X is the concentration of
tritium in air in pBq ml , k is the time constant until equilibrium, p is the water content per
unit area of leaf in g cm’, 1 is the total resistance in cm s\t is the time in s, p is the weight
of water vapour in saturated air in g ml™”, and o is the H/T isotope ratio (set to 1.1).

The loss from the vegetation can be determined by using the same time constant k:
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8C = Cpe™ 3)

The dominating factor however, controlling the flux of tritium is the total resistance rg which
can be subdivided into its three components atmospheric resistance r,,, boundary layer
resistance r,, and stomata resistance rs:

IG = Tay + Tov + T (4)
The aerodynamic resistance 1, characterises the transfer from the free atmosphere to the

surroundings of the leaf, whereas the boundary layer resistance r,y describes the mass transfer
through the quasi laminar air layer directly connected to the surface®:

_ u(i)
Hx (5)
and
rbv = i B-l
u
X (6)

where u(z) is the wind speed in m/s in a given height (10m),: uy is the friction velocity, and B
is the Stanton number. Since r,, and r,y, depend on the atmospheric stability and the surface
properties, the commonly used Dyer-Businger equations are used in calculating uy @

The stomata resistance ry describes the transfer of tritiated water vapour via the leaf
surface into the plant. As this transfer depends on the environmental conditions, correction
functions according to ®) have been introduced:

r, =", (1+i) : 7
st~ Ust,min Ipr f[fwft ( )

with the weighting function humidity f, =1-b,Ae,

b,
T-T, T,-TY\
the weighting function for the temperature f, = ( < ) ( A )

I,-T.) \T, - T,
T, -T

with B,=°(u)
To_Te

and the weighting function for soil water content which is a linear function ranging from 1 (if
the water content > 5% above wilting point) down to 0.07, if the water content is less than the
wilting point. In this set of equations, Isymin iS the minimum stomata resistance, Ae is the
vapour pressure deficit, b, is a plant specific constant, T is the actual temperature, Ty is the
optimal temperature for photosynthesis, Ty, is the upper limit of photosynthesis and T, is the
lower limit for photosynthesis.

At night, when the stomata are closed, rs will be replaced by epidermial resistance
which is a factor of 15 higher than the minimum stomata resistance.
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Because vegetation occurs always as a plant population (fields, forests, etc.), an
effective stomata resistance (now canopy resistance r.) has to be calculated, by dividing the
stomata resistance of a single plant by the leaf area index L, which describes the area of all
leaves of the vegetation normalised to one square meter.

oY

' ®

rc='z

UFOTRI considers four different plant species, namely nutriment plants (leafy
vegetables, potatoes and winter wheat) and pasture grass.

2.2 Soil/atmosphere exchange processes and transport in soil

The deposition process of HT and HTO to the soil is expressed in the form of a deposition
velocity. The HT deposition rate vq yr depends on the type of soil and on the free pore space in
the first soil layer (5 cm).

D

eff
Vaur = Z,, )
with
T\ 0 -0
=07-D, | = =5
Dy 0.7- D, (273) tort

where D.s is the effective diffusion coefficient, Dy is the diffusion coefficient of HT in air
(0.634 E-04 m? s’l), Zrer 1S the reference depth in m (r = 23 mm), ®g is the maximum water
content, O is the actual water content and tort is the soil torture factor.

Once deposited, HT is transformed into HTO very quickly as a result of micro-
organism activity. Only the transformed part of HT remains in the soil.

The dry deposition rate of HTO to soil vquro is calculated dependent on the status of
soil and atmospheric turbulence. It will be expressed as the inverse of the atmospheric- and
soil- exchange resistances.

1
Vauro = (10)

rav + rbv + rsoil

with the soil resistance rg;

z
Vooil =71
D,
1
The effective diffusivity Deg can be expressed as:
T 1.75 1
D, =D, x (273) X (QS_—@) x tort
®
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where Dy is the diffusion coefficient of HTO in water (0.23 E-04 m” ™). The depth of the dry
layer is assumed to be variable and depends on the soil water content:

Zg
Z=—"
¢
where z0 is the initial depth of the dry soil layer (4 mm).

In addition, based on comparison with experimental data, a residual resistance rgy, has
been added to prevent the appearance of a zero surface resistance®. This leads to the
following equation for the soil resistance:

’twil = DL + rt\'m
o (11)

The process of wet deposition of HTO to soil is considered in the model as washout
from the whole plume. The washout coefficients depend on the intensity of precipitation. They
are very small for HT, i.e. wet deposition is neglected.

The reemission processes from soil are modelled by coupling the reemission of HTO
to the evaporation of water from soil. There, only the water content in the top five centimetres
of soil is taken into account'?. To describe the water flux and thus the coupled flux of tritium,
Monteith's bulk resistance formula for the actual transpiration is used®.

61[1 +gcp(es _eu)/rav
“T S+y(l+r,/ry) | (12)

where A is the latent heat of evaporation in J kg1, ¢, is the specific heat of air at constant
pressure in J kg1 K-1, E, is the actual evapotranspiration, I, is the incoming solar radiation in
W m-2, e is the actual saturation vapour pressure of air in N m2, ea is the actual vapour
pressure of air in N m-2, § is the gradient of the vapour pressure curve at ambient temperature
in J m-3 K-, y is the psychrometer constant in J m-3 K1, ray is the sum of the atmospheric and
the boundary resistance and rx is the resistance of the surface.

Derived for vegetated surfaces, it can be also used for the soil by replacing the

incoming solar radiation with the fraction reaching the soil I, ¢ = I, -e™***" and the surface

resistance 1 with that of the soil resistance r, '"). The water vapour flux finally is linked with
the specific tritium content in the upper soil to obtain the reemission of HTO.

Even if the reemission of tritium from vegetation is expressed by equation 3, the
transpiration of plants has to be taken into account for the replacement of the transpiring plant
water by soil water. This uptake of HTO by the plant root system compensate the transpiration
loss. Again, Monteith's bulk resistance formula for the actual transpiration is used; now by
replacing the incoming solar radiation with the fraction reaching the canopy

1, =1, -(1 - e'“”“) and the surface resistance r, with that of the canopy resistance re.

As often used in UFOTRI, the movement of tritium in soil is coupled to the movement
of water. The water movement v, from layer a to layer b is calculated by using a simplified
version of Darcy’s law!? ;
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V12=K12' SI_SZ -1 (13)
’ ' iAZl+AZZi/2

where Az; and Az, are the thickness of layer one and two, respectively, S; and S, are the
pressure head of layer one and layer two, respectively and K > is the mean conductivity of the
two layers.

To solve the above equation, the hydraulic conductivity K and the pressure head S of
the soil have to be calculated.

S - 15 .105 lpa+b‘¥‘+c‘¥’" (14)
ith the relative water content of the soil layer W 0, -6)
wi e relative water content of the soil layer W =
i@) s =0y }
and the conductivity function K = SmO:_ ; (15)

where Qg is the maximum water content, Ow is the water content at wilting point, © is the
actual water content, and a, b, ¢, n, o, m and  are soil specific constants.

The tritium movement in soil is simply coupled to the water movement. Diffusion of
tritium however, is not considered explicitly.

2.3 Exchangeable/non-exchangeable tritium

Plants exposed to a tritium atmosphere contain tritium not only in the plant water
(HTO), but tritium atoms are also incorporated in the organic matter of the plant (OBT). A
photosynthesis sub model calculates the hourly built-up of organic material. The
photosynthesis rate is based on the amount of COp assimilation within a time step. A
commonly used approach including respiration can be found in®™

P -eH
P =—t—"
Pt P o+ eH

(16)

where Pyo  is the potent1a1 COz assimilation rate in g CO; m” 2h! P, is the maximum CO,
assumlatlon rate in CO, m™2 h, H is the absorbed photosynthetlcally active radiation in W m’

, € is the initial light use efflclency in g CO; W' m?h™ and R is the respiration rate in g CO;
m'2 h'. Integrating this equation over the whole canopy which means over the present leaf
area index L, the following equation for the total canopy assimilation P, can be derived:

P P, -kl
=k (P v ekl,, ) a7
with

Iabs = InO .ke_kL
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where: L, is the radiation flux absorbed by the canopy, I, is the incoming photosynthetically
active radiation, L is the leaf area in m*/m?, ranging from zero to the total leaf area index and
k is the extinction coefficient (0.69).

To express Pp, an approach has been adopted(”), taking into account for the
dependency on the temperature also.

AH
0158-C0-109~T-cxp(— RTI)
P = (18)

1+ex( AHZ)-ex (E)
P\"rRr ) P\ R

where AH1, AH2 are the activation and denaturation energies for the electron transport,
respectively, in cal, Cp is the value for the formation of organic matter in mg CO, m2h!, Ris
the gas constant in cal/Kelvin per mol, AS is the entropy change on denaturation of the
electron transport system in cal/Kelvin per mol and T is the air/leaf temperature in Kelvin

The total respiration R can be split up into two fractions.

R=Cl,-P +C2, W, (19)

where C1, P. is the photorespiration, dependent on the photosynthesis rate, C2, Wy is the
maintenance respiration, dependent on the plant weight and C1, and C2,, are constants.

Applying equations 17 to 19, and taking into account the conversion factor CO; to dry
matter as well as the weighting functions for the responses of the stomata to the environmental
conditions, the actual photosynthesis rate can be expressed as:

P, =P -COA"1/ f(sr) (20)

where COA is the conversion factor CO; to dry matter and f(sr) is the weighting function for
the stomata opening which is identical to those used for calculating the actual stomata
resistance (radiation, temperature, humidity and soil water content).

The specific concentration of the built-up HTO is connected to the actual specific
tritium concentration in the water compartment of the plant. Until now the OBT transfer
model is only physically based for the hours with solar insolation. During the night it is
assumed, that the transfer rate is a quarter of the daily mean.

2.4 Foodchain compartments

For all crops, in particular grass, leafy vegetables, winter wheat and potatoes, the
above mentioned dynamic transfer rates are applied starting with the beginning of the release.
In addition, in the atmospheric part of UFOTRI, all exchange processes cow/atmosphere,
cow/plant and cow/soil, which are important for the ingestion pathways via milk, beef and
dairy products, are also considered. The transfer rates are in general the same as for the long
term ingestion module of UFOTRI (see below), which were derived on the basis of a constant
daily rate, but now converted to an hourly value.
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2.5 Long term ingestion module of UFOTRI

In this part of the model, the long term behaviour of tritium in the environment and the
assessment of the long term doses of the population from the consumption of tritium
contaminated foodstuffs are described. To that purpose, the model calculates the time
integrated tritium concentrations in vegetables, meat and milk products. To describe the
transport processes mathematically, the areas in the environment where tritium may appear are
divided into different compartments. The transfer rates which quantify the transfer processes
are averaged values valid for longer periods and calculated by assuming equilibrium
conditions. The exchange processes between the individual compartments are treated by first
order differential equations which describe linear dependencies of tritium concentrations or
concentration differences .

3. Areas for model improvements

Within the BIOMASS exercise it was demonstrated that the present tritium models differ
mostly in assessing the concentration in the foodstuffs and the reemission of HTO from
s0il®. From the recent applications of UFOTRI it was also obvious, that the contamination of
the agricultural products may be one of the important tasks in defending the ITER source
terms'”. Therefore, experimental work has been carried out at FZK in the years 1995 and
1996 to get a better understanding of the reemission from bare soil and the formation and
translocation of OBT in wheat plants.

3.1 Plant experiments

3.1.1 Experimental design

Winter wheat (Triticum aestivum L., cv. Contra) was cultivated on a small field (3m x
3m) in 1995 and 1996 within the area of the Forschungszentrum Karlsruhe (FZK) from
sowing in October to harvest in July of the next year. The plants were provided with fertiliser
as required and additionally with water in extremely dry periods because the soil (sandy soil)
had a low water capacity. Before exposure to HTO, the plot was covered with a layer of
Parabraunerde (3-4 cm) which was removed after the exposure. This procedure was necessary
to reduce the influence of HTO reemission from soil. The exposure box was made of plexiglas
(ground area 30 x 30 cm, height 100 cm). Inside were sensors for temperature and relative
humidity and a fan to prevent gradient build-up and to minimise the boundary layer resistance
of leaves. All necessary environmental data to operate tritium models were either measured
directly at the field or taken from the meteorological tower of the centre.

Winter wheat plants on the experimental field were exposed to HTO vapour between
the 12th and the 28th day after the beginning of anthesis which is in the period of grain filling.
Experiments were performed at different times of the day under conditions of sunrise,
morning, afternoon, sunset and night. At high light intensity (morning and afternoon), the
temperature in the box was up to 10°C higher than outside. The difference was very low under
conditions of low light intensity and during the night indicating that the influence of the
heating unit for vaporisation of HTO was low.
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3.1.2 Results

Besides the uptake of tritiated water during daytime and night-time conditions, the
formation and translocation of OBT was measured intensively. Detailed records on the OBT
formation allowed to compare measurements with model calculations. To evaluate the data, a
special model named Plant-OBT was developed for describing all the relevant transfer
processes in detail which are both dependent and independent on solar insolation. Especially
the consideration of light independent processes was a considerable improvement of the
existing tritium models"®. As this work was also aimed to improve the present OBT
modelling in UFOTRI, comparison calculations have been performed for both the Plant-OBT
and the UFOTRI model. In its newest version UFOTRI is modified in its photosynthesis
submodule, in particular the daytime/night-time factor of 1.75 was deleted for the improved
photosynthesis option. In addition, a reduction in the OBT production rate was introduced at
those times when water stress due to solar insolation occurs. This modified version was
applied for the comparison calculations, however, the changes will be made only official, if
further experimental data support the revision.
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Figure 1: Comparison of the measured and calculated OBT at harvest time

Comparing the measurements witk both the Plant-OBT model and UFOTRI it
becomes obvious that both computer codes overestimate the OBT formation in most cases.
However, the general agreement between model and experiment was within a range of two.
Only in few cases, this difference was exceeded. Another effect could not be predicted by both
computer programs. Within the measurements, in particular during the night-time, OBT was
formed rapidly at exposure time and within the first hour after the end of exposure. In the
following hours, however, the OBT formation rate was nearly zero even if the TWT
concentration in the plants remained nearly constant. There was no explanation found and the
assumption of a linear production rate at night, which simply depends on the specific TWT
concentration in the plant, could not be verified. Even if the final OBT results - at harvest time
- could be reproduceu sufficiently, further work seems to be necessary at least to improve the
understanding of the process. Without the understanding, it might be not appropriate to apply
the same approach to other nutrient plants.
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3.2 Reemission from soil

As described in™, two HTO deposition/reemission experiments were performed at
FZK in 1995 by scientists from the Zentrum fiir Strahlenschutz und Radiobiologie (ZSR) of
Hannover. One took place at 09.00 a.m. (sunrise) whereas the other was conducted at 07.00
p.m. (sunset). After a deposition phase of one hour, the reemission from the bare soil was
observed over a period of 12 hours. In both cases, the wind speed was very low and the
daytime period can be characterised as a typical mid summer day.

Comparing the measurements with calculations from UFOTRI by using the default
parameter values, differences can be easily identified. The high reemission rate in the first
hour found in both experiments could not be reproduced by UFOTRI. The further course of
the concentration pattern of the sunrise experiment was at least partially covered by the model.
At the end of the experiment, the measured and predicted concentration differed by a factor of
about 2. This relative good agreement was never reached for the sunset experiment. The initial
as well as the following reemission rates were drastically underestimated by UFOTRI. The
main reason for this discrepancy seemed to be the steep concentration profile in the top soil
which might be not well represented in UFOTRI. This steep concentration profile in the top
soil of the HTO is different from that following a deposition of HT-gas®?. But most of the
data which were used to test the reemission part of UFOTRI were taken from the HT-release
experiments.

As described before, the reemission rate from soil is linked to the water vapour
evaporation. But as the gradient of tritium and water vapour differ in general shortly after
deposition of tritium, scaling parameters were introduced in the tritium reemission formula of
UFOTRI.

E, t t
E,6 = o -Clexp(—? +k, exp T (21)

where F, is the reemission rate per time step, E, the actual evaporated water per time step, ©
is the actual water content, and Ci, ks, and T are scaling constants. K, is assumed to be
constant and determines the reemission rate at night. The time function t/T is introduced to
simulate the movement of the tritium into deeper parts of the upper soil layer and the constant
C,; determines the basic relationship between the flux of water and HTO. Changing the basic
values (C; = 500, kp = 1 and T = 50) to the new ones (C; = 1200, ky = 23 and T = 5) resulted
in a rather good agreement with the observations (see Figure 2). However, the initial high
reemission rate can not be fully simulated by the model. Nevertheless, the agreement between
the data and the simulations is sufficient to that extent, that further investigations about the
dose relevance can be performed.
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Figure 2: Time courses of reemission rates measured in the field and modelled with the
original (UFOTRI) and the modified default values (UFOTRI 2) after 1-hour HTO

depositions at sunrise (A) and at sunset (B). Vertical bars indicate the total
experimental error (Figure according to Ref. 19)

The question arises now if the reemission pathway is important with respect to the

dose. Most of the dose assessments, in particular for licensing purposes, are explicitly directed
to the release of HTO only and to obtain the dose for a person who is living close to the fence
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at the most contaminated point. As the measured reemission rates are strictly valid only for
bare soil, dose assessments by using the new values can be only performed for a dose without
the ingestion pathways. However it can be speculated which influence might have the new
reemission model also in case of the total dose.

To answer the question if the reemission pathway is important with respect to the dose,
the contribution of the resuspension exposure pathway IHR has been investigated by applying
the old and the new reemission approach for an accidental release of HTO from a ground level
source (10 m release height). The same weather conditions as for the two experiments were
used. The wind direction was set to a constant value as no measurements were available for
this period. The dose from IH and IHR was calculated for a period of 12 hours exposure. The
difference between the old and the new model approach is not very high for the sunrise
experiment but much more obvious for the sunset data. One reason for the relative high
contribution of the reemission process can be found in the fact that the wind direction was
hold constant for the 12 hours.

old approach new approach
IH (%) IHR (%) IH (%) HR(%)
sunrise 96.7 3.3 94.5 55
sunset 94.1 59 78.9 21.1

Table 1: Contribution in % to the inhalation dose after 12 hours exposure

When thinking about the transferability of these results to other conditions such as the
reemission from vegetated surfaces or after rain, it is necessary to estimate the dose relevance
of the reemission process in general. The inhalation dose to the most exposed individual
(MEI), however, will be reduced in real assessments due to changing wind directions within
the reemission phase. Coming to the ingesting pathways, the contribution to the ingestion dose
of that tritium taken up by roots from the soil can be estimated to be about 20% to 30% for the
MEI at 1 km distance, assuming an accidental release of HTO near ground level®V. These
numbers were obtained by using the default reemission rates of UFOTRI. When applying the
higher ones, and speculating that they are also valid for vegetated surfaces, one can assume,
that the root uptake from soil is diminished. Together with a reduced - or at least an equivalent
- contribution from the inhalation pathways, the overall dose will be lower due to the lower
ingestion dose. However it is not possible in the present stage to quantify the reduction in the
contribution from soil and thus in the resulting dose, but it appears to be necessary to
investigate this in future. To this purpose, further reemission experiments have been carried
out by ZSR to investigate the influence of vegetation cover on the reemission rate. However
the evaluation of these experiments is still ongoing.
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4. Application
4.1 ITER

4.1.1 Objective of the application

One of the most recent applications of UFOTRI was to perform site independent dose
assessments within the ITER programme, to derive the release limits associated with proposed
dose limits"”. Since a specific site for ITER has still to be defined, generic calculations have
to be compared with site specific ones to complete the environmental data base. To this
purpose, probabilistic dose assessments for accidental atmospheric releases of various ITER
source terms which contain tritium and/or activation products were performed for the - at this
time - potential European ITER sites Greifswald, Germany, and Cadarache, France. No
country specific rules were applied and the input parameters were adapted as far as possible to
those used within former studies to achieve a better comparability with site independent dose
assessments performed in the frame of ITER. The calculations were based on source terms
which, at the first time, contain a combination of tritium and activation products. This allowed
a better judgement of the contribution to the total dose of the individual fusion relevant
materials. The computer program UFOTRI was applied for the tritium fraction whereas
calculations for the released activation products were performed with the version NL/95 of the
program system COSYMA®? (subsystem NL), including extended data sets for activation
products.

Probabilistic dose assessments, based on hourly meteorological data, have been
performed. 144 different weather conditions - together with their probability of occurrence -
have been selected therefrom to be representative for the vegetation period of the year under
consideration. Mostly potential individual doses and, if appropriate, also the need to initiate
protective measures have been investigated for three types of accidents, all of them placed in
the event sequence categories IV (‘extremely unlikely events’) and V (‘hypothetical
sequences’). For details see Ref. 23, 24 and 17. Source terms of up to 100 g of HTO, 3000 g
of HT (both elevated) and of up to 2000 g of activation products (elevated) have been
considered for the CAT IV releases. The CAT V scenario comprised more than 4 kg of
activation products and 42 g of HTO, both released at ground level.

Two different types of doses have been obtained. The individual early dose results
from the first week exposure and a 70 years integration time but without ingestion, whereas
the individual EDE is based on a chronic exposure, 70 years integration and includes also the
ingestion pathways.

4.1.2 RESULTS

One of the key points for ITER is the non-evacuation criteria. This means that under
no release condition evacuation has to be initiated. To this purpose the early dose as defined
before should not exceed 50 mSv at the fence of the fusion installation. This value was
selected to represent an average value which can be applied within all potential ITER home
countries.

The assessments showed that early doses from all CAT-IV release scenarios do not
exceed the lower reference level of S0 mSv for evacuation at 1 km distance, when compared
with the 95% percentile of the probabilistic calculations. Independent from the selection of
Cadarache or Greifswald as site, the new release limits fit with the proposed dose limits.
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However, the dose values for Cadarache are slightly higher than for Greifswald. The dust
composition steel showed the highest values for both the early dose (13 mSv) and the EDE
(910 mSv) when compared to the maximum percentile. The highest early dose for the 95%
percentile resulted from HTO releases (5 mSv), followed by steel (1.2 mSv) and the other two
dust compositions copper (0.8 mSv) and tungsten (0.5 mSv). The early dose from the other
CAT-1V scenarios is lower and reaches only up to 0.7 mSv for the 95% percentile. CAT-V
releases, which are stated to be hypothetical, should be compared to the 50% percentile or the
mean value of the probabilistic calculations. Early dose values of several mSv at 1 km
distance were obtained when looking at the lower percentiles. The dust released as pure steel
shows up to 7 mSv for the mean and up to 3 mSv for the 50% percentile of the early dose
distribution. Even if recommended to use average weather conditions, a look at the upper
percentiles is also interesting. In particular the 50 mSv intervention level for evacuation is
almost reached at the site of Cadarache (48 mSv), up to one half of this value is found for
Greifswald (26 mSv) when comparing with the 95% percentiles.

At present, release limits to avoid evacuation are key criteria for ITER. However, other
protective actions such as sheltering, relocation and food banning may become important in
future. None of the source terms caused evacuation beyond the proposed site boundary of 1
km. Also shelter areas were rather small and were only obtained for the CAT-V source term
(up to 1.4 km? as maximum). Only banning of agricultural products was found to be
important. Dependent on the scenario, banning affects initially areas of several hundreds of
square kilometres and can be as large as 10000 km?* and more for CAT-IV (up to 11000 km?
for the wet bypass) and CAT-V (up to 18000 kmz) releases - when considering the 95%
percentile of the concentration distribution. Most of these large areas are attributed to tritium
and the fact that there exists no special intervention level for food banning for tritium.
Therefore, the value of 1250 Bq/kg fresh weight was selected as this value is appropriate for
Cs and other long living radionuclides. However, the radiological significance of tritium is
much lower than for Cs, thus an overestimation of the ban areas cannot be precluded. It seems
to be necessary to evaluate specific ban criteria for the use of tritium. Nevertheless, also when
releasing the CAT-IV limits on dust (steel), initial ban areas of several thousands of square
kilometres - for Cadarache (up to 2000 km” for the 95% fractile) - have been estimated.

4.2 SEAFP

One of the aims of the SEAFP study was to quantify the environmental impact from
future fusion power reactors, in particular to demonstrate its potential in safety and
environmental aspects(zs). Two power plant designs were studied:

1. PM-1, using an advanced vanadium alloy structure, a lithium oxide pebble bed tritium
synthesiser and pressurised helium coolant.

2. PM-2, a near-term concept with ferrous structural materials, tritium synthesis in liquid
lithium/led, and pressurised water as the primary circuit coolant.

When identifying the potential accident sequences, no active safety countermeasures
were considered. Mobilisation of the inventories, their transport to the external environment
and finally their consequences to the public were assessed. As for the SEAFP study, the
computer systems UFOTRI and COSYMA were applied for tritium and activation products,
respectively. Differing from the ITER applications, the definition of the source terms within
SEAFP took full credit of the transport and depletion processes inside the power plant. This
led to rather small releases into the environment, even if several kilogram of activation
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products and up to one kilogram of tritium was mobilised initially. Also the accident sequence
lasted up to several weeks which is again in contrast to the one hour duration of the ITER
scenarios. A further difference was the selection of only one deterministic weather sequence
which was identified as worst case for HTO releases.

The early dose for both concepts are far below the conditions where evacuation should
be initiated. In no case, one mSv was exceeded. Also the EDE was found to be rather low,
highest values amounted to about 40 mSv. Within all calculation, the advanced plant concept
PM-1 showed lower doses than PM-2.

5. Summary

The UFOTRI is widely accepted in fusion related studies as a reference tool for
assessing the impact of accidental released tritium. By coupling it to the European assessment
system COSYMA it was possible to perform dose assessments for combined releases of
tritium and activation products. By applying these tools to potential European sites for ITER,
it could be demonstrated that the main goal, the non-evacuation criteria, is fulfilled also for
specific sites in Europe. However the banning of agricultural products was identified as one
potential countermeasure which might be initiated after a major fusion accident. However
there exists no specific ban criteria for tritium, thus these calculations are of preliminary
nature.

The assessment of food countermeasures also highlighted one of the areas where
UFOTRI is still under development. Plant exposure experiments performed at FZK together
with the development of a specific Plant-OBT model suggest an improved modelling of the
formation and translocation of OBT in cereals. In addition, the soil model is under revision
and may be also improved in the next version of UFOTRL
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Evaluation of Long-Range Transport of Acidic Substances in East Asia

Yoichi ICHIKAWA and Hiroshi HAYAMI
Atmospheric Science Department, CRIEPI

At the end of the 1980's, the Central Research Institute of Electric Power Industry (CRIEPI) began
an analysis of the transport of air pollutants in East Asia. A transport model of sulfur oxides, in which
various physical and chemical phenomena in the atmosphere were simplified, was developed, and the
validity of the model was studied using the data obtained from the acidic deposition monitoring network.
The results indicated that the calculated and measured amounts of dry and wet deposition at most of the
21 locations throughout Japan agreed within a factor of 2. Furthermore, the transport model was able
to predict the annual amount of sulfur deposition in Japan at 80% or higher of the observed value. Also,
using the transport model whose prediction accuracy has been thus confirmed, the source of sulfur
compounds deposited in Japan was estimated. The result indicated the contributions from Japanese
anthropogenic, volcanic and Asian continental sources to be 40%, 20% and 40%, respectively.
Recently, many institutions in both Japan and abroad presented similar research results, but the results

do not necessarily agree regarding the source contributions. Under these circumstances, re-evaluation
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of the compatibility of various transport models has become necessary. This paper introduces an

international project, in which CRIEPI participates, regarding the compatibility of these models.

Keyword: Acid Rain, Acidic Deposition, Long-Range Transport, Model Intercomparison, East Asia
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Fig.1 Conceptual schematic of the hybrid model.
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Table 1| Comparison of sulfur depositions predicted by long-range transport models with observations.

(Units are in 10° t/y)

Trajectory model  Hybrid model Observation

Dry deposition 0.11 0.16 0.21
Wet deposition 0.25 0.27 0.32
Total 0.36 0.43 0.53
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Table 2 Comparison of source contributions to acidic deposition in Japan (%).

Organization Substances  Period Source References

Japan Volcano China Korea Others

CRIEPI S(wet) 1988.10-89.9 29 20 38 13 0 (12)

S 1988.10-89.9 40 18 25 16 1 (3)
Osaka Pref.Univ. S 1990 37 28 25 10 0 (13)

N 1990 76 - 13 11 0 (13)
Yamanashi Univ. sulfate 1988 47 11 32 10 0 (14)
World Bank S 1990 38 45 10 7 0 (15)
CAS S 1989 94 3 2 1 (16)

CRIEP!I: Central Research Institute of Electric Power Industry, CAS: Chinese Academy of Sciences
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Fig.4 Participants of the workshop on transport of air pollutants in Asia,
held at IIASA, in Laxenburg, Austria during July 27-28, 1998.
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1985 FENERT VT HBIC BT A MERIYOBEEROBME I 2L -V 3
YEERL, ERORBELFM L. ARICBITAENORERICERT 58
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HILBEEDOH 110 THo 7o IAMHBBOXEEIIEE, SERTFERREH
BrSHEINTHEREIOREBIKREL, —FH, FRIZBITIEEFERF
EDOFEEN S DFENTKEIWI EARENT,

Long Range Transport Model
---  Long Range Transport of Sulfate material over East Asia ----

A long-range transport model has been developed in MRI( Meteorological
Research Agency), which is composed two sub system. One is a
meteorological forecasting model which is based on the operational model
used JMA ( Japan Meteorological Agency). Other one is a transport model
based on the Lagrangian particle method with randum-walk deplacement as
a diffusion process. Physical processes in the transport model are dry
deposition, below-cloud scavenging and chemical transformation.

A numerical simulation of the transport of surfer oxides in East Asia was
done for the case of 1985, then annual deposition over the surface was
evaluated. Amount of the wet deposion over Japan from neighbering
countories is 0.05gS/m*m/year, and the dry deposition is 0.02 -
0.17gS/m*m/year. These values are almost 10 times lower than the value
observed in Japan. Therefore, it is inferred that the contribution from foregin
emissions is low on the order of several percent.

Kita-Kyushu is influensed from South-Korea,Taiwan and south-easten
China. On the other hand, at Niigata dominant source area is China.

Keyword : Long-range transport, Acid rain, Sulfer oxide, wet and dry
depositon, scavenging, Lagrangian particle, randum-walk.
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Figl Transport processes of SOx
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Fig2 a) Domein of model and Topography
b) Descritization of vertical co-ordinate and array of variables
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Fig3 Schematic chart of tranéport model
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Table 1 Dry deposition velcity used in model
Vd (cm/sec)

Species Land Water
S02 0.51 0.32
S042 0.21 0.02

COMRETHOWTWAREY 7EFNVTREDORANFHE R L VO TRBELEER ITIZEKICX
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Figh Distribution of observation point and selected point of model
OB: observation point, CA: selected point of model.
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Analyses of the Variation of Rn-222 Concentration using the Atmospheric
Dispersion Model

Tetsuya Sakashita
The 4® Research Group, National Institute of Radiological Sciencés
Toshiyuki Murakami
Nippon Steel Co., Ltd.
Takao lida, Yukimasa Ikebe
School of Engineering, Nagoya University

Analyses of the variation of *?Rn concentration have been carried out by the atmospheric dispersion
model. The relation between the origin of radon and the concentration at the observation point was
investigated. As the results, it suggested that *’Rn emanated within 40-kilometer circle around the
observation point mainly contributed to diurnal variation at that point. The variation of 222Rn concentration
during the passage of migratory high at Nagoya and when a northwesterly seasonal wind was blowing in
Kanazawa were simulated relatively well. In addition, the transport of *?Rn by the low-pressure system,

which it was moving northward and to the east, was visualized as an imagination. However, the high
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concentration during the passage of low-pressure system in winter could not be reproduced by our model.
Although the some factors of it were considered, it needs to investigate the more detail analyses in the

future.

Keyword: Origin of *?Rn, Transport of *’Rn, High- and low-pressure, seasonal wind, diurnal variation

1]

1. W3

19 8 84D UNSCEAR 1988 report” {3\ T, HAMARIC L Y R 2 BREDK ¥
2Rn (LAFZ F¥), ®Ra (Fuay), RUZOBEEORAILIY b72bEIND T EBRESN
7oo U, T RFUPEHBRHFIEKRE LTREYEOFEER ICH LTI MOATWS, L
L. 7R3, KROBZX 2557200 b L—4 & LTRBDHOMAEICD LML KA
HRUEETH D, PO TIE, BERRT TORIDOHEREEZHLNIITHDHD M
—H L LTHEB IR, 7. B L REMREAT & 05, BRHIEROZEZSICONT, 20D
BAROMITIC LT RUPER EREY, BETH, KROKBRETVOHEE ML —HE L
THUREOHOMEEOEE2EDTNEY 9,

L2 L., T RUBEEMAZRLE LTER L ZANLBRL TS D, BRMEEZHER L TWD
FRVOBREAZHEET D EEEELY, 72, FERIIBITAEBEDCT RU2RIET D Z LT,
M ERAT 2 RCEREELRAERBOLERR OO ER LOMBERLTHWD, 25 L
EEND, BETLZ FUOoBRBEZR2ICIEETE L LIV ARVRIEESH S, 77725, |
L—t & UTAFN R ABEET B, FO70, ETNVHEIZ LS T RUBEEBOETEZITWS
RyBE2 S LIHB LW ZENEETHD, £I T, AFARTIE, REKILHET VE AW
T FUBEEEBZBEIL. TORENLT NUOBBERSD Z & 2R A5,

MR F V) T VERD, LAY FRUTORMKKEZBLT, EFEEZEX 5%
BREBREND L) oTn, ZORBEOREROIHIZIE, KHIREZ B 3720 TR, B
L AWEMMAE ERT DI LPEETH D, TOREHOOLDIZ, RIILBEET AV LI LK
BRESNAZZEDNTRTERN, ZOTTLVORIECT RUPERA I, TEFVORBIZET S
T ENRMFEEND, FOEDIZL, T RVOBREEZHREL T LERD S,

2 BT, AVERKRIEBET MCOWTHHT 5, 3 B 1 #iTid. 7 FUBURET b DR
BEL KETTT RUBE L OBRE, 3 3 2 8 CI3BHMN & HEEE OEBIZE LT 4 F4)izo0
TR, 4 ETRHRLSBOBBEICONWTE LD D,

2. HEEFTL

2. 1 FHEMER

MFALIZRIT B RERFT ROBEEBE BRI 572012, SHEFRE UTHHR E Rk L
O 2 FEEERE AV D, RHEHEORER T, #RMMADRKIEERED BRI X > THAE
CT5,. 7 FRUBEORESHEZBFRTHZ L2 HEL T D, KFEHT 200km X200km, FHE ) 1km
O THD, T, EBRHEOFEK T, [IMO > THRAIZBET 2= TG LT K
VICEDBEEBELBE T LEBEL TS, KFEH M 4000km X 4000km, FRIE 7 A)C 4km

— 120 —



JAERI-Conf 99-001

OB TH B, MFEREZ KEH I 50X50, EE TR 20 (IZ0FI Lz, @A L=ET7 voEk
. BHSRTOMBERBRIZII T 0y 7L, AR TOMBERBIZIIHFUEIVEZE R % AT
%, ZOMmERE Figs. 1 IZT~7,

U

/

i

regional mesh H

ot EL

S

?} Nagoya Univ.
L

R T
N
L5

&j 3 A

200 km

LB NRE
= IERINEENI

Fig. 1 Local computational area.

(a) Local area

2. 2 #HEFK

Fig. 1 Regional computational area.

(b) Regional area

Figs. 1{a-b} Computational areas

HEFERONRNTA—F % Table l IZF &5,

Table 1 Methods and parameters for the simulation

HEFEEWK S REEtE . IRETE
I35 A B | e
200km X 200km X 1km 4000km X 4000km X 4km
(1cell:4km*4km*50m) (1cell:80km*80km*200m)
7y 7 i HT HEHL AT
~w ST IH
| EOREHERM L LES - EIZRC
| EF (#)11:1983) © (B :1992) 7
AR RE/N -/ €7 ERik
+ Dichl(1982)D> 5 ¥ L7 4 — | - fiiJIl (1987) DEIE EXQUISITE
7k 8) %9)
1 Yamada(1983)? 2 kA —4—D BERZXHILE
Hiirzo—Uy st AR 72801 73 A
BB 60m?%s B ®
TR 2 0.5m%/s 1000m< 0.5 0.5
200-800m 30.0 3.0

R I VO FIBERK

- 3.1 OFFAT )5 1Rn atom

« f2#15>5 1Rn atom cm?s™

1com?s! < WED D OB % EAR
© 3.2 OfifKT « HUIRSYAR
< VETED D O GE FEAR
TN YDA L EIZEC
I vOFRHH Y
150 # 300 7

— 121 —




JAERI-Conf 99-001

3. HERBRKUVEE
3. 1 7 RUBBBETHL DR L RKT T FUREE ORER

7 RU#GEEAT & B L OERES, SoRE, RITRE (ML 1m) ZBFRT 2000
WTRMT 5, BHEFIEEZUTIZRT,

Fig. 2 IZRT X227 Rrof&fiRsy . 4 HERF~¥E 10km DIHN. 10~20km, 20~
30km, * *. 80~90km & R—FVAENIXGIY | FHEENOHEGRT DT Ptk —F
ThRRT, FLT, 1990412 A 11 BA5 1991 €1 A 3 Bzt T, EBEORREHFOTF., $I
FHBY I ab—var&iior, ZOMMICIE, b~L7E 0EH KEH TRTFHERD b o EA
L AR, ZEREANELS LEBIES THAE LT FUroRBE2Z T 2508815 5,

Fig. 2 ?Ra source area divided into some rings

HEMES Fig. 31277, £, ¥R 90km NN LEET ST R 100 & LR A
PHDEE% Fig 4 12T, Fig 3 LV, FEEILOFEOHEXMEL. AEBE & HITHERBL
TWBETFNRDN D, E72Fig 4 LYV, HIFES LoENLGIL, 22 20km PAND>H DF 543
3/4, ¥ 40km DN ET 5 LB ODFEHIZR D, UEOFHERRENL, BHRAOILE
HCHE LT FroFE BRATOREEHINRVFELTVWD LB FRTE D,

Kz, BEBIZESLTCWDE T R OBGERICOWTHERBR L2175, 22T, BEH%
1 AOEBME L O LREITT 5, ZOBKIL. (1 BOEHREICAHTHH) = (ERTHE
WD R / (fig 1 2B OBEIESERE) L LT,

— 122 -



20

Concentration (Bg/m?)

Contribution (%)

JAERI-Conf 99-001

0 -20km
B 20 -40km
40 -60km
VA 60 -80km

15

10

d XY \\ ¥ ',‘\ X \\ Q
ok AR ‘/?E’//}'/.m*\ ORESSN \,{4«/,

0
SN

<3

QQ‘.§

N
X
WY /}/\/‘}}.

11 12 13 14 15 16 1718 19202122232425262728293031 17 2 3

Date

Fig. 3 Variations of *’Rn concentration emanated from each area
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Fig. 5 Ratio of concentration each hour to the daily mean
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Figs. 6{a-c} Concept of the diurnal variation by ***Rn emanated from near observation site
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Fig. 7 Comparison of observed and calculated concentration with

some meteorological parameters
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Figs. 8{a-c} Transport of ??Rn by the low pressure system
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Fig. 9 Position of the low pressure with cold and
warm fronts (30" Dec. 90 to 2™ Jan. 91)
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Fig. 10 Comparison of observed and calculated **Rn concentration
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Fig. 13 Contribution of **’Rn originated far from the Nagoya area
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Figs. 16{a-d} Comparison of observed and calculated **Rn concentration in Kanazawa and Contribution
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Studies on deposition, adhesion and resuspension of radioactive
substances on the ground surface and ground cover

Susumu KURITA, Kazuo KURIHARA
Atmospheric Environment and Applied Meteorology Research Department,

Meteorological Research Institute, Japan Meteorological agency

After the Chernobyl' nuclear power plant accident, resuspension of radicactive nuclei into the
atmosphere is fecognized as the one of the important processes that must be considered in the estimation
of inhalation doses to humans!-4). In this study, resuspensions of particles from soil and grass have been
studied. The resuspension of particles from bare soil was modelized by using Shao's method”. The
resuspension of particles from grass was studied by a wind tunnel and a field experiment. Dependencies
of the resuspension rate on time and on friction velocity were obtained clearly. And it was also found
that the other meteorological parameters, such as temperature, relative humidity, solar radiation and

condensation, affected the resuspension rate in the field.

Keyword: Chemnobyl' nuclear power plant accident, Atmospheric Diffusion Model, Resuspension of

Particles, Resuspension from Soil, Resuspension from Grass.
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Fig. 3 Time dependencies of horizontal flux (experiment).
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Fig. 4 Dependencies of horizontal flux on wind speed  (broken line : experiment, solid line : modeD)
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Fig. 6 Schematic diagram of wind tunnel experiment.
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Fig. 7 Wind Spectra over the grass in field and in the wind tunnel with laminar and turbulent cases.
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Fig. 12 Results of the field experiments.
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Fig. 13 Resuspension rate with effective friction velocity, sensible heat flux, relative humidity and temperature.
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Development of Water Circulation Model and Application to Tritium Diffusion

Hiromi YAMAZAWA and Haruyasu NAGAI

Department of Environmental Safety Research, Japan Atomic Energy Research Institute

A numerical model of the ground surface with vegetation is being developed to dynamically model
circulation of heat, water and other materials. At present, coding has been done for the movement of air and
water, which are media of material transfer. The atmospheric part of the model consists of momentum
equations, a conservation equation for heat and a turbulence closure model. The soil part consists of
conservation equations for liquid water, water vapor and heat. The both parts are connected with the ground
surface heat and water budget equations. Although the vegetation has no heat capacity, the model considers
formation and evaporation of liquid water on leaves, transpiration from stomata and shielding of solar and
atmospheric radiations.

Since this model describes the physical processes at the ground surface, it is not directly applicable to
assessment for circulation of certain material. However, the model can be applied to ground surface heat
and water budget analyses, and to atmospheric models as a surface sub-model. As shown in the application
to an HTO transfer simulation, the model can also be used as a framework which a material transfer sub-
model is built in.

Keyword: Water Circulation, Atmosphere-Soil-Vegetation System, Tritium Diffusion, Numerical Model.
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DEVELOPMENT OF AN ENVIRONMENTAL TRITIUM MODEL; ETDOSE

ANDOH Mariko, TAKAHASHI Tomoyuki and AMANO Hikaru
Department of Environmental Safety Research, JAERI

ETDOSE is a simple computer code to calculate atmospheric distribution patterns of tritium for an acute
and a chronic release of HT and HTO. This code calculates tritium concentrations in air, soil, plant free
water and OBT, and estimates dose impact by inhalation of air and ingestion of food. Participation in
IAEA’s model validation program BIOMASS has been done using this code for BIOMASS Scenario 1.
This paper shows the outline of ETDOSE and preliminary results of model comparison in BIOMASS

program.

Keyword : Tritium, Environmental transfer model, ETDOSE, Model comparison, BIOMASS
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Scenario 1.3: HTO Release - HTO Concentration in Air Humidity
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Study on Transfer Behavior of Radionuclides
from Soil to Plants

Shigemitsu MORITA, Hitoshi WATANABE,
Hiromi KATAGIRI and Kunihiko SHINOHARA

Environmental Protection Section, Environment and Safety Division,

Japan Nuclear Cycle Development Institute (JNC)

ABSTRACT

Technetium-99 (Tc-99) ,lodine-129 (I-129) and Neptunium-237 (Np-237) are important
radionuclides for environmental assessment around nuclear fuel cycle facilities, because these have
long half-life and relatively high mobility in the environment. Therefore, We have studied on
determination method, distribution and behavior of such a long-lived radionuclides in surface soil
environment.

A new analytical technique using Inductively Coupled Plasma Mass Spectrometry (ICP-MS)
and Microwave Induced Plasma Mass Spectrometry (MIP-MS) were applied to the determination
of long-lived radionuclides in environmental samples. The sensitivity of ICP-MS method was 10 to
100,000 times higher, and the counting time was 100 to 100,000 times shorter than the
conventional radioanalytical methods.

The depth profiles showed that more than 90% of Tc-99, I-129, Np-237and Pu-239,240 were

retained in the surface layer, up to 10cm in depth, which contained much amount of organic

— 170 —



JAERI-Conf 99-001

materials. The result suggests that content of organic materials in soil is related to adsorption of

these nuclides on to soil.

Keyword: Long-lived Radionuclides, Mass Spectrometry, Aging effect, Adsorption to Soil,

Transfer Factor
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¥R LTLED 720, ICP-MSTHIET A Z LIIHETH - 72,
2T, TORARHAZERZYHVL~YA 7 877 A< EES FEBEMIP-MS)IZ X
LEBEIIOWTHE L, MHEB 2 TIIRT,
a) MELBDOWET ; ppad Hppt LNVOBIEEBE B EET A 20OBEFFIZOVWT
5 DA
WIFELEOKRE  HEMMETARIYEL 25 < M) 7 AE, AEFLEFORE
EIZoOWTHRET L7,
QERBOEE ; EXH L. SHEAER LAMIP-MSH: L 1ERE TH 5 PHTF BEHML 04T E
I EEBL, FORRETHEL,
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F 7, EESOcmE T a 7IRICEEZRELL . Tc-99, 1-129, Pu-239,240, Np-23755 D SR 5
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2.3 MR & IERE & OIERIREART

KB LR FAOBEOREEE LR T 5720, HIEOWEMER RESH, KE
&) RUMLFEMER (G - BA 4+ OZREE, M- TV =T ARE, EERRKE. &
R - BRIRES) oML, BIERE L OMBZ#ATL 7,

24 L —YHER
KB IBHF~OBEOSETHEL 6 E IR OE L. BREORFEBOMHZ AL,
¥z, £ OBEEIBEEBECTELRENEG 2D LEZOLNDL I DL, HilFFH TR
UL 72 ERA R OHEENRK LY W THIEN S OBF RSB 2 B L2,

25 BT/INIXA—20OMNE

Tc-9913. ZFOMEIPHYWOUETE THH Y LA EHUL TWD -0, KR~ E
WINPTV EELR TS, EE. P LY EBROKERE »RIIBITREEEHR TS 25
X101 5508 WHEIELN A Z LG SN TV,

T, EBEFBESHL. E74 -V FIBIF2BITREZHE L1,

3. BREEE
3.1 E¥RiIEOSEERNTENRHRE
3.1.1 BIERHICERT 3451

WO R I R RE AR SR E SR, BeE Table 1 Operating conditions of MIP-MS
DFE/NT A—F 2L > TEAT 5, BHER

EHAR(1-127:200ppm, 1-129:1.4mBg/mi) % ] Microwave power (kW) 13

VW, NT A—F RRELIER. e & Detector power (kV) 3.5

i3 Table 1127%F & B Y TP LT Mass range (m/z) 127,129
B, COEBETIZBITAL-1290KR T Dwell time (ms) 5

PREZsE L2 7)0.05mBq/ml“C“5)o YA Waiting time (ms) 10
Lo L, I-127 DR % #50~200ppm (2 Sweep times (times) 6000

Fle 3Rt lE LR, B2

1290 5IKIC —EDESTEENH LI & Wating time

Bbhoie £oT, EXBLEET 2H S

B T WEEETOL127RE £ ER e Do Dwll

L. FOREELREDI-127% & OEEFR Osms - N\ Q@sms

FCREBHAEMNT S (RPN v 2Ry oy, X10tmes

F o TERD) LWEFHDH I EIFIHL 2.

Fig. 1171- 1208 B~ DL 127 DB B 277 Swecp 6,000 times
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3.1.2 Rt - BRE

I FBEEEI BV O, BRERXEY
LEERT V) CHBEML 5 Z &I Wk
Thb, FI/, F7uroBEEYHV
7o B OBAe . MEEIZZ TR
T LTHAHID, REXRTOI-129% iH
THIERTERY,

B4 AL SR OO 8E - B REIZ W
THRE LR, ERPTHERE SEZRIC
WHERTHEL ., BARIZKBRIET 7 X
FNVT VEZTLATMADICBR X ES
L&D, TR I RAEMERCBRETE,
o, 1-129%BUNTE 5 2 &b h oz,
Fig. 212 L7z A % — A 2R,

B, AEREOSHEIFRIZF60~80
%. i FIRMEIZH1.5X10"Bg/g dry. #D
BLBIEREI0%BU T THY ., Hh il
EETHLEEZONS,

3.1.3 EHBOHATE

E+HEHF IOV T, MIP-MSER UFH
FREHESATEIC L DV EBEFIT o 72

T, WEBEPOL2TOBRELZMEL
TAER. PHTREMESHETI2ppmTH o
72D Xt L, MIP-MS Tid93ppm & (3UZH
HELfETH o7,

L oT, 1-127RE %2 93ppmIZ#H R L 7
F120FEME MR ICE D REMEIER L., £
KB zERE LT,

FORE, MIP-MSEIZ LA E=mARIT
2.4X10'Bg/gdry TH V) . TR ES T
B D EBHRETH SH2.3X10°Bg/gdry &
BL{—% U7, &R % Table 2127777,

3.2 BELANIOIEE

FE T ER O R EIIAE IR B O 8 ey
% Table 31278 T o FEATENZ BIT D IREEK
#13, Tc-997T10'Bg/kgdryf2fE, Np-237T
10°Bg/kg,dry#% £ . Pu-239,240 T 10" ~ %X
Bq/kg, dryf2ETH 5 Z L 272, T2,

80 .
-1 —©—I-127:51.4ppm
2 —8-1-127:103
& 60 F 1127150
‘; t | —l—1-127:206ppm
E H
o0
g
=
=3
o]
@]
0 o
0 0.5 1 1.5 2
Concentration of I-129 (mBg/ml)
Fig. 1 Calibration curves of I-129
(Matrix effects of 1-127)
Sample
Ash in electric furnace(1000°C)
Trap with charcoal
Ash in electric furnace(550°C)
I
Trap with charcoal
|
Leach with N aOH
I
Pd coprecipitation
I
Ash in electric furnace(550°C)
|
Dissolve with TMAH
Measurement by MIP-MS
Fig. 2 Scheme of analysis method for I-129
Table 2 Comparison analysis of [-127,129
in soil samples
. 1-129
sample No. Method 1127 4
(ppm)  (X10"Bq/g)
Sample-1 MIP-MS 93 2.4
NAA 92 2.3
Samplez MIP-MS 88 1.9
NAA 82 1.9
Table 3 Concentration levels of radionuclides
in surface soils
Nuclides  Sample number Range((étqilc()g:derr;t)r ation
Tc-99 22 8.1X107% ~ 5.8X107!
1-129 10 2.0X1073 ~ 2.0X1071
Np-237 22 2.0X104 ~ 1.4X1072
Pu-239,240 68 7.2X102 ~ 4.4
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KFHEM &Y b BAEHO AN RED &\

MR & L7z, ’
2 7R IR ORI ERE R % Fig. 31”F 10}
WTFNOBEE O ABEICBALKET 2
10cmE TORIZEED 0% L EARE S h gm'

TV LV RO NT, 2 3l 19
Tc-9913 —fx IZBR (LAY S5 B & T TeO, & Ig;%
WIHLERE L 70, Kok & HITBT 40r =0=Pu-239+240
L. gEAEoBFREE R eELon | 6 B 4 ot
T2, ERBEFIZBITHAHERIZOH 10° 10* 1072 10° 102

IR TAHIDTHo7, FOHRERELT Concentrations (Bg/kg,dry)
. BTORRLZZ 50D, Fig. 3 Depth profiles of long-lived
a) REICFIND A & DI radionuclides

b) AR L A ARBEA~ DL
o) ERIZ X 5 BIVER, F/213, BT

3.3 TEOMRK CIBRE & OB

Tc-99 K% U'Np-237122W T, HEOWHE - L FmHIRE BHERE & OMBIZOWTHAL
ToRER, MBELLARRZEELOMIISVAHBBREIZDO LN, ZORRPS,
Tc-99 % UNp-2370O TR RB~ORFFIIIFRE LEPIHFETL2ARYFHES L Twa l L
IR I N,

3.4 FL—HHER
3.41 EEWHEERN

stz | . [EERGERE] . (8- <o FUoB bS] . [EMEE] | (RG]
DRI BEL ., TcDTIBR F~DOEEEGTRELY BRI L 72,

Soil samples

Distilled water =% ( Water soluble form
i

MgCl, solution — { Adsorbed form

Ammonium acetate solution — (Peculiar adsorbed form)

Hydroxylammonium chloride + Acetic acid— (Fe,Mn-oxide combined form)

Hydrogen peroxide + A mmonium acetate solution — (O’]'ganic matter combined form)

Hydrofluoric acid—% (Crystal structural form)

Fig. 4 Scheme of separation method for combined form to soil
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F O F, Fig. 5ITRT L9120 Te-95m
AL 7CEBRIIKBERRARELE VoL § - § _ E%ﬁf
BAT LR T VB HSAS, BB (- * : B honon
v UEER) BEL AR, gk T
W EARERAABEL o o BITL
VRS LT B2 Db o,

L oT, BYEBREFEET VCHERY
RSB ITREED /NT A =5 11,
MHEPHEMIAE LTI OEMNI D 5
TOMHRPEHESLERBICANTELS
EEUENHLLDEEZLND,

Organic matter
W Crystal

Adsorbed rate to soil (%)

S5 20 30 60 9% 120
Aging period (day)

Fig. 5 Variation of combined form of Tc-95m
depending on aging period

3.4.2 BHEEEN

WA R 1T Te-95m B O Cs-1372 7ML, 1B 251200 M &E L 7-7%. BEM THRIL
7= E/MAK(pH=5.5) K% OHHE BEVER K (10°M HNO) 2R L. K7 ICRF S Tw 2 ElE
PRI,

100

FOER., Fig 6127RT X 912, Cs-137D _ ow*“”];:mqﬁﬁf!
8 80 Feererrens - T e 0
BARI— VY SRR ST H T ¢ gy leitege !
R R NDEAHEOD, Te-95mD B A1 N —
L= :j M 7*%&5 753‘& < 72 Z‘) b:1¥ W A j:‘ ﬁ*j é) 40 -:' -.:-Tc—95m rain
FIRH SN EEFE HoTLBEY o B T o N3
IERDPELNT, a —O—Cs-137 HNO3
0 s e .
$7:. KWL BURRIERIA & Tl W OTTARTA0 @ w0 i
-~ in riod (day)
FID KB b 20%72 FERE TR 0 7 45 T il Ena et
TASE AR ASER D S Tz, Fig. 6 Variation of remaining rate of Tc-95m

depending on aging period and eluate
3.5 BT/ X—-200E
3.5.1 BITREORAER

TEAE YR EE —E TRBICERRL., €O E P DTe-99, Np-237,
Pu-239 24018 2 E & L7ze ZO&E., HERXFPOREIERETEOD D, YR+
DR 13 Pu-239,240 5 3 FRRIELL T CTH - 72,

F T, Te-99 KB UNp-237122w Tid, HIEAB T ORE L DA OB T RE»S .
F 77, Pu-239,24012 0V T HIBR ORI RIREE 2 O AT B 2 Bl L 7o #R % Table
410 T o Np-237 R UPu-239240ll 2 W TIHBEICHE I N TV S P L - EBROKFR
(Table 5)& M T o 7275, Tc-99D3 1L BEH 5 E D 1/1007% 5 1/25,0008 2 TdH - 720

SNEFTICERBL TELZFL—FREBEEREPL. Tc-9UIARY AR ZEB LAY, 41
CEBTLEINAEZLICEVAAETREL LIS B2 LV IEEPBOLNTV S, fEo T,
EROBEHRTIE, WY TE2{LFERE (THE) Th o KEELREERDE G T —
SUTBII DAL EAIEICE, P RBOEREEICHEL LABITRE LY
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b7 4=V FF—y 2 RICHEE LEBITRED LA 26D LEFE 26N 5,

Table 4 Transfer factors of radionuclides

from soil to agricultural products Table 5 Transfer factors of leafy vegetables
Transfer factor (-) . Transfer factor (-)
Laboratory

Tc-99 Np-237  Pu-239,240 Te-99 Np-237  Pu-239,240
Agricultural soils ~ _ 1

US NRC*1 2.5X10°1 25103 —— (Bakgdry)  20x10°1 40x10 17X10

Leafy vegetables . i
USDOE*2 5.0X10 25X103 22X104 (Bakgraw)  +0%10% 80x106 2.0x10 5
IAEA*3 5.0 4.0X102 50X104 TranSf(Zf)faaors 20%x103 20x103 1.2X 104

*1:US NRC Regulatory Guide
*2:USDOE/TIC-11468,31
*3:IAEA Safety Series No.57

3.5.2 BITRHOEHER
BAT R IO LR T D #5558
B (DA PHSLTwL0LEER 10°
bhal-o, TREKICEEY JITTER
D—2T &5 LpH & FECARTR O BATHR 10* 107
e oOEHEIZOWT, 74 —=NVFTFT—%% ® o
AL 72, 11054 TR ' N 410
F DR, Pu-239,2400 354 13Fig. 71K - Dé] ¢
T X2, TIEOpHA LA T 5 L5 BREK 10— 107
bERL. BOHIBITREEBAST S Lw - pH of soils
IRERPEL NI,
L% BIAGRICEBYRIZTERICDO Fig. 7 Relation between soils pH and kd, Tf
WTHITZ DL TFETDH S,

kd (@)

() sio1oey 19)SULI],

4. T&O
DEESEETHVREFEIBEOSREEEE 2B T LIZLY . 74—V FF—
¥ % FIC L O RBIT RO REE o 72,
NDNTA=NVFTF—F BRI —HREBEERELEICLABITEHFNICLY ., BHICE-> T
FEHIINT & HIERE (THERE) OFEHVRBIIIELT 2 I Lo bh o7,
N L— R RFRICEE LT A =P E T A= FF— R BB L7285 A —
&R H e, RS, WENERM L dR LT ARERZETFMOL I,
ML= REEDEREFIRIZBHRLEBITNRNTI A= F ZHWHPEROEE* L ) IEREIC
HHTEXZ2bDLEZONS, 72, HRMISO FF)H RS 12485 B 28 SIS
B EME 2N R ETLREZEFMOLAEIZIE., ©LAT74 -V FTF— % 228 T
L7zBIT/NT A= 2 FIH L7 ADRRBVWbRDEEZ LD,
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16, BEVESREO LB REREINE DR

KT
BRI BRIt E

NEIDABETEBN WP & N BE R B L R RIRO AR OERE OFHED —B &
LT, IIVFRL—8—E2HNT, I SMEBETTROWNEBEICORE DR L TE . 20—
DI NN K DWBTTHEDETIND/NT A—5 —T b SRR OSSR E RO H 5.
ATV ERAWTES N/-BRRIURRIISEERIC L DTS DENR SN, CORREHSMNITZ72DI,
A BB OBINRIURE Z AN, TNEHTUTERRHD Z Lz a<y 2 RWTHEEHEEED
S OBRITHI A E LT DOV THIX TSRO, & 51T F L—H—0130 5 OB IHRORI T L%
KD, BITRKORRL & OBEEZ Rz, BERORREICBEL T, 1RO OMEITE
BT E DL S THBERFTThE, 1 ABLEMT MIOWTREBH2E > TN

Evaluation of Absorption of Radionuclides via Roots of Plants
at Different Growth Stages

Shizuko Ambe
The Institute of Physical and Chemical Research (RIKEN)

For the environmental risk assessment of radionuclides and toxic elements which were released by nuclear
power plants and factories, the absorption of trace elements by plants has been studied by a multitracer technique.
The selective absorption coefficient, which is a parameter of an uptake model of radionuclides by plants, was
determined for various radionuclides. The selective absorption coefficients of some elements varied greatly in
experimental runs. Therefore, the selective absorption coefficients of radionuclides by komatsuna at different
growth stages were determined. Moreover, the soil-to-plant transfer of radionuclides in komatsuna at different
growth stages was studied. Extraction of the radionuclides from the soil was carried out in order to study the
correlation between the transfer factor and the aging effect of the radionuclides in soil. The effect of soil acidity
on the absorption of radionuclides in soybean and tomato was studied using the plants at different growth stages.

Keyword: Komatsuna, Soybean, Tomato, Root absorption, Growth stage, Selective absorption coefficient,
Transfer factor, Multitracer

— 178 —



JAERI-Conf 99-001

1. BUBDIT

A EFEENC EDRVBEPICHH I N 2 BRETZE B L UEETLHEDO AMEAOERED
HEO—BEL T, IINFRL——EEHWT, M 5MBTROBNEEEITDEOH
KELTERE, " B 79170 0 2A0NTERBREEZRIRINF—OE—LATRH
T2 ESOPICHL OBMHERENERT 3. RLZINS2EL OTLKRICHHETTIC, £
EOENWTTRTOMEEZ ML —Y—E L THWAERZRRLEZ. ® Zhs5Ob L —U—%
THNFrL——,@EB L, INFRL—U—2RANDLEE<DOTROEHEZFKICBLII &
MTELFENDSD, ZOHERBAEZORZVEDEBICE > TEDLDTHERATH S,

2 TR ORI 2 A F BRIV F MY — BRI X DA RE 2 HmET
%, WM& D HEEBERNETFIDINS A—F —TdH5BRENAROERRREEKGEED
Bz DicBWVWT, OV FIE 5L OLFOBRENAKIEERICEDESDENR LN,
ZORREHSMITEEHIZ. BECETEROBOLIBRENERARTTREBEZRN .,
CHEEFUTABTRBEO I LR3IV FERVWTHREEEO BN S OBITRE PEE L
RIZOVWTHZIZRDE, TSI L—H—01EM S OBEHROERELZRD, BITHRED
BT L OB E RN, BEROMBEEEEL T, BETSMEY OB ORIIC &
DEIREEBERIFITNE., FMXBLURTRMIDOVWTHREREEB> TR ¥

2. B
2. 1 RINVFPL—Y—BRORH

WEY > VA 70 O TIELABI R E—DORE, 8% BROIAE—LTE,
AR L% BEHLENAETS. 8057y MIEEZR DRV, o/ BRICITE <
DIEROBREEENEREKORETEET 5. ERIOBERIZIEDL I BRERICHIEANE
EIHENESENEVNIDICBENTRINTNS, ¥ EYOEBRITIIBREENI pH 5 O
VF L —Y—KBERERML .
2. 2 BB ZERD DB

BELD 17, 24, 30 AEERLAEZOIYFEINT P L—H—2FUREE (BEOEER
Z 505U b m) T—HRM 23°C THRE 200001x DX T 12 ReHRHE LRSS ERL 2.
—ABEERCHTT. BRERBEEOR VSRR TIEMERLZ, N5% 65°C T—HMER
Litt, TIAF VI RBIODTH IRAUEDORARIE L.
2. 3 BITFREERDSER

ARV FOEFEINTF R —3—2EAUIBICEEL 2%, WREK 200001x DX T—H
16 BERMAE L2z At5 23°C T 14, 20, 26, 34 HERL Tk,
2. 4 TBMSTIF L —H—0OBEH
McLaren & Crawford @ AEIZHEN 9 1g DIV TF b L—H—%EBA& L= 10 co® @ 0. 05 mol
do? CaCl, FHEZMA B T—ALAED L, LAESEBLSBETY., —EROLBHH
BTIAFy IRBICEBRL., ERLEE. HoRAEORBE L.

2. 5 HEMEERDABIZIENWT S8 pH OME

INF R —H—2BE U TSOBREREZ pHe & pH IHABIL 7z, ZhiIZF 1 XHD 0 E
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I MNOBFEIBEL =%, BB 200001x DY T—H 12 RS LAAATS 26°C T, 1 ATk
15, 30, 45, 60 H. h< L TIZ30, 45 HEMR L=, BREE, 2. B, RECHTI T, &HL
R R N RAEIC AW,
2. 6 HIBRAUE &R

£aAEHT HPGe BRI TRIE 21T o /2. #HTIE BOB76 I— K% H B 2T FACOM MI1800 I
Y a—4¥—T3H 5L SPECanal’ 94 J— RZHWT NEC PC-98 Tiro 7=,

3. HRLER

3. 1 R

BRIBIEEIIAERIC L VREBINSZFERROETINVDONT A= —THDRDEIICEE
éh%o 17, 18)

A = STC,

A HEDITILF B L —Y — % CAFRRICRR L N ——0 &, S BIRRIURE.
T: KR, C: XINFhL—P—EEBEFO N ——OYBETHD. HlEL TR B ST
DIE L IBIC BT 2 BINEIURR E HERRBEOBREAEMETRLAEDDEK 1ITRT, HEHERK
DOBENE 325 EBRENRENZITERNICEDO L TWA Z ENOMNS, 07 IVAYRT
FIUAD) TR DODWTHRABOEAMBESN., FFERT 74y FEEBIENTEE,
USRI EDSET N DN T A—F —E LT, BITREEHETHDIIRILD I L&Y,
FIWHURBTIAY EETEUND Re ETOEL DFTLRICDVTRREN, £ OBEAEE
WOBEEHNE < 725 LBRBIVERIIRD TR, ERTERTZEIRBETH - -, BIIBREAT
FETHBM. InIZDOWTIE, EREZRVETEIEFES DENRKELRBEMERL 2.

10.0 —
~8~'“‘~Q~ (o} y=1 .703x0.619 Rb 1 0-0-"8*\

y = 1.352x0.847 Sr

[e]

- N O leaves
g
8

) ~\__\‘ § © roots

1.0 | 1.0

. &

O leaves

Selective absorption coefficient

© roots ©
o i
y = 0.582x0.804 0.1 y = 0.280x0-807 b4
0.1+ : : ]
0.1 1.0 0.1 1.0
Electrical conductivity (mS/cm) Electrical conductivity (mS/cm)

Fig. 1. Logarithmic plots of the selective absorption coefficients of Rb and Sr for leaves and roots as a

function of logarithm of the electrical conductivity of nutrient solutions.
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ZOBERELTRHIAITYFORECHRENER I LIIEZVPOBVEH LD EEILND., £
CTHREORRZ ATV FERAVWTRERMIC L 2BRENRKOELER . TORKEEZK
2107 T., ROLIT—N—13 6 AORBORERZETHS. 1THE 24 BERLZOTY T OHE
TRTRTOTEDBRBIEEICEIR RS NRWAL 30 BERLAZIY FOEIZBTS Mo,
In OBRBUURENT 17 HE 24 BERLEZIYFOEORBRBENFARLO/NE W, OV
134 30 BTHRBTAZEEEZAHDED E. Mn. In OBRENBEIIEHOENITEEL TY
Z&Wib, Be, Co, Se, Rb, Sr, Tc OBREIAKITRZORETEFRRICRI ST IRIE
FALTH5. MICHITS Mn OBFEAEIZ 30 BERLAZITYFIZBVWTE /A WA il
DFLEOBRBIREIEXOHBTETERKICRESTRERL TH 5.

12 15
O 170ars | ] 170Avs
] - e€aves
10 24DAYS ] 24DAYS I roots
8- B sopars I {

T B 300AYs

Selective absorption coefficient

Be

Element

Element

Fig. 2. Effect of growth stages of komatsuna plants on the selective absorption coefficients for leaves

and roots 17, 24, and 30 days after sowing.

3. 2 BITHREROATBRRKGEN®

14, 20, 26, 34 HERULAOTYFOEIBI2BTREER3IIRY. T7—N—RE5D
ORBIOEHEEETH 5. Rb OBITHREIEFTHMEEBIZ 1.INS 1.31Z, Te kX 50 15 17
12, Cs 12 0.016 225 0. 0065 IZAH L TWB, Na (1.3), Co (0.03), Se (0.06), Sr (0.28) D%
FREILFE—E THBELIR S R0, M Bz, BERXEVA, BITREL 0.11 25
0.95 2K LTS, In OBTHREI 14 AFRLZARYFORIIBNTRDBKREL(0.52).
90, 26, 34 HOETREZOKE TIIERU TH S, FKBRIEE EBIT To DBITREICEDN
Bohnt, Zhid Te ANSBRICBENINTHBPORENBD LD TH S, RITBNTH,
iz BWTRONELD BBITHREOLEFTREEAFERIIEZD 5NN,

M4z 34 ABERLAEITY FOELBOBITREOBEFEEZRT. Mn, In, Rb, Sr QAR 1D
BEEITE->TWB I ENbM 5, Thbb, EERICBITIBTRENEFEL NI LZRL TN,
Na, Co, Se, Cs DEICBITABTHREOBOBITHREICHTIHIZLI LD B/AEILS, INERE
BIcE D BREBEZNOTVIEELDT, Tc TIRIOHAN10 EZHDTREL, Tc RN SEEA
EONCBITTHHERLTVS,
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Fig. 3. Time dependence of the transfer factors of radionuclides obtained for komatsuna leaves. If

error bars are not shown, then standard deviation are within symbols.

1.5
s N
- < Rb
>
T 1
8
8
5 0.5 A Zn
§ Sr
= M'}fs
s Se
s
0-$-8.Co —
0 05 1 15 2
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Fig. 4. Correlation between the transfer factors for leaves and roots of 33 day-cultured komatsuna.
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Fig. 5. Percentage extraction of radionuclides from soil as a function of time. If error bars are not
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Fig. 6. The effect of soil acidity on the uptake of radionuclides by soybean plants.
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MU F T LAOREF COBITERHZR, I KRBREO-DOT —F2EMT 5 BT,
RERNMBECHIEARERAVEZBA L =AY ANTOBRHERZITo, ERTIX, FXK.
B, BE, BALlEESE0oEY L SKkREELI LB LEKKAIZREL, BHRE
BT AEAREOELEMS T, o, BMEHKRTROBEETIZOWTHRENTZ, ThbHD
BRI, RETMELEYEBAKTEKBRE L OBBRRERL, TONRFA—F2EHEBMITH
LTSRS, BREK, fHOREE, S CTHETHZ LR TE, MHOED A BKTEAKRE
i1, AECREIC L 58V kH D bODORHMEERESIC LR L, HCRICOWTIIE L M
DOFH & HEAORY ALEENRKE, BREBETROMEETIZONT, EOMEETIIME
DHREXL,EOBEKBREIIBRBRT 0RMETL Ny V50 FUSAVETET LRPoT,

DEPOSITION OF HEAVY WATER VAPOR FROM AIR
TO PLANT AND SOIL

ANDOH Mariko, AMANO Hikaru, ICHIMASA Michiko’, ICHIMASA Yusuke’
v Department of Environmental Safety Research, JAERI
" Ibaraki University

When tritium is released into the atmosphere, plants play an important role in processes of tritium
transfer in the environment. However, available data is limited because the uptake of tritium into a
plant is affected by many factors such as plant growth, humidity, solar radiation, stomatal condition - all of
which vary in daily and seasonal cycles. Deuterium, a stable isotope of tritium, was released as a tracer
of tritium in the form of D,O vapor in a greenhouse to study the transfer of tritium from air to plants and
soils. The deposition rate of D,O from the air to plant leaves was measured in a daytime and in a
nighttime, and the results were compared. After D,0 release stopped, decline of D,O concentrations in

plant free water was measured.

Keyword : Tritium, Deuterium, Release experiment, Deposition, Plant, Soil
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18, REMEREMATIS R DORE

(BRI AR —

(EHBRIER LR Tl R TREORBEHEHICRITTIROFEEMR
THERED, EREMATIISHRZEZTTH S, BRITT 1 BOKBEATRREZHRITS
M, FNIBE, BK BREOKEEZHATEY., HE2EORRKEGEIFZEALESLT
BBTHZENEETH D, ZIZ T, ZAHHROMEEZFHHL., TITHOIILEEZATN
LHHMEDO—wmEMNT 5,

Artificial Climate Experiment Facility in Institute for Environmental
Sciences

Shun’ichi HISAMATSU

Department of Radioecology, Institute for Environmental Sciences

The Institute for Environmental Sciences is now constructing the artificial climate
expei'iment facility (ACEF) to research the effect of climate on movement of elements in
the various environments. The ACEF will have one large, and five small artificial climate
experiment chambers. The large chamber is designed to simulate climate conditions in all
Japan. It will equip systems to simulate sunshine, rainfall (including acid rain), snowfall
and fog (including acid fog). ‘Yamase’ condition will also be reproduced in it. Yamase is a
Japanese term describing the characteristic weather condition occurring mainly on the Pacific Ocean
side at the northern Japan. While the small chamber will not have rainfall, snowfall and fog
systems, radioisotopes will be used in the two small chambers which will be set up in a
radioisotopes facility. We describe here the outline of the ACEF and the preliminary
research programs being undertaken using both kinds of chambers

Keywords
Artificial climate chamber, Climate effect, Radioisotopes, Environmental transfer,

Yamase

1. EXRERBEOBE

BERLARMET GRS Tl 2XBERMALKSRR(EXBEHEDERETTH S,
AREMRIT. R 8 FEMNSBEANEBIN., YINIER 11 FERICEZRDOTETH >
2o LMLZRDNS, #EROBHCLOBEFMHMNER I, R 12 FEROZRTE LK
S TW5, BIEEIFERMNTR L, ERFMEEFFOBMITAT> TS, THOBEZ Table
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Table 1 Construction plan of artificial climate experiment facilities

Financial year
1995 1996 1997 1998 1999 2000
Designing >

Construction of building « —p

Radioisotope laboratories <
Small chambers P

—

General laboratories <« —»

Small chambers 4
P

Large chamber

112, BEROMENZ Fig. 1 ITRLZ, 2XRERRICIT 1 BORBMATRRESE 5 B/
ATREF v ON—MEA SN THBY, [IBROFEERFT2EFMOERICHETE S,
AKBMATZAZEZENOSRRE L THRISZZL2HELTHD. OB, BN, BSEE
LERMWAZERTE 1lm. 18 12m. B 13m DRRETH 5, NEHOMEZ Fig. 212, ¥
PERE® Table 2 12 L7z, HBEBIIAYILINS A RS TENOT 50 T2 A5
THD, KBHITGEWARYT MV ARESNS. Fig. 3 ICHREBOARY ML EEEEKX
AR MV EKITR U2, BRICEL Td, BEOROIEMIBENERERENSH V. pHS
EFTOBBEHEZBESED ZEMNAETH D, BEEEICIR Y 7 AEZHEH L (Fig. 4).
T, HREKEBREABLT/ AN EHEHRL, INE2F1O0 %y F2ESEOHFIIR
EAA, Fv b EIOKOMMEREZRES Y, BEHLELTRELTHIHRTH S, Z0H
Eid, KEHI> TESNAFCHIIZER - KEGYZENL THESNLFICHEL THRAD
FIEL. £ BIEMARKEZHVWIBREEBEICHE L TREREEZHREL O,

Snowfall

Rainfali nozzies

Fig. 1 Artificial climate experiment facilities in Institute for Environmental
Sciences
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Rainfall nozzles .

Snowfail system

Fog nozzies

Fig. 2 Large

artificial climate

experimental

Table 2 Control range for various parameters in a large artificial climate experiment

chamber
Parameters Control range Note
Temperature(°C) -25~50
Humidity (%RH) 20~90
Light intensity (1x) 15,000~50,000
Rainfall (mm h) 10~100
Acid rain (mm h'') 10~20 ~pH3
Snowfall (mm d?) 50~250 Apparent density=0.1~0.4 g cm?
Flake size=1~5mm
Fog (g m?®) ~2 Particle size=5~100um
Acid fog (g m™) ~2 ~pH3, Particle size=5~100um
Wind velocity (m s) <0.5

BT, UHEFOMET HEFHRRROCHEIHAIEAEERRICE [REE) &EENS
BHRIBREENH D, UL, BELSEIIMT TEEZVWIERENKEZ, ZNERICENR
ETHHKETHS, BIREARBREZ DO T-OBEIERHEEL5ZA D0, KBAT
SEETRCITE2EATHEDICEORERBZMA TS, MA T, pH3 X TOEME
DFEELARETH D, £, LTOVIRERBEZHBA. SEOMTRENTETH S,

SRERRITIE, KBEATZKKZEOEFIN 5 BONATIRF v 2 N—2E&ET 501,
ZOND 2 BIF RIMOBWHERNICEE, RIZHVWEZERNATETHZ, ZNE5DF v
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Fig. 3 Spectrum of light source in a large artificial climate experiment
chamber
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Fig. 4 Snowfall system of large artificial climate experiment
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Status indicator Air outlet duct Air inlet duct

‘
r y Air conditioner
{ ” ]

Air outlet
manifold

Window

Door

Fig. 5 Small artificial climate experiment chamber

Table 3 Control range for temperature in small artificial climate experiment chambers

General experiment chambers Radioisotope experiment
' chambers
A B C D E
Temperature(°C) -5~50 -10~50 -40~50 -5~50 -40~50

2. EXRBERICHTHEEBRO T HNEHE
DITFIC2XBEHRZICBITHEBRE L TRHEHICEIE I N TNE T — I E2FIHEL /-,
k=P

BEMOTERBMICEIDCFETEOHE

KEDSHEY - TIBAOTEBTIIRIETOEEOHE
BOTERBRITEADPEEOHE
ERE

Rn LY % —a I RIETEDHE
FREICL B KM v B OERENE
HAKREIIRIEZTEOHE

NS RVFN: b

KRG SEH~DOEKDOLE
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REEEEEE
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19, BUTHEEEDO LEN SHEY~D
BATICES T AREXE T 77 5 —

YL 7', Satyanarayana Gouthu', “FHEHE®, Z#&F'. WO &'
‘HALERFERT. CHE{LFLE

WELEOKA 27775 —, TbbIBPOFEATREER. pH, ARKE. B+ JBE
B, THRUEBA AV (C¥ Mg, KT U ERIRIURE. RIERMER CHED. MIRD. v b, #L)
T, BEBEDFICONWT, LB SHEYNOKRSEBEOBITII RIZTEEBL LT P L —F—
ERHWTRE L7,

Plant Uptake of Radionuclides and Rhizosphere Factors

Tsutomu ARIE', Satyanarayana GOUTHU', Hiroaki HIRATA?, Shizuko AMBE' and
Isamu YAMAGUCHTI'
'"The Institute of Physical and Chemical Research (RIKEN)
*Nissan Chemical Co.

Influence of soil factors such as nuclide availability, pH, organic carbon, cation exchange
capacity (CEC), exchangeble cations (Ca**, Mg™, and K", phosphate absorption coefficient
(PAC), physical composition of soil (coarse sand, fine sand, silt, and clay), soil texture, and
rhizosphere microbes on uptake of radionuclides by plants are studied.

Keywords: Bioremediation, Cesium, Fusarium spp., Microorganisms, Multitracer,
Rhizosphere, Soil factors, Uptake radionuclide by plant.

Addresses:
' 2-1 Hirosawa, Wako, Saitama 351-0198, Japan (¥ EEAIEHLR2-1)
?3.7-1 Kanda-Nishiki-Cho, Chiyoda, Tokyo 101-0054, Japan  (BEEERT{ HIX f4 HSHAT3-7-1)
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1. L

EAE, HERBEOHBE L0 N BRAWICRIZTEREBIONT 2 BEDVESD . HROEBOMBT,
BRIk 2RI EOMBIC T A2EEIMIML Twd, HERWE & L TR TRERES EXEEY
BHEROLEY. BEHRE, ELREIETFONTVED, ThSIXREL O AMRICIPREICE- T
EHENYATNAEE L., AWEHICADAATROTERSNEHELDTD 5,

BRI EERTORMETEH 2 PRTFESr OB SN, BHEOFERIIITRELTF
RTLEREPTFERENTVE, ZOHED ., ERAKICRIZT RN LELBLLAMEY R EEY
BHOZ KM ELBLPHEEL 2 TREL RV, Brid, TOTRMLZFREICER LT, SHEY
DEEVMHEB I UAREEDE THLERERN ) AT - a YIZI2BHEEYRA L7700
OEBHAMRZE 2 LPBEELE 2. HEHOBGTEREDREY DO BITERROBT 217> T b,

Heid, TTICF 27 )R M MEOHE AR EYRESEFER FEMY ISR TR EPIHFE
TOHEIMRAEL VS MY AL L E2HE L, ¥ 4, FAXCRY A EFN-HREOHEY
BEADBITORBES L UHBENSE TCOBIICOVTERL, 2 TREHBTHLIET OB
FEEIPBRBIZL WV REBZEERLA,

—F. FEPICRETARBEEMEDONA T Y AT 4 L=V a YO E RSB FE A R &
AZAFbN T3, PCB. PCP, PCNBEDILEY 21058 - T 5 MAEWIZ OV TOREIEIZ NS 2
B2gs WEMEEOREESIE. DRIZX D) AT A= a YORTEER D, FiohFEOBEN
VB L b, Gouthubd (1997) X, Fa v )R v 25, TIPS IVELOBRELIY AR, £E
LB TKEL A0, BBRTHERESNZEBICHRE L T2 LHZINET2FIC L), 18
DEALE RO BHEITRETHLIERTRBLTVSE, ? Z0LIRT7A I RAFAIT -3 vdD
KAz, TTIKEERLICAY —FLTWS, #8705

YO EFERER, JE. REORL, #F. LESOYBFNLERIZT TR, EYER
D&, AT - EH - BEOMAEYIC X MY - BEPEERICL VBRI TY S, YLK
BRWED ) AF 4 L= a VIZHWA-OIEWIC L 2 WER Y AL EZ RIZTEERTO
HERIZOWVWTOEBMARERTILEDNH S,

AT, HA4oBOBELFABICATET L DICELTWAYLF ML —F—% Bi254
PO HE L. HBY~OBTERE L RBHROYELEN T 72 ¥ - L OBELRAE LERL
R E L LI, BEOWDREMED 5% L. TROIHPOHBBERTICRIZTER I OWTH
L7z,

2. MEBLUHE
2. 1. HRALEBIUCEOBHKAE
MEH HELORRLBEE LIV T v L ER R L, BE0ZIX, R ERD
A oF, i - RSO L HFIFOEL RFICB W72, HALRO—E % Table LIZRT,
b oF| TR FEE (available fraction) (. McLaren and Crawford (1973) IZfévy, LATF
DEIHEL ® FThbb, TAFIL—H—%FALLE (2g) 12005%EILANVY T LE
W20 mxANZ. 20 CT20 Bf, Ly 70 ¥ xz—%— (150 spm) THE I, HH L7z, DK, &
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Lo 5rHE (1000 xg. 10 47

M) THUS L7 LG le 1 Listof soit samples used in fhis study,

INBBEDE G ZFIA T : Loca{mnof o

BRER & L7, sampling site
EROWEALE I,

ABRFE (organic carbon) .
WA+ vZZHHE (cation
exchange capacity: CEC) .
XHRUHEAF Y

(  exchangeable cations;
Ca®”,Mg” and K) . Y~
B % U 4% # ( phosphate
absorptioncoefficient) . pH. |
W & M B ( physical
composition) . M (soil
texture) % X E L. FEIT
1378 = A B
&t (BERRERT) 1K
L7z

. (Kurehaol® Commercial

2. 2. ~“NFbhL—H—

INF Pt —id FEEAOBSEUBREOREWEERL, TAEBAVA I LT, —EORR
TRRCEROBBEOEG BT TE A EeH2, BILERNER) Y740t oy TIEE R
72135 MeV/ nucleon *N BEA F Y ¥— L%, &HSHVIEET A A7 5 =7y MBS L, BRI X
DREA AR ERT S, TOFT1 A7 %FEKHDWVIZHNOIZBHR., BHRTDNEDH L VIIEEZF I
77— MR EED FETRE, BETEYLF L —H— % EE, BRHICTLVF L —H—
KEBEAL L, ¥ AETCECHFRALALE:2 Y-y b LoV F - —l&Th o
Jt# ¥, Be. Na, K, Ca. S, V. Cr, Mn, Fe, Co. Zn. Ga. As. Se. Br, Rb, Sr. Y. Zr. Nb, Mo,
Tc. Ru. Rh, Ag. In, Sn, Te, I, Ba, Ce, Pm, Eu, Gd, Tb, Er., Tm, Yb. Lu, Hf, Re. Os, Ir.
Pt, HgTHh 5%,

2. 3. t¥UaA

HEROBETEY 7 & (cesium-137; cesium chloride in 1 M HCl, Amersham, Buckinghamshire, UK)
A7z, 0.5 pld37 MBg/ mIPCsiili 2 < L F b L —H —&i#21 mlZBA L TERICER L7, L
Ty AXFOVALF P L —H—iFZOREEELEKRT 5,

2. 4. W B

¥ 2% (Cucumis sativus L., cv. Suyo) « M < b (Lycopersicon esculentum Mill., cv. Momotaro)
¥ 4 X (Glycine max Merr., cv. Okuharawase) . 1 & (Oryza sativa L. cv. Koshihikari) %38 L 72,

FHE, Ky b (180 ml) (CEED R LEICHETE, 25C (M) ~30 T (BM) . 12 ¥
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B8 (15,000~17.000 lux) —12 hEHiICa Y P B — LV ENARERBEHTTER ., BFERICTLF b
L—4 —iAW1 ml/ pot X EEEMLEE L, EOHKAET SE, #3440 BEF S€2KRIC, L,
WM OWAFFICINHE, 656 CTER - LA LET, 79AF v 7 v— L (EE35 mm; 3001,
Falcon, Lincoln Park, NJ, USA) ®dA/N—2 =y b & R M L7cR—AZ =y POBICHARAA,
Ay FF—TEROTER L, BlECH L7z, 8. 1 EBRXIC3 Ky b, 6 KU LT
WEFR L.
2. 5. HREHERERTEHEORE

ZEHE IOV T, N N—EaTr <oy b R BRRINSE T A WTH Y YRORE 21727
TLNF L - —BREEENDARY P VO — 7 HE % SPECanal' 94 7’2 7 7 A & BV THlE L7z,
COY— yEELEEY VTV (100%) OEELILET 52T, BITEE&L RO, 2B, <N
FIL—H—CEITNBETED I b, BONHE LzDiE, *Mn, ®Co, ®Zn, ®Rb, ®Sr, PG T
Hb,
2. 6. IREMEY

BEMERE LTE, vV F L= — %A LRI T, 2. 4. SERBRLZHETH
BEL7- M O R L ES X R E S S BREATEIC L VRRE, ME . BUREZ2 o8 L0, BRRAR
FEOHMIZOVTIE, MBS (1980) "l o7z, HEEBROMAERIE, KT P TFFA PO—-XER
(PDA) KM b CHEREL 70 TIRAORAIOBIA 7 7% X b U— ¥k (PDB) Hi#hlCPDAKE Hy
POREEBRL T25 T, 120 pmTHRE ) 5EE L THADBRER 2 HE L7,
2. 7. REBEYORITTEZERE

WY & B, MAEYBBEY DBICETLE L, FOBYALF MUY —BERERELL B
TRERERABCHAE L, T/, A LATERENOEEMESHR S NILHEE. 0K
EUKETE & R & FARIC IR L7,

3. # R
3. 1. BATROIRKFH

PR L 2B VL D, FRFNCERE LY (Fav ) OBSHHEEORY) ALE
CESRONT, $abb, EEILHEEOSEKEROTIE (HBY Y 7V6) TRb, ®sr. P'Cs
OB ABDTMBOTIE EWRB L TELL{S D o7 (Table2) o T2, O EMKELEHELLHE
BHROTE (HBEY A7) CBFARY AKRIE, BHRTOLEICHE TS LA LA, fbo
T ORBTR 2BKRELP > 72, ZOM, BERMATOLESMKEROTHE (TIEY ~ 7 19)
THE D ARIEE D o7 (Table2) o TRODIERIY, HIJ/Y T V6b L UTISET 2 HEEAF,
T ERG T RAANE b EEZ LN,
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Table 2 Plant uptake from dif.'ferelt soil-types.

3. 2. BAECIEEBTRITVLERT
AT EOWEICEHMR BT L2 ZAH, D ARBELEDOGVHBERT 77 75 —& L
T, bgdh o ATEEER, TEOBRICBIT2HMBOEE), BOHBEERTINE LTHA 4
VEBRAE, TBEOBRIIBIIAMLIOEE,. LEpHEN R W2 S n/: (Table 3; Fig 1) o HiEH®D
EREBEIREZEEZEZ T RWVWE ) IZEZ LN (Table 3; Fig. 1) ©

Table 3 Carralaucn coefficients of a lmear correlatmn \ana]ysxs ’between p
avaﬂable nuchde fracnon and soil propemes

if"ExchangeahiqCation l Physical com

K

M's

39 045

052 0

‘ _‘ZPAC: phosphate absotption coefﬁment, F-sand; ﬁne sand.
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St R=0.68

3. 3. BACEELTRIZTRBREY
BEMEDE LB MEYEF2 YY), bbb ¥4 X, 4 FOBBICEEL THEYIC X
HHRE) AL RIZTEEYRAELL A, HEOWMY - REBEMEYOHASLE T, KENY
AABOWIMAERD bz, LLTIZ, 206157,
3. 3. 1. b < b — Fusaiurm oxysporum

P MRE X DO EE - RAELRREOL BHkE P MRBICBEE LB SRy, PCH 0K
BORY) AADOEMAR SN (Fig. 2) o V' TORKEEKIT, K7 P 7FFA bo— 2 ETH
BPSRREN o BEOEEY R L TRIFIET L, £FRAREIRIBLZ27 CTh o7,
AEIE, BERTHROREZ

— 207 —



AW, SRETHROREY
ROKBGETZEEL. /D
R F% miEFH LD 74
7 74 P& DEFEKRISE K,

EER 7L EH., I EE
T, BWhdbVIRAEGET
i, BETAZEEETER
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3. 3. 2. FAX-BRAME
THEERMTHEN LFAEER
WTHFAXICEREY G EL THER
L7z A4 AR KA 100 K %25 mlD K
MTREYFA XL b 0% AL
Wi Rhizobium sp.D¥AER & LTz,
COEERY, SERE (121 T,
40 M) L7-Ek®ices50pl/ Ky b
AL, BAAMEZELEZRAEL
7oo MMAMBERETIEL JUHRE
LCEERELIZ250 pl/ Ky DR
BWARE MR 2By 4 X2 BEL
7ol A, K40 BIRICIR AR R
TIEDOH TR DOFHAFER S Nz,
RFHEE A ET B 54 AT,
gDV A B LT, L
HADESr, PICs% 0 MEBAT 2L

Uptake amount (%/ dry Wt

- i31cs

0.6
0.4

0.2+

.i-..

| ul

0.0 -
4 g T
Soil ¢

Fig. 3 Influence of Rhizobium on uptake of fadiﬁhuclides by -

soybean,

[ : Infected with Rhizobiu‘rﬁ; I : control.

g’

e}

.10

— 208 —




JAERI-Conf 99-001

THZEPHB LY (Fig 3) o T/, MUBICBIAREOHERENRE ZRICKBL TH N
EERRWIELT,
3. 3. 3. A% —Gibberella fujikuroi

A FBEL YO E - RELAREOL BROBFREEL 1 A LBIEBE LGS IC. BRD
BN, Mo EEREE M, BN & & b2, B, PICSHEDOMMED B AR DEAIAR S (Tabled) o
SEERIT. B THEEORE 2 HOKBSET R R L, MSEFRERTELOT7 A T4 F
ESRICER T A L, T, A AOEREWINSE D I LR ED B, Gibberella fujikuroi (Sawada)
Wollenweber (52 &tft%. Fusarium moniliforme Sheld.) & [R5 8720 G. fujikuroitZid ¥ X1 )
VEREETAMPEET S I ERELAON TV, 7 R LAEKRIE, 1 FOERLHENSEL
e, VALY VEAKRTHE MR EIN, £ 2T, BRBEEBRORDDICY ALY VAL B
WaiA Lok 2 A, 150 pg/ m THAREBIR & AROEEBITEDOHMARRD b7z (Table 4) o

fluence of Gibberella fijikuroi and gt

w—— s

Table 4 I

' Gibbéf}e’lliﬁ As (tl/ml)

: Coxi&ol G fzgzkura : ‘ e

- Uptake amount (%)/ plant
139

-
W

- 8 ,0'68 .

/:.‘37CS : 002 ‘
Shoat dry wt. () 0209 0234
Rootdry wi. (&) ; 0@076 : 0.-07.3-,', o

T vwma e,

—

4. % £

KA R BB RIE ST ANA LX) ATF AT =3 3 VORAIEERE ENTVEH, £L{D
A, WEABMEDEZ R REGEMEONEC. WEEREREFT2HMEMEHVTKARDO
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20, WEMTEBUTY TN =T LOEKRRE
BIOACCUMULATION OF URANIUM AND PLUTONIUM
BY MICROORGANISMS
HRK - A ATEF w®AFET
SAKAGUCHI TAKASHI

T QR ., K, FLERSE. RSUERBMINLRTFFE TORE, EAFHFREOEHH
IR S—EOEBRE A 7 VBRICIE., VIRV b= AOSBERSLEE RS, ZhbDIREER
B LT, B, BithME, 4 URkE, KRE 2E0FESRBIRAIhTH S,

bhvbhit, 22 20 5%, MEMRCEKRVE 2HABT 2R REOERERL, BEHESEOR
PLEIZ SWT, Ak, (L. £B%¥. RRIYE. £9TER2 L OFERNBARN» ORENBITERA
TWBA, TOMEERT. EMXERSME IR LTRVEMEERTILERHLE, ThoDARE
EMIZLT, &R o TOWAENESRBEZAR L TERRELERFIALES 75, Wbwdn
AF7ay S OFBEROBELBER L THRZED TN S,

PEA D IR DNTIX. Bacillus subtilis, Micrococcus luteus, Zooglea ramigera, Streptomyces lleroris, S.
viridochromogenes 2 ¥ DX ST, KED Y S v 2 BHOBRNICRET 28R NX b O bOBFEET D,

U5 UERMEICIE, U5 LR EOREEDRICEEE bonBERY T VRBEPLRENOY T U ER
HY: 28A2 bo R MEMNBTFEELTVWI L0 LEbh3, £I T, bhbhii, HFOXEY S VAER
THBIFH, TAVH, A—RA+FVTORRD YT VERMBIZREWT, &Y 7 - BREROREEZ
FToTHiz. TORER, Bacillus &, Arthrobacter BOREIZH VRN BO i, 20TH B. subtilis,
Arthrobacter sp. VL, B{k1 g %4720 615 mg CHREZROUV T VBT I LN TE, EOVI VR
ﬁﬁﬁ(s. mgEq / g) REIHIRF L— MHIED 2 fFICb BT 5, e, ThHOWMEHOY T YR AZ,
HENEZDOTHEL (1~ 25BE), LAbOESRA AV BERPIFFLTHTL, IVBROKY
SUERDRALT ENTED LW HEEETT.

INRLOMEMIE. VTV TR MU DAL ISBIET S, pH 35 OFRHETIR. vIEDB b
U 7 AiTx LCEVIBRBRERE R,

TRLOEMERY T VBRER. £BEETOLORIT TR, RYTIIYAT I FSANVCEERELLE
EHEL YT Uk LRVWEREETT, ZOBEECEKR. iRt TEERLCORTERELY bHE
NTEY, UT U HEEEEAKR OSBRI ERAKORLBICIEATE D,

LLED X 51, B. subtilis, Arthrobacter sp. 72 ¥ DFEMIX, UF v, b YA LAVWRMEEZTT
2. ATHURMERRTHI TV b= AR LT, COBREORGREETTOTHS 5 H%

MEHDOIN h=Y ARt 5%8% . B. subtilis, Arthrobacter sp. k> TH L { BT L THIRER.
ThEDMEDIE, VI VORRLTIN =T ACH LT HHRWETMELRT L BHALLIE R, T
o DOMEHIZ, pH4~38 @ﬁﬁiﬁfﬁ‘b IS URRYALR, 0~3 0BERE,»OIIE<EALT
ERTERV, UL, 2hb0OMEHIT. pHO~ 15 OMBERENAOLIVESV b=U 22 X REET
B EMNTED, L0bDiTpH 1.5 DEH#ENM LI, IRETERMICTINV =TV A EERNICIRY AL,

—F. ZnLOMEMT. VISV =0 L% VBTNV =0 AIBTT2BAIE LTS, VIHIKE
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FLENEINV = ARSI D IVIR L VIICE D 505, MEDIZIVEI AV F=U A HLHEVER
BERTENICLCTVAL, L2L, VIEBIUCIHEO 7V b=y AIPELPE VAL Z LB TE R,

ULED X S5, Bacillus 722 DEHDOYF L, MV UL, TV I=TLDTI7F )4 FRRIIHTDE
Biid, TROBEOBVICESTRER-TWARbhoT,

BEHORPITIL, T2 F /4 RERRICHT 2GR, BUE, B lofhcefk@igrFotd
ORFET D, TOEFEBREBERALT. V52, P UA IV ULREDTIF ) A FOLEE,
BEKALERR P OBRIC, EOICHRANEREDLBOERBA LADIZFATAFLO AL AT ANEE
TEZDOTRRVWES I D, FEEDLIX, ZOFLBo THRAEZED TS,
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21, KHTBEIIBI2WHEEREBAEWOB S

RRMZ
TERE RE=FE

AETEIIEEICHEAZEZ, SVERLTIVX IV YW T bl
REREDPELE L 2o Twh, TAHEAIC X o TRR & ER S BRI
HEIELETLTwALD, HEARTOBHFBRESHIBEDIZL o THE S
nak., BERWEBEICRY, BMLETEMNOKTE L BIC, M4 DK, B
b= v i v Rk, B 4 v o HIEP O WD ITELEI DOETHT ] & v
TBEIZbH, SOOI HBEFOEBRY MRS L XL TBY, BETUSOHE
TR, BB B bRE (RBEKFEA L Y) PERL TS, E2AHN
IS DOBLHIARTTHE SN A &, BRER L L TKBRRABRYERDOKE &
TELREE PO AT UHERT S, T2, ERUWSHREY TS ABERE R £ EA
FELERED AT VOEREEE o TWE, AF VIHIBEEHESALLT, &
FERFICIFEB E TS, ULEOWEERIIZED AMEWIIOWTHREN LT,

CYCLES OF MATERIALS AND ROLES OF MICROORGANISMS IN PADDY SOIL

INUBUSHI KAZUY UKI
Faculty of Horticulture, Chiba University

Paddy soil is characterized as a unique anaerobic ecosystem covered by surface water,
which is suitable harbor of phototrophic organisms including cyanobacteria, azolla and other
phytoplanctons. Surface water of paddy soil is also playing as a barrier of diffusing oxygen
from the atmosphere into the soil, so that reduced conditions are predominant in the soil, due
to the successive reactions of oxygen consumption, nitrate-, Mn oxides-, Fe oxides- and
sulfate-reductions. These reactions occur in parallel with decomposition of soil organic
matter, resulting built up of carbon dioxide (bicarbonate) in soil solution. After consuming
these oxidizing agents, methane production starts which is derived from accumulated carbon
dioxide and hydrogen released by rice root or soil organic matter. Methane is also made from
organic acids due to organic matter decomposition. Methane is one of greenhouse gases, and
control of this gas flux becomes a big concern by the world. This paper is dealing with such
reactions taking places in the submerged paddy soil, with attentions to soil microorganisms

carrying these reactions.

Key word
Paddy Soil, Anaerobic Bacteria, Organic Matter Decomposition, Cycling of Bioelements
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AKEZAATRFHEBROMN LS ED, FLBREATIET VT E2HLELT
YIS T AL ¥ — VIR oTwh, 2L TEELZRBEEOE L LTBEK
FHEIICDID A FEELSRITTE, KHTIIEWE L TORMIEE o 72 HBfERE
E2ZTY, FIALFIREOBE LRI S 2h @ REEREY OB X THVHIER
KEZHFLTBY., TERAIZITITLL, LS TRD TR 2 W EER
AT AERBTIENTEL, 22Tk, KHBBEOBEHER/H, RE, &
. AR EDETREDOTIEP TORREEICHEDL S S EEREL, TRELD
B icBb 2 HESAEMOB X ITEB L TEAL, BUL-RETH 5 BREHR
ERH T TOMEWEROHENDROZIREE L 72V,

2. KHEHITBEORS L BAEYOH X

2. 1 HEKEBLERXURITCE

KEATIBEOBRROEERIZ, ZORMIPTABNICESRL Y FREOKTEDN
Tw3 (K 2&TH5H (Fig 1) - £DEMEAK (HEA) 121k, KBOEFRF
Wi+ a %2 KB VR - ORERLT V& (XTI 7)T7) W77 b
U EDERARER BT o TS, T, ERKTOFFEE TR HILL .,
KEIZBIT 58 LBIEL BHE L T3,
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Fig. 1 Schematic diagram of submerged paddy soil
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E5, FUVEPKETETAYX 7 RBEMICEET ST V&, LERMEIL
ZehEFEE SR OO, KHEBORHN 2 BREHEFICEML T, £
BRIICAR T F AR T4 EVTIREWIREE LTT7 737 Y OFBENERELL T
Bo IO OHEATDOEWIKWOEFT I, HELENBI L., 20—k
H3E L CEBRAENGSTRHEARY L LTt s s,

TEEEBOKI ) OLRBIIHEAZT I R HEKRKFTOREGROEER, s
T BEELR ETHERNICHERS R DI L (BILE) . FhUTidERK 2+
B GBek) & LTEMLETTENM (Eh, ORPE D) LR ETRHIE NS,

2. 2 PHKERD L

EITE T, TBBRTOBRFEZESHFREEYICL > TRARIHEES L, R
THEMHAEHE CH A WHBEETH (HEBW) X o THBEA 4 VT ARERIC
FTCEREIND, INLONMIEE., EAEY 1 AMEETKTT5 (Fig 2)
S OEAGIZEFICKHE EAS, BOKENICHER LGS, BERICHER, BILETE
MOETIZHRBINTWS (Fig. 3) « %28, UTO—EDEERTHR L /- 18K
¥Ha, Table LIS/R L7259 2EVB L RRREFREBIED30~50F L EIChb7- 5
EBEEEAKEEL L VIR L HETH S, ZDTablek V., BEOREEIZ X -
THEOEBYEER ENRELELTREZ L DR S,

Table [. Some characteristics of the soils (/).

Name Soil group ¢ XT;?I":I:!:! Plota (}3,%) T%(,}':’I)C T‘;S,/‘Z')N Texture
Aomori Wet andosol 45 PK (A) 5.7 312 0.246 CL
PKM (B) 5.8 4,26 0.348 CL
Aizu Gray lowland soil 53 NPK (A) 5.0 2.46 0.226 CL
NPKM (B) 5.0 3124 0.311 SL
NPKS 5.9 315 0.260 CL
Nagano Gray lowland soil 28 NPK (A) 5.9 1.18 0.11S LiC
NPKM (B) 6.0 1.51 0.148 CL
Konosu Gray lowland soil si none (A, NF) 6.2 2.07 0.185 LiC
NPK (CF) 5.4 273 0.239 LiC
PKCaG (GM) 6.5 275 0.269 LiC
PKM (B,OM) 5.6 339 0.320 LiC
Anjo Yellow soil 52 NPKCa (A) 6.0 1. 11 0.100 LiC
NPKCaM (B) 5.6 1.85 0.165 LiC
Shizuoka Brown lowland soil 35 NPK (A) 6.0 I. 65 -0.174 LiC
NPKM (B) 5.9 2. 15 0.223 LiC
Yamanashi  Gray lowland soil - — 6.5 1.52 0.153 SL

« Fertilizer application: nitrogen, N; phosphate, P; potassium, K; calcium, Ca; farmyard manure or
compost, M; rice straw, S; grecn manure, G; and no fertilizer application, none.
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3
weeks

Fig. 3

Fig. 2
Fig. 2 Changes in contents of dissolved gaseous components (ml/liter of soil solution) and Eh
(V) in moist soil of Konosu (OM) at 20°C under submerged conditions.
Fig. 3 Decrease of Eh in air-dry (——) and moist (----) soils of Konosu (NF) under submerged

conditions.

2. 3 <UHYEEDOERTHIS
EHZ, HEVFOBb~ U H RISk ETTT A U T VHIE D B W IZEHE

(MENZETEREZEL) 28T, 2Mlic o Ao 2Mligkh ks n? (Figs.
4,5) , TERIZEThARL~ VTV RBALSEICIE, TS 1 TR IEREEIZ
Lo THEAEDMED D L DT, HEAE, 2MfivH R 2 Miskn £ EEIT RS DK

TL. AREBEEIEF L L2 Z LR EINS,

40
% %
= s
z &
N
01 2 weeks 12
Fig. 4 Fig. 5

Fig.4 Mn(II) formation in air-dry soils of Konosu (K) and Nagano (N). Three curves for

K-C, K-B, and N show the averages of results at 15, 20, 30, and 40°C.
Fig. 5 Fe(ll) formation under submerged conditions in air-dry soils of Konosu (K) and Nagano
(N) at 40°C, and air-dry (—) and moist (----, 15°C) soils of Anjo (An).
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2. 4 TRBREITCHIG & ARBOSRIR
T AV ESOBRITICH EHV T, MAHRMHR TH A HBETTREIC L o T,

WAL PSR S D, TEPOREEA 4 V3L A 4 Vs TT S, EFIEsA
F v ERUS LTk E LTHhET 5. I-ABMSBOTHEY T HRERR: &
DEBES—EMICTEPICEBETAZ LRIV ES (Figs. 6,7) o SHERITEE
BLTRARROER T, FICBEEGHTHEIRDOLONS,

me/0g
T T

0°C

Fig. 6 Changes in the amounts of volatile fatty acids in air-dry soil of Konosu (CF).

Fig.7 Effect of temperature on S(II) formation in air-dry soil of Konosu (CF). Vertical bars
indicate the difference between duplicated experiments.

2. 5 RIS EERYS SO

EZAT, LEOERIMNIVWTROARYOSBIILE R L TEY (Table

2) « BICTULDHEITIE N BALRES T BBERPICBHFET AL LT (BAWidk
BMAFEALFELT) BELTLS, 2hIETOFESE % Table 20&IZH Tid
B, DIREBY LD ICRELTED LD DI, Fig. 8TH5H, ZORIIIE, XiZ
BRBEATVERSREBRBLTEDTHE, ZORPLREERY THEOB S
PoHTAHE, WABETIREETSRIGEE LTIEIRIEETHALZ LHh b,
F AR S R TIE, AEBAERE Z0ORX Y UADIFITERN BRI
A, BRICEIRESG L D BREGOF TRELREEL HO L Z VIO L L2,

Table 2. Reduction reactions and organic matter decomposition.

CH,0+0, — HCO,~+H*
5CH,0-+4NO;~ —— 5HCO,~+H*+2N,+2H,0
CH,0+2Mn#++2H,0 — HCO;~+5H*+2Mn?*
CH,0+4Fe*++2H,0 —— HCO,;~ -+ SH*+4Fe?*
2CH,0+80,*~ — 2HCO,;~+2H*+8*%*"
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20r

Decomposed organic C mg/00g

o

Fig.8 Products of reduction reactions associated with decomposition of soil organic matter
1n Konosu air-dry soil (OM) at 20°C (left) and 40°C (right).

ERBRD L ICLTRO-ERM B EOGHME & EEL X, ARYOL V1R
THAKZRINIC S CetEE,sERNMELZ TH A DA, MEFBO TR —HT S

T EHFERENT: (Fig 9) o THhOERE L TIE, Table 2TEEEIN TV ARWK
BRI DL N IBETHEABEIREIAZEEZRBL TS,
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Fig.9 Calculated amount of decomposed organic carbon and measured amount of CO, in
Konosu (NF and OM) and Nagano soils. Broken lines (----) indicate that the calculated
amounts are equal to the measured ones.

2. 6 A% VERRKIS
EZATETAEOREER CIL, HHMAMEHMETH2 25 VAERE B4
W) WXEkoT, ThODTEALRFE L AR 72T A BRY 5B ICHR T AKEHT A
EEMBIE LT, X7 UBERENRS (Fig 10) o ZORDPS, SR ICHET
MILKEEDORDE XY VOERPIBATL THEATVWD Z LB EINDL, TDIF

P, BEBRE FRETO2ABBO XY VARRORE L 25,
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Fig. 10 Changes in carbon dioxide (——) and methane (----) concentrations in air-dry soil of
Konosu (CF).
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Fig. 11a Production of CO2 and CH4 in anaerobically incubated paddy soils
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Fig. 11b Production of CO2 and CH4 in anaerobically incubated upland soils
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MANAGEMENT OF WATER CYCLE SYSTEM AND BIOGEOCHEMICAL CYCLE
MITSUNO TORU
Graduate School of Agriculture, Kyoto University

The auther already discussed on this subject in some publications individually. In this paper, they
are arranged to be unified on the view point of the management of water cycle system.  The
modernization of the water use system in agriculture is developing by excluding a natural system from
it. . It becomes, however, clear that it is very important to include a natural eco-system, ie. the plant
ecosystem and/or the soil ecosystem, on the view point of material cycle. It will be necessary to

combine a natural system to an artficial one in order to establish the better environmental conditions.
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Water Cycle, Evapotranspiration, Biogeochemical cycle, Agricultural Water Use, Environmental Stock,

Environmental Management
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BRER LB BT AT

BIREH 4 2 VIR R DB EN 5Ky IR OEKBRBEIC BT 2 B ERES 028
BT TS V2 by OBREE, 74—V FRABLENEROEED RN L, EY
750 bR, BKERERICmM, RkEES XUABKERIC X > THREHh, &S
BOSHNESIBAEN:, TNOOEB TSV 7 b vtk BHEREZICHET
ZABOTENSBEEN., MBEBRANTOREBTREERGREE2RELTWS, @7
Sy s VI EBBRERES IUCEETEORMEIT. REEHLEERTILOE, &
BELE - SOBEREELZLHELICEN, BB IVBESORBEERI, 7>
V7 PR EBBUHEEBS ORI KELEERRITL, TORBIEW S 2 V VE
DEWVIZ L > THESRBD SN, '

Behavior of Radioactive and Stable Elements in the Brackish Lake Obuchi
in Rokkasho Village

Kunio KONDO, Shinji UEDA, Hitoshi KAWABATA, Hidenao HASEGAWA
and Yoichiro OHMOMO,

Institute for Environmental Sciences

Uptake of radionuclides and stable elements by phytoplankton and it's species composition were inve-
stigated in the brackish Lake Obuchi bordaring nuclear fuel cycle facilities. The occurrence of 46 spe-
cies of phytoplankton were observed during the period from September, 1993 and December, 1996.
The species composition revealed the presence of coastal and freshwater species in addition to species
peculiar to brackish lakes. Seasonal fluctuations in the species composition were alsoobserved. A
close relationship between the uptake of Sr and Cs by phytoplankton and photosynthetic activity was
confiremed. Salinity and light intensity have strong effects on the uptake of Sr and Cs by phyto-
plankton, and the effects were different by the species. |

Keywards : Brakish Lake, Radionuclides, Uptake, Suspended organic matter, Phytoplankton
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B 1Tk > TAPREL DA BEAN (WES 371 km2) THD, BREOMET I A
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ENTWVW3, BHEERNELARERORENEH FESHTHD, EVISRBEI BB SN
BFETH B, chbHOMRIE. BEEEHECHICZ->THY, SHBHEDEORS
S DOMRAIEE 72> TNV B, KL Lid, +H7R4LHK (safety margin) % & - T, Ak
A~ OREHERREOREER (CFE) BRASN TS, UL, &%, &R
HARDENTHO, FOEHDILRRRBICHITAZKERE, £WHOEK, ZHELEX
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ERBANTORSEYESOEE - BT EMET DR, W75V 2 b > OEHRR,
DR S L UERBANTOME ST SRR 5 L0, BHENESOED~ OB
CRIITKEREEHOMELEYT S L REETH S,

2. AT KBORE i B e ) +

BER I Pk BEIE2. 4 n(BAK ﬂ;;;Efr ‘
ZF48m . BIOAEIZ 143 km (£
X:53km ; B A 1.5 km) OEKMT

2 (Fig 1) o MARERIEER

MR 08 9. ERBIEN 2 %L B

RIS B & < BN TV B, T <
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bR T3,

Fig. 2 Horizontal distribution of salinity in Lake Obuchi (Sept., 1996).
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Y. APESSTEMAICKERMETHA L EKIASHEE TR L&, AXHE%E
F L LTHERENIBONREHBRICEL > T T2HR1D 5, ATHELILEH
Iz ERBR kEE2.5 m I T, MAKOESS—F2EL THRE Q0L %
BRELTWS, Zhid, BEARICEEEERE U XU Cs 2 BREIZSUMABEEL
TWAZEERBLTWS, ZOBHKRIETAZ7007 1 VaBid, LOKRITEITS
s007 4 Va B EELT—E28L TEVWEHESBRIESN . Z0Z ik, S#ARIZ
HEBWEERNEL, REERMBENEW D, BHELE DI ERRT 3, T
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3.2 BRRH MWD OTRREE

1993 £ 9 AN 5 1995 49 AOM. HAFOBMBERY+T WS>V 7 b UHREK) 6
T ABHEEES L UREARDEHBERAE L, TXOBREL2Z DL, BHEKED
2Th 1% 0.12 ~ 1.08 pg/g dry (FE35:0.38 pg/g dry) . U ik 1.69 ~ 2.44 (F35 : 1.93 pg/g dry) .
¥Cs 13 0.0112 ~ 0.0176 Bg/gdry (¥35:0.0141 Bq/g dry) T3» V. 1.4 ~90 SREDBREER
B (B SuME) AEHEN, BRETEDREIX, Mn b 145.6 ~ 357.3 pg/g dry (B33

22399 pg/g dry ) . Sr 2% 82.5 ~ 128.2 pg/g dry (F3#5:98.1 pg/g dry) . Cs 5% 0.81 ~ 1.65 pg/
gdry (F#:1.11 pg/gdry) | PbA311.2 ~16.5 pg/gdry (F35:13.1 pg/g dry) Tho7z,

3.3 M7 OWMEKR

BREERYTICEF NI BHEEESORELVESHTIRAD 1 L LT, BREARY
OEBRPLYBEENVRBOELLREL BND, £Z T, TOREAEEL HIC, REGHRY
DEKRLZ>TWIENT TV 7+ OBBROEE % HAE L 72(1994 £ 3 A~ 1996 4 12
H)o ZORER, BABEEOMIIME, MBS ITRAROEIZ L > THRENTVWSZ
ERNh o, BERE LT, Melosira sp.. Chaetoceros sp., Skeletonema costatum, Cyclo-
tella nana, Asterionella japonica %5 DEEFERE L CIRBEEE D Cochlodinium helicoides D HBLH
mEINhl,

FRROEGIE(L2H D L, KBRKEBDOEWETIZIIERIED Chaetceros, C. nana B &
U S. costatum, KIBDEWEFIZIZ Melosira sp.. Chaetoceros sp.35 XU A. japonica, FKFEIZIZ
Melosira, Chaetoceros 3 £ U S. costatum, KB DEWEAZFEIZIZ C. nana B & S. costatum D tH
HE SN WS EREMAED S,

3.4 ¥MTS5 7 boADCsEHESUSIOREE (BRI - BA)

MBT5 Y 7 L DBOENC XZARBTOHRBERLMCTH20IC, BREB» HHES.
costatum, C. nana & & 1RMETEB C. helicoides 3 UH SEEA HBRTRE L, Sr B XU Cs D
W75 b UANORR - BEEZNFRERICL > TR L
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Fig. 3 Uptake of Cs by S. costatum under light and dark conditions.
O, light condition ; @, dark condition
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NI ehs, WMBREPEETIBHEKBESOEEHERATI-DICE., HYT
SV M UADHERMBESORIT L AEBERER OBGRPEN T 77 P /R L BAE
HEHROHBRSE2 ILIZEMIIRNTEZLABETH S,
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BB 7)) BAREEE REAE REERR

MM EOR FRASHNICZHLESA0BRBE =S U S/ AT B AN S, K
B AR BT 2 EBICBT S " CsOBTEFINERM L., BBEK®R (S
13, K, BIERMEYS) MO CsOBITHRSRE. 1986ENSEML =HIA. #IK H
MHUCSBEDEHBORMBGRICHE T EHEIBY HEATERL 2. . KEMOCs
DBAEEZBRREOEKE L TEL, KEASOCsOEARDRM, BEKMY (5
B) OREFFICEbRIYCsOHBERBOMMEOBFNRICOVTRHFILEZD THET
Do

STUDY ON TRANSFER MODEL OF '*’Cs IN LAKE HINUMA
Minoru TAKEISHI
Environmental Monitoring Section, Tsuruga Head Office,

Japan Nuclear Cycle Development Institute

A transfer model has been developed to facilitate the environmental monitoring of fallout
(Ceasium-137) in lake Hinuma. The lake Hinuma is located near the Pacific Ocean in

137 .
Cs between zones (i.e., catcment area, lake water,

Ibaraki-prefecture in Japan. Transfer of
lake bed sediment) was modeled using standard differential equations based on the results of
observations such as fluctuation of '*’Cs concentration in the lake water and sediments since
1986. Transfer velocities of '*’Cs between zones on the model were determined from expressed
as a function of rainfall intensity. The effects of rainfall intensity (i.e., increesing infow-flux of
'"Cs from catchment area and rolling-up of particles of sediments carrying >'Cs) were

investigated on this model.

1.308IC

WEBRIL. RBCHBLUEYEZBAERECIVERTIERNND 5. REEKEO KK
BFEMNEMMICHEMU BRI, BKRTHEBEMFO RS EZEREO —RAEMNE
WEREY (LT, EHEWD) dRESEEEREOMMAELL 252505, L
L. YT e EBREIL. W8 R OKCFNREICE D S BHHEBE ORA K R
H7 99 7 ZDRXICEKETZH2DOT, RHNICRALAT LB EREMEZRT SRS 20,
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2. BREE-S) VU TRONZENEORBEINGETZ HNE U TH 0 ERKEN O/ IBE 21
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B EORNEESZE FHIT 2B ANS I O NN— A METFIVTHEL -, TORMER. &I,
WAKKRVHBEY P CsBECRBEIRAOEEDETIVELICOVTHET 5.

2.BBORMY (RMUER)

BEE . WEE9.35km*, FHAEL.ImDEAKMTH DFig. 1ITRT BRIT, AR, L
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Fig.2 Fluctuation of distribution patterns of YCs
in the sediments observed in the lake Hinuma
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Fig.3 Fluctuation of '¥7Cs concentrations in
the sediments observed in the lake Hinuma
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compensated physical decay in the lake Hinuma and
rainfall intensities over SOmm/d observed at 2km east
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Table.1 Relationship between fluctuation patterns of "Y'Cs concentrations in the sediments and
rainfall intensities over 50mm/d observed at 2km east

R24 >50mm/d

Period || Csd(in)op | Csd(1)ob | Csd(2)oh |Csd(3A)ob|Csd(3B)on |Csd(out)op R':cmn ("Qrvr%) (rm);a)
86.4 - 86.8 //// 2 | 125 | 198
86.8-87.8 || —> \ Vi 7 \ \ 1 . 57.5
87.8-888 || —> 7 \ \ y — 4 | 76 | 93
88.8-898 || 5 N N\ \ \ V4 6 | 78 |1335
89.8-918 || A Vi /7 7 V4 — 7 |70 | 113
91.8-92.9 V.4 \ \ \ N — 6 | 96 | 191
92.9-93.8 - 7 7 —> —> - 4 78 78
938-9410| "\ \ \ \ 2| = 6 | 102 | 184

note A :increese Y\ :decreese -> :constant

59(mm/d). 80(mm/d). 93(mm/d) ®it4[E. 1988FE N H1989F1L68.5(mm/d).
74.5(mm/d). 53(mm/d). 52(mm/d). 133.5(mm/d), 83.5(mm/d) D& 6E Th -

s CNOSOBHRMNESKBEOMEEY P CsBEOCEH EOMEFEE2E LD B ETablel &

1%, Fig. 4k UTable. 1M S TFTDOZ ENRBEINE,

1) 198644, SARF N/ TANEROEEICKDYCsORLKBTENAEML ., £
DBDOBEF. BHi2198(mm/d) OBEREFICIRBITILE U7 Cs AN AT £ T L &
R EIN., EREHBEY P CSBENLER L, LML, 1986EN S5 1987THEITM T
TIE57.56(mm/d) DB 1 B ERNERNEN 20BN S LR DG RN
WHTB EEDHIT, LHBHEBYPR O CsNHHE. THRITACBH L, TOMHR.
LRy CsIBEIIRA L, FRBETRTBAOHEEY P CsIBETILRAL /-,

2) 19874 M5 19884FE X, 50(mm/d)E2BASBEN4EH- I EMS, HED
BICSMBEAMINBHTERBICHAL I N ERTOCsBRENHE LR LA, LML,
BRICEDHKABROBMMO FAMRICEVIRLUEELZ D, 1987TFITCsBEMNE
RUEPREE FHMAREY D S FTHREBBAD ' CsOBBMREE L DRI & FRIMAL
MmO CsiBEMNET L 7.

3) 19884EMNH 1989F Ik, 50(mm/d)ZBZ 2B VEHRAG6 M & 1987F N 519884
OMMEVEIBHITELSRBEL. D, R2aMHEA133.5(mm/d) £100(mm/d) 2 B X
o eSS, BMASICHREMAS /B INAECsd LRMICHEESD Z &< RE, Tl
HMALIERBITLEZEICED, RKBHEEY T CsBERETERTL L,

4) 1989ENB1991FE D 2 FRHIE, HIMNBEADR24TH2113(mm/d) DERR Ziék L
FOMNIISIFEDHEMEMADI6AZDOHFESH2THTH V., £OHK OZIE24MIT
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Fig.7 Schematic flow diagram of ''Cs transfer model in the lake system
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JERIZE 5, TNOBEOEBHOBITCERZEN -, MREGHEEEIENOMARIR TIZK
SEABERERD 137Cs £ L THRER®D 21Pb , 'Be TH 5, AR/IFE TIIRBEBOFMEOE
EMAETENFNE EBICRLE. BHRIIFIKEZORBAOKEMOR T, B7Cs ORHICET
BEREERIBTZTV, KENSET LR BCs DFOHBOBITEEEHER LIz, WK
B ENEEREOXERFICETAMELEZF IV ) T INVEFHREFOBEERIR TIT > 2. 5%
2. KBICEETAIYE EHRREREE OBV DZICEB L, INETIZ/LNLBENS Pu,
Am FEICDWTHFERY A XOKRZIRRBHFREY & ORKE OSBENRRENS.

Migration of radionuclides through a river system

Takeshi MATSUNAGA
Department of Environmental Safety Research, Japan Atomic Energy Research Institute

Migration behavior of several atmospherically-derived radionuclides in ariver watershed was studied.
A main interest was in their relocation from the ground soil ofthe watershed to a downstream region through ariver.
Studied radionuclidesare : "*’Cs generated by weapon tests in the atmosphere; %pb and "Be of naturally occurring
radionuclides; *'Cs, *Sr, ?***°Pu and **Am released by the Chemobyl nuclear power plant accident.
Dominance of the form in suspended solid in river water (particulate form) was qualified for the radionuclides in
the Kuji river watershed. An importance ofdischarge in flooding was also confirmed. A historical budget analysis
for weapon test derived ”’Cs was presented for the Hi-i river watershed and its accompanied lake sediment (Lake
Shinji). The work afforded a scheme of a fate of ¥7Cs after falling on the ground soil and on the lake surface.

Several controlling factors, which can influence on the chemical form of radionuclides discharged to a
river, were also investigated in the vicinity ofthe Chernobyl nuclear powerplant. A special attention was paid
on the association of the radionuclides with dissolved species in water. Prefrential association of Pu and Am

isotopes to a large molecular size of dissolved matrices, probably of humic substances, was suggested.

Keyword : Nuclear weapon tests, Chernobyl accident, Radionuclides, River watershed, Relocation, Discharge,

Chemical form
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Fig. 1 Location of the Kuji River watershed and related sampling/observation points.
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Fig.2 Radioactivity concentrations of 137Cs in dissolved and particulated forms in Kuji River water

under different flow rate conditions.
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Fig.4 Scheme of annual budget of 137Cs in the Kuji
River watersehd (1987-1988).
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Fig.5 Location of the Hi-i river watershed and the

Lake Shinji associated at the downstream region.
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Fig.6 Analytical procedure for eluciation of the sedimentation rate of 3’Cs in the Lake Shinji.
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Fig. 8 Scheme of annual contributions of atmospherically-derived !37Cs from fluvial and atmospheric fluxes

to the bottom sediment of Lake Shinji in the Hi-i river watershed.
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Fig. 9 The river system and the location of sampling points in the vicinity of the Chenobyl Nuclear Power Plant.
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Fig.10 Size distribution of Chemnobyl-derived radionuclides in dissolved forms (Matsunaga et al.,
unpublished). The figures of molecular sizes in the legend are operationally defined in the employed
ultrafiltration procedure.
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i Bq Ci luﬁ Gy rad gi} C/kg R ﬁl Sv rem
gé 1 27027010 ¥ @ 1 100 b 1 3876 t | 100
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