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Radiological Safety of Rokkasho Reprocessing Plant

Akihisa Takita
Reprocessing Office, Japan Nuclear Fuel Limited.
Obuchi, Rokkasyo—mura, Aomoro, 039-32 JAPAN

ABSTRACT - Some items to be considered in the radiological safety for the public around
Rokkasho Reprocessing Plant are described.
The items are ;

1) Management of radioactive waste.

2) Monitoring for radioactive effluent.

3) Environmental radiation monitoring.

4) Assessment for dose equivalent.

Effective dose equivalent of the public caused of Rokkasyo Reprocessing Plant is assessed as

0.022mSvly.
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Fig. 1 BAERKFREN

Surrounding of Rokkasyo Reprocessing Plant
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Fig.2 BAETE:MTFER

Bird's eye view of Rokkasyo Reprocessing Plant
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Table—1 FRIPREN &1Lk

Reprocessing Capacity and Specifications of spent
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Reprocessing process
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Gaseous Waste Treatment System
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Environmental Monitoring (2)
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Exposure Pathway by Gaseous Waste



(2) ¥EEEREICHR AR B S BT

BRI S B HEHEEIC & D R B E Y BRI,

O WREREEYFOESEWEIC L B8

@ BEWICBTT HREREEYFOBSHEYEOBERUC X 5 PE#T <

TH 5

I BIREERY R OBSEYEIC X B85 1. MBREBIRIC BT AR, BESOEREYERE
O, BERFIEBICBI BEKEL» LOBET . BEL»LOBEEL . BELOOBT B ETH S,
FBEYICBT T AIREREEYFORSHEYEIC X APERHHE I, YFEEIC B0 A REEREL X
U ALO—BARORMETRIAERO S 2. BHE, BEHE, BE, HRHE., BIURFBREOER
B L LTT D, WBERBICRAHE  BERHERE % Fig. 12 108,
BHEEWEOBHEANOKHIL. BEICERE SN/ BIREIC L V&1 3k, KFEATnOME TTbh 5,
COEEPRIT. AV EBE L THE LR ZICEE SN, REOEKAEE CAREGFRI NG SIEHE
ANFADV, FOK, BOWRN EFANC I VIR LTV, TOXSRBETOREY. KHE» OBHT
FF—DIixIxBHET, Txbbiik & BREEKEOBEENZBRAETIE, ZRLETNVE, Th
DI, PEKTETVERAWT, BEY I 2 V=¥ s VIC k- T T %,

SHEER & LT, MEERIC kT AREERICE ST, BB L LUEEINTEL T, BEEHIY
TN TCORVEREBLIUKRHEOOMBEERDD 2, EMREUENRA LT IELRET 5,
BEBRHECHRAIBRELEOHEL., ThThORR I LONSEBR TOEMTPHREL., HEYI 2
U= 5 VORERP RO, BEWEIIC L ARTEIT I3, BEAKEIC LY., S/A8Eid. B
BEFEEREER L VEH TS, ChOOZREP OORER., BT AEETAREEEER L C.
RLEDET, BERBICHRIBELE L LU GHET 5,

(3) PSR

BABRE» G S h 2 KRMERBED S L CRAEEYFOBGHEWEIC L 5BRBEOFELEY Ta-

HHE R DR FWARE»HD
BtE AL T
FEHHD —
S <
BABHFICHD
3 BAEAD — HBEEL
BAARY
IR i e BEILD 1
BREHE SR
b2k 5]
] B B
RLREEE

FPERTD
AEBIE<

BEPHOBT BEHIRICLS
P SRR s — & 5 wEEz< | —
B EHRES T - G
W EHER ‘R A
K B (ZREEFN) - TR
& ! P

fizicy el

4
BIEUR
(ZRTET V)

Fig. 12 REEEDOHHICHESHRELYBFEREE
Exposure Pathway by Liquid Waste



ble-4 1T d, FLHBEYBICEHEEL
TWhHEKEEE % Fig. 13 1ZR7,

BADO—RAROBELRITEDRE
W B CAERM0.022 mSy TH D +4/h
2V,

CDC &, REPRICHE S/ g
HED. BhoOSKE., BREFOERS
HOTT, FOLSIBT. E LTV
KRB L BT, RIIER. AE
Bx L REMHREL TR 5REE
ROTWBI DS, T RREHERH
HINTWAEEZ A,

BEH

1) Benedict, M., et al BFHEEFR : &
FAERRLE TV oy ADLFETE, K
FOMLEET 2, $=41 (1984) BHI
ES it

2) BRFNEEFEREK N, iEAERK
BRALAORERMRE= X U V7B
DWW, PR THELA

Table -4 MEHMERFEMCLDIRREUE
Effective Dose Equivalent based on Gaseous
Wasteand Liquid Waste

3 B EohEEME (mSvly)
£ | BOHEE D D DI < #3.9x107
% HFWEIC X BT < $92.9%107
| pmIEIUC X % PR B < $5.7x10
£ | BfewmEmIC X 5 PSS < 8.7x10°
B | mmmmemc & 5P < 8.9 10
5 X & & & 17107
Zi@ HBKE D b DAL < $2.5%x1078
§ YaiaH & OAREIE < %98.4x107
W\ Wtk b ORI < #2.0x1070
£ | MR IR TN < 4.6x10°
%;é? HEMERIC L A AEEIE < 4.1x1073
= & E & i 5.0x10°

& 2.2x10~

:\ili\-\%ﬁ‘

Fig. 13 BRBUBICHESLTLIEESRS

Distribution of Radionuclide in Dose Equivalent




tyval - osrose - oo

1. BREICBT S 2920y RO 2 Am 057 b 268)

£t & F —
B - RS

Distribution and behavior of ****°Py and ?!Am in coastal marine environment

Shuichi Sumiya
Safety Division, Power Reactor & Nuclear Fuel Development Corporation
913, 1-chome, Akasaka, Minato—-ku, Tokyo, 107, Japan

ABSTRACT —Transuranic (TRU) nuclides such as Pu, Am are very important nuclides to
estimate the effective dose equivalent for public, because these nuclides are almost long —-lived
o emitters. We have studied distribution and behavior of ***Py and *!Am in the
environment around Tokai-mura, Japan.

In this report, we summarized the distribution and behavior of *****Py and *'Am in sea
water, marine products and sea bed sediment in coastal marine environment based on our
data and other organization’s data.

Concentrations of ®%*°Pu and **!Am in unfiltered coastal sea water around Tokai-mura
were 2.7 ~ 32uBqg/ £ (mg;9.7uBg/ £ ), 0.50 ~ 7.5uBq/ £ (mg; 2.1pBg/ £ ) during 1982 -
1994, respectively and each concentration level was about the same level for this period.
Furthermore, the partitions of 2920y and *'Am between filtrate ( < 0.002pm), colloidal
which was defined as trapped materials with ultarfiltration (about 0.002 -0.22pm),
suspended particuate (0.22-0.45um and > 0.45pm) in coastal sea water were examined.
The results showed that #%**’Py in the coastal sea water mainly existed in the fitrate
fraction and 2!Am in the coastal sea water predominantly existed in the particulate fraction.

Concentrations of 2%#°Py and ?*!Am in coastal marine products around Tokai-mura
during 1982 -1994 were 0.062 ~ 0.89mBq/kg fresh, 0.027 ~ 0.43mBq/kg fresh for whitebait,
0.042 ~ 0.50mBqg/kg fresh, 0.027 ~ 0.31mBq/kg fresh for flatfish, 0.78 ~ 11mBq/kg fresh,
0.085 ~ 2.8mBq/kg fresh for brown algae, 0.32 ~ 7.3mBq/kg fresh, 0.60 ~ 5.7mBq/kg fresh
for shellfish, respectivly.

Furthermore, Concentrations of “**°Pu and *'Am in coastal sea bed sediment around Tokai-
mura during 1982-1994 were 0.054 ~ 1.5Bq/kg dry, 0.043 ~ 0.67Bq/kg dry, respectively.

Concentration ratios of !Am/****Py were about 0.4 and almost the same level for this period.
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. Results of physical separation for distribution of *%**°Py and 2*'Am
0.45 pm R T0.22 pm A in coastal surface sea water collected around Tokai—mura
VISVUT 4 VEICE D

239,240Pu &U 241Am ,z%g (Bq/ ,0, )

KLLOTHTRE, ad ¥ B Y B % ¥ 3R DIREIL (%)

A FREEESTELT Py *TAm
2 X107 pm ORI A E ??% AVTZVT 4 VR 11~35 50, 59
>0. 45 0. 45

FA\CHE L7 0% a0 H H (F#19)
A FRE. ¥7-C OBA A BT AR AVT ST 4 VR
0. 22~0. 45 um 0. 22 um <5 <7

BBoTCDDREBEHFRES L

- a4 FHE BA7 &
7o 0. 002~0. 22um  BESTFE: 15 <4 <7
Y% i 7Y ¥ N

BEOWKF PuRU —— — 63~84 37, 38
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LKL FRED 92 Pu BRI &6 D11~35% (F919%) T, BREMO ™" Pu B3 £ A D63~84%
CP978%) Thotze Fio, 022um DA VTS5V 7 ¢ V2 THE LR FRRO 04 FED PPy
BEIZThZNEETERRBTH > 7, ARIC., 2AmIZ>WTE, 0,45 pm DA VTS5V 7 4 WRET
HE LR TR M Am BEILAED50% RU59% T, BHFED #Am BEIZ2AEDIT%RUB8YK TH
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Table—2 EEHBAIARBKPRFREEVEFECSTS > Am/ 2Py HitaEk
21 Am/ 22920y activity ratios in ‘Soluble’ and ’Particulate’ phases
of coastal surface sea water collected around Tokai—mura

241Am/ 239,240Pu m%ﬁgﬂs

& No. — e YEERE
BT pr— BT B
A 1.4 +0.23 0.13%0.02 1142
B 0.70+0.13 0.08:0.01 9x2
HirhYEIR B ® 0.4~1.2 0.041~0.12 4~14
7 R 19%8K ¥ 0.6+0.3 SE# 0.083~0.014 T84
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Table-3 K N E TICHE XN TWAEBKICKT R FRED 2Py R U #Am OBEEE S &R
3O, CORITFET D ICERPMEZIC Lo THEARLY, PPy Tk 2 ~60%. *'Am Ti210~90
% &, PEVBEOBIBESZINTWER, COEEMSDS Am A Pu kD VHFREL LTORELE
BBV EARENTHA,

Table—3 REKICHT BRFHED ****%Pu RV 2 Am®
Association of 2*°%*%py and 2*'Am to the suspended particulate matter
in surface waters from different marine ecosystems

Total (mBq™) FLTRE (%) ’
Region Ref.
239,240Pu 241 Am 239,240Pu 241 Am pm

KPaHE 37 1.871 <30 — 0.45 ()
v B 1900 1100 40 90 0.45 (b)
VI W 25 0.8 5-40 e 0.45 ©
TAV vy 2 W 90 x 103 60x10° 36 80 0.22 (d
TA Y Y L T 750 550 36 52 0.22 @
TA Uy 28R (0.8-20) x10° (1-27) x10° 60 90 0.45 ()
TA Y v YRS 300 50 2-15 30-60 0.45 )
HoFh Y 37 2.2 4 10 0.45 ®
Ho g 15 2 4-15 30-60 0.22 (t)

¢ Membrane porus diameter.
(a)Livingston and Bowen, 1977. (b)Nevissi and Schell, 1975. (c)Wahlgren and Marshall, 1975.
(d)Hetherington and Harvey, 1978. (e)Mitchell et al., 1991. (f)Holm et al., 1980. (t)This work.

T, KD DEKFRED CBERBRY N OBEDEAGVWERI/NIA X L LTUALAVWLh T
5 5EARRUZ, Table—4 IZR$ L3 0, PuTl0*~10°, Am CTIO~10°BE L #Esh T35,
WIC, WEPREL & B, BEFREICST ABEOBTEBICHEL VIO TEELRRT Th A1L%¥W
RBEICOWC, BRI CREME SN TS T — 20— BN T 5.
T, RBEKHORTRICKT % Pu 2 S0/ BAHEWEDOLERE (BEHB) TovwTid, 0.05
M, pH4 OE:##EE#R, 0.01 M, pH2 OEMAERE. 0.1 M, pH1 DEMBRE CRMREAERE AW
Table—4 REKICIHTDWBHT LBAMICHT S PuRY Am OREFH ™

Plutonium and Americium K s in surface sea water
from different marine ecosystems

K, (kg™
Region Reference
239,240Pu mAm

TAvUvyall (3.1+0.8) x10°  (2.4%+0.4) x10° Kershaw et al., 1986

p & (6+£3) x10°  (2.8+1.5)x10° Kershaw et al., 1986
TAY v 2 ETEE (8+2) x 10* (4+2) x10°  Mitchell et al., 1991
TAY v L EEE (4+2) x10° (3+1) x10°  Mitchell et al., 1991
RByRAE 0.5-1.5) x10° — Pillai & Mathew, 1975
Rhone River Delta ~6x10° ~10° Martin & Thomas,1990
b (1.240.7) x10°  (0.9%0.5) x10° This work

Reported uncertainties are =1 ¢
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Pu (V) DEBEEDOEIEABENC EATREN TS Y, Z LT Pu TRLBVEEERITBERTO Pu
DESHEIT. CORKBEEICWIEESD Tn RUUSBEHOBHEDOBREETHS L\ >
ERPD, Pu (V) OFBSEGTHS LEESNTHD Y,

U Pu  2%Th 20Th 2%87h
’0\3 100~
E <— Stage 4
o
}..
N
o
©
g o0 B
-
00
S ©
7
< <— Stage 3
Q <— Stage 2
Yool L <—Stage 1
3.8 1.8 057 1.1 7.7 Total concentration
of particulate actinides
(unit : uBqi~")
Fig. 2 RERHZEZROIBKPRFRTI . TUPZTLRT YT L
RfED BB &S TERS ¥

A typical partitioning signature of particulate uranium, plutonium and thorium isotopes
in seawater by using the sequential leaching method comprising four stages.

Stage—1:0.05 M BERASIEAR (0H4. 0) 1000l . (V+W) H&BEOEBEEE OREMLY. HEME. 71 BIE)
Stage-2 : 0.01 M iERR¥EW (pH 2.0)100al ., ViG&BOBBEE

Stage-3: 0.1 MIERRAWE (PH 1.0) 10008 . U (V1) DG

Stage-4 : BRERAR UERRC & 5 MBERES 14

—F. PuOBMLFRBICOWTIE, BEFO (I+V) fli B0 (V+W) i Pu icdd TH%E
BN TEY, Pu (I+V) OFAPu (V4+) LVEFREL LTERBRFICREINEL Y, 74
Uy ¥ 2 BOWK T, BEET (>0.22um) T Pu (I+V) #%<. A@%EKFTE Pu (V+T)
BENT ERREIN TS Y, w70, hBRUFRRRBNBEOEKTIZ, Pu (V+) 04
WREEDE0~85% Th - 7= L DHRENRENTWSE D, S LICEEBARSEZRE L L Pu (V) & Pu

(M) DFFGHEDOHIE LS h Table—5 FHAKED Pu DEEALIREE (%) 1

T&ECipn OOMAD -z 5 gk Plutonium oxidation states in natural water

RH O, BRFO PuOBLIZRE Pu(l+WV) Pu (V) Pu (M)  Reference

T Pu (V) RENTHSLTEDBR Fik 34 66 (a)

IhTws (Table-5 &) iy 42 58 @)

. T4 9y 2l 23 77 0 ()

3. WELMTOABEED ) a0 s o o
keI S ncratepEy A (D 40 46 14 ®)

WEAH~BT B L, Ags STB 13 & 0 O

- . a Fukai et al. (1987).
ChOBEEEREWE UTEIT b Orlandini et al. (1986).
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Table—6 EEREDARBEEMICEST S 2% Pu BT ' Am ORBHRE

Concentration factors of 2*%?*°Pu and®*'Am for coastal marine products around Tokai—mura

I — WA ()
575 MEELME F— 2% Fir:i| ST s B
289.2400py SR 96 5.4~150 29 1.6
B 78 4.0~68 13 1.6
(L5 AR HVA)
B 216 78~1200 380 1.6
B 153 36~500 170 1.5
241
Am v5 2 81 17~390 74 1.6
B 99 13~340 48 1.6
(LS ARUHBLA)
e 183 31~1600 270 1.8
B 147 230~3900 1200 1.5

) ; FAEIM 1982~19944
B = WSEOREEYFRE (Bakg £)
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Distribution and Behavior of Transuranics in the Open Ocean

Kiyoshi Nakamura
Division of Marine Radioecology, National Institute of Radiological Sciences

3609 Isozaki, Hitachinaka-shi, Ibaraki, 311-12 Japan

ABSTRACT -The major source of 2***Py in the open ocean is the global fallout from the
atmospheric weapon testing. In 1987 -1989, the latitudinal distribution of 239.240py in the
surface water showed the pattern refleting a global deposition in both the Pacific and the
Atlantic Ocean. The feature of the #**"Py vertical distribution is that a subsurface maxi-
mum exists at depth from 200m to 1000m over a large area of the ocean. Inventories of
289.240py; in the water column are often higher than those expected from global fallout and
close—in fallout is suggested to be the additional inventory in the Pacific Ocean. The
239.240py; inventory in sediment has the values in the range of 2 to 27% of that in sea water.

The use of a multiple corer is suggested for sediment sampling.
. FLE®BIC

BYS VTR E LT, AETHEIR T S01E ®¥Pu, ®Pu, *Pu, *Am AELBLDTHY,
KBS IASEAREROETHHARETH S, *'PuldBER TERSh5EH *Pu/**Pu =0.009
(atom ratio) & 1704, BHELTH¥AM L5 L WHEEAKE TS B A, MEMISEV, ®Pu
E2Pulta —ANRZ FOA RY —TREFIHERNOT, —I2iE PP & L CEBEDAF TEE
hTwa,

2. BKPOZH

FEAFO PPy OFHBBREARELEL. IR 7+ - VT Y FOBRTERMETLTWAT
EHSRBAOEEHA RO T, REEAHD PPy DBREREARL LTWB, fE > TKEHM
BR—OBIC B LN RB O R, S LA KBIHEL V. BEFOTF— 25 LOTRRLTAS L,
BRIC L A REEOERSEAL G, U ERILAFEEDCN 25 0°N OB TR, 74— V7 7 M
TEEEULIEERN Y — VAREARRECEAS N, LOBRESE B CEVERITH 7, 56
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Long~lived Radionuclides in the Coastal Sediments of the Irish Sea, UK

Masayoshi Yamamoto and Jun Kuwabara
Low Level Radioactivity Laboratory, Kanazawa University
Tatsunokuchi, Ishikawa 923-12, Japan

ABSTRACT -Over the last four decades the Irish Sea has received controlled discharges of
radioactive effluents from the Sellafield (Windscale) nuclear fuel reprocessing plant in
Cumbria, UK. Enhanced levels of a range of fission, activation and transuranic elements have
been reported in a variety of environmental media. Most of the ?***Py and **'Am and about
10% of the 3’Cs have been retaihed in a deposit of the fine sediment near the discharge
point. The quantities of radionuclids discharged annually from Sellafield decreased by two
orders of magnitude from the mid-1970s to 1990, but estimated critical group internal and
external exposure decreased by less than one order of magnitude over this period. Redistri-
bution of the contaminated marine sediment is potentially of major significance.
In this paper, a review is presented of published work and recent our study relating to
Sellafield waste long —lived radionuclides, especially transuranium elements, in Irish Sea
- sediments. The dominant mechanism (solution and/or particle transport) of supply of these

radionuclides to intertidal sediments is discussed.
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(a)Estimated environmental inventories of Sellafield waste
radionuclides in 1990
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239,2480Pu 6.8 >><< 182 252 ﬁ&%ﬁgx&: O\(\Vcci\ % 2 k:-/j—\“g.
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241
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(b)Estimated input of radionuclides to the environment from at- O Pu(a),*Am XU
heri /) test:
mospheric nuclear weapons lests UIAC 1 #9990 AL & 7
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(c)Estimatel quantities of radionuclides released during the H U7-8E0 Floc (K4t
Chernobly reactor accident in 1986
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2 €T 74— REEREREFOEY T TRAEZEBEOSYE (198246)
Sea tanks Pond water
Filtrate Particulate Filtrate Particulate

o5 8py 1.3+0.3  98.7£3.6 12.0%+ 1.3  88.0% 5.4
o 2240py 1.420.1  98.7+2.2 13.2+ 0.6  86.8% 2.6
o HAm 1.620.2  98.443.9 2.0+ 0.2 98.0% 4.2
o5 M32c 0.0 100.0 4.1+ 1.4 95.9x15.9
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% **Puin each 59473 1.4+0.5 96.0+ 3.4 1.7+ 0.4

fraction as Pu(V+V)

9% *'Np in each 4.9+3.7  88.0=8.0 0.0 0.0
fraction of Np (V) R 8.08. ' ’
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Mobility of ***?*°Py in the environment

Yasunori Mahara
Central Research Institute of Electric Power Industry,
1646 Abiko, Abiko—shi, Chiba, 270-11, Japan
Akira Kudo
Institute for Environmental Research and Technology,
National Research Council of Canada, Ottawa, Canada, K1A OR6

ABSTRACT -To estimate the mobility of 2°*?*Py in the environment, the intensive surveys
of the +20py distribution were conducted in various environmental materials (soils,
sediments and planrs) in the Nishiyama area 3Km east of the hypocenter, which received
heavily deposition of a local fallout from the nuclear explosion of 1945, in Nagasaki after 40
years.

The vertical distributions of #°**Py, ¥Cs and *Sr were determined in unsaturated soil
cores up to 500cm deep. 'Cs and %5y were the reference to assess the mobility of
289+240p;  Most fallout radionuclides were found in the top soil to 30cm deep from the ground
surface (95 % of °Sr, 99 % of *"Cs and 97 % of %**0Py). Howevre, “Sr and **+*'py
were detected in the groundwater below a depth of 200cm. No “¥'Cs was found below 40cm
from the ground surface or in groundwater. These observations reveal that about 3 % of total
239+Z4°Pu. in soil has been moving faster than the remaining., The 1945 sharp peak of
289+280py; and ¥"Cs were found in sediment cores collected from the Nishiyama reservoir. On
the other hand, since Sr is mobile in fresh water sediments, there was no 1945 *Sr peak in
the sediment cores. *°*2°Py peaks were unexpectedly discovered in pre—1945 sediment
core sections, but “°Sr and ¥Cs were not found. In contrast with the “*’Cs distribution in
sediment cores, *’Cs in tree rings had spread by diffusion from the bark to the center of the
tree independent of a fallout deposition record. Most of the *°**°Py was distributed in the
tree rings dependent on the same fallout deposition record as found in sediment cores.

Furthermore, a very small amount of 289+200py (about 1 %) was found in pre —1945 tree rings.



Consequently, judging from the enviromental surveys of 2**%°Py Nagasaki, the mobile Pu
was produced in various environments, though very low level. The production rates were 10
9% in sediments, 3 % in soil and 1 % in tree, respectively. The production of the mobile Pu in
the environment strongly depends on natural organic materials, bacterial activities, aerobic

and anaerobic conditions
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Fig. 12 Changes in the Kd of **°Pu measured with a Fig. 13 Correlation between the Kd of fallout Pu

batch method using sandy soil varying pHs and measured in the natural system and the dis-
Kds for the untrapped 2*®Pu contained in effluent solved organic carbon concentration, and
from the sandy soil column. comparison with the laboratory Pu Kd.
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Behaviour of *I in the environment

Yasuyuki Muramatsu
Division of Radioecology
National Institute of Radiological Sciences
3609 Isozaki, Hitachinaka ~ shi,
Ibaraki, 311-12 Japan

ABSTRACT —Iodine - 129 (radiological half —life: 16 million years) is one of the most im-
portant long —lived radionuclides released into the environment through nuclear applications.
We have carried out several studies on the levels and behaviour of radioactive and stable io-
dine in the environment to obtain information related to the radiation assessment of nuclear
facilities (e.g. nuclear fuel reprocessing plants).
In this paper, we summarize our recent investigations on the following points:
(1) chemical forms of iodine in the atmosphere,
(2) deposition of gaseous iodine on plants,
(3) iodine in soil,
(4) transfer of iodine from soil to plants,
(5) volatilization of iodine from the soil -plants system,
(6) levels of I in the environment.
As a topic, determination of 1297 in Chernobyl soil for the estimation of 31T levels at the ac-

cident is also described.
1. ¥8

3 F-12913 A L600054E & 2 ROBSHERMEOF COLITARFGOMETH 5, HRRAT
it U. Th DERBESHRAKHD Xe L FEROBRISZ LICL VARSI N TED, BEIVHRD
LOHEKBETCIOMBE LEEIN TV, Lo L, BERSETFHERICER LTI SATHICER
Xh, FO—WABERICHKE X0, BETER PLOoBRE L~ UE ER LT3, NCRP (1983)"
. BERIC LD ASPICHEE I PTOBEYHI0C LREL TS, %, EFHRBICEVRE



3 AERERRERIC SN 5 T OBIZRIT20004E E TIoHERA&FETI700 CLICET 5 LTS h
Bo D> H0.5%ICM 55 7. 4 Ci HEABEOBE TAKHICHE S5 & NCRP EFH LT3,

IVRIDATRETH Y. FREOBECEELFE LR LTVE, s L, KEEIVRLERIC
WDRARZSE, FRIBICBHEIN S, 2070, BHEI Y ROBREFIC KT 528 &L ANDOBITER
RFND i3, BAERGRD OHH SN AREOREL L 2T 5 L TEETH S, Fic, IRE
FBIBE CTH A ORPNTEA» OREF CEFHTIE T ALNEL DS, Lo L., IVHRITE+ DL
Wk b B, BERTOEBIEE TS, MRSTSBONTVS LEE 240,

KEHICHT 5 IVROEREMZ., 5 FRIVE (L) LI VATV (CHI) THY ., ZOMIT D,
HOI & A MEICHEE LIS FRAIFET 550, KB ak@ge LTt st/ v () bay
KW A 4 (10,7) HETH S5, BEMICHE LAMEARET LV OBELH S, IVEOEH
E2HEE. ThoDFHREIICRV TS DERS S, PLRIESGRETHS I bhb, —EBRIEIC
Ao7oBE, BEIVE (YD) LEBRRICTHEELOND, ZDD, TEDVROEWHIR(LFH
F—2i, PIOBEEH T TUT 5L TLEETH S, JI TR, PL OBERTOLH & EHICOW
T EEDIT > LHRRR A POICUATOBEA I DWW TR B,

- kEHRTOE Y

F KEH S~ OWESY

- BRI BiF B 2w 0D

_ig_ﬁwgﬁ%ﬁlz,ls,u,ls)

- B R DO

BB BT 1297 ) l/f\"Jl/”’w'lg)

7o, FARBHRSICER T AEERLNM & FEERERIZVA, PLeAWeF oV T4 VEK
B B LAOVOEFEICOWT S Py 7 A E LTHRITENT 5,

2. RIFTOLFH

KEHRTO PLOEBRE 2 56, BRI VROBE ¥ eERT AVERD B, AEFTOR
E I VROBIRIIEETh 5. KB %37 ROIERIT, HEIEMCRS L 10" PEETH
B, FEEEATIEEMERIC LD —H2A 17 128 LT3, Miyake & Tsunogai(1963)° i3, e
KD I™ BEIEOMERICE VML SN T, L0 D KKAHICEET 5 L HEE L, L L, BafOH T,
COBLER LD b, BRKFOEEWSCEEOFERICEIY I vRAERILI N, IV AFIV(CH) &
LTASHICHEShBEBAELE2 BN D L5127 - 7= (Rasmussen fi 1982)*Y, %7-. Yoshida &
Muramatsu(1995)” 3072572 & B TR L e kKb O 3 7 ROBE L L2 RANIEE» 5
b, FEITVROEDLEEHHI0XAETHY, EBEITVE L, HO) LRFRIVE (XA MIHE
L72d D) XD BEBMICED -7 BEL LI Table—1 KO bl hlOfERT), BEMICIZ.,
h b 3 DDEHOEFHIH 20ng/m® Th- 72,

P Ok SRR T AR LW T — X RY S, GRS ICEET 5 VT I EEY
BDETHHEEZONAD, KKEPICHHEINDEET. FRITVERHER 74V Zx— (FFv ) TR
LICBEINICS WIOFEBEOIE I BEVWEHEINDG, /o, L EEEEO I VREIRKFICH
BEXAPRECRESNAY, WKCETRAD D, BNHCHST5EE20N5, —FHTiE. B



Table—1 Concentrations of iodine in the air collected in Tokai—mura.

Iodine concentration (ng m~%)

Todine species

Range Mean
Particulate 0.3-1.7 1.1
Inorganic 1.2-2.8 1.9
Organic 7.9-15.3 10.9
Total 9.7-19.5 14.1

Note: Samples were determined by neutron activation analysis.

ATRITAK P CTERABOER CEB I VRICBILTAEAICD 5, VA FIVOXKFICRT 58
BRI, BIHEOMI I KICABIR L, MEMEICHIERD ). 1~8 B EWSEAEINTVWS, F b
J 74 VEHIC & DS his BT {2 e RS &, Noguchi & Murata (1988)* #3Z#i#k B & G
WU KGOBEMETIE, BEE :70%. L: 5%, HOL: 6%, NTIR:19% TH -7, §F T, kK&
FOIYEE LT, LEFLAZEELTOWAWER PR Ehoiz, . KKOKSHEI VRO
EDRYVI TR, Ty =T 4 VE—DAREAWCTWAGLS Y. T TIRETRO I R LR
TERV, Bl LIRBERUBHE I VROT - 2P O6RTh, RIFOIVROEFH L LT, Bk
AR (FELTavbAFN) LEEI TR 1, 2 HOID) OREAFRBIZ OV TRHEETT O LELD
%, KEHOHART IR (LHER) 2 ¥ OBERKICETAL O, /=208 (L1 VT b,
TaxwYaT U MRE) KOWTOMRIRERICAZNDT, $HT I 2EDLLERHH D, BEL
LCEE 5 23 T o 7oK OREI RO SHEICET 57— 8% Fig. 1 IGRT, HICIRLTWAL
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Fig. 1 Concentrations of iodine in rain water samples

HRRWEEZOND, o, BEL LR
Vp DI RIM72 D OUEEE (Vs) TERT
ZtdBbH, Table-2 ICxNbOZFT LB,

collected every month during 1993 at 3 differnt
places in Ibaraki. (Distance from the sea:
Nakaminato; 0.05km, Tokai—mura; 1km and
Mito; 15km)



Table—2 Definition of deposition velocities (Vb, Vs and Vg) used in this study.

Amount of iodine deposited on plant grown per unit area of ground
Todine concentration in air x exposure time

Vg (cms™ ha

Amount of iodine deposited on unit weight of plant
Todine concentration in air x exposure time

Vp (cm3g-1s-V=

Amount of iodine deposited on unit grain number

Vs (cm3(100grains)-1s-1)= : ST :
s (cm*(100grains) ) Iodine concentration in air x exposure time

Vg, Vp. Vs BEEEERRY -V OEELIRT A LICKVERTE S,

BORTlE, B I VROBERER & LT, KRR E >IN APEERINTED ., BEAOW
EEEICET T - A0S HEINTOESY, Lo L, BAEOBEIE. BoRICHAFELGE OERE S
D, BETRRL ., RPBREDORIEY, CORKAEETHS, 1 CEEI: 8H) Itk5
BROBE, KIFEEH & DOERPOE N BT BEAARBThTRI LTLES, 207kd, KN
DATFEOWEREICET 57— e WMABEI RA o7, L L, PLHICE L CREREAE W DR
FTAHILICEARPBEETERV, T/, ROEOBEROERENAS oD, K2 bOFE wIEE
LTEL AR THS,

T, LI, CHJI RU L OKBENOUWERE #BHERIFEZNCH A I VRF o VN —%H
WCHN, FOEEY Table-3 KR T, COEMDRS &, BABEEM D OKBOH~OWE

Table—3 Deposition velocities (Vb, Vg and Vg) for CHjl and |,
to rough rice during the fruiting stage (mean value).

Vp Vs Vg

Chemical species
P cmig-1s-1  cm¥100 grains s)-! cm s-t

CH,I 0.00048 0.00090 2.7x107°

I, 0.15 0.44 8.7x107°

EEE (V) 13, CH,I(0.005cm3g ™ s™Y) 04 I, (0.15cm3g ™! s™Y) ICHAR T B MIT/IE W & ARG 5,
DFD., IVEDEHOBNIC LV AKBOMCILETAENAEREY, L, OIE>7% CHI L0 %
BfEE LB\, Nakamura & Ohmomo®® [z k5 &, & UVELR FEEOBE L, I, O1F 525 CHyl
L0 2HF B EEAAE (Table-4),

KT, A TOSM% Table-5 107 ¥, I, TRE LCHBE, B LI VRODTH 2 Y BESAR
CHIEL, 1B LA EBPRICHE LTWB I 2ASh -7, —F. CH OB&L. F1938% 4 Fkic

Table—4 Deposition velocities of I, CHgl for spinach.**?®
Iodine species Vp (emdgts ™) Vg (em s7Y)
CH,I 0.01 0.0017
1, 0.93 0.15




Table—5 Distribution ratio of iodine in rice grains exposed to CHjl and
I, during the fruting stage (mean valie).

Distribution ratio of iodine in rice grains

Chennical species Rough rice Brown rice Polished rice
CH,I 1.0 0.49 0.38
I, 1.0 0.05 0.02
Weight ratio 1.0 0.82 0.72

FAELTWAY, BRCARESI, BERIICE > TLRERY, BEMIOBEDOH B ZNLUIT LD bk
T EARBO LN, ThiE, BABLTENTL 5 ERECLEAAD, RICBHET HEEHRAE
BT LICRETS EE 2 B,

PEDZ Ehb, KFROWTHLIERICE W TAILERER L OF 5 CHI L0 & 2 skidzhllE
KEWT EDBHLDTHD, WICOWTIE, TRBTHAEKRETERET HEEH I TROEHIC X -
TREREZD, BRICASEGE, WEEE L3, CHIOHA L k0 20655 KXW EH45
Motz KEFTOIATROIEHBAIEBL T LB, HPNOUBELRBERHETSLETY
KEITH 5,

4. +8ICHTHEE)

+EER, B L AHROERBBALER . SOIKEHOTEBIC L DERINFED bV
HETRILEEZDND, BHMTHAERFO I VRBELER 0.1ppm LT LEV, EE D MEHES
PRI X D HERO IR ER LR Y Table-6 1077, ThkVKELDI 7 REBEHEL 28
LI AR E N C P50 55, COBRBICOWTEIRTEN S, —77, BLPHmKLTIIRHN &
T AHEAOME (0.1ppm BF) X0 2HHUEBNI B0 5, Chid, tEATOEBEBRTIIRY
BELCELEEZD, T/, BAPBALLEES TCETTICRVIVENEMRITHZ L E2RTHE L
T, Table-7 KE+DBEFOFERT R CHER LARROFIHERE TR T, AT RITHI000F/TICEL

Table—6 Concentration of iodine in soil collected in Japan (mg/kg).

Soil type Concentratio range Mean value
Forest soil 8.3 - 49 29
Field soil 6.7 - 59 27
Rice paddy soil 1.0 - 9.6 5

Table—~7 Concentration of iodine in soil and lava samples collected
from Aokigahara forest, Yamanashi Prefecture.

Samples mg kg™?
Parent rock <0.1
Lava (inner part, partly weathered) 0.22
Lava (surface, weathered) 1.1
Soil (on the lava) 8.3




W BN IDEED LICHEDPET U TERERBRAER SN TTETW S, BEOEEITALI N,
FOIBEEEPEZ DR~ TH AR LEATETWS, IVREER. BE<EE —BR/L) <AL
DEAVBEE<LTBEBORICKEZ LA ENFEDLNS,

Bowen (3 +EH O IAVRBEOFHAZEL LTS5 ppm #HE L TW5, Chid. £& LTHKD
F—AhEEDILDTHS, BADEMN Table-6 TRT LS Bowen DELVEVWERE LT, @
HADLE (F& LTKIUKEE) RIaURERE LSV, QHADAKFO IV REBEIIHBICHE
NTVBELDENWT L, OFKERS W DIVROBETENKENT L, D3DOPETHSLEZS,
ZDkdic, ERCIVRSER LSV L3 Pl O EBRIBIC kT A %B L FHIT 5 L CERE Lz
X VWEELRRTH 5,

FTERTOITVROBITOLE S, DE DV REOEREIT LB - BRI BRI (distribution coefficient,
Kd) TRTZEHTES, TOKdL/kg) i3, HEFOBRERE | & [+HEBEFOKERE | THl-
IfETH D, IVRDKA &, Ny FEREICED I7 210, D2 DRI OWTENEY, 20
EEA Table-8 LR d, M+t (BR7 L) ik, I7 RUI0; ™ 4k Kd {EA7000LL kL EICE<, I vE
T ABENHKENC DG 5H, KELE (KEERL:) O KdZER7LOFELD EV, BWEL
PHEEHOEII S HINEL, INHIEHTEITVROREFFIDLWEET 25, 27200, 1037 1T % 3
HEAEEED Kd 13520 & B K EWERNICD - 7o BRI AR ICE W Kd 2R 4EE & LT,
BRIEPIEELSEGEITNAEHE LT IVIDPERTTIND LFEY E OLEHMNERL T 5 EHEESH
b5, BR7ZLICEENAHBNENLHED THAT7 07 2 /NOBEFR, 1I0;7 EBVA, IT Zxhz &s<
mholc, REWCKITET pH OEBERN/IEIAH, pHMEWIE DI DRE LBV EBED BN,

TEARAESE LT, A= M7 V=TI BT AL, IT OKdIZAKELSBATEHEERED
Nice TOTeDD, BECEEZMAHIEICEVELTHID, D&, LEROBAEHOTNLAH
LR EPBEE LTV AHAREEDLD 5,

BR7 I KR ZRM & LAEEBHICEALLET, BROAEOBMICHO2E &P —FEREV, LI
BRIEDIZ, YR T RUTIOT) KR LEVRENEZRT I &0, FAEETHICL D LEER
i - 7o U RERE - AR EEbFRBLIBCRF IS 2 E2 LN 5,

MARZE U CEEICMDAIVROERLUTOBIHEEE Lic, EEZOMKOSIER (KRICBT 5
1EMOFH) X0 3 UREBEINAKT L.8ppb. ZThICEMBEKEL400mn CKFICHT A{E) Z#T &
bbb s, #EL cm? Y70 OFEMO IV ROBHINEEITH200gL 05, EBLE~OIVROUE

Table—8 Distribution coefficient (Ky) for soil and related materials.

Kyml g™)

I- 104~
Andosol (wheat field) 7500 7000
Gray lowland soil (paddy field) 560 430
Sandy soil 35 32
Kaolinite 0.5 0.7
ALO, 0.2 <0.1
Fe,0; 47 520




B L LTI COENIC, AART Y RAEMICERIEE LT, ThH LB b 2E5A% 2 bh s,
BR7 +OEBRE T, AAFOERNTEERYMPER Lo B2 C. Bl LAK&Hh0 I 7 REE
(I : 2.7 x 10" °ngem=-3, CHyl : 14 x 10 °ng/cm3), A XFITOWTHERE LB EE FROEDEH
LHEET A L, I, : 0.6cms-t, CHgl : 0.006cms=1), AAFOEFRM (57 8) IV EHEEELRE
L7c & 2 A 20ngem-2 b7z -7z, COMEIZ, BELEFEOHEEDOHNE X THD, HEADIVROE
B EE U CBERERE D DOFLEDIEIPKEVERbN S, /2R, TT7OYILRLA MR E
KHRE L7 o RICO VTS S CHEB L TOAWE, fl2iE, Btk s b5y THEAS BBEID
WTHERTERWV EEbh 5,

5. TE-EMBTHRE

L S B~ OBSERE CLIRETLR) OBTEHETA/ODONGA -2 LTRGEER
HOlt, B — Wl BTEE (Transfer Factor: TF) Th b, Zhit. EHFOBEEEE UIRE
) OEEE L LEROBRE TEH - /oEr LTEREINS, VI 0BER. IERBRINALLTh,
MIRHBE N 205 LTS KRB LEB & R TE 5, PR RBEAESICEL . Tk, ki
L &5 i BT E S AEAS S 570D, HEL DEY~OBTICET A5 -2 2B5Z L3 Th K
PTh5, AVROBAREICOVTOBERIZLT T ESL S nv, EEFI, MEMEERZRDO/ N 4+
ovERWC, I V-9 -+ LTHECHEML, BEEY~OBMVAZICETSRI V-9 —%
AT - 722, SRR LictEik, BRIy ETh 5, ARICOWTIR, BR7 LSS bk m 48
& LT R EE S AV R F L —Y — 8 OKFEOF) OB % Fig. 2 ITR T,

BAGRICE L TAONALT — 2% Table—9 ICE LD 5, FrRXYRaATVEL ¥ OEEDOBTHE
130,013 TH 0™ | IAEA(1982)® DEIEYF AT —BRICOWTOMETH 50.02 L ABRETH - 7=,
L L. 2k (BK) ~OBFHEHIL0.0022 1HHEN - 7z, BOBEOBEEBIEWICED5KOLEITH N
TEdb, dLdb, TAEA OfF (BIEY—RRICHTS) #HVWE LT L, BRFHUEIC DA 5, Fi,
A BETRE SITEVESRD b, 2O L5 ICBTHREEAEYOBEIC LI VA REBI LM,

Table—9 Soil —to —plant transfer factors (TF) of

radioiodine

Crops TF
Rice (polished) 0.0019
Spinach 0.0031

Komatsuna 0.016
ater Tomato 0.0003
Porous—cup Soybeans 0.0029

Soil Carrot 0.001
[y . Sweet potato 0.0002

Wagner—pot 4 IAEA recommended 0.02

Fig.2 llustrations of the pot experi-
ment and a rice plant.



@ Desorption retlo 7 lodne  [Oray lovland sol]  gafpap o ml &EOWER ¥ T L OEERRET 5 S

00 e 1 . BEOBVEEFHIT> LTAETHS
soap LA S T o gk, HEOEELBTRNEERY 2EE
g BT 77 B —D—DThb, BRI LIFNCHN
S Rk ic, BURICHT BEENAE D, M
B~ OBTHRRILREE T K10~ TS
o ——— VERICH B, L L, KEICHO T, BT
ceo b | ASBRT B OmEOLETHA S mEEE
é200.» 3 f o7,
S e, ] HEROHBAOERORI AN, LR
a0 bt Eﬁﬁﬁ“ﬂTWﬁﬁyﬁj ROWE L BIRT B LB 2 Db, KL RET

e ae se  ae Tor a0 AEETO-LEEAEROMEHE T v REE DT
Period of incubation (dax3 BEN (Fig. 8), TORBR. RETHE. 7
T8 e st o i G o oo sty UETIROLY =9 (19D DL L
waterlogging. TEICRE SN, TERRTOREIMED 5 72,
Lo L. KFEORE &36ic T ORE ENT 5
TEBBDOONI, TOLEREWEHO T BEOE L. Eh (BLBTEM) OETLEMRLTHAST
ERB LIRS D, — ., HE e L CRARICRN B O+ @arli k02 mak) T,
Bl Pl OREOEMIRONE P o7z, Eio. A F USRIV a— R YRENDONE L L DWEY
M2 7o AR HEE T, MAENOEBIC LV BREANE S NBLBTENOSH M ETARD bhk, Eh
DENTASZ EHLEERTIC IV RIBTHTRERLEESNS, ChbDI bhb, ERRETH
K25 L CHENORBBROESSBAICZY, LEOBTRESREL, ZOBE, LEICREL
7o P BB B EEZOND, KELETIE, EARETABOREETO 2 ehb, LEROIVE
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KEIC B 5 AEBGRRIZRD 5| g
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C A, methyl halide T I
| {é 7] [
transferase % DEER DM@ 23d 354  40d 23d  35d  40d
V‘: J: V) CHgI ﬁiffﬁ Bﬂ%o % Plant age (days after seeding) Plant age (days after seeding) )
Fig. 4 One day uptake of iodide and iodate by Komatsuna, Brassica Rapa
N, KFROE TR X, uar. pervidis, of different growth stage.
(Note)

Ea@ LU TARKPICH T

*Activity ratio is defined as activity per unit weight of plant sample

{ o CHSI O#E# X (Fig. 5)  divided by the activity of the culture solution.
No stable iodine was added to the culture solution as carrier.
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Fig. 5 Variation of organic iodine emission rate with
time from rice (O, [J) and oats (A, V)
plants, unplanted flooded soil (@ ) and unplant-
ed non—flooded soil ( A )®!,
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Concentrations of "’I (mBq kg™) '’ concentrations (mBq kg') Log
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Forest soil
25
Rice paddy seil

20
Wheat field soil

15
Pine needles
10
Precipitation
5
Seaweeds <&
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220 1271 ratio

Fig. 6 Levels of '®| in environmental samples Fig. 7 Vertical distribution of 129l in soil collected
collected around Tokaimura. from a smoll forest in Tokai—mura, lbaraki.
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Table—10 '?°| concentration and '*°I/ '?’| ratio in a Chernobyl soil sample (IAEA Soil —375)

and those of background values obtained in Japan

(mBq kg™ (ratio)
Chernobyl soil (IAEA Soil -375) 1.6 17 x 10°®
Control soil samples (Japan)
Tokyo 0.78 0.6 x 10°
Nagoya 0.13 0.7 x 10°®
Nagasaki 0.13 0.16 x 10°®

BRAZI /BT D PEHEET B LB TH S, COWREIR., B TLHRES IRV THD,
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ChoDHHEE RS EF 2V T4 VOLEHRD L (U L /P11 BEWERCSS X572,
L L, BERIC X DHRITID - 72 L QFET 50T, FHMEEO P12 L 2 BROHERET S 7o
ik, XBIEHHT — X 2T LERD S,

9. &HYIC

TITR, EEGBETH S Pl OBERICEIT AEHRULOA N ZALEEOMICT B0,
P b gEa v R TH B VI OBERTOLV, I, RI b L —5 —EERICEI T 55 5 OH IR
BAah iz E Lo,

{LEHOBNC LD, KEH SHEY~OUEEE, LEAORE, WO ~OBAHKE S RELT EH
RObNI, TVROBEFTONEHBOLERLEDA A AXLCE L TREZELEVDT, 4435
KHLPIZ LTV ZEBRETHA S,

RO, Pl RESGRE TS 5720, BRENICRS L BERCREEI VR L AL ERY
LHEEZBND, £DID, Pl ORLEFHE LT > HE. BEHES VRLF TRILEIIRICOWVT
DEYHIRILERT — X b ISIKER LWL L AE TN S,

2E

1) NCRP, Iodine-129: Evaluation of releases from unclear power generation. NCRP Report No. 75, Nation-
al Council on Radiation Protection and Measurement, Bethesda (1983).

2) D. C. Whitehead: Environmental International, 10, 321339 (1984).

3) RS : 3 URIRROLF ) FHULFRH. AALERE R, FalRt /2 -, 116-122 (1990).

4) S. Yoshida and Y. Muramatsu: J. Radioanal. Nucl. Chem. Art., 196, 293300 (1995).

5) Y. Muramatsu and S. Yoshida: Proceedings of Winter Conference on Plasma Spectrochemistry, Fort
Lauderdale, Florida, in press (1996).

6) S. Uchida, Y. Muramatsu, M. Sumiya, Y. Ohmomo, S. Yamaguchi, H. Obata and M. Umebayashi: Health
Phys., b5, 779-782 (1988).



7) S. Uchida, Y. Muramatsu, M. Sumiya and Y. Ohmomo: Health Phys., 60, 675-679 (1991).

8) Y. Muramatsu, S. Uchida, M. Sumiya and Y. Ohmomo: Health Phys., 71, 759-764 (1996).

9) Y. Muramatsu and S. Yoshida: J. Radioanal. Nucl. Chem. Articles, 169, 73-80 (1993).

10) Y. Muramatsu, S. Uchida, P. Sriyotha and K. Sriyotha: Water, Air and Soil Pollution 49, 225-138 (1990).

11) S. Yoshida, Y. Muramatsu and S. Uchida: Water, Air, and Soil Pollution, 63, 321-329 (1992).

12) Y. Muramatsu, S. Uchida, M. Sumiya, Y. Ohmomo and H. Obata: Water, Air and Soil Pollution 45, 157 -
171 (1989).

13) Y. Muramatsu, S. Uchida and Y. Ohmomo: J. Radiation Research, 34, 214-220 (1993).

14) Y. Muramatsu, S. Yoshida and T. Ban-nai: J. Radioanal. Nucl. Chem. Art. 194, 303-310 (1995).

15) Y. Muramatsu, S. Yoshida, S. Uchida and A. Hasebe: Water, Air and Soil Pollution, 86, 359 -371 (1996).

16) Y. Muramatsu and S. Yoshida: Atmospheric Environment, 29, 2125 (1995).

17) Y. Muramatsu and Y. Ohmomo: Sci. Tot. Environ., 48, 33-43 (1986).

18) Y. Muramatsu, S. Uchida and Y. Ohmomo: J. Radioanalytical and Nuclear Chemistry, Articles, 138, 377 -
384 (1990).

19) Y. Muramatsu, S. Yoshida and T. Ban-nai: J. Radioanal. Nucl. Chem. Art. 194, 303-310 (1995).

20) Y. Miyake and S. Tsunogai: J. Geophys. Res., 68, 39893993 (1963).

21) R. A. Rasmussen, M. A. K. Khalil, R. Gunawardena and S. D. Hoyt: J. Geophys. Res., 87, 3086-3090
(1982).

22) H. Noguchi and M. Murata: J. Environ. Radioactivity, 7, 65-74 (1988).

23) Y. Muramatsu, M. Sumiya and Y. Ohmomo: The Science of the Total Environment, 67, 149-158 (1987).

24) Y. Muramatsu and Y. Ohmomo: J. Radioanal. Nucl. Chem. Art., 124, 123-134 (1988).

25) P. J. Barry and A. C. Chamberlain: Health Phys., 9, 11491157 (1963).

26) F. O. Hoffman: Health Phys, 32, 437-441 (1976).

27) Y. Nakamura and Y. Ohmomo: Health Phys., 38, 307-314 (1980).

28) Y. Nakamura and Y. Ohmomo: Health Phys., 38, 315-320 (1980).

29) IAEA: “ Generic Models and Parameters for Assessing the Environmental Transfer of Radionuclides from
Routine Releases 7, JAEA Safety Series No. 57, IAEA, Vienna (1982).

30) Y. Muramatsu, D. Christoffers and Y. Ohmomo: J. Radiation Research, 24, 326338 (1983).

31) United Nations Scientific Committee on the Effects if Atomic Radiation. Sources, effects and risks of ioniz-
ing radiation. United Nations, New York, UNSCEAR 1988 Report, 75 (1988).

32) K. Baverstock, B. Egloff, A. Pinchera, C. Ruchti and D. Williams: Nature, 359, 21-22 (1992).



w3y g2 evevers oo - oo

2. +EFH P O5H RO FEREEFEEICOWT

B F i
BT

Distribution of *°I in soil and in cattle thyroid gland

Riki Seki
Department of Chemistry, University of Tsukuba
1-1-1 Ten-ou-dai, Tsukuba, Ibaraki 305, Japan

ABSTRACT - Depth profile of *®I in surface soil was measured with some long ~lived
radionuclides. In the organic rich soil '*I remained in the surface. Ditribution ratio of radioio-
dine in surface soil decreased after heated, irradiated by y-ray, and fumigated with
chloroform. So radioiodine were trapped by the effect of living in the surface soil.

Iodine and '*I in thyroid gland of cattle and human were measured by neutron activation
analysis and compared each other. '¥I/'¥1 ratio in Japanese thyroid gland are lower than

cattle. And also those data of Japanese human thyroid were lower than European.
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AURDPEME L W5, £07H, ¥ FOERICERDATN I TREFRBICEBES S 2ILhb, ©
T, HEARO I Y FEOEBICOWT OB L RO Pl S REER L,
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Fig. 1 Depth profile of **Tc, "I, "¥Cs, 2¥Np, 2***%py, 2 - .
*'Am in Oketsu surface soil in Fukui Pref. in Japan. -25 ¢ :
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Table—1 Depth profile of iodine in surface soil collected -35
in Okuetsu, Fukui Pref. in Japan.
depth iodine 1291 9y 12 -45
(Cm) (mg/kg) (mBq/}(g) S g laaas pagniigepplopanlinggn
dead leaves 15 2.2 2.2x107¢ Fio 9 Deoth orofile of iodin i . | collectad
; ig. epth profile of iodine in surface soil collecte
0-5 18 1.9 1.7x10 in Tokai, lbaraki Pref. in Japan.
5-10 18 o —
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Table—2 Distribution ratio ofiodine KA TV TEETAF 7 RFI AN TRBICBT T ADICH
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Distribution of *Tc in The Marine Environment in Japan

Shigeki Hirano

National Institute of Radiological Sciences

Abstract— Concentrations of *Tc were determined in Sargassum thunbergii collected from
various coasts of the Japanese Islands. The highest was 1.5Bq/kg-raw in the algae collect-
ed in Hitachinaka City, Ibaraki Pref. The lowest was 4.5mBqg/kg - raw in the sample from
Chigura Town, Chiba Pref. Concentration of *Tc in Seawater was not able to determine in
most areas except for Hitachinaka City, where **Tc was observed almost continuously. The

range of the concentration was from below the detection limit (10mBg/m® to 140mBg/m®.

ﬁ#
|
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FICBEBEICE TN S PTc OBEEZIE L CF OB, SRNES»EE L,

2. BRIESEHO *°Tc ONIE

BUERRHCE TN 5 ¥Tc ORERBED & T AFEFEICE . SHTICH SN 5 BATHEREIIH mBg/kg
BETHD, El. ¥Tcld 0.292MeV @ B- # LK LW OTENy 7 757 FO B- $atHlkk
BEERAVCONSEH, TORTREESEK %8, 612, ICP-Ms REESHC L > THRET
%%, Fig. 112 ®Tc, ®°Pu, *Pu LU MAm icoWClsie (it »BEE (i) OBIE% 7S
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Fig.2 Beta-—ray spectrum of *°Tc in Sergassum
thunbergii collected at Hitachinaka —shi.
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Fig.3 Beta—ray spectrum of *°Tc in Sargassum
thunbergii collected at Kitaibaraki— shi.
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3. FHEARDFEESRO PTc BE

BEEI Te 2 BBRECEET 5ERA5N
TEY, REAT, O/cbarim. HiImis iUdt
TR EICIE T 5 A, Eisenia bicyclis, D&%
BROND, COBIBEEFTLTEY PTc D
BRELVNVEHIA-OICIEETBETH S, £
OB .3 Hijikia fusiforme, €7, Sar-
gassum Sagamianum, A 7Y 7, Myelophycus
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TWb, PTcDREICSOWCRALEIIFS /A >LVESRIUES, ATF>TSADIRTHHE
BHIENIZDTY I M5/ A REAMIC, FAkE L TIE Lz, 1988 2 6 1995 4Lk T4
BNIfEAEE LIC, TRV bRATOMEEE 210E L odd, HIZT<CEEE 5 BICH T THHHEIE L.
ZOVFHE L BEERETE L, ETIERTOVI PS5/ AoV TRS LR« BWENBREI NS H
10mBa/kg 47 & 20mBa/kg £OFHICH AEHR DN B, —H. OlebaAi TRy I +5 /40 PTc
BRI A% S ZB) L 50mBa/kg 44 5 1,500mBa/kg £ 5B AEEDOBLELAbI D, TEHRICHE



Table—1 Change of concentrations of *°Tc in Sargassum thunbergii collected at Kitaibaraki— shi.
1988 1989 1990 1991 1992 1993 1994 1995
Jan. — — - — — - — —
Feb. - — - — — - — —
Mar. 18.6+4.9 | 10.7%6.6 6.3+7.2 — 7.5+2.6 9.4+2.5 — 9.56+0.88
Apr. — — — 2.9+1.2 — — 10.0:£1.42 —
May — 18.4+6.8 | 7.3+2.8 — 14.6+2.8 - 31.1+3.36 | 14.3£1.76
June - 16.9%+2.7 | 6.8+2.2 | 11.0+1.7 | 10.6+2.1 | 89 %25 — —
Jul. — 18.2+2.3 | 9.3+2.2 | 14.9%3.2 — 33.8+1. 41 — —
Aug. - — - — - 23.9 £ 254 17.0 +£ 1.83 —
Table—2 Change of concentrations of **Tc in Sargassum thunbergii collected at Hitachinaka — shi.
1988 1989 1990 1991 1992 1993 1994 1995
Jan. 133+ 34 104+52 1,095+74 - 43+16 64+ 17 467+ 98 91.6% 6.7
Feb. 1,037+585 | 198+61 511+61 56+11 70+28 60+8.4 | 539+115 179+11
Mar. | 1,565+319 | 170+63 215+51 58+22 121+24 129+ 60 | 458+ 53 321+24
Apr. 413+ 54 | 318+30 144+26 139432 9120 123+ 24 | 294+ 58 238+26
May 278+125 | 229+67 125%25 63+19 69+ 7 126+ 37 | 406% 59 162+20
June 807+195 | 197+48 96+23 74+21 10814 221+ 65 | 585% 39 215+41
Jul. 546144 | 13654 51+14 63+11 98426 1,162+132 | 436+ 63 199+ 9.4
Aug. — - — — 93+16 1,247+243 | 496% 54 16025
{Oct.) (204 42) | (178£9.3) — - - - - —

ERAkEL FFIAEGEEINS, ChODHITREABRED *Tc 2EUBKRAATI M5 ) F04E
LTCWABEI R4 IGBAELTWA LGNS,

4, BHEREDY I T/ F D P TcRE

Y25 A EAMNP OB EORWBEICEBT L TR, /- YT 2 BEICEET LHESSHD
THEICHT S PTe OREXHAISEEN L L TERATH S, EELREMBEILLIOVI +5 /4
B LC PTe 2 SHRE LR, WRIRZ 5K KPEA TR TERETARTD 4.5mBa/kg 42 bELR
BART AR O 15.7mBg/kg £ DFRICH 0. BAEH CidiEERT O 11.7mBa/kg &£ b F RIREH
O 36.2mBa/kg A DOEFRICH - 7o,

5. W3NS /AICED P®Tc OREBHEEK

BRI L 5 IS OB & I REBIC R 21K L EHOMOBRER L EHINTBVE
T EACEVELTVWIRETELNEETIEIH S5, BFE L FERBIOGIVIRBORERHWVWLEH
BV, Dbt TiREEKE Y I PS5/ FOREICOWT *Te BEAEREINTWADTIOfER
BWTYI PS5/ FIC k5 ¥Te ORMBHREEER L, ZOREE 6,600 5 12,000 DfEs 2 Hh 10 @
D RIx BRFHIC OV TOFH & ERERER (10.0 + 2.0) x 10° THo 72,

6. JAKRD PTc BE
BHEOMERICHET HHEKRO T BEIL ZOBE HELOXEE 2T 5 ¥'Cs DR 3 mBq/ 4
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Fig. 4 Change of concentrations o Tc in seawater collected at Hitachinaka —shi.
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BAZI R EOEKHO *Te BER—HOME L RV TERHEN TR, VI b5/ 3R EOR
BEPORISPWEINTE Y., TOMEEBHERE (V3 5/ A OfER 10,000 LRET 5,) 2 bH
45 ROBHENEES NS, Tibb Y3 M5/ A OREDENTERT AR T 0.45mBa/m’,
—EEWMERRIE XN TV AEHRERRCIE 3.6mBa/m® THA> LEbNh b, £HOYI M5/ 4D
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DOE—TBEOHHEREDT — AL O FEAML Y 7+ — V77 MC X 2B HRREORVWEAERS
NTEY., ChiEELHEOETERVWIEEDNTVS, B3 HAESBEBICEE N -BIETH S



Pz DICEHICRET Lc 7 4 — V77 FAIINC LD BABICED bN b E2 HHELTES,

V3T AR R BAFIEOLIC AL TE D, 2 PTec DBEERE LBV SO TE=X
UV OREEY L LU CGELEETH S, BO IR *Tc ORKIILBO B LA THAINDE
DPEEEB OB ST B LERD B,

T35/ F LD PTe OBEFEHREABWERICL S X OEAEF Y., BALE CliduEEic Ty 4 v
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ZE
1) S. Hirano, M. Matsuba and H. Kamada, Radioisotores, 38 186 (1989).

2) S. Hirano and M. Matsuba, Radiochimica Acta, 63 79 (1993).
3) N. T. Mitchell, Fish. Radio. Biol. Lab. Tech, Report, 9 (1973).
4) G. ]J. Hunt, Aquat, Environ. Monitor Report, No 12 (1985).
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Radiological Implication of Releases of **Tc into the Environment
Laboratory for Radioecology, NIRS, NAKAMINATO

Teruhisa WATABE

Chemical, physical and ecological characteristics and properties of *Tc were briefly rev-
iewed from the radiation protection view point to be required for establishing the nuclear fuel
cycle. The global inventory of ¥T¢ originating from nuclear industries was estimated to
amount to 1500 TBq up to 1983, whereas the nuclear test explosions released a total of 177
TBq of ®Tc to the environment since 1945. The *Tc inventory is anticipated to increase
from now on as that of *I which is regarded as one of the most critical nuclides in the as-
sessments of the impacts in the human environment at planning of construction and operation
of uranium fuel cycle facilities in the regulations of USA. A comparison of the importance in
the assessments of radiation dose was made between *Tc and I by reviewing the numer-
ical values of the parameters to be used for calculation of doses. It was recommended that the
uncertainties remaining in those parameters, especially those for the affinity of plants for
%T¢ in both terrestrial and aquatic environment be minimized by further research efforts.
The results of an execise of dose estimation carried out in the monitoring program in the
aquatic environment around the Sellafield facilities which released redioactivity including
®T¢ in the liquid effluents was also reviewed. It was shown that the committed effective
dose determined on the basis of monitoring data was substantially less than the 1 mSv limit
which might be used as a criteria to require the consideration of ’intervention’. It was also
shown that the release of a total of approximately 100 TBq of radioactivity in 1993 caused
radiation exposure of the population through the food chain, dose of which corresponded to
0.04 mSv year™?, and that the contribution of **Tc to the total dose was 5%. That dose was
less than the maximum constraint recommended by National Radiological Protection Board
(NRPB, UK) for a single new source of 0.3 mSv. Experience of UK may suggest that more
efforts be made in order to establish so-called 'upper bound’ against various radiation

sources in ’the future situation’ also in Japan.



1. FE®IC

FFHZ43DOT 7 % F 7 A (To) id. RSAEOTRCHABSHETH 5, EHBEHARLIEVLDOTE ®Tc
D4.8x10°ETH Y, HWIROEML.6 X L*F L 0 I35E <. FERBRED DO, BIEHRICIIAFE LV, Tc
D% DRARKIZY 5 - 235%DBBHTIC L ABHHUTERENS, FOFTHIEDOE ¥Tc i1,
2.14 x10°EOXRM%E L. BERERICRET 5 BIERHEOHREO—> & LTI CORERT
HMIXNBRINTEL, B, BEPICEET S PTc OKBHIE. 1945FEUBOBRBRERIC L5 &%
zbhaY, —H, ®Tciz, I, PINP ¥k & dic. BEFHOFRFMAOERIC & 375> T, Mk E
TOA /R M) —OEMARA TN HBELBIIEDO— > Th 5, AR AL L B 5
W OMBIS S DFIAREIT A 7 VORI B A b TV S H, B ANRICH 3 2 &+ 5Hlid 5+
TRABELREFREDO—OTH S LINh T3,

BERTO PTc D¥BI, FEEOIL I, SMAUEOH LSBT L - THT LA 5 RmEIEs
nTidWvwinvy, Lich - T, BEBSEDEIC L2 AMEOWHBFEIHMIICIE I VR & O LEMN
PBERS A — ZRAVDNBBEE LD, BIENAS A -2 D—2ThH 5 L~ BIEYORER &
LCKETHWONTE B RREEPREICHTAREE N - ADEEYHRE.254 ZOFTH 5,
UL, *TcicBd aBREMHESITON, PTc OEMERME, HICHEMIC X 2R LRIE M Hh 5
LSS A — ZEOZEHED RYBNEITIE > TETWS, Till Hid, AR ELEST ST S
VTS O EN B PTe oo\ THE— BIEWBITH & L CORIEHE0. 25 X MEME, 50% A\
FIERDOBETHE 2 AA T, TORBR, BEOHE. FRIE. BLEOTEGRER. ZhEh, 0.8mSy,
0.18mSv r#E I i, KERETZ. FRBLZER CES - 251083 AR ERE 24 0.25mSv, H
RIS LC 0.75mSy 252 TH D, FEMIINS LIFFREIEFAERID > TW5, FEF
TS SIS ®Tc MEETM LEECH A &, PTc DEIE/NS A — X ICBIT 55 — X OER
DEBEWEIER LRI TH 5?,

A IF—Tld, P®Tc OBHE, BS54 —ZICoWT 1 oA, PTc OKBICHEDS
PESIOEEIC >\ THEHET 5,

2. Tc OMHEE

KRECBWTE, FEFRE (U5 VKD U4 7 VR OIS H-HENCEE L Cid, 1969FICHle s hniz
EREERE (NEPA) OB&KICAIY . ZhOOREICE 2 2 W HINCFHE S 5 2 L 8HEH T 5
hTwsY, BEEL, HEINTOATADBREANDFELEICED bNEBILOW CHHEHET 5
TEDBRDON, ThErd LICHHYRBIC X VTAOMES. HBHCEHRED b OREE1HE L%
HEMMER SN, BRETCPHEOET S LUHAREFBHICREMINh, LM 7V V722 B U CE
ROBEBRDOLN TS, ChHDERAFLHER T ST THHAYROHEAMZ 6N 5 LiTiz-
TWwb, CNHOFmEEF. TRVF TR 28BHRFNE (CFR), Title 10, Part 51 ICFHEMICHE
INTW5E, REFEBICOWTHWHIHMETAHE & LTI, BEICEO LS P8I, T/BVWEER,
HHNCIEERELEFEEIRITEINED, EOLSRENRTAVDHDP. Z LT, TADDIHT
EEMENEEDOIIMCTADOHEREESICHED A DL D RELNNAFERS LO0», EDBHITHN
TWh, /o, BRI AHNERRICAN SN H5ATIE, 10CFR, Part 51 OF S-3iIc5E26NnTkY,



*=1 FEEHBEE. 10 CFR Part 51 TRENTUWDIBIETRAAL N TEBRENDIRET T HEY A

7 b O BSTERE
[Normalized to model LWR annuai fuel requirement [WASH - 1248] or reference reactor year [NUREG ~0116]]

[Normalized to model LWR annual fuel requirement[WASH-1248] or reference reactor year[NUREG-0116}]

Maximum effect per annual fuel requirement or

Environmental considerations Total
reference reactor year of model 1,000MWe LWR

NATURAL RSOURCES USE

EFFLUENTS-CHEMICAL(MT)

EFFLUENTS-RADIOLOGICAL(CURIES)
Gases (including entrainment):

Rn-222 Presently under reconsideration by the Commission.

Ra-226 0.02

Th-230 0.02

Uranium 0.034

Tritium(thousands) 18.1

C-14 24

Kr-85(thousands) 400

Ru-106 0.14  |Principally from fuel reprocessing plants.

1-129 1.3

I-131 0.83

Te-99 Presently under reconsideration by the Commission.

Fission products and transurnics 0.203

Liquids:

Uranium and daughters 2.1 |Principally Irom milling - included tailings liquor
and returned to ground - no effects; therefore, no
effect on_environment.

Ra-226 0.0034 [From UF6 production.

Th-230 0.0015

Th-234 0.01 |From tuel fabrication plants - concentration 10 CFR
20 for total processing 26 annual fuel requirements
for model LWR,

Fission and activation products 5.9x10°¢

Solids(buried on site):
Other than high level (shallow) 11,300 |¥>1UU L1 cOMES ITOM 10W 1eVel reactor wastes ana

1,500 Ci comes from reactor decontamination and
decommissioning - buried at land burial facilities.
600 Ci comes from mills - included in tailings

Xfa‘f}?&?\fx‘rﬁ%t‘é‘i?g‘& Ci comes trom conversion and

spent fuel storage. No significant effluent to the

environment.

TRU and HLW (deep) 1.1x107 |Buried at Federal Repository.

Effluents-thermal

Transportation(person-rem):
Exposure of workers and general public 25

Occupational exposure (person-rem) 22.6 |From reprocessing and waste management.

CUDE UF FEDERAL REGUEATIONS(1993) Environinenial Prorection Regulations Jor Doiestic
Licensing and Related Regulatory Functions, Title 10 - Energy, Part 51"

“CODE OF FEDERAL REGULATIONS (1994): Environmental Protection Regulations for Domestic Licensing and
Related Regulatory Functions, Title 10 — Energy, Part 51.7

T OTFEEE DB 5 SN BEOBESLEIC OV T EL BN TS, ChbEE LITRT,

F£S-3 1Tk, PTclrgshTtuvinns, T DBEFECOVWTRE4«Dr —ATEEIN B E
CEDBTEINTWS, Till i, BEROBOWE XL LT, TEFBREY A 7 L:BRICI\WTHE A KR
KR P 04 BABISICKR NS &\ D FBRFMREEN PTe iic X AFE% L D B2 THET
51 LW ABETOBRAD - 72 LEBALTWAEY, B, “Tc Ot HERFROBELEEIT. &
ZICHEBMCINODBH S, CNHLOMRICESW T ERAREFEFMATONAREZLIEO>ET
BEWT ETHA D,

57 3 F AORREIZ, BB LA L5 IC N TS TH 5, BEOTEESREZ LN TV A LD%
G5 LEEHRMNLVIIE TCIHELICRY, BEEDORWDIDOREILY I VEORFHIC L > TE
BENB, F73FTAORMEO—EL LD U LSLOERAF— L%, ThEh, £2, EI3ICE
L7990 Frxgy aid, A, 2172°C, BA. 4877TCEAET BHE, 11.504B T, Wik, Tk, &
BBICETERICEREL I TWE Y, FU/RFTARO, +2, +4, +5, +6, BLT+ 7D
BiLRRER & 52 BN TR D, ZOR TR OEEREHILBT 7 XF 7 ABEA /. TcO,™ &
KRR TcO, TH B, BiElL. KERPTA A VIR TRIERICS W TEHBIEAE <. BEIREET
SEEIERD CTEV & SN, BIERER EOBEBYREMA XL FIC L VAZICET SN, WENERE
FRTOFENEZ N TV LHANEZETH S, T, BEREEOE W Tey0p;, HTcO, ® TcFg 2340
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Isotope Half-life Class* | Type of decay Method of preparation
Tc-90 50 s [ g *2Mo(p,3n)
Te-90 79 s C 3 "Mo(p,3n)
Te-91 314 m C 8" EC 2Mo(p,2n)
Te-91 33 m C g, EC **Mo(p,2n)
Tc-92 44 m B g" EC **Mo(d,2n); **Mo(p,n)
Tc-93 27 h A EC, 8" "Mo(d,n); **Mo(p.y)
Te-93m 43 m A IT, EC :§Mn(d,n);”£ao(p,y); ”I\ﬁ)(chn)
. Nb(a,3n); "*Mo(d,2n); ""Mo(p,n);
Te-94 293 m A EC,B :ij (’He,2nz‘ )
. Nb(a,3n); *Mo(d,2n); “*Mo(p,n);
Tc-94m 52m A 8", EC daughter *Ru
Tc-95 20 h A EC, no 8 Mo(p,n); **Mo(d,n); **Mo(d,2n)
Tc-95m 61 d A EC, " *Mo(p,n); *Mo(d,n); **Mo(d,2n)
+
Te-96 43 d A ECmof »Nb(an); 2Mo(p.n); **Mo(d,2n); **Ma(p,y)
Nb(a,n); ""Mo(p,n); o(d,2n);
Tc-96m 52 m A IT, EC, " ,SMO((Z;;; ”Ma?[:,y)) Mo(d.2n)
Te-97 2.6x10° y A EC :Ru(n‘y)”guaaq .
)i 7 Mo(p,n); \2n);
Te-97m 90 d A IT ,sr:((:;;RrEg m; " Mo(d,2n)
Tc-98 4.2x10° y A i3 **Mo(p,n); *Ru(n,y)’ Ru(EC) "Te(n,y)
Tc-99 | 2.14x10% y A i} fission; "*Mo(n,y)”Mo(p)
Tc-99m 6.02 h A IT, 3 daughter Mo
Tc-100 158 s A # Te(n,y); "Mo(p.n); "Rhn,q)
Tc-101 143 m A iy ho(n,y)" " Mo(@)
Te-102 53 s B i) daughter Mo
Te-102m 44 m B #, IT 2R u(n,p); fission
Tc-103 50 s A g fission; "Ru(n,np); "“Ru(y,p)
Te-104 181 m B # fission; "*Ru(n,p)
Tc-105 7.6 m A B fission
Te-106 36 s B i fission
Te-107 21.2 s B i3 fission
Te-108 5.1 s B i3 fission
Te-109 1.4 s B g fission
Tc-110 0.82 s C i3 fission

A: Element and mass number certain;

B: Element certain and mass number probable;

C: Element probable and mass number certain or probable.

"C. Michael Leaderer and Virginia S. Shirley Eds., Table of Isotopes,
7th Edition, John Wiley & Sons, Inc., New York, 1978"

®3 U-2BESRMEOLER LINE

*Mo(stable)
98 518
0c:0.51(burns)
*mTe(6.0h)
99 YZr(30s) —=> "NbGm) —>  "Mo(66h) < \1/ ’;, *Ru(stable)
6.06 *Te(2.1x10%)
100 T fo(stable)
6.3
101 T o(14.6m) T Tc(14.3m) —> “'Rustable)
3.6 5.0
T2 Te(4.1m)
102 ®20(11.5m) > R y(stable)
=43 102 41
mRK(S57m)
103 OTe(lzm) —3>  'PRu(39.7d) <
3 1% Rhstable)
104 (**Mo(<2.5m)) 14T e(18m) > %Ruy(stable)
L8
ﬂ SRR h(385)
105 | ("Mo(<2m)) —=>""Tc(10m) ——>  '®Ru(4.45h)
0.9 "“Rh(35.3h) —=> '“Pd(stable)
106 Ru(1.01y)  ——>""Rh(30s) —  1%p(stable)
0.38
w""Rh(Gs)
107 | ('Te(<im)) —2>""Ru(4.8
( C( )) “( m) 10T, 187, 6, 107
Rh(22m)  ——3> '"Pd(7x10%) —=> Ag(stable)
0.19
108 ("Te<im) —>  ™Ru(ddm) —> '"URn(i8) ——> Pd(stable)
e Te@7d)
129 Bgh(4s.6h) Pr17x107y) ——>  Xe(stable)
/
¥Te(72m) 0.9

"Seymour Katcoff: Nucleonics, Vol 16, No. 4, 1958"
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HEBLAHOERITEI OBV EEZ LN TE D, BREOE W Te,0; 2 HTcO, d A2 S/3-12 LD
BEINBADICTNOOBETO ®Tc DRKHHR AR WEE2 5N T0B, TILL 127 5 VBB A
ZVTORSEER ®Tc ORHREIEFARIC X AEIRY 5V ORFEBE TORA L7z TcFy DAKH
THHT ERIEMHL, FIKEITHY AR D ORI RHE L T03Y, RROEEETFE COBREHE
FAECESIL L&Y S VREN A 7 V3RS D TILL 10k - THZE I h - "Te I ESE 4 1I0F T,

3. %Tc. " (LRI BIBIE/S R4 TTREA 7 VIR SO To - 99 TR

TA=Y Fuel Cycle Facility Re’lease(Ci/RR.Y)‘.“
Air Liquid
BERL UAEICRITTHELEE Mining/Milling 0 0
TAHBZERLBIAREOEEMZ. R | Reprocessing 05.1x107° 0
FHE A 2L, ki [y 21y | UF6 Conversion 5.1x10™ 1.0%107
e —— Enrichment 5.8x107 2.2x107
- = ~ | U~Fuel Fablication 5.4x10™ 2.9%10™
BTz THBH, £/, BFBI | High - level Waste Solidification | 5.1x107 0
B, BEEEEE & o+ | High-level Waste Disposal 2.4x107 0
DEEMARAT B, M1, 21Eh Low - level Waste Disposal 0 3.2x107°

% : Reference Reactor Year

Z iR EE TR & EAR R TR
DA E R M DICEEh
5B R ORI B E L b
DTHB", BHAERW T YCs 2 PSr £OHEBHEVERM A E T 5 RELHEEOREEE T
ﬁi%k_ LTEE{%@%L%& 7986‘ 93Zr— 93mNb‘ 126811-— IZGSb‘ 185CS‘ ISISm\ % LVC QQTC _%., 129-_[ @
SHEHEICR T AEEHIFRE L & ITKE ro TV S EABEMEEND, LT, %> RO

“John E. Till: In: Desmet, G. and Myttenaere, C. Ed., Technetium in the Environ-
ment, EUR-10102~EN, 1-20, Elgevier Applied Science Puliishers Lid., Bark-
ing (UK), 1986”



1.0E+09

1.0E+06

1.0E+03

1.0E+00 =

1.0E-03 jruee

Radioactivity (GBq)

Years elapsed
—o—H-3 —e— Se-79 o Kr-85 o Sr-89 et S1-90 —a— Y-30 4 Y91
- o@m Zr-88 —x—Nb-93m  —m—Zr-95 % Nb-g5 m Tc-98 —x— Ru-103 —— Ru-106
x Rh-106 o Pd-107 —a——8b-125 ~—s— Te-125m 4 Sn-126 s - Sb-126 Sb-126m
e |-129 - Cs-134 Cs-135 ——Cs-137 —n-— Ba-187m o Ce-144 cow P44
~—o-— Pr-144m  —s—Pm-147 < Sm-151 e Eu-154 - Eu-1585 - - = Total Grand total

B1  HhEKBETF OERFREEAERT ORI RERYO BT ORREE

1.0E+09

1.0E+06

1.0E+03 |

1.0E+00 s

1.0E-03

1.0E-06

Radioactivity (GBq)

1.0E-12 oo

1.0E-16

Years elapsed

O H-3 —o— Se-79 o Kr-85 o 5r-88 ——+— Sr-90 —g— Y-80 + Y91

a  Zre3 ~x—Nb-93m = —o— Zr-95 % - NDb-95 o Tc-98 —x— Ru-103 —g— Ru-106

% Rh-106 o Pd-107 —a— Sp-125 s Te-125m s Sn-126 s+ Sb-126 —— Sb-126m
— - |-128 -« Cs-134 seeee+Cs-135 —o— Cs-137 ~—us— Ba-137m o Ce-144 s Pr-144
—o— Pr-144m  ~—e— Pm-147 © Sm-151 o Eu-154 Eu-155 ~—— TJotal Grand total

B2 nEKEEFFOGERFREE A E B RO 5 2R & OB REO R EIEE

ECi, PTcid. PII0IEFE LA VAV Y —ld, K&V, BE5 - 1ICF7RFTALITERDL
St e L7210, AR HECLESERE . BRI YR (CHI) 0S4 TIdm&A. Ak
HECREL FOEDBIESMET CAEMEE LTHEET A LATEING, T/ RFTACEOTH T
c0; TRBRTHRSERE . KEOBS D 1 BERTR L, ERESHENEVE WS LR TES,
KGO TREM DB ALEH CH B, M3, 41, KBERFOT 7 RF A, TUROEHEYTR
LBTEM— pH 44 775 ALICR LY, BEOBRROS VEE T, W&} TcO,” HHER
1-(10;7) HMEBTH 5, TcO, iF. I” LABICHERTOERICEE LIS . K EHITBB LT

F5—1 FIXFYLEIAIRO(LLWEEDRE

Techunetium Iodine

Vapour pressure | 10" 'mm at 100T Tcy,05 0.03 torr at 0C Elemental iodine
0.469 torr at 30T  Elemental iodine
Melting point 2140 = 20T Tec{metal) 113.6C Elemental iodine

119.5¢C Tc,05 -66.45C CHI

Boiling point 4877°C Tc{metal)
311°C Tca,0y 182.8C
42.4°C CH,I




(25°C, 10* gram-atom 1)
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2 -1 0 i 2 3 4 5 6 7T 8 9 10 11 12 13 14
pH

3 FIRXRFILOKERPTDER-ph ¥4 T4 5L 4 TIRDKBFERFTD Eh—ph 54 TH S L4

CREPTOZEMIAB,, HEBNT & LEBHIRK L OFERETCOWEDOSR A HEICH T AREOR
EOHTER LSEAE (Kd) LEHRINDD. FHERIL. HEFOKSENEOBE & KOBE)ITH ¢
HEBIEOBERZRI/NTGA-Z L LTHWONS, £5—21C13. ZOoOWEOHFTRLEER Lz, —
I, 77 RXF AR, BURLDSEAREZ NS, BERFTOZEBEL LI VEVLO LRSS NS,
TIRFY LAORENTG A = ZFEITE, LTI RFY LAOEMBIMICER TS LREETH
%, BB EBUR CHRATREWE OB - BIEWBTIL. BHEDEO L EFRE T 2EYPREDOH T
Sh, BEFMTIIINOOROEAAEINTWS, 77 XF U ADTE— BIEWBTICE T 5 E8E
THEELSFEHRESINTETVWAER, —RICIVRICHE LED TLE L, EHOLETROBITEL L R%
ThHh, S — 2ICHEBE-EYBTHOEEREL LUREGELTRT, ETHLI LI, FIXFTLA
WL TR, REEZRERITODEXDHY, KVEIZEOCHE, HANVTEL0EL L TERY
HOPICTHIEBROOND, KEFREICSWTHEEE, & ICBEBERICKAEELREFUADPHONTE
D, DREO I ICEEBEETRRE L THWARSIKIE., BEHI LT REERALETE S, 77 XF
D ADOWKFBEICK T AEYTREDK., WhY BEMHERED P Tc OFAMNFE L 5ICoh#g
ERERSIN., EBBERO—HTIE, IVREARCEVEBREREAR T EBHLIICR > T,

FTE5-2 FUORXRFILEAIROBENS A—YOHE (B LB

Technetium Iodine
i derived from * Sr and . ! . .
Soil Concentration 0.01pgg’ ;e :’C::luc: n 0.5 g! i mineral soils
{ Sugt i organic soils
Distribution coefficient (Kd)]  0~2.8mlg1 | TeOy 0.8~52.6mlg* ‘
Leaching coefficient 2.61x10y* ‘ 1.16x10)' tyrt
Plants Concentration . . 04 pg dw
i Bgg d tation .
Concentration factor 210t 1 qj_ quy‘v;g:y :n; 010" Bqg '_;iry vegftation per
(pasture vegetation) PP me N Bq g" dry soil IAEA)
Concentration factor (food| Sx10° Bq g’ fresh food per Bq 2507 x Bq g” fresh food per Bg
crops) * g" dry soll (IAEA) " gldrysoll (IAEA)
Concentration factor 0.4 ;  General (dry basis)
27~421 dry basis for plants 0.1~0.8 . dry basis for plants
] 12~326 ! wet basis for plants ] .
‘ Mme“"mqf"‘f" constant @O~32x10°MT | 1~1000 mpM T
Maximum uptake (Vmax) : (6.8~8.4)x10" mol I' g* f 2~1000 mpM I
: Deposition velocity 1x10% m s i Elementa iodine
5x10" m 5™ ; HOI
3x10%~3x10° m 57 CH;1
: 1x10° . particulate fodine
{{ Normaliu;:c?;posiﬁon i 0.1 m® kg™ 5™ i Elemental iodine
. i 510 m kg st HOL
i 3x10°m’ kg'st CH,I
i 1x107 m® kgt s? {  particulate fodine
! | molecular and
Weathering half-life 15.9~18.7d : 9.06~134d i late iodine




K52 FUAFYUALLUTIVROBENS A—FORE (HE : RE)

Technetium Todine
Cattle | T °°(;_m°)i°“t oK 1x107d 1! i default value (JAEA) 1x102d 1! | default value (IAEA)
% . i B FAEE U L Q1 G
i Meatbolic rate constant of :
i clements in animals -1 j from the compartment
. : 354 i relevant to immediate
: ! { homogenisation for cow
i H MUBS TRIC VY & ML KRN
: : i from the compartraent
{ I 0.354" . relevant to immediate
% : homogenisation for cow
E i loss rate of I in urine
69at i from the compartment
i i relevant to Immediate
: i homogenisation for goat
i loss rate of It milk
7.0 d* ' from th compartment
i relevant to immediate
: i | homogenisation for goat
i iIntegrated rate of loss in| |
! 0.67 " milk over all time i
— o 0 =
RKE5—2 TIXRFILABLUIIROBHENTA—SOHE (Fi& @ KEBES)
Technetium Iodine
Water ' Concentration ' 55pul i seawater
i 1L5pgl? freshwater
Scdiments ‘ Concentration ; 0.5ugg’ marine
Distribution cocfTicient (Kd) | 10'ml g* marine
: , 3x10* mi g™ ; freshwater
Plants i ! 700 1 ! dry basis for marine
; ; 3 : plants
i i " . dry basis for freshwater
! : Odpge plants
! Concentration factor 1x10* © marine (JAEA) 1x16° marine (1AEA)
i 5x10° ! 1.5x16° ~10* ‘ marine
' . 3x10° ' freshwater
Invertebrates Concentration : lugg’ wefi::::i:t:;; n:::inc
' 03pgg’ wet basis for freshwater
; E ! invertebrates
: i {  marinc crustacea :
: Concentration factor 1x10° i (QAEA) 1x10* gmarinc crustacea (IAEA)
i 1x10° " marine miluscs (IAEA) 1x10* . marine miluscs JAEA)
: 5 | freshwater (IAEA) 4x10? I freshwater (IAEA)
j 10 ' marine molluscs 5x10" i marine
) | :
i 3x10' ; ':::”‘hi::’cm':;: 10 ~ 2x10° freshwater
Fish Concentration i 0.5 ug B“ ‘wct basis for marine fish
| P - wet basis for freshwater
: 0.05pg g : fish
* Concentration factor 10! ' marine IAEA) 10 ] marine JAEA)
. 2x10' i freshwater IAEA) 4x10* i freshwater (IAEA)
! 3x10 i marine 10! ‘ marine
3x10! i freshwater
= o 0 = .z
RE5—-2 TIRFIVLGLIVIATROBENT A—FOHB (FE : AMERKHD
Technetium Todine
) value | 3 months 1 | 1 ;
i 1 year 0.5 1 :
: 5 year 0.5 1 :
10 year 0.5 1 :
15 year 0.5 1 :
adult 0.5 1 '
Biokinetic data for | Distribution-1 4% Thyroid !
adult i ! |
10% i Stomach wall
3% : Liver
83% Other tissues :
; Distribution-2 30% i uptake bu thyroid
H 20% i faecal excretion
Biological half-time 0.5 day H thyroid 0.25 day : blood (Ta)
1.6 day ! Comp. A (75 %) 80 days : thyroid (T'b)
: 3.7 days i Comp. B (20 %) 12 days i Rest of body (Tc)
: 22 days ¢ Comp. C(5%)
: 0.02 day i Transfer. comp. i
! i . apparent hal{-time for
ilecnive o ; (91 days) thyroid
ose as a 2 ' o 7 Qo . -
result of ingestion of | 3 months 1.0x10° Sv/Bq \ Te-99 1.1x107 Sv/Bq ; 1-129
radionuclides : | :
! 1 year 4.8x10” Sv/Bq Te-99 1.3x107 Sv/Bq i 1-129
i 5 year 2.3x10°Sv/Bq | Te-99 1.0x107 Sv/Bq ! 1129
' 10 year 1.3x107 Sv/Bq | Tc99 1.1x107 Sv/Bq : 1-129
i 15 year 8.2x10""° Sv/Bq Te-99 8.4x10° Sv/Bq i 1129
. adult 6.4x10" Sv/Bg__ Te-99 6.4x10° Sv/Bq ! 1-129




SHE. T — T o SATEEBREEE CITHN TS LS5 ICEERIED ¥Tc BFYeE & L TOREDOF A
OFEERZIE, S L & SICBEEIC L5 Tc RINEHEOBRU AL END LA TH B,

—mOMMIC kB BRAEBIAE DN TS LICHE L, 77 %5 AOBMIC 513 AEEREHIC
B L Cl i B 15T AME L 2V LD TH B, L L. EEPRBHCET 5 3 U5k & OMRBIILIA <
HHhTED ., MERICEWTSERBAOBROEBTIFEHEICL T LEESVETH 5, BE
HEHE R B 411~ OISO ARICH ¥+ 2 BENEIBERROBETRL TV BH, 773
F A DONT b ELAARIERD0.87 50.5~1 (37 ADIR) OREL & & b IC£F#H TORERE
BE2HNTED., ERGEETHEABEINS LSk TE, PFrxsv Ak iUavEicow
TOEEDILZER. EYRERYEE D UICBIE/ S A — Z k5 — 2105 T,

4. *Tc DREBIHEDE

BEIERER CHEREE CREPICKH S hi P®Tcid, 177TBq LH#EEShD, —FH. § TN
7= LS ICEFHOFRFIE CAR I N P®Tc 1319834 £ T 1500TBg sHEEINTWS, L. Th
FCICEA XN BEO10% ICBAEA S h, 1980 TREFNCE TN S PTc DLER, ThiE

2) : liquid effluents
*:k

**; particulate release
=% ; other than°H
wRRw mPMm-mP“

Sfrom : UNSCEAR 1982 Report, 1988 Report and 1993 Report

£6 BAERERH,DORSMEMEORKME (TBq) — 257« —IL K /B~

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

*H AV 444 444 296 222 290 252 459 360 268 349 268 171 78.3 185.6 677

L 1400 1200 910 1050 1200 1280 1966 1750 1831 1586 1062 2150 1375 1724 2144

Mo A 4.1 35 8.2 18.6 9.2 6.8 7.0 7.0 5.4 9.5 3.6 39

L 13 2.6 2.1 3.0 2.0

EKr A | 44000 44000 33000 26000 35000 31000 52000 44000 41800 37100 23800 53300 34000 39800  S1700
sr A 0.041 0.048 0009  0.018 0003 00009 0.0007 0.0004  0.0004

L 466 381 427 597 250 382 280 319 204 72 52 18.3 15 10.1 9.2
%Ry A 0.0078  0.003  0.013  0.004 0.002  0.0003  0.0003  0.00008

L 762 766 816 810 390 340 530 419 553 348 81 28 22.1 23.6 25

19y A 0.0059  0.0026  0.006  0.015 0.01 0.01 0.009 0.0t 0.007 0.03 0019 0.024 0.024

L 0.11 0.074 0.12 <014 <019 <0.1 <0.2 <0.1 <0.1 0.12 0.1 0.13 0.17

By A 0.0026  0.015 0.03 0.001 0.3 0.006  0.005  6.002  0.002 0003 0004 0002 0002
s A 0.027 0025  0.03 0006 00006 0.0004 0.0004 0.0004
L 594 404 240 240 170 138 89 35 30

ey A 0.23 0.24 0.24 0.45 0.08 0.01 0.007 0.004 0.002 0.007 0.004 0.005 0.004

L 4480 4090 2600 3000 2400 2000 1200 434 325 179 118 133 286
*3 L 1.8 14 1.0 0.51 0.8 30.8 0.7 0.8
SMn L 0.22 0.037  <0.063 <0.0095  <6.1 <0.2 <0.2 <0.2
SFe L 2.3 18 11 12 0.9 11 0.9 0.7
“Co L 1.0 0.52 0.78 0.74 11 1.7 13 2.3
NI L 15 0.18 0.41 0.53 0.5 1.1 1.5 0.4
“Zn L 0.037  0.022 0.033 <0034  <0.04  <0.04  <0.03  <0.06
gy L 9.9 75 12 11 <13 <85 <30 <1.8
“Zr L 92 82 60 60 130 212 211 162 18
*Nb L 203 148 98 100 200 304 385 312 28
*Tc L 179 43 57 58 36 4.4 43 1.9
Ry L 3.5 58 4.6 1 17 19 8.4 1.6
Homp, L 0.33 0.033 0.044 0.14 0.1 <0.1 <0.1 <0.1
15 L 29 14 21 26 23 18 12 11
Ce L 152 104 83 37 17 2 24 9 <5
Higy L 10 37 47 35 <0.6 <0.2 <02 <0.1
MEu L 38 19 2.0 1.6 <1.0 <0.5 <0.3 0.1
HEu L 18 4.0 4.2 2.6 <12 <0.6 <0.3 0.2
Uranium* L 10936 6000 4861 4499 6011 2602 2037 2447
Np L 0.6 0.33 0.67 0.41 0.3 0.3 0.3 0.2
Hpy L 12 12 6.9 5 47 2.9 2.6 0.8
HOpy L 36rune 46 37 20 15 16 8.7 8.3 2.6
Hpy L 931 1773 1500 728 600 485 331 345 81
HAm L 36 7.9 7.9 8.3 X 6.4 2.2 2.3 16
o™ L 0.55 0.37 0.33 0.19 0.28 0.4 0.1 <0.1
Mo, L 0.33 0.15 0.19 0.11 0.14 0.1 0.1 <0.1
Total o A | 00028 00019  0.001 0.00089 0.001  0.0005  0.001  0.0007 0.0005  0.000¢  0.0006
L 85 60 46 68 62 39 30 28 14 14 6
Total B At | 007 0.13 0.28 0.34 0.31 0538 0.403 0.03 0.022 00171 0.0129
L] 9065 6771 7129 7124 4100 4300 3800 3500 2439 1190 587

Electrical il 32 32 21 18 25 221 3mM 34 296 265 17 381 243 184 369

L. cenerated(CV
1) : alrborne effluents




%7 BAEESRNSORSEMEOKHE (TBq) -7 - 7—4 /75X~

1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
*H Ab 33 18 11 4.1 9.1 9.9 6.3 8.1 85 318 6 15 21 25
R 331 728 539 708 810 1160 1460 2590 2300 3000 2500 3700
\AC A
L 0.7 0.7
Kr A | 24000 13000 25000 29000 30525 35816 51800 51800 27010 70300 29000 35000 27000 42000
*Sr A
L 75 40 73 140 294 271 86.3 1416 1096 46.5 78 65 48 41
™Ru A
L 829 558 540 301 387 331 470 337 351 437 470
] A 0.0178 00107  0.0159  0.0207  0.027  0.0215
L 0.1 0.1 0.2 0.13
l)ll A
e A
L 37 6 8.4 49 48 82
Bics A
L 268 38.6 50.5 23 29.8 294 29 7.6 85 13
Jﬁs L
SMn L
*Fe L
“Co L 27 4 31 135 246 153
ON§ L
In L
s L
S7r L 0.07 0.09 0.5 11 0.08 0.01
*Nb L
G L 1.7 129 25.9
Ry L
Nomg g L
155h L 50.9 4338 45 149 132 109
Wee L 2.7 4.1 31 2.4 32 22
Bigy L
gy L
Ry L
Uranium* L
BiNp L
Spy L
139~1wPu L
Hpy L
“‘Am L
UJCm L
ZJJOWCm L
Totala A 593107 740" LIx107  LIka0* 0.00011  0.00003 0.00001 0.00001  4x10°  0.00001
L 0.49 0.37 0.67 0.51 0.51 0.5¢ 0.64 0.48 0.71 0.72
Total B A | 0.0006 0.0003  0.0001  0.0001 0.00007 0.0000S 0.00003 0.00003 0.00004  0.0007
L*** | 1180 714 765 1092 398 836 1260 1180 1160 1200
Electrical sty 16 08 18 21 265 311 45 45 235 611 28 304 235 365
L ____eenerated(GW
1) : alrborne efMuents

2) : liquid effluents
*:kg

**; particulate release
##4; other than "H

Sfrom : UNSCEAR 1982 Report, 1988 Report and 1993 Report

12109 BREBESFRICHKI S hic &5 k. PTc iHfit, 1000TBg DIFICET 5 L#EEIhBY, Z0>
LHHE & L CEEL ODO—2%, BABKRTHS, £6. 7ICEELR- MCREShLKER (¥
574 —VE) BLXUOTSVA (57 —72) OFAERRED > ORBESSER O CICRERREY ORSE
ANORHBOBEL LA R T DO 272 L, 19934 UK — MCB W TIREEY RO AEARIT., B
BEOADRMYE 1t > T B, 57 4 —IU FdbOBKHITIBIERNIIIRR S v 7 P OB/EDLEERD
WHARBRLTES . E-FNUREEEOABRBICRA - BOKEASH > &3 h, KK
0.44TBg/GW(t). ®Tc DERBEDERIE 6TBYGW() O 7 % HEERE S hic L RES bhTw3aY,
199350 57 4 — )V FEABEE)» b OBRMEFIIRS O LBV THY, *Tc IERWFICKTHE
ERHERRS Lo CTWh, €57 4 =)V FEZD, &R TOEZZ ) V7 IENIICER S Tk
. E IR L k5 HEEENFOBESTHERELB TS, ThHDEZX Y VIR L EICEEY
BICOWTHER L-RrEEFIC BT 2EAOTELEDREIIRINIR LA L DI 0.1mSy L 3h T3,
ST, BEADERC L. BONBREE S > C—RARICH T AR EMBE ImSv - year™ & KT
BT EARE L SBEICEESTRZVL 80D T ETh b, Tibb, Tof U VI ERICES CRER.
T OB RICHET BBERE SN B EICEE T ARELEA TR, BRERICBICHFET S



%8 £I74—) FBAEERL D ORERFVT  mamEIC LABET ISR LTE THAL OF
DEERGHEEERNE (1993)

Discharge limit

Discharges during 1993

Radioactivity | (annual equivalent)
TBg TBq % of limit
Total alpha 10 2.59 26
Total beta 500 97 9
Tririum 3500 2310 66
Carbon-14 - 4 2.03 51
Cobalt-60 8 0,087 1.1
Strontium-90 35 17.1 49
Zirconium-95 +
Niobium-95 180 9.61 5.3
Technetium-99 10 6.06 61
Ruthenium-106 170 17.1 10
Todine-129 0.4 0.161 40
Caesium-134 10 1.19 13
Caesium-137 110 219 20
Cerium-144 22 2.51 11
Plutonium alpha 7 1.33 19
Plutonium-241 170 375 22
Americium-241 3 0.873 29

"Ministry of Agriculture,

Fisheries and Food Directorate

of Fisheries Research: Radioactivity in Surface and
Coastal Waters of British Isles, 1993, Aquatic Environment
Mounitoring Report, Number 42, Lowestaft, 1994."

HIRABERASNARETHAPDLTHS, Ll
mmLOD [HA] BEEHELSZL2EFNTS
72DIZiE, BEOKEICERTARELZED T,
1mSv - year ' O E L T 52 LI REET
BirwWeEz bhb, EEBSEET NRPB)
. BamBERE» SO 2 EHAEE. B
& OFRICR LT T AR ABEEEEM 0.3mSv
ICHIBR T RECEaBE L5, 1993015
7 4 =V FEAERZE D O OBEHBICE IV TEr
B, TOELZITHABEXRARLEMIR L
2, 0.04mSv & FIR L7z [7 v /8= v F ]
FVRENC LAERERTWET, ZO>BiC

TR 5 %EFEEERLTHD ., BEMRR L L CREFM EEELBAHERE L BN SR
NS DDO—DTH A EVWDRIThEZLE,

5. HHYIC

VR, BARER ORISR > TEEL LD PTc OBBATREIC > TETW5, Eio. RAZIKEM
iz, FlL—H— b UCEEL S Te 2 AW ER LT ARRTH B, E5—2ICRLAEEDIEC

®9 277« —Il FERADEE T OBEEYH OB ERERE

Marine oraganisms Mean radioactivity concentration(Bq kg’ (wet))
Total beta ey bai{e1 B et ; "Zr ' ¥Np MTe "“Ru% Ry {magl 135k ¢ MiCe | pm | Mgy WEn
Fish Cod 150 - 160 | 6.47 - 037 . 18 - 24 41 . ND T0.044 ; 6.13 i ; [ NA
Plalce 130 - 150 | 004 - 033, 14 - 23 76  ND - | 0.087 ; L L1 . ;0,009
Grey mullet 130 0.22 19 ! H ; X H i .
Bass 140 0.13 ) b . i ! i : | : i
Dab 150 0.06 ; 18 : i | : i . : 1
i 130 0.19 : 31 ; : i : ! i | . :
Spurdog 100 ND i 17 1 i 1 : ; i ! H
A Flounder 130 ND { 28 H f e et : H ; ! | { i
Shelifish Crabs 100 0.08 i 54 76 , 0.61  ND : 1.1 006 { ND | 3.4 | 008 49 | 15 - 0.4 1611 ] 1 ' ND . ND
Lobsters 290 0.1 ; 9.4 {130} 047 013 042 ND i ND 390 ND ' 13 | 23 012067 21 { ND  ND
Winkles 280 ND i 17 62 1 24  ND - 67 . 26 ;. 31 . 38  ND: 6 | 44 300 34 54 0032 029
Mussels 160 9.03 : 5 ¢ NA 15 ND  NA | 1 | 088 NA {007 29 :057 171098 NA ! 067 013
Limpets 340 ND i 21 I NA L 13 | ND [ NA O S1| S [ NA 013 7330 ;68 37! NA: 1 [ND
Whelks 240 ND H 5.4 i NA 39 (ND O NA ND i  ND ' NA | ND | 48 5 75 . 17 P ND ! NA ! ND - ND
Porphyra 110 - 160 ~0.02 i 0.59 6 . ~26 | ~0.28 " {085 ~15 T ~L5  ~0.99 ~0.20 ~52 | ~1.4  ~L9 | ~0.7 , ~0.04

"Ministry of Agriculture, Fisherics and Food Directorate of Fisheries Research: Radioactivity in Surface and
Coasta Waters of the British Isles, 1993, Aquatic Environment Monitoring Report Number 42, Lowestoft, 1994."

F10 74U 921 BOBEEYPERICL > TR DA A (1993)

Lomvmrmme EXPOsure due o
Exp ed popul used in t | Nuclide Exposure® discharges in 1993%
ICRP-26 ICRP-60 (ICRP-60)
DPUI** DPUI**
kg year” SvBg® mSv Sv Bq? m8v mSv year™
Consumers in local |Fish® 28] 7Sr 37107 | 0.604 3.2?;_;}0" 0.003 0.007
fishing community |Crustaceans”  15) '™Ru | 7.50x10” | 0.005 | 1.10x10% | 0.007 0.013
Molluses” 7.8] ""Ag | 2.89x10° | 0.002 | 3.00x10” | 0.002
s | 1306107 | 0,009 | 1.30x10° | 0.009 0.004
MNp | 540x107 | 0002 | 3.20x107 | 0.001 0.002
By | 430x107 | 0.007 | 2.60x107 | 0.004
Bri9py | 4.80x107 | 0.034 | 2.80x107 | 0.021 0.005%
pu | 9.30x10” | 0.01 | 530x10” | 0.006 0,003
| M'Am | 4.90x107 | 0.077 | 2.90x107 | 0.046 0,004
HC T 5.60x107° 5.60x107" 0.002
YT | 3.46x10™° 6.70x10"° 0.002
Total 0.15 0.1 0.04

* : Gut transfer facter for Pu and Am of 0.0002 and 0,0005 in winkles and other species respectively;
#* : Dose per unit intake by ingestion;

a) : Cod : Plaice =0.5: 0.5

b): Crabs : Lobsters =0.8: 0.2

c) : Winkles : other molluscs =
d) . UhDhIwP“

0.8:02
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Transfer of ®Tc from soil to crops and its behavior in soil

Kei Yanagisawa
Division of Radioecology
National Institute of Radiological Sciences
3609 Isozaki, Hitachinaka - shi,
Ibaraki, 311-12 Japan

ABSTRACT —The purpose of this paper is to summarize the transfer factors of technetium
from soil to edible part of crops obtained by the author. Andosol (a typical Japanese soil) was
mainly used in the experiments. Soil to plant transfer factors of Tc for leaf vegetables such as
spinach and komatsuna (Brassica rapa L.) were considerbly higher than those for edible parts -
of non-leaf vegetables (carrot, onion, sweet potato, tomato) and cereals (wheat, upland rice,
paddy rice). In case of paddy rice, two types of soil (Andosol and Gray lowland soil) were
used for the experiments. These transfer factors for hulled grains (brown rice) were much
smaller than those for other crops obtained in our experiments. The transfer factors for
‘brown rice obtaoned for Gray lowland soil were higher than those for Andosol. Since the
values of transfer factors of Tc are highly dependent on the plant species, different transfer
factor values should be established for plant groups categorized by the type of their edible
parts, e. g. leaf vegetables, root vegetables, cereals etc. The low transfer factors observed in
rice grain would be explained by the immobilization of Tc under reducing conditions in the
flooded soil. The higher transfer factors observed in rice grain cultivated in Gray lowland soil
than in Andosol can be explained by the higher Tc concentration in the soil solution of Gray
lowland soil than that in Andosol. A preliminarly incubation experiment on the soluble tech-
netium suggested that the soluble technetium observed in the soil solution of rice plant was as-

sociated with organic matter dessolved in the water.
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77 FXFTA-INTERPAEL 2.1x10°F) BHBRKRL LYY A-13TBLURA FOVF YA
~0rABETH S, 77 FF7 AIKPREBEOFGHEMET TR TcO,” DILEMARLLETH
HEEZLNTEY., COMEHEIBERCTHE LT, T, BOTERICRRINE ., HEFHmHO
FeOIC L B BET AT BT SR REOR YT T 5855 4 — % & LTBTHREAE < AU
SNTW5D, JhiZEEWFORMERERE Baoke EWER) ##EE Lo IEhORSHERBRE
(Ba/kg B2 EE) THLIMETH B, WIHCBWTIELEID b7 27 3F 9 AOBTHIE R 5H%5
FoNTELH, FOMIL00UELS LT ETESE, JhidtBOoEREENRREZD LBLND
BITRELERLRL/IDTHS, IAEA I LB 577 XF 7 ADOEEY—BRIZEET 2BITHREOEILS L 3h
THHY, ChidEEEEERRAEMETH 5, Lo THED b EFY~OBTICHEb 558 %
B L. EREBITEEARDSZ LIEOCEETSHS, RMme LCHAShSBIEDY B A SRR 1
B L7oBe. BAORTEOEHII. KA THE LIkEL<HAT A EAZTFONE, KEAITEEER
ORI > CHERBTALT BRESB B, 77 XF 7 L% TcO,” OLEHCAR LB M L
Be, KALERTRET SN T TO, 7 ERICTRE R

Table—1 Soil to plant transfer factors of Tc
(from IAEA Technical Report ALFRICEDL DA RICBTLICS KRB I eRTFHEETH
Series No. 364) 5. EBICEAOBTEBAME & O THIIE AEA
Cereals *(Grain) 0.73 DEZZDEERAVBERRFTHEIC L5 EELLN
Fodder 1.5 bo Tz, BEIARE UHATABL (FIAT) »
Grass 7.6 ¥R RELEDIDICRL - T ERELTHE AT
Pea, bean (Pod) 11 D7D, IO LR EBR L EBERIEYICEED
. BITREEZ RO HLENRD 5, AF. BKEEICBWT
Turnip (Root) 9.5
FEOONIEEEEWICEET 5T 7 T 7 LAOBITHRE
Potato (Tuber) 0.05 AHETX TV B8 Table—1 0 & 5 BT HEOR
Cabbage 1.4 B BN ORI L, AL, §ETICRE
Lettuce 16 HTBLNZBROLBIC BT 557 XF T AOREE
Spinach 208 E~OBITHREE ChD BT A L EiT, Thi
*Cereals were on a dry weight basis. BIE L BEEHTICRIT ALEFRDOT 7 RF 7 ADEE
B R N/c D TH B,
2. ERFEDHE

BITHRRE EBRMICRD B0 U — T — KB E1T - 7o, WENHE S % TICLEL BIEYORIEH
BIZEE 2~ 37X ABREOEVWAOL S 6 7 AU EERSLOETH D, Licki->T, BEDEEHOE
VRV = -3 REYTH B, 77 RFTADEE, ¥Tc LU T AMERTETH S5 PTc i,
SBICHEMT 5 L BEYOEE 2 BET HBENEETH A L6 ™ T CEMILE) %A L7,
EECHA L HEBR M SRS IO 573 5BR 7 £ (Andosol) TH Y T OEIFTRIRE A
THER LD TH 5, %/, KMOBREERICIIAKELEL UULL ST 5 RBRKFH THRR L7
REMEH+ SR Uiz, T O/LEEMER Table—2 D k5 TH o 7oo HRBEMEY & RIS BIRIC 158



Table—2 Chemical properties of soil used in the experiment

Andosol Gray lowland soil
CEC (me/100g of dry soil) 16.6 10.2
Total carbon (%) 4.3 2.4
pH 5.3 5.7
CEC: Cation exchange capacity
Table—3 Amount of chemical fertilizer, lime and **Tc tracer
mixed with one pot of soil®~®

Crops Chemical fertilizer

N: P: K goper pot Lime %™TcO,”
Paddy rice 8:20:18 3g - 1480 kBq
Upland rice 8:20:18 3g - 320 kBg
Wheat 8:20:18 3g - 93 kBq
Cabbage 14:10:13 3g 1g 93 kBq
Chinese cabbage 14:10:13 3g 1g 93 kBq
Spinach 14:10:13 3g 1g 93 kBq
Komatsuna 14:10:13 3g 1g 93 kBq
Carrot 14:10:13 3g 1g 93 kBq
Onion 14:10:13 3g 1g 93 kBgq
Sweet potato 14:10:13 3g 1g 93 kBq
Tomato 14:10:13 3g 1g 93 kBq

I L7 BRE, BIRB LU P —Y —% Table-3 ITR ¥, CNH%#2.8KgDLBICRmM LT L
B L7<# 1/5000a 7 7R VRy MICANTERMEHOEZBIE, 5 WITBEE L, ERICHER LB
W OREIE & RIS JUREESM7: Y13 Table—4 O X5 Th o 7o, BIEWITINEER, SBETHRMEL
RYTF L VASA PIVICIR D FIERR S Lic, BT L CHBR L, 1HARRL TP Te BELR
F LIz P™Tc OflEE Nal 4 — F )l (Aloka ARC-300) %6 L. EHIOMIE T EREIKRE
KEbR, REOZBRERL, HERRO%K, FFE L, BITREENRO L 51T, BIrhoRBs

Table—4 Conditions and cultivation period for various cropss‘"s’
Crops Precultivation Cultivation Conditions
period period for cultivation
Day Night
Paddy rice 20-30d 120d 28 C (14h) 24 C (10h)
Upland rice 20d 120d 28 C (14h) 25 °C (10h)
Wheat 30d(21d at 5 C) 120d 28 C (14h) 24 C (10h)
Cabbage 25d 60d 24 C (12h) 20 C (12h)
Chinese cabbage 25d 60d 24 C (12h) 20 C (12h)
Spinach none(seed) 50d 24 °C (12h) 20 C (12h)
Komatsuna none(seed) 40d 24 C(12h) 20 C (12h)
Carrot none(seed) 60d 28 C (14h) 24 T (10h)
Onion 25d 90d 24 C (12h) 20 C (12h)
Sweet potato non(cutting) 90d 28 C (14h) 24 C (10h)
Tomato 30d 90d 28 C(14h) 25 C (10h)




Table—5 Transfer factors of Tc from soil to BERE (Bq kel fw.) SLEROMEESERE
edible part of cropsa’"e’ 1 95

(Ba kg™ dw.) EEFRINTWAR, LEEFD * T

DT REPAAR & A, R TRICIET LT

WHEEZOND, Lichio T, BITREEZHET S

Crops Transfer factor
Paddy rice 0.00005
Paddy rice (Glay lowland soil) 0.0006

Upland rice 0.02 BoOLEHRO Te BEILERBRKE & K& TROESE
Wheat 0.03 & L7, Fio, WSETFO TeBERA X, AFDL
Cabbage 0.3 DNITINERIZ N S DI >WTIREY O Te BE
Chinese cabbage 0.1 L7, REERESO P T ORERZLUTO L > %
Spinach 2.4 FE T ote TibbR—5 27y 7% LEEF
iﬁjﬂm 3é 510 cm DUES & CHIIA LT LB S B
Onion 0.05 VIVUTHRSIHERLINGEA — P TV CHE L
Sweet potato 0.03 7oo BEKIRRED L EFOBLETEMITEZICHEAL
Tomato 0.03 FESERY AW CHERRIE L,

3. BREER

) 77 ZF 7 AOLE) & FEERIEH~OBITHEK
LETCIHERCTELNILT 7 XF T ADLEL b FEHARL~OBTHEHM A Table-5 75
T, TNOREBE LR EEY» GBONREO S bR L E 2 5N 5450 P Tc BEDFY
DO BEB LAEADTH S, LA TNIHA BLUF XY OBEIL, 5L TWEWIMIOELR
&, OXVF RV VYTIEEBWTRTE L ZORER Ui WERRIT., IERICSWTIELLT
Wk DICBITREOHES bR . ThOOBTHRNE T 5 E KRN OBF RIS o &
Vet & Hl LT L ED - 720 Shid IAEA I© X ABAHE ()Y RUT AEA-TUR I & 28EOME
(0.7 L BT 5 L ZE L EWETH D, BIAHRRE LT555 W0 73% A LicBE,. BEDES
CROEBEDS WVREECILBATME LS EE2 N5, CThICHL, mT LYY TRaTvYFD Lk
SICFEOEL R L LTHAT 2 BIEYOBEIIE LN BITHREOMEIZ TAEA OfE() L1 YRS T
Boize BT LYY OBFTHREE IAEA-TUR Of (208) & i T % L ZE LOMERZE L EWETH
%o FREICEF x XY OME.IDWTEESOM(0.3) LT 5 Lk Ly Y LR, ZEL0%RD
FAEDWEMED 5 720 &5 LIBAHREOE VI HEPMPRESES L ULEOHEDEVIC LB L E
2BN5B, LItk - TBITEEY ERMICRO BB FEER LN R & 71 5 BIEROME R BT
HICEDES BB RITITHIHASHICT HLNERS B,

@) 77 XF 7 LOBI & BIEMERIC BT 558

ROV IRaxyFERILEIDICEZFAERE LTFIATARETH > ThF XY, NITHAD
EOEREE TR, BOLDITHAY LYY UaxyF L HE L TEVWBITRETH > /e TNV,
INT VA D LD IeERFROTETOENST T LYY, axVFOL D nIHEREEOEL Rix D8 L
LCEMER L T B DI KOEBBD e WEPHEIND, COZ LR TLEEILBRB LT 7 X
FIAPECBTTABICIEBRAKEGRETR L TOAT LARELTWA, CORATTHENPDDT
DICLAT D & 5 7 EB AT - 7



b bREFED 17 AR Llcaxy Iz 2RI, —FARBHELICHFLVWE1LROES »
Vo VS TR EE T AUBE LT o oo MO—FHIIEDOETMAETHBE Lz, ¥"Tc 2%
MUK BHRICHEE AR L. 24RFATKSEBRN TR L BAEIAEAB 2T - E LRBOa<Y
FOR CHEROETBT L ¥ Tc #ED P Tc RS RIE LLE Lic, SB% 100 & LRERCH
Ew L=k 2 A Table-6 O &k S ICHEBEEET 5 LICk > TP Tc DEANOBTHMET Liz, &
NOOBRITR TR LT 7 2 F 7 AXERERRIC X » THDEROEE #&FH L CEICBIT I 5%
FRLTWAEEEZLNS,

CHO LTEIEEIN T 7 R3F U LITEDEAT, ESEBLTCWADTHA D0, BHERTIIE
C AT kD TR CIRIR L Ao & SRR Table—6 Effect of the low transpilation treament on the
AHEYORLBRBEIMETAEERE, £ & accumulation of °*™Tc from nutrient solution to

komatsuna leaves
L CETHER I NIEEREDE 2O
BENEET AEMERPWEOBITRER & L
THEREL TV B, BAIKEER AT S L 10.1 100.0
NOBETERBERTSEELSDECES The value was culculated relative to control
RICE - TEI LREREYOG X
EET L, EhDEEETADOLSHREYD Table—7 Transfer factors of **™Tc from soil to various
. organs of tomato®
IRDEI FIRFICEE > O 3B N DEFHO#E

Low transpilation treatment Control

5 ) Organ Transfer factor
biT->TWbh, IO Lchr bAMETE
. leaf(new) 57
BN T 7 XF T LOBITHRE Y T 5
o leaf(old) 135
LT, BE, AT, BEEETARLT ,
. . N red fruit 0.3
HEEDIICTNIBITREMNMELS, &< )
green fruit 0.1
FFD LI AT PBETH > THEFEES
stem(upper part) 4.1
BLLTCOED, P FORESLY YA
stem(under part) 5.2

EDAELHREEDLIEVMETH -7,

77 FFT LOEMERIC ST 55 %
HBT 572010, bR TR 2E & FREOBITHRE T Table-7 18 d, RO & D ICHEBREFYICE
B EMOBITERE & [k, EOBTREIEIEL @&V, £/, ALETH> THHVEDHBH L
ELDIBTREEE . BRNCT 73 FVLZERL TVWA T EBARBREINS, CNHORRED L,
I —EICERB S N7 7 X F U AREE L TECER S E D » LMSEENOFRRIT NS W EE2
bhb, BEMOFEMITR, 2, £ RE, BETLIFEFELRAE L LTHASh T D ESEEIC
R B DA LREIREFLRICST HSEFERM SR> Tw5b, Lcid> T, Table-5itmshic
DB EICBITREDP R B OISR ThH > TLE» CRIFWF RO ERZBIT R B 5/
DICIEAEREYE. H5VIEEE, BE, REO LS ICHROBRBICBTREE RO T LELD
%o

Based on a dry weight basis.

@) KELFEFICBT BT 7 XF D LEE)
77 FF T LAOBITHREZBIFMOBRICIE U TEDESRL S LEZ DN LD, BRESMEOHENRE
FTERBUC BT B OV TR & R, RUPNEICOWTHE L TA KD, fic Table-5 TR L7 X
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Fig. 4 Gel chromatogram (G — 25) of soluble soil organ-
ic matter extracted from Andosol and Gray  Fig. 5 Gel chromatogram (G- 25) of soluble

lowland soil. 95mTc —soil organic matter complex.
{ ¢ : 1cm, column length: 10cm, eluent: NaCl { ¢ : Tcm, column length: 10cm, eluent:
107" M, flow rate: 0.4 m1/min) NaCl 10™" M, flow rate: 0.4 m1/min)
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EXNIT 7 RF T LHFEORD OB EINABRICL VB THER L, 4 RCBRF S BERICO
WCEBRHT -7, M7 LAPBLERIBLbNE L7, BB LICF 7 RF T AL LES
B & ORSHEIZEKETFDEVEREBICBVTABRAICERINTVWAZ ERGH-THD, ZOWE
LEBEBEOMICT D LIFHE— BIEWRORIL O TRIERICBIT 57 7 RF T AOEE) AR T
KEGFHIVICEDE EELLND,

4. HHYIC

TEIPOCBEDFTATNOBTRE L LTREREBR SN TVWALAIDDIBRLIFLVLOI
IAEA-TUR? it L ABAEHCTH B, IR IAEAY 2 6 IR X hi-fE & ik hiZ B IR EOE
BRENTEVEEAE - TWwb, L LEALRECARE LTHAIA TV EFHOBEL
BT T OREIIE LD\ T73F T ATERY L ORIG: EEHALEREE OO BIFY
DEFECTE, BLUREHESERL S LBONABTREOEBPAE (25 I AFHEEINS, Lt
Do TF 7 ZF 7 LOLEED & B~ OBITRE % EMZ S DICT 57DICiE %  OBEO BF L+
R\ ERATHRTIR ST, FOMAEDEIRBDTEL b, 5 LcHBELR Lt
SR 0 AT T2 b LB R BEMAERIC BT 57 7 RF T LAOEBA A ZALEHALMICT 5T &5
RARTH D, 5. T LIEGBOWRSEDOENTWASZ LIS NS,
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239240py distribution in the Japanese

HISAMATSU Shun’ichi
Department of Public Health, Akita University School of Medicine
1-1-1 Hondo, Akita 010, Japan

Abstract — Distribution of ****°Py and ?*!Am in the Japanese were reviewed, and compared
with those estimated with ICRP metabolic models. Inhalation and ingestion amount of these
nuclides were calculated from simple models, and used as input to the ICRP metabolic
models. ICRP-30 model or the combination of ICRP-66 lung model and ICRP - 67 metabol-
ic model were used for the calculation. The estimated *****°Py concentrations in lung, liver,
skeleton, kidney and muscle by using of the combination of ICRP-66 and 67 models agreed
well with the measured data in most cases. The contribution of ingestion intake to body bur-
den of **°Py was estimated to be 12% with 5 x 10™* as f; value. The combination of
ICRP-66 and 67 model could described fairly well the organ burden of *Am measured in
Akita and Niigata district. The 2*'Am grown from *!Pu in the human body was calculated to
contribute 90% of the burden.

1. FC&HIC

HEfEHRO Pu, BEU Am 72 EDORBY 5V TTRORHITBEEINICHTRIN TR, &< OBYER
BIFbNTELD, TRICHE LT, ARCETAHRBEBERLOTRAR, ThTh, BEHEES
140ERDAGERICOVTDF - ZHBBN, ThHDTHLRELRVWERYFLE L, BHERD
F—2%BET L TAGRBETNVHEONTE, AMEDOTF - RITEL TR, ThbDIC KRHE
BRIC ko THRARICIES ANV DP BT + =77 F Puk O TORFEATbhTETWS, HAE
TOANEH Pu DERSHOBEBIZFZ LA ELTH T + =77 F Pukddg s LTHbATERL, Th
3. BT ®Pu o M ABERIEZONRWT & &, B L TREBEE AP0 Th b,
7 x =77+ PukWTOAGICET BB ROEBIZUTO L Sk 5,

1. FRMRAEPOREL <VEETH 5,

2. RERE. ERERAREL TV 5,
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3. WBREBOIEMTHENRETD 5,

4. AMEEBHTOREIIES . BT LIBEBICTMETES L)V TiIEW,

5. BHMHENLH 2T,

COHFT, 3. OBBEOHENRAROMBRLELB, ol REB OBV Tidk<, &Y
BREETNVEBATAILICLD, FHNTEREETE S, JITHR, £, BAICKIT 2REEE
T, IO, WREOHEE L ThZEIC LRHETNVICLAHEEBE L OHERT D,

2. BRECKTZERT—Y

1) PEIZDONWT

B A B 5 Ak 29%Py ERMEIZ1970ER K DHE SN TWAER, BT — ZiFFhLEOR
EEE—HKLEWBEPRALON S, 180FERTIEIBSEESTICBEL TRV - BRSNS L5k
V. SHTEITERE LWL (Hisamatsu 1990, Kawamura 1983, Takizawa 1987). FL —4—¢ LTl
a —HgHED “Pu 2 Pu SRV SN BB, BEEOHESCKE e ROTFIVE— L\ o MBS
Py B E LV, PPPu D a RIFVF —1E B¥Pu k) B EV, SBEICIAZ Th, BELEOR
Vo =, PPuda- BIFNF—ZPPukEL, EIXIVE—UADFA VYV I HBD D7D
Wi aEE PPy LRV ETHELERS S, COESB P —Y—OFERICHZ., BRETIE
NIST BE#RR & U CABEBERARAAFTERTHD, 74— V7 0 FUNVOGHHEF = v 7 ICFEHT
&5,

T, AR O PP BEREL )V TH A7, FHEEENSRE LY. BEBRUTOZKE
LD RTV, BHBRALUTOF — X OBWNIEE > T, BHBRAUTZOIEF - 23 TTLE
SONENHD LBRBDENH, £5T5LBREDF—ZRIPERINBI L L5, P Puil
ELVZRBABEDIEILOERH Y, BHEBRUTOF -2 2B TTLED &, I6D2>ZDOHEHBEDF
PHEVWTOT —ZEET, BWHOT — ZRTTEHERMS LSRG kA, TDDH, EBELD B
BEREVWHNTNTLEDERERELS, #-> T, BHBAUT EZLRWVWE DI, BARAREE-
THOWRBELET. DAVERRBEUELT > ThA LPBRHEBRAUEANF > T B2 EBEEN 5,

T, ED L THBEHBARAUTOT -2 BPHTLESABEOHR N E LT, ThEF X HHEIE RV,
FHELTIUTOE > HEL DS, BIb, BHBRUTOT XA T 1+ 7 /OMBRDICITAVS
B, AT 4 T /EOBEHICIEHAVE, L, AT+ 7 VERAOT — X ICBRHBRUTOF — &
Mo TLEBEICIIROT — 2% HAVW5 (Mclnroy 1979, Takizawa 1987),

@) EREOF &

CCCRHF—T-BEAINBEIICR > THLOEDOXBEOFL L, FF. BIZoOWTOfE%
Table-1A . ZhUsO#EFE% Table-1B i % & 7, Kawamura OBEIEIZ1970EDFETFICT DWW T
TN TWBD, OMRENTI980-84EIZFET L CTh D, Bl BT TER NV, T, FBHRBUh A
DERIEAHDB, HREFER - HKETIPuRETRIC2HEBREDEND S LEZ LIS,

EACIE. BRAT 5CAENHFEITCL959F LISR1100 A2 5 D5000 A LD %E 54 LT\ 5 (Fox
1980, Mclnroy 1979, Mclnroy 1981), Ch %L L. FEIKBVWTALKFDO 7 + =77 + Pufy
RSP E I N TW5, (Bunzl 1980, Fisenne 1980, Mussalo 1980, Popplewell 1985), “h 6D
57— &% Table-2 ICE &7, BRAT SEAMETOSHARHEIHMITI D AT SEADOM, =2 —AF
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Table— 1A Geometric mean concentrations of 2***°Pyu in human tissue samples collected in Japan

Age at Year at 239’?‘401311(111Bq/kg—Wef:)
Reference Location death death Lung Liver Bone
Kawamura 1983 Tokyo 21-69 1970 7.8/1.4 17/1.9 34/2.0*
(10) (10) (5)
Igarashi 1987 Tokyo - 1980-82 2/2.2 15/3.0 7/2.2**
3) (16) (6)
Takizawa 1987 Niigata 39-81 1980-84 4.4/2.1 21/2.5 3.4/1.5¢
Akita (56) (56) (12)
12/2.01%
(4)
Hisamatsu 1990 Niigata 24-81 1981-84 3.6/2.1 27/2.3 3.8/1.5%
Akita (12) (19) an
Geometric mean/geometric SD (number of samples)
*Vetebrae **rib and femur {sternum 77 vertebra
Table—1B Geometric mean concentrations of 2°>?*°Py in human tissue samples collected in Japan
Age at Year at #39280p(mBq/kg — wet)
Reference Location death death Spleen Kidney Muscle
Igarashi 1987 Tokyo - 1980-82 1.3 0.44 0.07
ey (1 ey
Takizawa 1987 Niigata 39-81 1980-84 4.4/2.3 1.3/1.6
Akita (5) (3)
Hisamatsu 1990 Niigata 24-81 1981-84 3.2/1.2 0.75/1.1 0.4/1.1
Akita (2) (5) (2)

Geometric mean/geometric SD (number of samples)

va, ausF, Va—VT. AV A RYVIWIZT ET A ADECEREE H/8— LT 5,

ANMEBGFO PuBERERHRERSHEIS 2 LAREOREERE» KB LT 5, TDimd,
REMEE L TIREMEHEREY L E 2 b0, BROF — I L CRSAEEEEL AV, %/, 55
BERBESEZ T A LEMEHEL A7 7T AEIFE—BT 5, 7272, FICBLTE 2184 & B
h. EVEELRIEARDON TS, BANOF—F TRAFA TV COREH A\ o, Table-2
TRATFA T VEEZROTCOAR, AFA TV EEMPHEOEIVTNEEZBND, BB L IC4
HICHT 5 PulE TENRLS L Bbh b7, Bl EI TER WD TH S, Table-1, 2 2B L
TS Pu BERHEN L —KLTWHEE 2 5,

BT, BY S VIEROH T Puilk\WTEER Am K oW THRB, 7+ =77 F Puicid s
BEHIC LC 20%0py 0 10 $f50 H#Pu A SN TV 5, MPuld fBERT V., MMAm Linhmd, B
FEOBEFRICIA 0 bR M Am AEET 5, /. YETED A5, BEBIOLOICLEETNTY
BrRBND, MEFDT 5 —)U7 7 2 Am BEOBEIIED T 7 <. B Td Hisamatsu(1990),
4} Cld Bennett(1978) DHEEFI DK TH 5, Bennett 10 L5 &, 1970-T44E 1261 L 7-40-T0RRDHEE %
S LR, 6 DOBRAAMOFHET *Am/ ™ Pu EHEHIZ0.22£0.04TH - 72, — 7.
Hisamatsu 5 — & % Table-3 {0F &o7cA, THICRON B &5 I01981-84FFE - T ****Pu 1ot
T BRI, BEBRWT, 0.11-0.37 Th 5,
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Table—2 Median 2*®?*°Pu concentration in human tissue samples collected in oversee countries

Age at  Year at 2§9"“°Pu(mBq/kg—wet)
Reference Location death death Lung Liver Bone
Mclnroy 1981 U. S. A 1970 14.(32) 38.(31)  10.(28) *
1971 7.0(73) 30.(72) 13.(29) *
1972 10.(79) 30.(81) 17.(58) *
1973 6.3(56) 26.(56) 8.5(36) *
1974 5.2(141) 27.(139) 7.0(79) *
1975 4.1(210) 26.(214)  7.0(90) *
1976 3.3(54) 20. (51) 8.1(37) *
1977 5.9(27) 13.(28) 4.8(22) *
Fisenne 1980 New York 15-82 1973-74  2.4(52) 14. (50) 9.3(45) *
Bunz] 1983 Munich 41-79 1980-81  1.0(29) 20. (28) 3.4(30) *
Popplewell 1985  U. K. >50 1980-84  2.2(30) 26.(29) 5.1(31) *
Mussalo1980 ¥  South Finland 20~75 1976-77  4.5(25) 14.(41) 17.(26) **
(number of samples)
*Vertebrae **rib 7 arismatic mean value

Table —3 Geometric mean concentrations of 2*'Am in
human tissue samples collected in Niigata and
Akita during 1981 -84

241Am

Tussue n (mBgkg-wet) *'Am/?**0py
Lung 9 0.81 /1.5 0.14 / 1.3
Liver 19 3.4 /2.7 0.11 /1.6
Spleen 2 0.49 / 2.7 0.16 / 2.2
Kidney 5 0.52 / 2.2 0.96 / 1.5
Muscle 2 0.12 / 1.4 0.34 /
Sternum 11 1.4/1.4 0.37 / 1.7

Geometric mean/geometric SD

. ICRP EF L D&ZE

ICRP i3 ALI %R E T 5 7= OICRER R BHEBEICOWTRBEET VAR L TE L, BV 5 VT
FIZ oW TiE ICRP-19, 30, 48, 56, 67 TREEFNVHRIN TS, Tz, IETNiEHE L ICRP-30
EFNVBMERINTELMB, RIT. ICRP-66 TRANALHFHETNVICEDL- TS, ChHDOEFIVE
T =77 F Pu, Am DAERBET - XIS RO, EFVOREERA T, FHLLETIVE
ICRP-30 f3-E5 )1, ICRP-66 i€l - ICRP-67 RBMETINTH 5, /1. ICRP-48 RF-EFIL
i ICRP-30 DEFINDNRG A =X —CEBEMRZI/ETTHD, RRICHRE LB, #l+5X51

A9 LD ERE & O—BHEI R < ko Tk,

() EREOHEE

74 —V7U F Pu, Am OFEEGER & LT, EPR LENBIAEZONS, T TEET, Eif

BINEOHEIC DWW TN, REIC, EOEREICHED,
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BEMRINE A RO B OITITEKAFD PuBEABRETHD, 75— N7T Y MEERETFTOE -7 Tho
721963-64EDF — X BEETH 5, L L. BELSD, BRCBVTRBEY R T - 2 B RY: 60N
7o, BTELZESTREOHEABNC EAFIRALT, BTEILESTHEELER L, BTEOD
F—AEERTOE L - MEEHRBH Y (Miyake 1979, Katsuragi 1982), K FRE & TEHIZ
Bennett OE % /- (1974), FB. HKETO PuETEDF — X IHEE LW, KETEEINT
- Sy T8 (Katsuragi 1965, 1983) k 0 BRTO PPy Sy Hoae B\ CEH L, Z25H Pud
VEfRIEI Class S(Y), AMAD {30.4 um X {RE L7z, ICRP-30 EF VOB 1 A%/ ) OFEREL
20m® & L. ICRP-66 &5 )V CILBETERE LA\, R, (K8, BEEOREE 1 BY42) &4 8K
H& L7,

PuOBE, BoEREIFEER DV E L TERSNAERLEH S, hid, PuoRpniERER R
kTR THS, Lirl, HEATRAEFEOR V2L, BTEYALDOEREIZT AU HD10
Bz, TOREIE. BARABSEEOBEMNICHE L T PuBERABWEBEDN SR T H-OTHS
T EAHEI N TV (Hisamatsu 1986, 1987), HRICOWTOFE NERBRIEOE T E L ZDED
ETEZHBEERE LAERRRAABONTWS, KEMOEENERR CERFRRE 2 HERETEIC
Y TIRDTRDT,

MAmM OERBEREOHED DI M Am 2T Tlrk <, BBETH % “PuBERELINETH
%o *“Pu/*Pu HiZ1959-704E1C HASL BRBEAK XML TRD T (1973), Bennett (FZ 0D
F— 2 b RGHREETNVERLGDE T, KEHFO PuRMES LU *Am BE RO (1978), =2
VC;H.\ Bennett D 241Pu/ 239,240Pu Z}S J: U MlAm/ 239,240Pu i‘t%‘fﬁ%\/‘f\ j(ﬁ‘:{:’@ 241Pu\ 241Am ﬁg%ﬁﬁj
Lo *'Pu % 0iEELE & Bennett @ *'Pu/ #**py L 0 #E L7z, *Am & 0EREIT Bennett 12 &
A a—3I =705 —X (Bennett 1978) L EE LIC L AKATH CTOF — & (Hisamatsu 1990) BFEET 5
B, F—AnPinnicd, BTELOBELTHTHS, 22T, ®Pu & 0EREIC Bennett ©
A/ B920py A i T Am RO ERE & L, MEATOEMME L IZ& 0 —FK ¥, EEEIZY 1
HEV, LA L, fUCEY2FESZW L. BEU. Am OBERERT X Pup bAEE LSk
SERGDHID, BOBROFL IV EEERL. TOETEHEM L,

@) R@eFIVEE

BHEIC1E MS-DOS PC %\, F1 275 Al34C TURBO Pascal Cagih L7z, ICRP-66 i€ L
TR =AY AANBIC OV TDORAP VG A —F - THRABAEINTED . TOMDABITOWTIINS
A=Z—ORBERBLELID, ZOD, I—=ATAANEDOEFRIZOWVTO 2R TELL., EEEl
FADHE P HELEDE T, HERAD/INSA—F -k LIz, ICRP-66 €7 ClREERTICEDE
NS A — 2 = WA P, BIRORICH AR E LCid, ER. K8, BH@E1A&« 8KH & LT
B, CORETIE1 BN OFERED 18.8m° L 725,

& OER A N Pu OBBRILE (f) 135% 10 % L, T3 ICRP-67 TREN/{ETH 545, ICRP
BEDEICELEFEVICORFREDAGERERPKELSFLL WD, ChET, BYSVILED L {E
FHERDLIRABIZLA L b olz, DIMPICT 4 VSV ETPUREORW M IAWEEATS
Sy TINEZHRLEVT 4 VADEREF PuRE A HE L., #ERAE - ICRP-30 Ok HE
ZLHZEDRTLEERDLD & LIRILDATH - 7z (Mussalo 1984), HlidD 2 2DRAD 1 DI,
HHEHO P Np, *’Cm citrare L EFHO “Pu V- ABERTH D, ZOFBRIT. 3BEL b1
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Fig. 1 Lung 2**?*°Pu concentrations and those estimat-
ed withlICRP — 66 lung model and ICRP — 67 meta-
bolic model.
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Fig. 2 Lung 2**?*°Pu concentrations and those estimat-
ed with ICRP ~ 30 metabolic model.
E., estimated; M., measured
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Fig. 3 Liver #**?*Py concentrations and those estimat-
ed with ICRP-66 lung model and ICRP~-67
metabolic model.

E., estimated; M., measured

F2x10™ e Mo f: (Poppelwell 1992), %
21238574 =V FA FhOE BN
TAERICES 7 4 — )V R CHREh- |
TRNIE, RO Pu, Am #RIE LD
OTH5 (Hunt 1986, 1990), 57+ —)b
FUEBEIHAETE» 5D Pu, Am CiHY
INTWAIETERETHAMN, ThIZLT
LENLNB V) THAHDT, REAKD
Pu, Am VOVIRE L. 1EABORIEIC 2
FABEZETTWA, BRARIT, BEDKEE
HIBEACOwEY T TIHBBEEOHRA
TRZ-ED LWL RVTHED, DX
TEBRIEZ DNV, 6 ADFBKELE 2 AD
THTERL, PultoWTid1.7(0.2-4.9)
x10™, Am {Z>4T120.9(0.3-2.8) x 10™
DERELN, CThODBEREZITT
ICRP-67 Tid fifE& LT5 x 107 &k
TW5b,

@) EF N ERER

ICRP-66, 67 EFNWVICEAEREKED
HEELYEAME S & S IKBER Y/ ORE
TFig. 1-5ICR LA, EEBEEI
Tanaka HIZ L HABEHAADEE AW
(1979) 28, —&HOMEBKIL ICRP B#E A
(ICRP 1975) : BEHAADBEILETHWT
ICRP EEEEADfEN RO, Fig. 11T
DOFER%R L7, FAME & #EEEITE < 1Z
EEL—FLTW5, Fig. 2 Zi3 ICRP-30
ETIVICEBRERERRICR L TH S,
ICRP-30 =5 ) CiX1980FEMRDEHME & 1
WOENHD -7, ICRP-66 filieFiit
ICRP - 30 i lhig: U TR S E W
TAVUN= AV EBREENTHAD, —FK
WA EN > TWB,
FFi& Pu OG5 FRBH—TH A7, MERE

RIHEEO—HUELBRVWC EAHFTE

%, Fig. 3ItmaN5 & 51T, DTEOHRORAUEN L PE VA, £2RICHEE L L <—FHL T35,
ICRP-30 €7 )L Cid ICRP-66+67 €7 IVDTRDIRE LD, HRfEL KL< &5, ICRP-48 €5
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VTI49% E7x ), —BHUEDBEL 5,

BICOWTOHEBEILEREEDORETH

%5, Table-1A OERHEIZ—FDOEIZD
WCOFHRERTH B, DD, BiLl
DEELXHELZTNETRORV, &K
United States #8775 V55K - 7 520 LB
# (USTR) ~O&HmEE ORNEREAHAHE
KRWTHREINTWS (Mclnroy 1985,
Kathren 1987, Mclnroy 1989, Mclnroy
1991), USTR (ZMEHE =T - H @&
BB ICBE R RO DT, % OREREE
DFBBEABTON TN B, LFBEILHT
HAHDB, BERT—IERHFELTEY, 20
7 — %32 ICRP-67 O iICEM T A TW
Bo CHHOHFT1HNTOWT PuDEEE
SFORELZHE L TW5B LR — b (Kathren
1987) Bb 51, Baad bEREEORE
BEHENTEST, EHICLERT -7 b
ZhHo>TWiEw, L L, FEMTOBEER
Wi O PPy BELEE L TRS LE
BRI O TIICIIN THH, Thizbid,
£FD PulBEOEMFHELER LG LR
ZLThREREDT RV, £ T, BEiNFFY
EEEREEORE LR L. BHS LBR
SEOREREAV. BEAOT — 22 BHE
BOBRBEICHBE L/, Fig. 4170y FL
TERMEIX COBEZT- 72D THY, —
BCR—EKBRONBHB, F— X OFEMBD
Wi EBbh b, ICRP-30, 48 EF )L
T3 ICRP66+67 &5 )L Hlt L T# 60 %
DRE L5,

B L BB OREEEILE « Fig. 5. 6 IR
L7, Th ORI ICRP-30 ClIEE
INTELT, ZOMOERE LT—fFEEh
Tz, ICRP-67 E5 /LTIy L7
e L THRbNB LD I 7, BT, B

100

%

-
(=]

£9.20py (mBq kg-wet ™)

0 = M.Akita
B I E.Tokyo
/ = M.Tokyo
0.01 L !
54 64 74 Year 84
Fig. 4 Skeleton 239.240py concentrations and those estimat-
ed with ICRP ~ 66 lung model and ICRP — 67 metabol-
ic model.
E., estimated; M., measured
10
_
%
. ,
o 1r
X
o a
e S
E | :
5 — E.Akita
o 0.1 » M Ak.
5 ® Akita
P S COPRS E.Tokyo
b = M.Tokyo
0.01 . L
54 64 74 Year 84

Fig. 5 Kidney 239.240p; concentrations and those esti-
mated with ICRP-66 lung model and ICRP—-67
metabolic model.
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Fig. 6 Soft tissue ***?*°Py concentrations and those es-
timated with [CRP - 66 lung model and ICRP —
67 metabolic- model.
E., estimated; M., measured

B2 USTR OFHER T ORER., BB DOARENRRDOONIZ EICLYD, FLKRT L
7z (Filipy 1994, Mclnroy 1989), BESKICIZETINOF THEINTWAEKLIANRLETETN L L X
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NTWAR, Fig. 6 ICIRERNEL LTHAOMELR Lz, B, B & ICREREW - DR AR
WHNTWE, ERFRAPRVADBECERZENALERSS DD, HEME—HLT\5, &
B, Table-1BICRON B LD I LABA LD RBELVUABV EBbh, Jhid,
USTR DOfER & SREDIAFIT—29 % (Filipy 1994),

CNETIERTEL LS ICICRP-66+67 XA BDOT 5+ — 7w 1 PPy SRR EEZEN O
FEPEL LK LTS EE 2%, ICRP-30 EFLTHIF, BHR TR —FT 5, USTR OFEETH
FF & B €l ICRP-48 L 9 ICRP-30 € F L O—HHEARN T LAFREN T3 (Kathren 1988, 1991,
MclInroy 1989, 1991), ICRP -66+67 £ )Lid ICRP-30 &)L CIEHB AT E 25 - 2BHIC OV T
B~ BiEEE 52, ThETOICRP EFVOHFTRRRLEE 2%, ICRP-66+67 €5 1L0D%
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Fig. 8 **'Am concentrations and those estimated with ICRP

lung models and metabolic models
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DOHEBEIT R~ L. B, BRO#E
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FEHROEREIZ USTR O£ HBERA O
7 — & (Mclnroy 1985) % iz 8 D@
PEBRLEBICHEELZADOTH S, &,
BRIC DWW T HHEEEDOHTIZI—FK LTW
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Pathway of transfer to the human body of plutonium and

other long-lived radionuclides

Hisao KAWAMURA
Division of Radioecology, National Institute of Radiological Sciences
3609 Isozaki, Hitachinaka, Ibaraki 311-12

Abstract - Direct quantitative information on transfer of man-made long -lived radionuclides
of present interest from the environment to man appears available only for Pu that has been
demonstrated to be incorporated maily by inhalation. In this context, a work on fallout Pu in
bone of Tokyo area residents is presented as an example, in regard to applicability of ICRP
models and parameters for respiratory and metabolism.

For ingestion pathway, gastrointestinal absorption coefficient, f; as assumed by ICRP is
mentioned, which tends to vary by orders of magnitude between actinides, and '*°I and
%Tc. Recent direct information on f; in man from U.K. are referred to. A preliminary data
on apparent absorption of **Tc by an adult male from a marine alga (Hijikia), popular for

Japanese diet, is introduced.
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Geochemistry of Long-lived Radionuclides

Hideo Matsuzuru
Japan Atomic Energy Research Institute

2 -4 Sirakatashirane, Tokai—mura, Naka-gun, Ibaraki—ken, 319-11, Japan

ABSTRACT - Dynamics of radionuclides in environmental media has long been studies to con-
struct a scientific foundation of environmental consequence assessment of a nuclear installa-
tion. In addition to the effort mentiones above, the current interest in a nuclear environmen-
tal science focuses on geochemical behavior of long-lived radionuclides, reflecting from the
current progress in the development of geologic disposal system for a high—level radioactive
waste (HLW). The geologic disposal system has particular features compared with other un-
clear installations such as a power plant and a reprocessing plant, i. e.,

— HLW contains significant amounts of long-lived radionuclides,

— the geologic disposal system based on a multi—barrier concept holds a high containment
capability of radionuclides,

— radionuclides released frpm a repository first enters into the geosphere, and

— radiological consequences are potentially expected to appear only after a long period of
time and may be associated with time —dependent degradation of an engineered barrier and
with the migration of radionuclides in a natural barrier to the human environment.

These features inevitably requere the information on long-term behavior of long-lived
radionuclides in geologic media, environmental media concerned, and a terrestrial and aquat-
ic ecosystem, as scientific basis of long—team safety assessment of the geologic disposal sys-
tem. The geochemical study has therefore been extensively conducted, in particular since the
past decade, on long -lived radionuclides and also on the geologic disposal system. This paper
summarizes achievements of the current topics on;

— solubility and speciation,

— retention mechanism, and

— complexation.
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Development of nuclear transmutation technology for transuranic elements

Takehiko Mukaiyama
Japan Atomic Energy Research Institute
Tokai~mura, Ibaraki-ken, 319-11 Japan

ABSTRACT — Partitioning and Transmutation (P~ T) of long -lived radioactive nuclides is con-
ceived as the technology to improve the high-level radioactive waste management. This
report discusses the incentives of P—~T, generation of long-lived nuclids in fission reactors,
nuclear transmutation technologies, R & D activities of the partitioning and transmutation

technology development programs at JAERI and in the world.
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Dosimetric and Biokinetic Model for Transuranic Radionuclides

Jiro Inaba
Division of Radiotoxicology. National Institute of Radiological Sciences
Anagawa 4-9-1, Inage-ku, Chiba-shi, 263 Japan

Abstract — Transuranic elememts are members of the actinide series beyond uranium, all are
artificially produced in nuclear reactors and several include alpha-emitting radioisotopes
with very long half-lives. Among them neptunium, plutonium, americium and curium are the
most abundant and the most important from the health physics view point.

The International Commission on Radiological Protection developed a comprehensive
dosimetric system with biokinetic models and parameters for the internal exposure to
workers in its Publication 30. Since then the ICRP published a new recommendation in 1990
and published several reports related to the internal dosimetry as Publication 66 in 1994,
Publication 67 and Publication 68 in 1995, Publication 69 and Publication 71 in 1996.
The new dosimetric and biokinetic model for transuranic elements described in Publication 67
is a recycling compartment model composed of 19 compartments and 28 transfer rates, which
are a product of many efforts devoted to the improvement of internal dosimetry. The new
model is related to the human physiology and is based on the information obtained from
studies on human tissue samples and animal experiments. Dose coefficients derived from
these models should be used in the dose calculation for the radiation protection for members

of the public.
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Table—1 Age —specific transfer rates(d™') for plutonium model.

Age
3 mo 1y 5y 10y 15y Adult
blood to Liver 1 0.0647 0.0647 0.1294 0.1294 0.1294 0.1941
blood to cortical surface 0.2264 0.2264 0.1941 0.1941 0.1941 0.1294
blood to trabecular surface 0.2264 0.2264 0.1941 0.1941 0.1941 0.1941
blood to urinary bladder content  0.0129 0.0129 0.0129 0.0129 0.0129 0.0129
blood to kidney (urinary path) 0.00647 0.00647 0.00647 0.00647 0.00647 0.00647
blood to other kidney tissue 0.00323 0.00323 0.00323 0.00323 0.00323 0.00323
blood to ULI contents 0.0129 0.0129 0.0129 0.0129 0.0129 0.0129
blood to testes 0.000013  0.000019  0.000022  0.000026  0.00021 0.00023
blood to ovaries 0.000008  0.000010  0.000026  0.000045  0.000078  0.000071
blood to SYO 0.2773 0.2773 0.2773 0.2773 0.2773 0.2773
blood to ST1 0.0806 0.0806 0.0806 0.0806 0.0806 0.0806
blood to 5T2 0.0129 0.0129 0.0129 0.0129 0.0129 0.0129
STO to blood 0.693 0.693 0.693 0.693 0.693 0.693
kidneys (urinary path) to bladder 0.01386 0.01386 0.01386 0.01386 0.01386 0.01386
other kidneytissue to blood 0.00139 0.00139 0.00139 0.00139 0.00139 0.00139
ST1 to blood 0.000475  0.000475  0.000475  0.000475  0.000475  0.000475
ST1 to urinary bladder contents  0.000475  0.000475  0.000475  0.000475  0.000475  0.000475
ST2 to blood 0.000019  0.000019  0.000019  0.000019  0.000019  0.000019
trabeclar surface to volune 0.00822 0.00288 0.00181 0.00132 0.000959  0.000247
trabeclar surface to marrow 0.00822 0.00288 0.00181 0.00132 0.000959  0.000493
cortical surface to volume 0.00822 0.00288 0.00153 0.000904  0.000521  0.0000411
cortical surface to marrow 0.00822 0.00288 0.00153 0.000904  0.000521  0.0000821
trabecular volume to marrow 0.00822 0.00288 0.00181 0.00132 0.000959  0.000493
cortical volume to marrow 0.00822 0.00288 0.00153 0.000904  0.000521  0.0000821
cort/trab bone marrow to blood 0.0076 0.0076 0.0076 0.0076 0.0076 0.0076
Liver 1 to Liver 2 0.00177 0.00177 0.00177 0.00177 0.00177 0.00177
Liver 1 to small intestine 0.000133  0.000133  0.000133  0.000133  0.000133  0.000133
Liver 2 to blood 0.000211  0.000211  0.000211  0.000211  0.000211  0.000211
gonads to blood 0.00019 0.00019 0.00019 0.00019 0.00019 0.00019
f; 0.005 0.0005 0.0005 0.0005 0.0005 0.0005
80 80

& o4 e Infet Infent
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Table—2 Inhalation dose coefficients . Committed effective doses per unit intake (Sv/Bqg)
Age at intake
Nuclide | Type £y 3m ly 5y 10y 15y Adult
Pu-239 M 5E-4 | 8.0E-5|7.7E~5|6.0E~-5|48E-5 | 47E~-5|5.0E-5
Pu-239 S 1E-5 | 43E-5|39E-5|2.7E~5|19E-5 | 1L.7E~5 | 1.6E-5
Am-241 M 5E~4 | 73E-5|69E~5|51E~5 | 4.0E~5  4.0E-5|4.2E-5
Np-237 M 4E-4 | 44E-5|40E-5|28E-5|22E~-5|22E-5|2.3E-5
Cm-244 M 5E-4 | 6.2E-5|57E~5|3.7E~5 | 2.7E-5 | 26E~5 | 2.7E-5
Ingestion dose coefficients: Committed effective doses per unit intake(Sv/Bq)
Nuclide 3m ly 5y 10y 15y Adult
Pu-239 42E-6 4.2E-7 3.3E-7 2.7TE-7 2.5E-7 2.5E-7
Am-241 3.7E-6 3.8E-7 2.8E-7 22E-7 2.1E-7 21E-7
Np-237 8.9E-9 8.9E~9 29E-9 1.7E-9 1.0E-9 8.0E-10
Cm-244
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