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Characterization of Elements in Marine Organisms

Toshiaki Ishii
Division of Marine Radioecology

Characterization of elements was carried out to
clarify the mechanisms of bioconcentration and the
physiological roles of elements in marine organisms.

The concentrations of 2%¥U in fifty —five species of
marine organisms were measured by inductively coupled
plasma mass spectrometry. The concentrations of 2%U in
soft tissues of marine animals ranged from 0.076 to
500ng/g wet wt. Especially, the branchial heart of
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cephalopod molluscs showed the specific accumulation of
238(J, The concentraton factor of the branchial heart of

Octopus wvulgaris, which indicated the highest value, was
calculated to be about 10° by comparing it with the con-
centration of U (3.2+0.2ng/mf) in coastal seawater

of Japan. The concentrations of 2¥U of twenty species
of algae ranged from 10 to 3700ng/g dry wt.
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Table 1 Distribution, concentration and chemical form of the specific elements in five species of

accumulators collected from the coast of Japan

Species Localized tissue Element Concentration Chemical form
Wasuregai Kidney
(bivalve mollusc) (granule) Mn 40000 ppm Phosphate
Hirejakogai Kidney
(bivalve mollusc) (granule) Ca 130000 ppm Phosphate
Yukinokasa Radula .
(gastropod mollusc) ; (tooth) Fe 500000 ppm Oxide
Madako Brachial heart U 95 Hpm Organo metallic
(cephalopod mollusc) (granule) pp compound
Erako Radiole
(polychaete) (epidermis) v 5100 ppm Ion

Table 2 The concentrations of #8U in fresh samples of marine animals collected from coast of Japan

Species s Tissue 238]J concentration
Japanese name Scientific name or Organ (ng/g wet) ( # Balg wet)
Fishes
Kuromaguro Thunnus thynnus Muscle 0.27 3.3
Mebachi Thunnus obesus Muscle 0.32 4.0
Sake Oncorhynchus keta Muscle 0.29 3.6
Kinmedai Beryx splundens Muscle 0.14 1.7
Kichiji Sebastolobus macrochir Muscle 0.076 0.94
Hirame Paralichthys olivaceus Muscle 0.32 4.0
Suzuki Lateolabrax japonicus Muscle 0.25 3.1
Ainame Hexagrammos otakii Muscle 0.52 6.4
Masaba Scomber japonicus Muscle 0.89 11.0
Isaki Parapristipoma trilineatum Muscle 0.30 3.7
Tachiuo Trichiurus lepturus Muscle 0.48 6.0
Katsuo Euthynnus pelamis Muscle 0.13 1.6
Sanma Colotabis saira Muscle 0.71 8.8
Maiwashi Sardinops melanostictus Muscle 0.45 5.6
Maiwashi Sardinops melanostictus Whole body 5.70 70.7
Molluscs
Madako Octopus vulgaris Arm muscle 0.25 3.1
Liver 85 1050
Branchial heart 5000 62000
Jaw 120 1490
Mizudako Paroctopus dofleini Arm muscle 0.99 12
Branchial heart 710 8800
Tidako Octopos ocelatus Arm muscle 0.89 11
Branchal heart 1160 14400
Kaminariika Sepia lycidas Trunk muscle 0.70 8.7
Liver 92 1140
Branchial heart 250 3100
Jaw 190 2400
Kuroawabi Nordotis discus Foot muscle 0.51 6.3
Liver 4.8 60
Wasuregai Cyclosunetta menstrualis Soft part 35 430
Kotamagai Gomphina melanaegis Soft part 19 240
Ubagai Spisula sachalinensis Soft part 19 240
Agemakigai Sinnovacula constricta Soft part 33 410
Himejako Tridacna crocea Soft part 300 3720
Shiranamigai Tridacna naxima Soft part 110 1360
Chosenhamaguri Meretorix lamarcki Soft part 12 150
Murasakiigai Mpytilus edulis Soft part 16 200
Crustaceans
Kurumaebi Penaeus japonicus Tail muscle 0.87 11
Shako Oratosquilla oratoria Tail muscle 1.6 20
Gazami Portunus trituberculatus Foot muscle 0.42 5.2
Liver 15 190
Hiratsumegani Ovalipes punctots Foot muscle 0.62 7.
Liver 22 270
Echinoderms
Bafununi Hemicentrotus pulcherrimus Gonad 250 3100
Kitamurasakiuni Strongylocentrotus nudus Gonad 130 1610

1gU=12.4kBq=0.336 ¢ Ci (1ngU=12.4 ¢ Bq=0.336£Ci).
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Table 3 The concentrations of 23U in dry samples of marine algae collected from the coast of

Japan
Species N 281 concentration
J‘apanese name Scientific name Part (ng/g dry) ([U Bq/g dry)

Anaaosa Ulva pertusa Whole body 10 120
Tsunomata Chondrus ocellatus Whole body 300 3700
Harigane Ahnfeltia paradoxa Whole body 190 2400
Kushibenihiba Ptilota pectinata Whole body 620 7700
Akabe Neodisea yendoana Whole body 500 6200
Makusa Gelidium amansii Whole body 110 1400
Hijiki Hizikia fusiforme Whole body 500 6200
Wakame*! Undaria pinnatifida Whole body 600-3700 7400-46000
Arame FEisenia bicyclis Whole body 380 4700
Akamoku Sargassum horneri Whole body 670 8300
Oobamoku Sargassum ringgoldianum Whole body 520 6400
Hahakimoku Sargassum kjellmanianum Whole body 400 5000
Umitoranoo Sargassum thunbergii Whole body 470 5800
Nejimoku Sargassum sagamianum Whole body 420 5200
Fushisujimoku Sargassum confusum Whole body 620 7700
Uganomoku Cystophyllum hakodatense Whole body 180 2200
Sujime Costaria castata Whole body 250 3100
Chigaiso Alaria crassifolia Whole body 680 8400
Makonbu Laminaria japonica Whole body 240 3000
Sugamo*? Phyllospadix iwatensis Whole body 270 3300

*1 Average concentration of five samples is 1720ng/g on a dry basis.
*2 Strictly speaking, Sugamo is classified into marine phanerogams.
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Mz, BIC Guary 5 BHIE L 7z 2 Am, 29+240Py,
32Th, 2%Po OKHHERE DS (25mBa/g &) %z

Table 4 Average concentrations and concentration factors of 23U for groups of marine organisms

Organisms Tissue of or Organ ﬁ?;axg,veetc séltc) Cong;g;cg?tlon
Fishes Muscle 0.37+0.22 0.1
Cephalopod Arm and trunk muscle 0.79+0.30 0.2

molluscs Branchial heart 1500+1800 500
Bivalve Soft part 68+93 20
molluscs
Crustaceans Tail and foot muscle 0.88+0.45 0.3
Echinoderms Gonad 190 60
Algae Whole body 90+70* 30
Seawater 3.2+0.2ng/ml

* Converted from 450+340 ng/g dry wt. into 9070 ng/g wet wt. using average dry wt. percent (20%)

of twenty species
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239.290py and '¥’Cs Concentrations in Coastal Marine Organisms

Kiyoshi Nakamura, Yutaka Nagaya and Masatoshi Yamada
(Division of Marine Radioecology)

Several marine biological samples were collected
from the Pacific coasts of Ibaraki and Aomori Prefecture
in 1987 to 1991. Ash samples were digested with hot
nitric acid, and 2% 290Py and ¥Cs were purified by ion
exchange processes, then their alpha and beta radioac-
tivities were measured.

239, 200Py contents by coastal fishes were higher in
viscera, and muscle usually showed the lowest value. On
the contrary, ¥7Cs contents were rather higher in mus-
cle.

The differences of radionuclide concentrations were
found among species, but no definite regional variation
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FROPIEIL WCs R NSy & HATT— & DI v OMNER
THb, CHIIREFOFEENBETHA &, BEWE
THAIDILBEBICERIIMOAD N EEIL LA LD
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I & DRE L TR HBEICIT, BRETLRDOGIIC L - T
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BT FHER LU AR TR EIC KSR T hR T
BAHBHEOTHEYPRELNET HHEREZ LN
5o KB TORBRERMPIESN TR, BESROD
BHBE L XIVE TR TETEY., BAMETORREES
T, FxV/ T4 VERRIC—RIC ¥Cs LULH E
ALV TEEAWP LT 5, LrLznb, B
W5 VLRI DWW T EAEICII B EE 2 0\ WO THE
EYOMBIZE S P U—Y—RBREITAETH D, BET
FRISHFE LRV O TEETLREIC L AREE S HSEZ V. %
CTCEDEAFHARBOGHICEBNRNG A -2 DB
B, BOBERBEOEWEEII RO — D L in 5,
AP TIIBY 5 vk & LIRS i i F
TEE DS\ 29 20Py B A RIE L, WCs RE LR D
Oﬁﬂ*ﬁ L?’::o

2. MRKXL
KERBRES LUFRRCTFERRE I VREEY (R
OB, FRBOR. BSCE. ) wAFL. BBl

was observed between the Ibaraki and Aomori coasts.

258, 240Py; concentration in fish was not found to be a
good indicator for pollution of marine environment,
because it is very low.

187Cs contents of pelagic fishes showed clear dif-
ference between warm water species and cold water
ones.

Concentrations of the radionuclides in bivalves and
algae were also discussed and it was indicated that their
radioactivities were high enough for radioactive pollution
indicator.
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Table. 1 Radionuclide concentrations in Ibaraki
Organisms (1988 —1990)

239.240Pu 137CS
£ 0 L # L (mBg/kg-raw) | (mBg/kg~raw)
a/yvm ] 2.8 +0.3 131+ 7
OB 21.4 1.7 64+ 4
K= L] 0. 08+0. 08 42+ 3
8 H <aiA | 0. 05+0. 07 72+ 4
S 4.8 +0.4 128+ 7
AV W OB 0.2 +0.2 108+ 6
R B 3.0 £1.0 187+14
Farbynzsy | BER 1.2 +0.2 133+ 7
5 om azwHA ” 1.3 +0.2 134+ 7
Y5 HA4 ” 3.3 0.5 246+16
ERY A ” 2.7 £0.3 107+45
<& oA 0.8 0.2 54+ 4
BRE . 4xa | & 5| 2.4 %03 16+ 4
vUE & 1k 4,0 0.5 181+ 8
[ TG A ” 2.8 £0.3 146+ 5
| I RE/F ” 27.2 1.3 23411
V)R ” 4.5 0.6 233+15
. NY AR ” 19.2 +2.1 214+14
7ra/y ” 5.1 £0.6 192+13
FULIY ” 42,1 +3.6 473452

Table. 2 Radionuclide concentrations in Aomori
Organisms (1987 - 1989)

239.240Pu 137CS
£ W L # A (mBg/kg~raw) |(mBq/kg-raw)
)i 4 0.4 +0.3 148+11
%A 0.1 +0.3 300+11
L5 A S 0.1 %0.2 155+15
B 0.6 +0.3 _
T 35 0.6 +£1.0 44430
;4 0.2 +0.2 74+15
% B 0. 19+0. 07 266+11
esA (R AR B 1.0 £1.3 159426
& 0.9 +0.1 —
RoA I 5 | 0.4 %06 9689
4 0.0 +0.1 218+22
WOl 0.0 %0.1 522+18
TAFA N 4.6 +0.4 924 7
& 2.5 4.1 —_
3 0.3 +0.3 221:+48
i 0. 19:£0. 07 166+11
TAFTA SR N B 5.0 0.6 33+30
& 0.2 +0.3 —_
= | AmEE 4.2 +0.8 129+15
o x2LIYEYS T g Ly .
- % # 1.5 £0.3 67427
am| 7T m R | 51 x4 11+11
A A i gz x 5.7 0.3 42+13
B <avy & fk | 10.8 1.2 155+33

AR OREPREELT T, BEEWF TCORSEWEE
AW 5 BAE & £ OBRBEOWBLFERICERS
5%, WRFT BCs ORMHRBBEFHTHY. BKLE
OB & &9 %7, Pu DR D OMGIIR T THAES
LT EPHMBENT WS, 29 20Py & ¥Cs TREHORE
DAPERZDHERE, h ORSHEREOYWELFE DR
WIZLEBbDEEbNh 5,

KRR DEBREOH A I L UARH O 29 %40Pu @EIT
FREDRERBEOLNICHE L TaWEAA R ON, B

Table. 3 Radionuclide concentrations in Ibaraki

fishes (1991)
; 239,240Pu 137CS
R % BRI | (mBq/kg -raw) | (mBg/kg-raw)
i1y ] 0.2+0. 03 226+12
I 1.040.1 93+13
EAvA Kk % oA\ 0.1%0. 03 16312
n G 27.4%1.0 119066
T % oA 0.2%0. 05 193425
IS 15.9+0. 7 181439
TATA Kk oA 0.2+0. 04 24720
A 3.6+0.3 725455

Table. 4 Radionuclide concentrations in Pelagic
fishes (1989)

239.240Pu 137Cs
R | R [ (mBg/kg-raw) | (mBq/kg-raw)

B 0.11+0. 05 56+11

U oA 0. 05%0. 06 133+12

v | ZEEE O REBEELE) 0.7 0.2 67+ 9
-4 0.2 +0.2 —

5 0. 03+0. 03 17+ 4

0.5 0.1 116+24

i} 0.17+0. 09 438+16

N =y A 0.6 x0.3 370+29

AYE = ML 1.9 +0.6 472424
B 0.3 +0.3 —

5 0.6 +0.3 175432

B 0.1 £0.1 226431

0. 06£0. 06 458+14

. S 0.2 0.1 488+56

ANF fRerie HLE 0.2 +0.1 471434
i 0.9 +0.9 —

5 0.3 0.3 239+32

WO BCs BETIIHFHREDH VBV LOKREZT bh
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OBFIC L AR - CBHAEIC L B D0 bhin\y,
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BliE, AP 2520”0 BEAHA XD bE VRN
Ih, ¥Cs BE L&D THBMAOKSEREDZEPED
TREWT ERG2 AR, B, HRICLSPERO—FED
FERIZ RO, ThBDZ L, EKBPOBNEERE
WCEALD DI WHE T, BEEP D 1¥7Cs, 29 20py B
Tk, BERSEOT -2 —Ci3F2 TV EER LT
B, 2B, NEICRHEILERNBHEEATHEDT, £0O
FEPKEZVWLRDOLBbh S, BEOBABRE T
230.20Py W HMME < . FICREOT TENA D UTHIE
PEHEORE®#FEDLTLOLEbhiR, ChEERBS
OTE, BEELRHFEE LTHENC W ERGD 57,
BEEORBTIE, TOREFD YCRE THETS
CBMRRARBICREL AL LPBEOAETH
V—H—FRIC LD, ¥YCs DRMICIHAOFLEAKEN
TERHLNTWAS, SEIOJE T 29240Py BEIZ/NSY
FORENWT &2 Pu OBEMLHEFEEER TS &
BEO PuBRIZOVWTABBOFEERD S EBAREBEH
B

KA EERBEOSTR/RA RS, YO rilEE
. AVFE, ANRFREBEEORETH S, VYETFIOD
WCs REL., BERELABENRLRPEL, AVEoA

—8 —



Table. 5 ¥"Cs consentrations in Pelagic fishes (1991)

M W FHRDR FIRIDE
4 83+ 4 73+ 4

% oA 145+ 4 149+ 5

HE n B 105+ 6 103+ 7

o 134+13 102+ 5

5 77+ 7 102+10

I

;4 73+ 4 77+ 5

oA 89+ 2 178+ 5

i " 121+ 6 146+ 8

[/ 50+ 3 51+ 3

3 69+ 5 84+ 8

nom 270+ 7 306+20

AT n R 238+ 6 278+ 7

NFEVBELPITEP - 2, THIFAIBILERTFHED
BCs DEBEOKBMOERBILLADDERBDN S,
259, 200Py YRR IT IR B R & RBRIC ISR AL R BTl
B TEL . ZTDERITHEHRZ,

FHRE LEBRE CREX N EERICOWT, ¥Cs i
BiHHEL, ES5KRLE, 417X (FUVoH&) ©
BiCs IREITHEMIC L 5EEFDON T, BEEORD
e, VEFr EDBRETH -1z, YEYVSICOWTD
A—EEHETH- L tBx 58, SFEMIC L 5ERL
<. MEHEEDAEE B TROOhEho o, FHH (v
So) X (Ryva) ADEREOERER L, 18
47D D WCs DLERBLFTHE 5 & ¥ T345mBq/
RBEimodc, SALHID BWCs DEREIAIIHPINCKITEY &
DAL, BOPARHE, A, K. TS5DIETH- 7
[RIRFIC 239 20Pu BEEDRIE T » 1o b, HASLKICH
N, AFEBICEWERER L

BERLELT, 1928 ICHEINLTAIA 5L
7ot ZAh, B, RE. B0 WCs EREhTh 590+
26mBg/kg —-raw, 221+ 14mBq/kg-raw, 277+ 23mBaqg/
kg~raw TH - 7z, —IRICHEEREOE TlL WCs (38
THELIBEHShEWE, THZAL OFD ¥Cs Bk
DERECHADIIEBREB L LA TH S,

EHFHEBHYCHBEECRAE LV BERED 29.20Py 3

B shizc, RESLHEEROBRGTIIREOHMICIART
BiCs TR, 2% 20Py THWRBEOHEHRF TH - 7=, FFIC
REZREBDWO 2 %Py BROBEE L THMLTH A
EBOND, EhFZASYERY ZOBRITEROUEMEM L
V) 239 20Py BERE TH 5 DITHERFENC L TH 5,

BRI OBHERE L RARIC, M40 2920Puy O
A AR Lz, OSr 2 ®Tc, 9Co % CIIHEICHRY
CREESN D2 2AMONTWAN, ¥Cs, 2920Py Tl
FETLEVEMER Lic, BEOBSHEREORIERE
DB RPBETH 5,

4. & W

BREOBELM D 29 20Py BREELRITE L, BCs R
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Concentration of Technetium — 99 in Marine Environment

Shigeki Hirano
Division of Marine Radioecology, National Institute of Radiological Sciences

ABSTRACT

Seawater and brown algae have been collected
along the coast of Ibaraki Prefecture. Technetium-99
was preconcentrated from seawater by anion exchange
resin, Bio—rad AGI-X8, Cl-form, 50—~100 mesh, and
was extracted by 30% tri—n-—octylamine (TOA) : xylene
solution, followed by back-extraction with 5MNaOH
solution. Technetium-99 was re-extracted into
2-~butanone which was removed by rotary evaporator.
The residue was dissolved in diluted sulfuric acid solu-
tion, in which 20mg of cupric ion was added.
Technetium - 99 was co—precipitated with cupric ion car-

1. % B

FIRF NIRRT EAEFELEVWEERE TH - /-
REFE IR E— ORI« DRI EAER I H
BE21070, ThETIKEERON H110% TI0DHKE
PHONTW5, KHGORNMERESHGTHSH, 97,
98K LUDHEERDOLDOMBEFGHEETH Y. TOA
FPTc i 5w, FPUTARNE I oy AOBSHIT
EBRBHELD, Fo THEABEARZROFMAE -V YT
A7 NVOBRICKIT HEBMBER SN B9, T-HEHER
| U CHERBICER AN TWS WTe 4 BT ORKEE
PTc I B DTEDMBHEDT LRI ODWTH A ERE
DAEN TS,

B BB OREERLE U S ¥Tc OXHSIE. hod
VOISR & 3 TS5 AEML S W THUB ALY 3%
ZONTWAR, TOREFHHIC DWW TR A LERPH S
NTRBVEDLS> YV FIUAREZ BN L>TH T D
BEAPRT 5 TL B, F 9Tc BEICE VLR %
HTAHIEPLBY S VILHE ERRICE V- IVEEY DR
B, AR IZEE T AP T bh Tw 59,

5, BREPKIASBOBEERERICLIVELED
BTeARBEINTE D, FAdbKPEETCRECEES LT
IAE PR AR O R U7 OB & — ISR B
KL TR, ZORKREKFD BT BEOHM LT
WAERM LN TWSY,

rier as TcS by adding a thioacetamide solution. Algae
were dried and ignited in an electric furnace at 450°C for
36h. The ash were digested with 4N nitric acid solution
on a hot plate to leach technetium —99 into the nitric acid
solution. The solution was centrifuged and the superna-
tant was processed by liquid extraction with 30%
TOA —xylene solution as in the analysis of seawater.

‘ Among several species of brown algae, the highest
concentration of technetium-99 was obtained in
Sargassum thunbergii, which was found to be a useful in-
dicator of technetium—99 in marine environment.

BEREICHEE SN 9T l3Eo» OB AIC I D AR
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D, - TIhLDOBEHTRME L THATBLARICD
EETAEATHEINS,

B2 121988 LR KE LUBED DT 7 XF 7 LD
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R 9Tc BEDOEREFTET TN 5, FOFRREKIE, T
BLUFHRTHER L /BERD ¥Tc DREEBHIC OV
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TR TR B PP T RIA 1T 36\ THEK LU T ORI
B Emz,
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Fig. 1. Scheme for the determination of #Tc in
seaweeds.
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Fig. 2. Beta—spectrum of *Tc in Eisenia bicyclis.
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Fig. 3. Concentrations of 9T¢ in seawater collected at
the Coast of Nakaminato —shi.
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Fig. 4. Change in the concentrations of *Tc in Eisenia
bicyclis with those in seawater.
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Fig. 5. Change in the concentrations of *Tc in
Sargassum thunbergii with those in seawater.
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Table 1. Concentrations of *Tc in Sargassum thunbergii
collected at the Coast of Kita—ibaraki—ghi. Con-
centrations of the nuclide in seawater were
estimated from those of the Alga.

WTclRE VIS /4

; ST  “TcipkBE
BR&EH mBq/kg - A& HFEE* mBgm®

7I+5 /4 1989-3-10 10.6+6.6 0.53~2.1
(=) 5-8 18.3%+6.8 0.92~3.7
6-5 16927 0.85~3.4

7-19 18.2%2.3 0.91~3.6

0.36~1.5

1990-3-14 2
.8
3 0.47~1.9
2

6.3
5-14 7.3
7-23 9.3

2.9

1991-4-16 9=l 0.15~0.58
6-13 10.9x1.7 0.55~2.2
7-11  14.9%0.09 0.75~3.0

* AR RS A5,000~20,000 & UTEHE Lz,

Table 2. Concentrations of %Tc in Hizikiva fusiforme,
Sargassum sagamianum and Sargassum horneri.
STCEE bvF, RXVET, THEY

, WTCPE  OTcpkiE
BB Bokg - 4 #EEME* mBgn?

LYE 1990-3-30  3.9+0.52 0.8
@kT)

1991-4-18  1.98+0.42 0.40

6-14 2.3 *1.1 0.46

7-12 2.2 *1.1 0.44

FVEZ  1989-5-9 3.6 £1.0 0.7
(#7E)

THEZ 1990-6-20 3.0 +£0.67 0.6
(F#)

* BMECREE5,000 & UTEHE L7,

Table 3. Concentrations of 99Tc¢ in seawater collected
at several area in Aomori Prefecture.

“TeiE W@k FH

RNy 1990-7- 9 N. D.

By R 7-10 6.0 +2.3 mBg/m3

i 1991-9-24 3.7 +2.3 mBg/m?
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DEWO TR 4« DBEIFORPEE» DORETE TH 5P, B
BEIIERETH 5O THREREPICIE I TIC ®Te KK
CFELTOWADIIENTH S, BEICKT S ¥Cs D&
FILLKAEINTEVERIC LD EDDENID 52,
3mBq/ L FIEDEER LT\, BV T ALTFTRF A
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Accumulation of **"Tc by Marine Algae and Sea Urchin

Ryoichi Nakamura, Motokazu Nakahara, Mitsue Matsuba and Yuzuru Suzuki*
Division of Marine Radioecology. *Laboratory for Radioecology, Nakaminato

It is necessary to investigate the accumulation of
technetium by marine algae popular in Japan and it is
also important to examine the contribution of food to the
accumulation of the nuclide by sea urchin which grazes
algae.

In the laboratory tracer experiment, some species
of algae and sea urchin were kept separately for 7 days
in sea water containing %™Tc (uptake experiment) and
then transferred into non-radioactive sea water to be
held for 28 days with the frequent renewal of the sea
water (excretion experiment). No food was given during

1. %
WBEEDHARPEORRBP CEELMAM A2 HEDTW5S
b, BEOKSTEHFRICE T AMERMEIC L D ESR
TR ERDOONS, Eo—HTE, BABROENEED
MM ERTFINEKEL TV BEELD S, RKDON
B HDIIZFZR—TRE L, MUENDHERTH B, D7
DI ETHE LICERLRERNE, 821232 o0BHR
DOFF. BB, BEHDOREFHER L TXIF—EEOM
LD/ DDFETH B, MBEERSTHEIC & AR,
UBPE L EEEICBE T AEHR E LT, BRARBONS
A= b FOING A —2ERWTEETORMNEORT
EREHOLMCTHLDOBITETINVDRD B, BETOR
I35 A—=2123, #BiR. BRZ EICEHHR, B E
KRB, HEED~ORE. BT L., Tio, BEAND
ThRE- oW R 7 Y S E ORI B A EBICEEY 55
LOALBRICHESBOTARBL/A NS A—FINEETI S
B, T IN—T 1 - 20RBIT [BRERICKT 54
B/ S5 A —2 | CTHELEYIC & A THROEREICH
FHENRS A= %E{KH, BAB/BCBSWTHH (B Sh
LYREEMEITILRICRY, BEENES EWERZT R
NTEEND L 950FIEVWhEy, ThidBICEk- T
BbhnBRMBERERTEYRAONS LR EN, FHl
L CERHS R REI DN TH 5,
WEEICNETLAIOVFIAD JVFZI LY, O
SOV RRY auREFOTLRICAT ABEVERSHE S
N, BEAEFHELTLEETHS, ThFXASYF I
(Strongylocentrotus nudus) 12 TIRE IO A FEREIC B
FAHKELOBEBBEED—DOTHYD, /37 7= (Hemisen-

the uptake experiment to prevent the urchins from ac-
cumulating %™Tc through food. Another experiment was
done by feeding urchins with %mTc labeled algae in the
non-radioactive sea water.

Five species of brown algae showed CFs in the
range of 900 and 35000 but CFs of green and red algae
were 1—4. Sea urchin accumulated more %mTc through
food (brown algae) than directly from sea water, so that
the main pathway of technetium accumulation by sea ur-
chin was estimated to be brown algae which were the
most favorite food of the organism.

trotus pulcherrimus) S RAETH A/ OB L HKICEE
NS A—=ZOFPLE L TLEFTHSW CH 5, EFH
BMII-RICEEIVEVERERT LRGN, R
HEDO L THLEETH S, k7o, £REBRICKT 5BEIHE
BN, BB & OEBEFE QIR WA LB E
e S NSRRI L AEERZT BRI, Thb
2EOY R ELAEPEBETH SR TL SR
¥ EEACETAEYN TH S, SOIC, LT MR
O THHT L IMOEHELITRLEVEBICET 5,
FIRF T LIBENDERPBNCLETLLRAR
-9 BAEOWEICE L Tid. EINCEHELRE (CF) |
BOARER (u) BLUBHHER (8) R EOBHENS
A—=REBRANCBELTLAERD B, o, R
ERETEYZAOBTICELTCATRHETE S, Lich-
T RI FU—Y—ERBRZTW, BRICLATFI7XF T A
DEFNS A= %RD, VDI LBBRICOWTL, 8
KPOEERDALH SRS IUHE (B8R ©&HLTRY
RUHED 2 DORBOER BB L,

2. /5 &
EWRNIET OeFE L VREO T+ 7 49 (Ulva per-
tusa), BEDYI I+ )T (Sargassum thunbergity, =3
E7 (Sargassum sagamianum), 7 5 A (Eisenia bicyclis),
v U (Hizikia fusiforme), KLEDNY H X (Ahnfeltia
paradoxa), /) <% (Chondrus ocellatus) #%. 7=, 52
BN FiRIn RS b < a7 (Laminaria japonica) %k
BL., fEHEBRW-ObL, IURT - 74 )% — (Pore
size : 0.45 pm¢) TEB LK THE Lic, AEEK



kB Hh L, %nTc (NaTcOy) ML, KEZ1I5T
I, MEHEEEITIC X A RE % K THI6000)L v 7 A {3
B, BRI TFTIT o 72, 7 BEIOR D A A EERE R
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E&BEYRT S OIY B, JEBYMEKFPTL~2
ST E, BEREE) OHRBKEE R LIOL, B
K&V, BEICRYBICAN T oy A EE
B (24 2—EG&GHE) T¥TcilE L, H
FERIBUEEY b L OWFFRKICREL, MDAAERY
MefE L7z, F/o, BRSO RABRICAE L, BEHERF D
B CHELIIERIEZ T - /oo
FRAATHET B LUNNT VY L IPEETIR R TR
WL, &10fEE% 1 EESO5 2 4G 7275
ATy 7 DHTICANTEE LR UHRHTHE. WE L.
fE HEKH B O 9Tc DD A A & IEBERHEKICE Lz
HLOBRHERE L, £/, i (i) »50EFREHFAN
Bz, T # & TR WK TCHEFOY —Ih bh
L& SmTe 2N AT TR W BELH & LT LEZT
L Z27Db, IeRbICTU Ze&H0 S Te #f{liE L, ZOME
%1002 L CEOBERCIIE LERBER 2 RDA,
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Fig. 1 Uptake and excretion of **™Tc by marine algae
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Fig. 2 Accumulation of %™Tc by marine algae
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Table 1 Parameters in the bioconcentration of %™T¢ by marine algae

concentration uptake turnover biological main component of
factor rate rate halflife fitting curve
o (CF) (u) (8) (Tb1/2, day)
Green algae U. pertusa 2.3 0.777 0.338 2.0 1 component
Brown algae S. thunbergii 35000 268 0.008 90 long component
S. sagamianum 4900 67.9 0.014 50 1 component
E. bicyclis 2600 10.4 0.004 174 long component
H. fusiforme 2400 18.1 0.008 89 long component
L. japonica 870 13.6 0.016 44 long component
Red algae A paradoxa 3.5 0.289 0.082 8.4 1 component
C. ocellatus 0.8 0.247 0.292 2.4 1 component
1orr o) O Strongylocentrotus nudus A =~ Ulva pertusa
PR x Hemicentrotus pulcherrimus 100 - Eisenia bicyclis -
~ —- == Sargassum thunbergii
1oL . = Hizikia fusiforme
olE i Nt Laminaria japonica
E|E LR NS, v = T Chondrus oceliatus
g 8' 9)"56 Q-z?(-—-oo»—o ° ——Ov——-~0-—- N B R——
1 TR e Ko,
Z( ‘X‘u-m.x..“.,,..v.‘.x,m 8
T 10k
< uptake excretion %)’
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Fig. 3 Uptake of 9%mT¢ from seawater and its excretion
by sea urchin (whole body)
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Fig. 4 Retention of %™Tc taken in through food (algae)
by Strongylocentrotus nudus
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Table 2 Parameters of %mTc for calculation of CF¢ of sea urchin

S. nudus H. pulcherrimus
absorption rate turnover rate absorption rate turnover rate

food (algae) (AR) (89 (AR) (89

Green algae U. pertusa 0.33 0.026 0.30 0.047

Brown algae S. thunbergii 0.27 0.037 0.16 0.068

E. bicyclis 0.27 0.034 0.30 0.068

H. fusiforme 0.19 0.051 0.18 0.037

L. japonica 0.29 0.054 0.23 0.076

Red algae C. ocellatus 0.15 0.037 0.28 0.047
4 sews . uerims Vv BFSEERC S Te ORILR LRI ERICH () O
° [ /,.»""'téc?é ©S. thunbergii L BEMOEN P -T2 b INLDOCFROEIIEL L
A_,/' ,'/, —'""‘4!6;6': S. thunbergii Tﬁﬁ 3: ﬂ‘ 5@&@(&%%%[@53“\ K: oh Z)o 'ﬁktﬁb%‘ rj o
toos: £ bircls L s 150 XF T LOBEOE EER B LT 5 LItk > T

from seawater

tood : C. ocellatus

- T
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Fig. 5 Accumulation of %»Tc by sea urchin through
food (algae) and from water
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Table 3 CF and uptake pathways of %™Tc by sea urchins

S. nudus H. pulcherrimus
food CF, F%" main pathway CF,; F%" main pathway
Green algae U. pertusa 1.8 3.7 water 0.9 9 water
Brown algae S. thunbergii 15000 99.7 food 4900 99.8 food
E. bicyclis 1200 96 food 690 99 food
H. fusiforme 540 92 food 700 99 food
L. japonica 280 86 food 160 95 food
Red algae C. ocellatus 0.2 0.4 water 0.3 0.3 water
CF, 45 9
#1 F% : contribution of food, F% = ~——"_— x 100
% : contribution of food, b= GF. s CF.



Table 4 Distribution of *™Tc among tissues and organs of a sea urchin and CF of those parts

shell others
sea urchin pathway whole body (including spine & gonad (body fluid,
- Aristotle’s lantern) digestive tract etc.)
Accumulation weight percent 100 45.7 12.8 415
from water 9%mTe distribution(%) 100 10.7 2.4 86.9
CFy 45 11 8 94
S. nudus
Accumulation weight percent 100 37.5 10.2 52.3
through %mTc distribution (%) 100 8.3 1.3 90.4
S. thunbergii  CF: 15000 3300 1900 26000
Accumulation  weight percent 100 47.2 11.2 41.6
from water 9%mTe distribution(%) 100 34.6 3.2 62.2
CFy, 9 7 3 13
H. pulcherrimus
Accumulation  weight percent 100 47.8 16.9 35.3
through 95mTc distribution (%) 100 26.4 7.0 66.6
S. thunbergii  CF; 4900 2700 2000 9200
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Concentration parameters for radionuclides by marine molluscs

Motokazu Nakahara, Ryoichi Nakamura, Yuzuru Suzuki and Mitsue Matsuba
Division of Marine Radioecology

Accumulation of radionuclides from seawater and
from food by marine molluscs was observed in the
laboratory  experiments to get bioconcentration
parameters for the nuclides. The radionuclides in-
vestigated were %Co, %2Tc, Ry, B7Cs, %Zn and
5Mn. Several species of molluscs containing pelecypods,
gastropods and cephalopod were used for the experimen-
tal organisms.

For the uptake experiment from seawater, the
organisms were kept for more than seven days in
radioactive seawater containing those radionuclides
together. Then the organisms were transferred into non-
radioactive seawater to observe the loss of the nuclides
from the organisms. Biphasic loss curves were observed
for all of the nuclides.

Bioconcentration parameters, such as uptake rate,

1. ¥
SEPICRB W CUIPRE MRELEFHEO /DD S
A—2\ZB8 A% OFO/NRE NRRERIC I 54
WRE/ NS A—& | o Uk, KFIREE» GHEIC
HAXIh- M TTHRIL, £ ICE RS ALY T B4R
T 5, BB BWCUIAIEEZIZ Lo« DBEEH K
ERME LTHHALTWALD, REHHETEOBRERHIC
KX BAROBRIHE 21T D BE L, BEAHOHLRO
BE T 5 OICLE L BRSO LD/ S A —
APRAR &b, WEOWIIH LR WAL, @B
B AR 2 AEPUCHR D AT 7o DI HEMER % 3 5 73,
F ORI IR OBHHETR QERICR VA Eh 5, B
AW C ORICEE R P OBES TR 2 B ERE B L ORI
THNB, OB AR OMICIBEAEY T b ORSHHE
TSRO D ARER DB 5, BEOEBR T, BiLA
FORE., £HFB LUCEBRHEO/I-ODICHELEL L, #
B - BROBMRAEHITKAE > TRYHESESTEER IO
Bo BMEBETHRINIHEERT A C LT, MEETTE
LELED DEEY LRI NS, Fh - HROBER
B Ok biT bh, BEETRITAMESE Y@ L TEKR
AFEEN HERROBEEICBITLTWL,
CCTRBRERICARA L, RICOVWTHRERDS
WIRAEEIIZ D\ THREHETER ORI D A B - IR D A
SO HDFERI OV THE L, S HICAREHIZOWT

il

excretion rate, biological half —life and concentration fac-
tor at steady state were estimated from the uptake and
excretion curves of the nuclides by the organisms by ap-
plying an exponential model.

In the uptake experiments from radioactive food,
the phytoplankton (7Zefraselmis tetrathele), the brown
algae (Eisenia bicyclis) and the viscera of abalone (Haliotis
discus) were fed to bivalves, herbivorous gastropods and
carnivorous molluscs, respectively. After single feeding
of the labelled food with the nuclides, retention of the
nuclides in whole body of the organisms was followed for
several weeks or more. The organisms showed relatively
high retention of the nuclides in whole body, except ¥37Cs
and *Mn. Retention of ¥Cs and %Mn in the organisms
one day after feeding of radioactive food was lower than
25% of the radioactivity dosed.

LREE L7,

2. HRAE

BERAEICIT AR, ZRERLCA AN - 20
HEOERBEPEEL I N—T L LTEEhS, ThbHD
TN—TERBHETRS ., “HBERIEKCERE T 5
MTS5v 0 b OMERR L TEET 2 EAMN T, BHE
HIZR - PRECEL YR RNBMR/IARRETH 5,
—F. BRERICZY Y IR VORI BEY AN LER
HEDTN—T R4 v OMEIORLRREED TN —T
BB A BEIE, /3 OPENIEICTEA LB 2 RS
B TH B, BEREUANOKGEYL BB BN IC
ZLL., EREETRCBHUE TR BEE T HDT
-8 ESEBROBSEBROEERLEN E LThELE
Z2bhn, ERICH LGB O/ & Y 4 X O
CTable 1IZ%E &7,

ks L UMD DI AR EERT, HROBS TR
=Y — b EHETT - 7, K, DO IARE
BeCid, BEEOKMMEILE (RD & REIHZHRMN L -E
KA CERAAEY 2 10H MFIRMAE L TRIZI D A F 4,
T OHIEBHLYEKICE L TES» B O RI OBEH % &1
BE L, £WEHIC L5 RIORV AL - BrH O
i, EEEKC T V=T, T 1BESON
TN TERA Uz 5 ~ 10 O Kb BE & R RFAYIC 5131



Table 1 Mollusca used in the experiment

Japanese name  scientific name Size (g) food habit

Pelecypoda

Ubagai Spisula sachalinensis 151.4+10.0 herbivorous

Hotategai  Patinopecten yessoensis 65.0£9.4 herbivorous
Gastropoda

Sazae Batillus cornutus 30.2+6.0 herbivorous

Kuroawabi Haliotis discus 14.7+2.6 herbivorous

Bai Babylonia japonica 63.5+5.4 saprophagous
Cephalopoda

Tidako Octopus ocellatus 54.2+11.2 carnivorous

LTTo/c, ChODOEFEAEROMBEME LT IN—TF
M BRERFATIC 2 ~ 3Bk 2 RE LT, RIDEHMALADS
FLBE L), Bohg RIOEHFRUMMOHAIDE
BB s7icav A=AV R - BFVESTERD
T, BOARER, BB, PEICE L/CRBORERK
ZOLEMRTEINS A — 2 T RDIZ,

A LORDARERTIE, ZHBEDINTA, TEF
HA VK T =57 W (Tetrasebnis tetrathele) %, Y3
I, 7T ICIBEDT S Ak, N, A4 Faicrn
TOCOREERE U TER L, &4 OEMITHTS -
THIRED RI # BBEC ST C—BRERE £
BHELTCRIZRDATE, ERIIFBRMELY 1 EZTH
L. ZTORIZEFLROBEET S 2 TN OLEF~ORE
BOBTR LU ZOBROMA #HE L/,

3. BRRUEE

KR D AR EERRIC T 78T A £F OO RS - HE
HORA % Fig. 112, zhh bt E I hiEYgiE S
A—Z % Table 2 1278 Uiz, KD OREHEITLELR 14
IR0 AE /o, BERICE I & uROBEIC L - TRE
DETD BB, &< OBHEEWITHE
HENCE S PF S h AR5 (Ist
component) &, ZOHEHERG -
D LB EN BH4 (2nd compo-

1000

Concentration factor

0.01 1 L 1 L ]
[¢]
Days

Fig. 1 Accumulation and excretion of radionuclides by
Spisula sachalinensis (from seawater at 10°C)

Table 2 Bioconcentration parameters of radionuclides
for whole body of Spisula sachalinensis (from
seawater at 10C)

57C o) 103Ru 137CS 54Mn GSZn

1st comp.
Uptake rate (day™)
Excretin rate (day-?)

5.3319 3.9643 0.6085 4.0414 7.4530
0.9462 1.3411 0.9664 0.3991 0.8555

Tbue (day) 0.7 0.5 0.7 1.7 0.8
CF 5.6 3.0 0.6 10 8.7
2nd comp.

Uptake rate (day™)
Excretin rate (day™Y)
Thie (day)

CF

2.9085 1.3837 0.0605 4.3314 3.1545

0.0087 0.0255 0.0304 0.0078 0.0231
80 27 23 89 30
336 54 2.0 554 137

Table 3 Concentration factors (CF) and biological half —lives (Tb) of radionuclides
estimated for whole body of mollusca by the uptake experiment from

nent) @ 2 F5 A B 75 BHEH A — 7 seawater

RT, BEH OB VS ITERICA Co #nTe %Ru B1Cs %Zn ¥Mn Water
WEPUNIIRD A E N TREfOFHNIC | Organisms Tb Tb Tb Th Tb Th

Fo THHENALDEEZ DN P ays| e F daye) & daye) O days)| T (daye) T
M BEHOB RS IENDERE | Upagai | 340 80 50 30| 2 20| 140 30|55 90 | 10T
KA MHELAD, ABoBBIC

ADAAT S OREY O BEEN Hotategai | 2700 330 500 190 4 20 | 830 50920 50 | 10C
RSN T D, BOKBE | sazae | 050 110 | 120 110 250 70| 2 20 | 810 100 15C
WIZOWT hE 2 DBEBEBICADE

55 A — 2 AR BT, oy | Kuoawabi| 800 90 | 430 200 | 170 280 | 10 30 |2700 120 15C
P D PR BRI & AR RO U % Bai 160 110 | 20 130 | 290 180 | 4 50 | 440 150 15C
Table 3ICF &7/, BRI

BxDaf—ty Malckweh | ko | 770 90| 30 60| 10 40| 10 10 1700 60 15¢C

ToBREOREOTTH D, AWEAF

B, COLRORBERRL T B EEZ N HHEH
DBV VR—R Y/ FOETH S, BFOTLEOF T,
BICs MNF R TOEMBE IO TORBERER L, T/
AR A ER T I E R ELRERRLNZVD
L, Co, SZnir FRFEHI LT LML TKERBERE

FRBER L. IRMEEREL - R0 & b icEMoE D
KEpolc, RXADBLREECo, USW0 ¥, vy adi
A DER L CoV, TRAVHA OB E M2, 7T &

Tc, B & Cu, Znd %, BEBWICIHEDOTR T
BRI A DOBMES N TWAER, TOREITLHRT



BERICHEROEDKEL LB LI TH S,

WA AAZI4E BICT /NI A BB L. R, REB
FRRIC T AR, I (BECIEILED D) o K
ik AT ST, BIMALAD RI D5 H % % Table
4128 Lz, WRu, ¥MnlidE, ¥Cs, SZn iZ#KHEH~AD

GHMKE L, Co B X DOFMOGHEIGTTH - 70, B

NOGHEREANOBREIL L HHDLEZLND, —H.
WOMIRIZ b Co, W¥Cs, BZn D 3 TLHKIL20~26% D5y
MERL, ZEAEGHORLNZ PRy, *Mn L5

PITERR BN, INHA TEEIN-&RIDEKRNS

MOBEMIT, MOBBTHIRRTH > 72,

O D IAAERICIBT 580 4 ORIERER % Fig. 2
IR L, BRMEFEEOLFOMKHIERX100% & L
T, TOERDOBHEDOWM D ANEAF% & LTELL, B
YR G HROEOHM A BZ T 5 &, BEHEERRRE» O
4R TR KDOBRER R O h, EL & H48H % C
ICHE IR T35 LD TH ol UHA DRIERERTEH
FBYRIEM®S 2 H B E THRTO RIBEAKICEY T 5
N, COFGIEIEOBEM L KWIZBER LTS EBbh
%, Fig. 2 ¥4 5% &, 5Co, SZn 3 4EH~B
TFLTREANE K, WCs, ¥Mni3&EMICERFIhICL
WhHTHAhH, VBRulZTZORETH -7,

BRMARE® 3 B RICYSHTA #EEH L THE RIDEKR
SAHEE L (Table 5) , Co, 03Ru, 5Zn 1509 LA
ERFEAICEE LR, ¥Cs, Mn i3 A Ok E
WIS D - Toe FBICS OB - 7o 3 BRI AW R
SNPLTWEETIH Y., MEOBENERIN,

WA MR\ HRMEEMAR 1 B BOK RIOEHE
% & B DB DEFRE R % Table 6 1278 L
Too BABREXRIIEHCTERR OGN SN, Co, ¥ T,
103Ry, $Zn{d ¥Cs, #*Mn izl LTk EBFEXERL
7o CNOHDEE B CTOERBGRN-9 LTS L,
Co, Ru, Zn TREKEHEARSEU EE L, Cs, Mn Tid#

Table 4 Distribution % of radionuclides in Spisula
sachalinensis (from seawater)

Weight % Co 1%Ru ¥Cs “Mn %Zn

Shell 43.4 37.7 76.7 2.8 65.2 9.6

Fluid 35.5 26.0 1.9 20.5 1.5 22.2

Liver 0.8 5.2 1.9 7.8 2.6 14.2
Other

soft parts 20.3 31.1 19.5 68.9 30.7 54.0

Total 100.0 100.0 100.0 100.0 100.0 100.0

®
S Q
§ %N \\A
jol
o ~O—, —a
1k o T4 54y,
- To—o Q
T 197,
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Days

Fig. 2 Loss of radionuclides from Spisula sachalinensis
after single feeding (at 10C)

Table 5 Distribution % of radionuclides in Spisula
sachalinensis (from food)

Weight % *Co 1BRu B1Cs %Mn

&C,@@ﬁifiié’-ﬁ\(\%% IR R W%Tﬁﬂﬁm@j—aim N AL Shell 43.4 1.3 6.2 2.3 9.0 0.8
‘: 75*72‘ y) @%7&335 % C, 2: f)i/ﬁ:\‘&bé hj:o Fluid 35.5 24.2 8.6 9.6 7.1 15.1
H MR B G BTCs, 9T CIIERIOER D & Liver 0.8 55.7 71.4 20.9 20.7 64.6
D oIEst L, 5Co, %Ry, $Zn Gl 10fSHBE D2 M S;ge;a 4 203 188 138 672 632 195
Roh, LU CERBEISHEPBOEA AR Lic, £HF
HRERI 2 MK IR VAL - VAR CTHERT5 &, %8 Total 100.0 100.0 100.0 100.0 100.0 100.0
D Co, ®Zn T, MIZER DA ADIT D MRAR
Mk -7c, CORABLELT
{2, HKE D IAA &I AART Table 6 Retention % (Re %) and biological half —lives (Th) of radionuclides
RIODBEAGMICKEGELDHD estimated for whole body of mollusca by the feeding experiment
75)5?-»01%;}_ F)h;?ji)?‘ ?é!) J{k&i% 5Co smTe 1Ry ¥Cs %Zn “Mn Wate;
BRIC & > CAEM P CONGMICE Organisms Tb Th Tb Tb Tb Tb
BATESE LB D, I DIk +HE Re % (cays) Re % (day) Re % (cays) Re % (caye) Re % (days) Re % (daysy|
TH5LDEBbh 3,

Bic. dakT D AR - fEIR DA | Ubagai | 43.0 30 296 100 | 7.5 20 409 30 |21.6 10 | 10T
ARROBERE B THMERYE | Hotategai | 701 40 72.6 160 | 201 20 | 90.6 50 | 185 10 | 10T
SHAMRE U R R A 5 HE L,

SR 0 ARIC F B RS S E Sazae | 69.9 130 |71.6 30 (882 40| 58 10 | 77.5 100 15C
(& Table 7IT7R L7co BMEHDOM | kuroawabi | 662 330 | 55.7 40 | 43.4 70 | 63 10 | 96.7 250 15°C
FX. MW S5 bV

(Tetraselmis tetrathele) & 1 L. Bai 427 30 |57.3 40 568 50 |22.8 30 | 59.8 280 15C
ZHEROUNTA, A4 F3, BE | Ldako | 731 100|782 10 (453 10 | 264 10 | 562 50 15T

ICEARIED A TH Y| RFEHRE




Table 7 Calculation of concentration factor in the uptake experiment from food

CF:xSXxDxWxR

Uptake rate constant (uf) =

CF: :
: Radioactivity of seawater (cpm/m{)
: Rate of food intake

S
D

w
R

Concentration factor = u¢/ A
Af:

= CFixDxR
WxS

Concentration factor of food

(g food weight/g body weight/day)

: Body weight of organism (g)
: Retention ratio

Excretion rate constant

Table 8 Change of concentration factors by food chain

Phytoplankton (7etraselmis)  Ubagai (Soft parts) lidako (Whole body) Bai (Soft parts)
CF from food
57Co 10400 -z 300 — 730 == 1800 N 2600 == 1100 B 1230
from seawater 340 770 < 130
%Ru 5100 > 390 ——— 420 = 90 —— 100 = 190-—~ 250
30 7 10 e 60 7
¥Cs 25 o= 0.1 - = 0.5 — 10 - 6*“’** 20
20 10 10
54Mn 10200 = 90 —— = 350 -
260
557n 58000 e == 2300 — 3500 == 2900 — 4600 -—---=>39000 ~—/;;:7~40000
1200 -~ 1700 780

7507 P e TERERICOWTEHE Lz (Table
8) . BEBEORFER LT LEB TS T FUOBER
BIEHD RI b U ——EB» LHERE L7z, Table 7 IZ7R
L7#RIC. 80 b OBMERBOFTEICIZASN 1 HYAY
BRBHOE (AHEHE) BUBETHLN, T
BT - REAEROER D O INRTA BB EEO-2HE
D0.06% &L, A 45, NAZLBED25%8 % /NS
LR Lz, Eio, BRI BOKSETROBER

(Retention ratio) %, Table 6 DfE% i\ o, £4HED
RIEFIC BT 58K D A& & D ARDEF L% HEE
45 &, 5Co, Ry, %Zn ClIfHOFENKELEES
HOBDICH L, ¥Cs CRBBKDOEFENKMEG T, M
HOMVARTIAEEEYE X VLD TH - 7,

MMnIZ oW TEA £ a3 OF— 2 BRIT TS5,

Pl LAY T ST P BB O N A BREE
D H*Mn OBFTIIE R . BCs BIEIHKDOFEDOH B =
D EDTH5H, RHBEBEC L ABEETROBE 2R
728 E. Co, MRu, BWCs THEKROMEE~OEER
IEMIE R SNz o 7B, ®Zn Tk LA WIICEBENE
TR RN,

4. % @
&« OBEREE O RS ETRIBR 2 AR DA% -
FHEL D A BRI DN TR SRR CHZE L, A/ 5 A —

2ERDI, TOBER, TR &> TIEHOBEE CER
TRIL - EERERIEONS A— R I KERENRD DT
EBRH o T, Fio, M DORVRAL T, AHOREE
DENC K o THROBRMEDORE NS s D Bix HRTREMES
RaNz, SkiE, MOEELY, FETRICOWTOE
RN/ S A — 2 OEBRER D LHIC, RROEFERTO
BAEECAWERSOER T INE U ClEFEABROREEE
BROFRE LV EBIE ST B NHALELBbh 5,
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The deposition of radioiodine onto rice plant from atmosphere

Shigeo Uchida, Yasuyuki Muramatsu, Satoshi Yoshida, Misako Sumiya, Yoichiro Ohmomo*
Division of Radioecology, *Institute for Environmental Sciences.

ABSTRACT

Radiation dose estimations are usually made with
the aid of assessment models in which model paramenters
such as the transfer factors of radionuclides from one en-
vironmental compartment to another are involved. In sim-
ple models the parameters are often described as the con-
centration ratio of a radionuclide between two compart-
ments, when the system is under equilibrium condition.

In this paper, the authors introduce the values of
the parameters of radioiodine obtained by tracer ex-
periments. Laboratory experiments on the transfer
parameters of radionuclides from the atmosphere to rice
plant were carried out in the atmosphere—to—crops
system (deposition pathway).

It is known that the typical chemical species of
gaseous iodine in the atmosphere are elemental iodine (I2)
and methliodide (CHsl). The deposition characteristics of
both chemical species of gaseous iodine to rice grains
were obtained. Mass normalized deposition velocity (Vp)

I. FL&HIC

BURAICHH S RO £ 5 AMENOBRRE
DHEE - FHEICIE, MEBEHEEET NV EZhICAVWHEh BN
FGA=ZPLETH 5, T OOBHERER AE~BTT
LTOSERIT, #onE2DOND, EOXDnEREZE
ETBHBICLA, ETINVEEZNITRONE/INGA—F DR
R, NENOFERBREFMOBELELT H I LTk
%o
BAIFA~OBATV L, Kild 5 L ARG, DEERFHO
RMEICUET HER WE (K] &R L EHE»rORE
W LUTRATY SRR (AR [-38] EERR) O 2 88N
BB HIEL, S HICEEE LRSS LICHTOh 5,
ChODERICKT HBAT/NT A =21, BEICLDER
BT TREL, BIFYRLEOBRREICLVRLS
7280, MR TROONINGA—ZEETRT, TDOEE
FIRS % LIZHRZ Y, FRIC, KICB L TR LB
BHOWTNICOWTHEKRTE T —2 0% <, HrER

and grain number normalized deposition velocity (Vs) of
gaseous elemental iodine (Iz) and also methyliodide (CHsl)
on unhulled rice were measured. Both Vp and Vs of
methyliodide were about one percent of those of elemen-
tal iodine. Distribution pattern of methyliodide between
unhulled rice and brown rice was significantly lower than
that of elemental one.

For wet deposition, we investigated the retention of
radioiodines (iodide[I”] and iodate[IOs] on rice grains
and their translocation from the surface of the grains to
brown rice. Though the ears were dipped into the solu-
tion containing 21" or 25[Q3;” more than 15 min., both
iodine species in the solutions were hardly taken up to
the rice grains. The transfer rates of iodide and iodate,
which are defined as 'the amount of the iodine in brown
rice’ divided by ’the amount of iodide in unhulled rice’,
were about 0.015 and 0.04, respectively. The rates were
not changed with time after the radioidine application.

BTTr—2 BB L TOILERD S,

AP, KSH DR~ OEXFNEE (D) oF
NG A—2 I L THRET-> 73D TH b, T7ab
b, HARIVE (kLU CHsl) OKBANDOWERLT
Z2oWT, FU—HERICL D OAEORESETICRT
AUBEBEE L RD, T/, MAKSICHET OO SHEEMED
TROKFENOBITICOWTL, I"RBLUT IO 220D
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Fig. 2 [llustration of the uptake experiment from
unhulled rice. (T): top of the ear {(dipped part
of the ear); (B): bottom of the ear (non-dipped
part of the ear).
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Table 1~1 Vp and Vs values of elemental iodine (lz)
for unhulled rice grain at different growth

stages.
Vo Vs
Growth stages cmsg-ts~!  cm?®(100grains)-'s
Heading period 1.0 =+ 0.06 0.62 + 0.1
Milky stage 0.073x 0.02 0.22+ 0.05
Dough stage 0.15 = 0.03 0.44 = 0.07

Table 1-2 Vp and Vs values of methyl iodine (CHsI)
for unhulled rice grain at different growth
stages.

Vb (x10-3) Vs (x10-%)

Growth stages cmdg-ls-!  cm® (100 grains)! s~}

Heading period 1.0 = 0.2 0.67 = 0.1
Early dough stage 0.45 = 0.08 1.1 = 0.2
Late dough stage  0.35 + 0.03 1.0 += 0.2

(3) AR
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Fig. 3 Retention ratios of iodine deposited in nuhulled
rice as a function of time (i.e., days after iodine
exposure).

Retention ratio is defined as the iodine content
in unhulled rice samples after exposure divided
by that in unhulled rice samples at harvest.
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Table ~2 Distribution of iodine in rice grain

Deposited  Grain (unhuled) Brown rice Polished rice

species (%) (%) (%)

I 100 5 2

CHsI 100 30 21
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Transfer of | — 129 from soil to rice plants

Y. Muramatsu, S. Uchida, S. Yoshida, M. Sumiya, T. Nakajima (Division of Radioecology, NIRS)
Y. Ohmomo (Institute for Environmental Sciences)

From a radioecological viewpoint, *°[ is an impor-
tant radionuclide released from nuclear facilities into the
environment. This is because it has a long half -life (1.6
x 10%y) and affinity for the thyroid gland. Although its
level is very low, this nuclide has been detected in the
vicinity of nuclear fuel reprocessing plants. When making
an environmental safety assessment it therefore is
necessary to study the transfer of iodine to agricultural
crops. Because of high rice consumption in Japan and
other Asian countries particular attention must be paid to
rice plants.

Radiotracer experiments on the transfer of iodine in
the soil~rice plants systems have been carried out. Two
typical soil types in Japan, Andosol and Gray lowland
soil, were used in the experiment. The soil-plant
transfer factors, which are defined as “concentration of
the nuclide in a plant organ” divided by “concentration
of the nuclide in a dry soil”, were 0.002-0.0007 for
brown rice (unhulled rice) and 0.5~3.2 for flag leaves. It
was observed that the transfer factors were, in general,

1. % 8§

B4R 16007 4 LR <, Ez, I URITLERC
WEINZH WD, PIPRERICKE Sh B8
ERINAEMICHBY, ZTOD, BEFHEICH /- T
13, EFGO B TIME L IhEh o 8L LOEIR
IR DWTDTFT— A B ED DL EDEETH S,
I, BAADOEEICHEDAKDEIFEIE W &b, KRR
NOBLOBITEAHETH I ERTRRTCH S, LBE»
BEEHNOBTREZEETLIHEEDONNSGA—2 L LT,
BATE% (Tf : Transfer factor) BHWVWLTWAE, TD
fE3IEE LTEBKTELN/IZDDTH D, KICEHT 5P
BNIERIR SNz D Uik, £ 2T R ClE, €4
Sl BB 2T OKFEANOBITREARE TS L2
& LCHsE Rl L /29,

2. R B
HEEERICIE, BERAOREN I TCHELERY +
(Andosol) & K&E{EH+ (Gray lowland soil) % L

higher in Andosol than in Gray lowland soil. The ratio of
radioiodine in brown rice to polished rice was about
1:0.3. The transfer factors for polished rice was
estimated to be 0.001-0.002.

Most of the radioiodine tracer added to the soil was
absorbed by the soil phase at the beginning of the experi-
ment. However, the iodine started to desorb into the soil
solution with the growth of rice plants. This suggested
that root exudates and/or artolysis might be participated
in the desorption process. The iodine desorption was
enhanced markedly by the addition of organic substances
such as straw pieces and glucose to the soil. Eh dropped
considerably after the soil was waterlogged due to
microbial metabolisms. A reverse correlation was seen
between the desorption ratios and soil Eh.

Todine was found to be volatilized from soil ~plant
system as gaseous organic iodide. Iodine emission was
highly stimulated by plant cultivation. The chemical
species of iodine volatilized was identified as methyl
iodide (CHsI) from gas chromatography.
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Fig. 1 Tlustrations of the pot experiment and a rice
plant.
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Fig. 2 Ratios (dry basis) of 251 between rice plant
and soil in accordance with time.

Table ~1 Transfer factor (Tf) of radioiodine from
Andosol to rice plants (dry basis).

Tf
Brown rice 0.0060+0.013
Hull 0.15 =+0.066
Rachis 14 =021
1st leaf blade (flag leaf) 3.2 =+14
2nd leaf blade 51 +£0.97
3rd leaf blade 2.6 =0.60
Root 9.0 =+2.0

+ standard deviation for 4 pots.

Table ~2 Transfer factor (Tf) of radioiodine from
Gray lowland soil to rice plants (dry basis).

Tf

Brown rice

Unhulled rice

Rachis

1st leaf blade (flag leaf)
2nd leaf blade

Stem

0.0022+0.0005
0.024 =*0.009
0.17 =+0.10
0.66 =+0.12
1.3 =£0.38
0.38 =+=0.10

=+ standard deviation for 6 samples.
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Fig. 3 Loss of radioidine from rice by polishing.
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soil after waterlogging.
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Transfer Factors of Technetium from Soil to Various Agricultural Products

Kei Yanagisawa
Division of Radioecology

Laboratory experiments of the transfer of
technetium from soil to various kind of agricultural pro-
ducts have been carried out.

The soil to plant transfer factors of Tc for rice
plants were = 0.005 for the grains and about 1.1 for the
lower leaf blade. In contrast to this, higher transfer fac-
tors were found for wheat plants i.e. 0.027 for the grains
(hulled) and 230 for the lower leaf blade. The Tc concen-
trations in the grains of both plants were lower than in
the leaves.

In the case of vagetables, transfer of technetium
form soil to edible parts of vegetables have also been
studied. Transfer factors of Tc for leaf vegetables such
as spinach and komatsuna were considerably higher than
those for non-leaf vegetables (e.g. carrot, onion, sweet

1. % &

FIRFILARKRICEBFHEFEELEZVWILHETHY ., [
LT N TSR TH 5, BfE, BIEPICRESH
HFI7XFUAIEE LTYSVEOEGRIC k- TAER
LB THY RS 7 +— V7 MChHERTHEEZD
hTwb, 57 XF 7 ADORBLITRDF T PTc 353
IRRPRAMEFRLEL (96%) « LrdERAERD
TR QUEHE) TP bREPICBHEIhLEE. &
W b7z - T A% 8 U CABICIR DA £ h A REk:
DBHHZED 1 DTH b, TP LBRIFWNDELLBAT
FERE, BB IR\ TRREE SN 5 BIEH O] AR LB,
LRITTAFERBRINTHA S, O L-BSEMEEEOT A
MAOBTELIHET DN A—2 L LTRBITHRHK
(Transfer factor) REWVWLN TS, Jhit, RERO
BAE A R R O MSHE R ERE & 5 (i) PoOKE
BETE S EE LTERINDS, SEBSHEREICET
HEMIAEA S NRCBAE LHTE D, ZE&FMIZB T
eh bOMER B EYhORSHERBEOBRE »HTET 5/
DIZFEHINS T &R,

TAEA (1982) ¥ R{ESET 5 5 7 RF 7 AOBITHREIT
B —RICOWTS L ¥ TW5B, COEEHVS L E
el (REE) BEBEIhEE ) doF7xFy
LRED 5 ORI 5,

T RF U LTE A2 DRTFMAE & B0, BREPICEES
hicBaE, KB TR I7MTHIET 7 XF VLBV

potato, tomato). Values for cabbages and Chinese cab-
bages were intermediate. Older leaves contained higher
Tc than younger ones. It was suggested that Tc was
readily taken up through roots and transported with
water into leaves without any significant deposition in
roots and stems. Technetium accumulated in leaves,
while water was transpired from the leaves. This nuclide
was associated strongly with constituents in leaves and
hardly translocated into the other parts of the plants such
as tubers, bulbs and fruits. The transfer factors (on a wet
weight basis) in edible parts of vegetables obtained in
this study were as followes; cabbage: 0.3, Chinese cab-
bage: 0.1, spinach: 2.4, komatsuna: 1.1, carrot: 0.3,
onion: 0.05, sweet potato: 0.03 and tomato: 0.03.

(TcOs™) BERIBETHHEELZLNh TS, TDAF
VIKICET R EAERICARIR SN2V, #o
TRBRZEN TSI O ER T, bl K sh
T ORE LA RO DEREZITD &, 100% Z 2 50D
TEWBEEBBONAZ LR D, T7/XFILLITS
L7oKIZET R4 <, TR S\ MEEERH 5 &
BRHICEITTINS & KICTED 4 i 4 /By 5,
W TREPICHEET 557 2F 7 A3, BRI &HET
TUE 7, BT R GMET Tl 4 OR T TH 5 T REK:
BBV, T LT 7R F 0 LOLEN B ER TS
ERKEEED XS RITTRBORE T 5 LM T TG
ShAMANDOBITHREARD S Z LITBOTEETH 5,
BILREBOFEREI T 7 2F 7 ADORTE. RELEIRLE L,
FE)» CFRENOBITHREA, MIEH LD dhE kBT L
PRI INS, HIEDICOWTL, FOT AP RL LB
&, BOREMRRZL I ENFHEEINS, Tbb, FEE
HOLDICEBRR I N/ B BITERCHAECEDE
EBTTAEEE. BRIRIN/oF 7 RF T AOKERL A7)
BAMAERINLEELZONS, JhiCK L, BEH, 4
T, BFRBEEOBAIIFATOEK, FEPEDOKEK
EWOERICKE RFELTE YD, 1 ER L Lic3Ec
BAT LT 7 X5 ARG &, BREIR L2577 %
F LOERICRIT HEBIC L > TKEL RES DT
BEhs, COLSHBAPD. AR TR TR A
D EBRET - 7,
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P:K=8:20:18) 3 gk LU L —Y—2& LT®Tc
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IhbowNESTSETS » AREEEE Ui, BOKIEBRA 4
KA L CHERT - 7o BEEHMTF A X, a0 AFREE+
BEAOR—5 Ay ThFER L TLEBRREEI L, 8
B D BT BB ORI L R DI, BEHET HINE
LicA xB LU aAFOM BT ETF . ET&, vaw,
IRIE, 22 3ERIUEZICHEMG L, TclBE %+ HlE

Lice BEICHER Lo H8EE. BE & VBT S Te 2
BRE Lo, BATHREILIRERRC 31 5 £ EFRH O
SmTc I % EBBARIE L TRAZ 1 A LB % Tc
BEORRETHRL/IESE L,

2) FETHEOLFEIC L A REER

1) CREICERYABICbits (N:P:K=14:10
013) 3gBLUBIUHAEKL gxmMLAE, 1) &
EHRRIC S Te RN U CTHRORBEER 2T - /0. ERRC
B U7 B3 & iR % Table 1174, Ch O % BIE
FREE L CALESBTHE L, gLt 288
& L7, Tizbhb (1) B14FFR128°C, WI0BSR24CH L TP
(2) B 1285124 C WI2BE/E20C & L7z, (DX, b= b,
FYRAEBLITZ VP VOREICERL, @) i, &Y
Loy, FaXY NTHA | FRPRIT OV S
DOFIFER Lo, BRERHE & HEOH X THT0,000
lux THo 7o, WERE, MWL, FE, RE, B ZFC
BEL, EREOSTCRERME L, BIURET D
LRI UHBETRD:,

Table 1. Vegetables chosen for the experiments

Cultivation

c e Precultivation
Commen name Scientific name . .
period period
Cabbage Brassica olracea L. var. capitata L. 25d 60 d
Chinese cabbage Brassica campestris L. var. pekinensis Ruper. 25d 60 d
Spinach Spinacia oleracea L. none (seed) 50d
Komatsuna Brassica rapa L. none (seed) 40 d
Onion Allium cepa L. 25d 90 d
Carrot Daucus carota L. none (seed) 60 d
Sweet potato Ipomaea batatas Lam. none (cutting) 90 d
Tomato Lycopersicon esculentum Mill. 30d 90 d
3. BREER HFENOBTHRBUIMORE & i L TED» » 7o FE

1) HEEALAL RBLUTaLFNOBT

Table 2 IC+HELA LA XB LU AFEREAND STc
DOBATREZR L, METHEKTA LA RED b aLAF
NOBITHRBEPERBILBEVWTELLBWETH 72, 1
FRO T AP TRENERE OB HRE Y Hik 7
5 EECBOTITAEANDBTHEIAEL . TEHTH

Table 2. Transfer factors of %™Tc¢ from soil to various
parts of wheat and rice plants (on a dry weight

basis)
Rice Wheat

Grain (hulled) =0.005 0.027+ 0.011
Hull =0.02 0.36 = 0.17
1st leaf =0.03 120 +50
2nd leaf =0.03 90 +10
3rd leaf 0.059+0.002 150 +58
4th leaf 0.076 £0.011 230 +38
5th leaf 1.1 =+0.36

Stem =0.03 2 =+ 025

ANOBTHREIT 2 AFICBWT0.027TH D 4 Rick\»
TIE0.005L T CTH 5 2 & LIAEADORBITRE 5) & ik
THETELDELIBEWETHY, IAEADEEZOE
EHEATHEHAOMRRPIHE E &5, BEITARE LT
HEENPKEWI AL INLOBRITBEICOWTED
FERICEI LB REE RO ALERD 5EARE L TW
B
AP THEOLNBITHRK & HEER T O S Tc BED
R LA HEE 3 5 L Fig. 1 O L DI04 FFEEHEIC BV
T EEBALAE L 0 EHIRIIC HIE R h o BT e JBEE AME,
Tlie CHICHL, 2 AFRELE L OFERLULEE
T, HEEBAAEE» D40 R M E Tl L BEE K h D% T
BEDETAZRDONT, NERET T xBELELIVLE
BEDOSTe BRVWHIN, MEICKITS % Tc BED
FAbid. BACKEE X RABIC 31 A LR DT 7 KT A
DEBATRELL T B EHEINS, Tixbb, HKSEHF
TC., HEPOBENDOEBIC L D HEPORTLALE
A, TEOBT 7 2F 0 LB (TcOs™) DILEFEH TEHRML
725 Te BELIN T, KIZARBED 4 ICEL L TA I
MINEZNW L K T/ sE\E2ZONS, CHICHR L, aLF
HEEHE T, BTAETE T, BISURAR LT Te
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Fig. 1 Changes in the activity of %™Tc in soil solution
as a function of time.
B: soil solution collected from the flooded soil.
@: soil solution collected from the non -flooded soil.

Table 3. Activity ratio of %"Tc between plants and
nutrient solution after 24 hour exposure

Rice plants Wheat plants
Shoot 8.2 + 6.1 105 + 1.5

Root 29 + 14 4.3 = 0.6

4
U

(note)
=+: Standard deviation of 3 Samples.

AR, k3 13 5 WIEETIC O Te HBAT
Le A REHBELT, OAFNOBITHRENE kol &
WEIhb, 5 LERHERT A0, EFk, 38
MIABERIE Lo A 2B LU AXGiEw %, % Tc Z¥Ein
L 7o AR I 2485 RAIREE U COKBHIE & 3D T R I
TR, TERIE L, Table 3R T XSz % Tc D
KEE D DEEAOBTIC OWTIHFAEIIT LA EEIT L
Vv BICBN XS IZEBENOBITHREOZEITIHEAIRAE
CHIRABIC LA dDEEZLNS,

2) HEE» O {EHETAMAOBAT

KRR THE LN Tc O+, HEAEHETRTAD
BRI Table 4 IZR¥, ZhbOBTHREIIEE 21
WA, A& LTHERIhZWEEZ BIhAMS %
Br&, 2o o840 5 Te i % JlE L CBITHRE E KD

Table 4. Transfer factors of Tc from soil to edible
parts of vegetables (average valuces)

vegetables wet dry
cabbage 0.3 1.3
Chinese cabbage 0.1 0.8
spinach 2.4 17
komatsuna 1.1 11
carrot 0.3 1.9
onion 0.05 0.5
sweet potato 0.03 0.08

tomato 0.03 0.3

THRERTHSL, Thabb, F+XVEBLIUNTY A OBE
B, BERLACEOHU 2 ~3ETETRALEL, Thbd
LD BEDBIIMIDEZER W, T L VY B LU O
VI OBER, FELZEBILLAELROWRD 2048
L7z, SV VBIUYY A EOEEIL, HEOBA
BT BIDICEEERNERD #A AR E L, ¥ <xrd
BEEOMNIHS #E LB ZARLE Lz, b
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L LTCETAR IO KK ETE S 58T (Y~
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Transfer of Environmental Tritium into Organically Bound Form

in Foodstuffs and Plant

Yoshikazu Inoue, Kiriko Miyamoto - Tanaka and Tetsuo Iwakura
Division of Environmental Health

ABSTRACT

From the significance, with respect to dose, of
organically bound tritium (OBT) in diet, transfer of en-
vironmental tritium into OBT was investigated by
evaluating a specific activity ratio (SAR) of OBT to that
of tissue free water tritium (TFWT) for environmental
samples. The mean values of SAR of Japanese rice and
Chinese rice observed 0.8 and 0.6, respectively suggested
that the specific activity of OBT became less than unity
due to the isotope discrimination in the assimilation pro-
cess under the steady state condition. The SAR of about
unity was also demonstrated for various kinds of
world ~wide foodstuffs. The extremely high SAR values
reported by Italian researcher are therefore discounted.

1. #& =12

Higkhs B & h 5 SH(T) OARITK 5 58 % 9
BHERZETFIVDOBES & Z OB TE» D 5 BEEF 9T
2, BEEFRPIEER S TSN TW5S, ZOFTD
RGEROFE L, BEL ODAG~OBEEKE (OBT) OB
R GEE) b ZORBEFSICET5HMETH S, X
HTO DA M b OHBREHEE L T, BP0 OBT
DO—EHAEEAEHOBFBERICHHEROICI DA Eh, W
B LEWNC &b, OBT OB BEE S MESR LR W
LEZLNBILE -7, bbb, Etnier HiT, k&t
IZ&Eh5 OBT OEIEMHEMT 5 & & hic, £REBITHE
KGDTDEPOLDRELD BFERTHILERLE, &
WEAROBMBBBKT % TFWT (Tissue Free Water
Tritium) . FEIET /-3 /84S T % OBT (Organical-
ly Bound Tritium) & M5 &, $REIT RSO LBETEL,
SAR (Specific Activity Ratio=0BT/TFWTEE H.) D
KEEDITHWAITALEE LS EBRHEKS,

by, RESIEYE AT HTO : TEHAR LRS-
T 5 SRR A M LR, TRADHKERE AT,
HTO 02U ECHA L HER LI, DT &b,
BRIEBT - SEBENEE S Vo, THREED LB -
iR OBT O CAR - BT 288 2 ARt

The SAR of about two observed in pine needles near
tritium emitting facilities suggests a longer residence
time of OBT than that of TFWT in plants causes the
SAR over unity during a later period after a tritium
discharge. The SAR value less than 0.4 observed in
market foods near facilities suggests that atmospheric
HTO vapor affects both TFWT and exchangeable OBT
and causes the SAR less than about 0.4 during a short
period after a tritium discharge. These phenomena
should be taken into account to evaluate a variation of
SAR under the non-steady state condition. The direct
OBT formation in plant by elemental tritium was
disregarded by a T3 gas release experiment in Canada.

CEMEETHAL ENohb, O T ORI REL
3. BEXAEE CEERBOBEFTCII1 £/ 1UTT
BAHI L, ThOLRAMGBRENIE W & AAWE
HEREEUELD FV—YERICI VI I TV, &
CABTAYARAL ZYTOI9T0ERD AGES T &L
B4 OBERABO SAR B, 1 2 K& M2 AFSHEK D
THESHh, OBT MERER S LA, 7TAUIOD
1970 RBIF L B D 2 EOREFL, LEHEY—B
P> ADEWEHEEIC BT, SARBLT1L 284,
THLC72 AT & SAR /NI D 1IR3 2 &R L
7o EIBERICHKRIAREHTORBENL - %R L
7-1963ELIRE, RERIDEEE Y A% & SAR A A1HR)
R LICRBERICETT 5,

APFE T, ERRED SEDERER~D OBT OBST
Btk A ER (SAR) 248 X L THRE Lz, &%
ETik, SARDB 1225 “ZhdOBE" MBICER
RO, TOBREL LU SAR OFEBERIC O W TN
5, PIBEIZ DWW, KGET (TFWTD) i3, HiEE
MR I EHEREERE YAV, 2=V R 5y 7 CER
Lic, AH¥IET (OBT) i, sl 2 ERKERBIC &
DRBEL KB 20—V F Sy 7 TRERIRLAE, TRE
i, RBPK R EERBRE, By 7750 FRIEY VT
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HALE» H1985FEE DB K EERMDITERRE? D
2738, HEHOIGERE» H10808, AFH37508
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TR BIE L-ARKE (BMEAX) bOBROERE (SAR,
0.6) [Tk DBERER NI,

Table 1 The specific activity of TFWT and OBT, and
the specific activity ratio of Japanese rice and
Chinese rice

Year of TFWT OBT SAR

Country

production Bqf -1, +£2SD Bql -}, +£2SD +25D
Japan 1985 2.7+0.7 2.0£0.8 0.83+0.32
China 1983-85 10.8+0.8 6.7+0.8 0.62+0.05

(2) HROAEMD SARHO
BAEATEDDOE K ENBEERMICE> TWHDT, £
ORHEEEIERBENMLE» CHEBETH AR, TC
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6Bq/l DR WEIFR AR Lz, FHEILK 3Ba/l TH - 7,
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ExhzEx0R8KD TFWTEBE » OBT BEOREOD
SEHER oML, M2 IKRTRICEFTICRL, TV
PBHIR & R THEBCFEOBEEED, BEMmD
SAR OEHIBOFHHENTIT 1 THA I EBTh o7,
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Fig. 1 The specific activity of TFWT and OBT in
European foods
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Fig. 2 Correlation of the specific activities between
TFWT and OBT in foods in the northern
hemisphere
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Fig. 3 The change with time of the annual average
specific activity ratio of tritium in pine needles
collected near tritium emitting facilities
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Fig. 4 The tritium concentration of TFWT and OBT
in foods. and a degree of tritium uptake from
the atmosphere in Deep River
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Transfer of long —lived radionuclides from diet to man and their body

content and physiological characteristics of Reference Japanese Man
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ABSTRTACT

In view of the development of the nuclear fuel cycle
in Japan, it is urgently needed to establish dose assess-
ment models and related metabolic parameters for
long —lived redionuclides for Japanese. Therefore, intake
and body content of actinides (Pu, Th, U) and a related
alpha—emitting nuclide (Ra) were studied along with
physiological aspects of Reference Japanese Man as the
basic model for dosimetry. The ultimate purpose of the
program was to examine applicability of the ICRP models
and parameters (for workers) to members of the public.

The result of an interlaboratory comparison of
29Pu+240Py  determination including our result was
published. Alpha spectrometric determinations of ??Ra in
bone yielded representative adult bone concentration
levels in Tokyo, 0.42 (mean) and 0.35 (median) mBq/g ash.
The Ra-Ca O.R. (bone-diet) was obtained which was
similar to the values in Sapporo and Kyoto reported by
Ohno et al. Specific effective energies for alpha radiation
from #%6Ra and its daughters were calculated using the
ICRP dosimetric model for bone and masses of source
and target organs of Reference Japanese Man. Annual
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dose equivalents in red marrow and bone surfaces were
10 and 145 p Sv, respectively as estimated from the me-
dian adult bone Ra concentration.

Diet samples collected by the duplicate portion
method from 31 locations in Japan in summer and winter,
1981-2 were analysed for %Th and 28U by the newly
developed ICP-MS technique. The daily intake per per-
son of #*Th and ?%U were 1.7 and 8.8 mBq, respective-
ly. Using IDES with Japanese physical parameters and
other parameters of ICRP, weighted dose equivalent com-
mitments for single year intakes were estimated as 0.4 ¢
Sv for 2%2Th and 0.3 g Sv for 238U,

Reference Japanese data including the adult, adoles-
cent, child and infant of both sexes was extensively
studied by Tanaka as part of the activities associatd with
the ICRP Task Group on Reference Man Revision. Nor-
mal data on the physical measurements, mass and dimen-
sions of internal organs and body surfaces and some of
the body composition were analyzed in relation to the
nutritional conditions of the Japanese population.

Some of the planned work remains to be done later
in a different program.
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Fig. 1. A full mass range scan with ICP -~MS of NIRS
Human Bone.

Table 1. Concentrations of Th and U in the biological reference samples corrected by the 21Bi internal standard.

Matrix y Observed Literature
concentration easurement (ng g (ng g™
Sample in solution No.
e (zgml-h Th U Th U
Orchard Leaves - - 350 1 67.0+1.7 30.5+£0.7 64 29
2 66.0+1. 7 33.2+0.8 — e
Bovine Liver - -- 750 1 3.80+0.16 0.89+0.06 — 0.71
2 3.29+0.15 0.89+0.06 e e
Mussel-- -+ -- 300 1 43.6+1.3 935+14 39, 40, 41 77
2 44.3+1.3 96.9+1.4 —
3 434+1.3 99.2+14 e e
Chlorella -- -- 460 1 8.46+0.38 139+1 5.6 94, 130
2 8.93+0.39 137+1 —
3 8.62+0.39 138+1 — —
Human Bone - - 400 1 181+8 55.6+3.3 — -
2 181+8 58.8+3.4 — —
3 153+7 66.2+3.6 e —
Human Lung -- 400 1 39.0+1.0 7.49+0.27 52 8.1
2 404+1.0 7.98+0.28 e e
3 41.1+1.0 7.83+0.28 — —
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Table 2. Operating conditions of ICP -MS.

Instrument
Mass analyzer—
Scan mass range

VG Isotopes PlasmaQuad PQ2 Plus
207.98 - 240.60 a.m.u.

Number of channels 1,024

Number of scan sweeps 1,200

Dwell time 320 p s/channel
Analysis time ca. 3 min.

from 210.00 to 230.00 and 233.00
to 237.00 a. m. u.

Mass regions

Plasma torch—
Frequency 27.12 MHz
RF power 1.20 kw

Position for ion extraction 7 mm from load coil

Coolant gas flow 13.0 V/min
Auxiliary gas flow 0.5 Vmin
Carrier gas flow 1.1 Vmin
Sample uptake rate 0.5 ml/min
Nebulizer Concentric glass type
#
1400 ¢ Th-232 XX u-238

Matrix Concentration
g mi-1)

- 888

34
s

10 20 30 40 250 300 350 400 450
Concentration found (pg mi~1)

Fig. 2 Effect of the total matrix concentration on the
determination of 2%2Th and 238U in a total diet
sample.

Table 3. Analytical results for NIST SRM 1571 Orchard
Leaves.

Concentration (¢ g/g dry wt.)
Element Present result Certified values Consensus values*

#2Th 602 £ 0.5** 64 £ 6 58 (3)
®WY 299 £ 05 29 £ 5 28 = 3(7)

*Gladney, E. S. (1987), numbers in parentheses are
number of data used to obtain consensus values.
**Mean = s.d. for three measurements.
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Fig. 3 Results of %8Py + 24Py analyses on SRM 4352
(Liver), squares denote whole bottle analyses,
and circles indicate partial bottle analyses.
Countings uncertainties are typically 5 percent

(Is).

2) R, HD2Th, 80 {5 LU Ra OERE

22Th & 28U OREHE2HAR OFHK G FREIX ThTh
25+12ng/g 3 L1144 +20ng/g T, WABFLAL1HYD
O &L 22Th ¢ 041+0.21 g, #38UT0.71£031 g
T%O fClZ)o

BEREOMBREWE ASLID, £E13» OV
Vv rsEvlLEA, R, R, a8, F - MmE, L
WD 6 HBICE & OIMERER 4IRS, EHTFH &840
EHEICIE K ERZERRO ATV, ¥2Th OBAE,
HIBRAICERROONADIRILAA LR, dkAA P
#H, dbBA L - MEOHAGDLRTHD, 35U DBFA,



Table 4. Comparison of daily intake of #2Th and 238U for six areas in Japan and two seasons.

 Location 22Tha

238U
and No.p Arithmentic Geometric Relative Arithmentic Geometric Relative
season mean mean Ratio® mean mean Ratio®
Kita—Nippon 12 0.29+0.11 0.27 93 0.70+0.28 0.64 91
Kanto 8 0.52+0.22 0.48 92 0.96+0.31 0.91 95
Chubu 10 0.39+0.09 0.38 97 0.81+0.28 0.77 95
Kinki 8 0.41+0.19 0.38 93 0.73+0.26 0.69 95
Chu - Shikoku 14 0.52+0.28 0.45 87 0.58+0.33 0.51 88
Kyusyu 10 0.34+0.19 0.29 85 0.60+0.34 0.52 87
Total mean 62 0.41+0.21 0.36 88 0.71+0.31 0.64 90
Summer 25 0.48+0.19 0.44 92 0.81+0.31 0.75 93
Winter 25 0.37+0.19 0.33 89 0.59+0.31 0.53 90

2 Daily intake, ¢ g per person.
® Number of samples.
¢ Ratio of geometric mean to arithmetic mean.

Table 5. A comparison of daily intake in adult males for 22Th and 28U between the present results and published data.

Th & U intake ( ¢ g/person) Location Time? Literature
0.41 = 0.21 Japan (31 prefectures) 1981 Present result
0.28 = 0.36 Mito, Japan 1984 -1987 Shiraishi et al. 1990

22Ty, 0.22 = 0.09 Los Alamos, U.S.A. 1987 - 1988 Shiraish et al. 1990
1.01 N.Y., U.S.A. 1978 Fisenne et al. 1987
2.2412.9 India (general / hospital) 1987 Sunta et al. 1987
3 Western Europe & North America 1975 ICRP 23 1975
0.71 = 0.31 Japan (31 prefectures) 1981 Present result
0.66 = 0.61 Mito, Japan : 1984 1987 Shiraishi et al. 1990
48 + 1.8 Los Alamos, U.S.A. 19871988 Shiraishi et al. 1990
1.5 Kyoto and Sapporo 1967 -1969 Nozaki et al. 1970
1.02, 0.86 Okayama (control, 2 places) 1969-1971 Yamamoto et al. 1974
4.55, 2.86 Okayama (2 mine areas) 1969-1971 Yamamoto et al. 1974
1.77 Okayama (control area) 19691970 Masuda 1971
3.9, 5.6, 9.2 Okayama (3 mine areas) 19691970 Masuda 1971

2387 ] 44 + 0.6 Utah, U.S.A. 1990 Singh et al. 1990
1.3 N.Y., US.A. 1978 Fisenne et al. 1987
1.3/14/13 N.Y. / Chicago / San Francisco 1967 Welford et al.1967
0.99 UK. 1972 Hamilton 1972
0.61 — 2.73 France 1977 UNSCEAR 1977
0.91 U.S.S.R. 1977 UNSCEAR 1977
59.2 /31.4 Gujrat, India (summer / winter) 1980 Somayajula et al. 1980
0.55, 2.2 Bombay, India 1990 Dang et al. 1990
1.9 Western Europe & North America 1975 ICRP 23 1975

2 Sampling time or reported time.
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Fig. 4. Frequency distribution of bone ?*Ra concentra-
tions in different age groups.

6Ra concentration [Bq(kg ash)~!}
Arithmetic  Geometric
mean=*s.d. mean s.d.

0.29+0.13 026 1.62

Number

Age group Sex analyzed

Fetus and Male and 11(813)®
stillborn  female

Child  Maleand 3(233)
(0.4-9y) female

0.5340.14 051 1.31

Teen Male 18 0.45+0.24 0.40 1.68
(15~19y) Female 13 0.37+0.15 0.31 1.51
Both 31 0.40x0.21 0.36 1.63

Adult Male 23 0.41+0.17 033 1.74
(20-69y) Femele 15 0.45+0.28 0.39 1.83
Both 38 0.42+0.22 035 177

All ages Male 46 0.41+0.21 035 1.72
above 14y Famale 29 0.41+0.23 0.36 1.70
(15-87y)  Both 75 0.41+0.22 035 1.70

2 Total number in pooled samples.
b Excluding one outlier.
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Table7. Some physical properties of Japanese Reference Man as compared with those of ICRP Reference Man for

Caucasians.

Organ, tissue, component

Japanese Caucasian

. apanese Caucasian
Organ, tissue, component Jap

(® Sp.Gr (® (® Sp.Gr (9
1 Total body 60000 1.06 70000 67 Lung* 1100 1.05 1000
2 Adipose tissue 11000 0.92 15000 73 Lymph nodes (dissectible)* 220 250
3 Subcutaneous (hypodermis)* 5500 0.92 7500 74 Miscellaneous™ 2612.1 2953.1
4 Other separable (omentum etc)” 3700 0.92 5000 77 Muscle (skeletal)* 24600 1.04 28000
7 Adrenals (2)* 14 1.02 14 78 Nails (20)* 3 130 3
8 Aorta* 90 100 79 Pancreas* 130 1.05 100
9 Contents™* (170) 1.06 (190) 80 Parathyroid (4)* 0.12 1.06 0.12
10 Blood 4800 1.06 5500 81 Pineal* 0.18 1.07 0.18
13 Blood vessels™ 180 200 82 Pituitary™* 0.6 1.05 0.6
14 Contents* (except aorta and pulmonary)  (2500) 1.06 (3000) 83 Prostate* 14 1.05 16
15 Body fat 10000 0.92 13500 84 Salivary glands (6)* 82 1.05 85
18 Body water 37000 1.00 42000 88 Skeleton™® 8300 1.40 10000
21 Cartilage 1000 1.10 1100 89 Bone 4500 2.20 5000
26 Separable connective tissue*® 1400 1.20 1600 90 Cortical 3600 1.85 4000
27 Central nervous system® 1500 1430 91 Trabecular 500 1.08 1000
28 Brain 1470 1.03 1400 92 Red marrow 1000 1.03 1500
32 Spinal cord 30 1.03 30 93 Yellow marrow 1000 0.98 1500
33 Contents (cerebrospinal fluid)* (110) 1.01 (120) 96 Skin* 2400 1.10 2600
34 Eyes (2)* 15 15 100 Spleen* 140 1.06 180
35 Lenses (2) 04 1.10 0.4 101 Teeth (32)* 45 2.10 46
36 Gall bladder* 8 10 105 Testes (2)* 37 1.04 35
37 Contents (bile)* (50) 1.03 (62) 106 Thymus* 33 1.03 20
38 Gl tract® 1100 1.04 1200 107 Thyroid* 19 1.05 20
39 Content (food plus digestive fluids)* (950) (1005) 108 Tongue* 67 70
61 Hair* 25 1.30 20 109 Tonsils (2 palatine)* 4 4
62 Heart* 360 1.03 330 110 Trachea* 9 1.08 10
63 Contents (av.)* (400) 1.06 (500) 111 Ureters (2)* 14 16
64 Kidney (2)* 320 1.05 310 112 Urethra* 9 10
65 Larynx® 27 1.08 28 113 Urinary bladder* 40 45
66 Liver* 1600 1.05 1800 114 Contents (urine)* (102) 1.02 (102)

*) Asterisked quantities make up the total weight; parentheses indicating contents.

5) AfE» O BTh i LU0 OEFERIC & 55 ME
HAABRASFOBEREDFHE 22Th 1.7mBq/p/d
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AR L 50, (LR E KB EE 2, REefloh{E
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BROHBEICRBERES LURROERRDRD 3,600g



Table 8. Total weighted committed dose equivalent (WCDE) and annual

dose equivalent (ADE) by ingestion for five age groups in
Japanese calculated by using IDES.

232’I‘h 23Ua
Age group

WCDE(Sv/Bq)® ADE(Svly WCDE(Sv/Bq) ADE(Sv/y)
1 year® 3E-06 2E—06 4E-07 1E-06
5 years? 2E-06 1E-06 2E-07 TE-07
10 yeard 1E-06 7E-07 1E-07 4E-07
15 years? 7E-07 4E-07 9E-08 3E-07
Adultd 7E-07 4E-07 8E-08 3E-07
Reference Man®  5E-07 3E-07 7E-08 2E-07
WRAeﬂfe%r_ggce Man® 7.4E-07 4.5E-07 6.3E-08 2.0E-07

a) The value of gut absorption (f;=0.05) was used.

b) Total of weighted committed dose equivalent in targets per unit intake, Bq.

¢) Annual dose equivalent.
d) Obtained by IDES. e) Data from ICRP Publ. 30.

Table 9. Specific effective energies (SEE) for alpha particles emitted
from 2??Ra and its daughters for Japanese Reference Man;
figures in parentheses being for ICRP Reference Man
(MeV g-! per nuclear transformation).

Nuclide

Alpha energy ZSEEBS«T.B.); LSEE(BS<CB); ISEE(RM«TB) ;

MeV) i i i

226Ra 4.785 (94.4%) 0.0243 0.00972 0.00486
4.602 (5.55%) (0.0203) (0.00810) (0.00324)

#2Rn 5.490 0.0280 0.0112 0.00559
(0.0233) (0.0093) (0.00373)

28pg 6.003 0.0306 0.0122 0.00611
(0.0255) (0.0102) (0.00408)

21Ppg 7.687 0.0392 0.0157 0.00784
(0.0327) (0.0131) (0.00523)

20pg 5.297 0.0270 0.0108 0.0054
(0.0225) (0.00901) (0.0036)

FU900g %, EhERHT R VF— (SE-
E) OBEMICIZREE]H 1,000g, FEEO
Mif2 100 g W29, RO Sh/- SEE OfE
% ICRP HEHE AICDWTEE Lo fs B & Holk
LTEIWCR LA, BAEFD2RaEED
R 0.35Ba/kg K4 (R 72T FiHE
0.42Ba/kg [K%) 6., Ra BLUZ O
"BOTINT 71O ARABRABFORT %
FERBUBOSIHE., FEEHLSLUEER
OMfIER LT, Zh7Zhlo (£/:1313)
pSv B LU145 (£7/213173) pSv iz

(E102R) . ThboOffi% ICRPEHEAD
BEEEYTOTETEHAVALER L HET S
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BERBOEERFTD &, MPFHESEE S
Z Lzl B,

—75. Fisenne |Z, Harley & Pasternack @
HEBRIZ & D 2Ra O 23 - B A R HNE
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10 pm OFEREIC D A BREN—FERICZT 5
TN 7 BRI EY 4Gy (BEYMET
80pSv) EHELTWAER, F—DHELT
RKOIAAADRADFERIREIT4.2 1 Gy

(84pSv) THYH, HREDOFEHL)VICH
fJ)O fC (%10) o

4. % W

1) &% — AERICIIT 5 Th, U, Ra DIE
& Ra DENEIC &, BFOBRLWE
(ICP-MS) BLUSHEERE— TNV T 7 -
ANZ b A B —OH LWk ¥ & Bl
LTHAADREN T — 2 2IE L7,

2) 22Th, 28U 3 k. (F26Ra OEREIC DWW
T, £EEE TR S h /- AR 2 50
L. BARAOREEERAHEE TSI &5
T&E 7z, I PG & B B RBUH
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BB OBAESHT & BUH R OB S DR

Table 10. Annual dose equivalents from « radiation from 2?Ra and daughters in bone of the adult
(20-69 y), pSvy-l as estimated from the median and mean 22%Ra concentrations.

226Ra #6Ra and daughters
Cells near Cells near
Dosimetric model for bone bone surfaces Red marrow bone surfaces Red marrow
ICRP 30 (1979) with Japanese
Reference Man 53(64%) 3.9(4.6) 145(173) 10(13)
Harley and Fisenne (1990) Marrow 10 #m from trabecular bone surfaces®
20(24) 84(100)

 Figures outside and inside parentheses are for the median [0.35 Bq (kg ash)~!] and mean [0.42 Bq (kg ash)-]
26Ra concentration, respectively.

b Original dose conversion factors in u Gy were multiplied by 20 (QF).



S NEMETH S,

3) BRalZDOWT, HRTF—ZDOED - L ERAHMXDF
PREAZH LML, XBMEEED THRADOREEICSE
T BN LEANOBTHRI(0.R. E) BRkDObh,
FREFEHEICH T AER2RaMDLOTIVY 7R EYE
A H AR ISR LCTEE L,

4) BEAAADORABTOLHFI4EBE - BROEEL
UK O—MOERFZESH, 1, 5, 10, 15F D
REHEOEEFEARE I N, CThOOEIL., BEEFE
EFNWOERIINGA—RE L TEETHLDTH 5,
5) SHOMBEE LT, EEREICKT 528MH b AGN
DT 7F /) A FEEOBIT - EEOWREL S LITED T,
ICRPEDORBMETNRBIUNT A —ZOBEERTT O LE
BBB, ZDIEMNT, REHEDOEAN L, HLWICRP D
PAELERLEA S, BARACOWTOER - B
2 L HL OEOREE BR T ARERDH D,

el

R1) Interanational Commission on Radiological Protection:
Limits for intakes of radionuclides by workers. ICRP
Publication 30, Part 1, Ann. ICRP, 2, (3/4), 1979 &
X O Part 2, ibid., 4 (3/4) 1980 (T 7»..

R2) International Commission on Radiological Protection:
Report of the Task Group on Reference Man. ICRP
Publication 23, Pergamon Press, Oxford, 1975.

R3) Ohno, S. and Watanabe, H. : Measurement of
radium—226 in bone of Japanese people. Radioactivi-
ty Survey Data in Japan, 15, 12-13, 1967. I L UF,
KEFEE AR L ~OVRSHERRE - BRI D A, Jst
B, 32, 367-372, 1989.

R4) Gladney, E. S., O’'Mally, B. T., Roelandt, I. and
Gills, 1. E. : Compilation of elemental concentration
data for NBS clinical, biological, geological, and en-
vironmental standard reference materials. NBS
Special  Publication 260-111, 1577(1)-1577(28),
1987.

R5) AHE=, LUNE, MTE : RO DOEDRE
LMEBEORE, FlLIEKEMRELI F—HE
NIRS-M-55, 1985, 33.

R6) Fisenne, I. M., Keler, H. W. and Harley, N. :
Worldwide measurement of ?°Ra in human bone :
Estimate of skeletal « dose. Health Phys., 40,
163171, 1981.

R7) Tanaka, G., Kawamura, H. and Nomura, E.:
Reference Japanese Man-II. Distribution of stron-

tium in the skeleton and in the mass of mineralized

bone, Health Phys., 40, 601-614, 1991.

R8) Kawamura, H., Tanaka, G. and Shiraishi, K. :
Distribution of strontium in the fetal skeleton. Health
Phys. 50, 159162, 1986.

R9) Tanaka, G. : Reference Japanese Vol. 1, Anatomical
Data, Safety Analysis Report, NIRS —M —~ 85, 1992.

[Frzess=]
1 ) Kawamura, H., Igarashi, Y. and Shiraishi, K. :
Determination of Th and U in bone ash by ICP ~ion

source mass spectrometry. J. Radional. Nucl. Chem.,
Avrticles, 138, 103-109, 1990.

2 ) Igarashi, Y., Kawamura, H. and Shiraishi, K. :
Determination of thorium and uraium in biological
samples by inductively coupled plasma mass spec-
trometry using internal standardization. J. Anal. At
Spectrom., 4, 571-576, 1989.

3) Shiraishi, K., Mclnroy, J. F. Igarashi, Y.
Simultaneous multielement analysis of diet samples
by inductively coupled plasma mass spectrometry
and inductively coupled plasma atomic emission
spectrometry. J. Nutr, Sci. Vitaminol., 36, 81-86,
1990.

4 ) Shiraishi, K., Takaku, Y., Yoshimizu, K., Igarashi,
Y., Masuda, K., Mclnroy, J. F., and Tanaka, G. :
Determination of thorium and uranium in total diet
samples by inductively coupled plasma mass spec-
tromery. J. Anal. At. Spectrom., 6, 335-338, 1991.

5) AHEEA, BARAZRE, BARE— @ BERNES T
NOFBEREE T 5 AWBES O, Radioisotopes,
40, 42-52, 1991.

6) Yamamoto, M., Kawamura, H., Igarashi, Y.,
Shiraishi, K. and Ueno, K. : Measurement of low—
level 225Ra in human bone by using 2%6Ra tracer and
alpha —spectrometry: approach without use of Ba
carrier. Radiochim. Acta, 55, 163 ~166, 1991.

7) WAL : BET VT » BEOEREK L FAERICD
WC. REEAROREDIDDT 7 a—F — ik
BROAMGRET - A8 - REHE-. BHEWERE
3 F - — X No. 20, NIRS-M-93, 1993,
106-122.

8) Tanaka, G., Nakahara, Y. and Nakajima, Y.:
Japanese Reference Man 1988-IV. Studies on the
weight and size of internal organs of normal
Japanese. EEHHEHREARE, 49, 344 -364, 1989,

9) Tanaka, G.: Japanese Reference Man 1988 -1II.
Masses of Organs and tissues and other physical pro-
perties. HAREFRHEFAEE, 48, 509-513, 1988.

10) Shiraishi, K., Nishimura, Y., Hongo, S., Yamaguchi,
H., Yamamoto, M. and Yoshimizu, K. : Internal dose
estimated from the intakes of Ra—226, Th—232 and
U-238 by Japanese using the internal dose estima-
tion system (IDES), Proceedings of International Con-
ference of Radiation Effects and Protection, held in
Mito, March 18-20, 1992, 413 -416.

11) Inn, K. G. W., Liggett, Jr., W. S., Volchok, H. L.,
Feiner, M. S., Mclnroy, J. F., Popplewell, D. S.,
Percival, D. R., Wessman., R. A., Bowen, V. T.,,
Livingston, H. D., Kathren, R. L. and Kawawmura,
H.: Interlaboratory comparison of actinides in human
tissue — 2Py and 2%Pu. J. Radioanal. Nucl. Chem.,
Articles, 138, 219-229, 1990.

12) Shiraishi, K., Igarashi, Y., Takaku, Y., Masuda, K.,
Yoshimizu, K., Yoshimizu, K., Nishimura, Y.,
Hongo, S., and Yamaguchi, H. : Daily intakes of
22Th and 2%U in Japanese Males. Health Phys., 63,

— 48 —



187-191, 1992,

13) Kawamura, H., Yamamoto, M., Igarashi, Y.,
Shiraishi, K. and Ueno, K. : Naturally occurring
226Ra concentratins in bone at verious ages and «a
doses in adults. Health Phys. 61, 615-622, 1991.

14) Shiraishi, K., Yoshimizu, K., Tanaka, G., and
Kawamura, H. : Daily intake of 11 elements in rela-
tion to Reference Japanese Man. Health Phys., 57,
551-557, 1989.

15) Shiraishi, K., Yamamoto, M., Yoshimizu., and
Igarashi, Y. : Behavior of trace radioactive elements

and other stable elements in Japanese diet. The Pro-
ceedings of ISTERN 3vd Inter. Conf. and NTES Nor-
dic Conf. on “Trace Elements in Health and Disease”,
Stockholm, 1992, 39.

16) de Leon, G. C., Shiraishi, K., Kawamura, H.,
Igarashi, Y., Palattao, Ma. V. and Azanon, E. A, :
Elemental composition of Philippine total diet
samples. Philipp. Nucl. J. 7, 2939, 1990.

17) EE—B  BEAAA, REHIE, 25, 49-60,
1990.



2 — 2 JHMEWE OFREE P GH

7oA
H

R OH
Fi# B

%_
E K R

& O M R CREEEIER)
(P HrgEs) . & B A IE GERIEER)

oIl B ' (EBIEIRR)

Experimental Study on Biokinetics of Radionuclides in Age Groups.
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Abstract

In the aftermath of the Chernobyl accident, it
becomes evident that dose coefficients for members of
the public are necessary. International Commission on
Radiological Protection (ICRP) established a task group
of Committee 2 charged with the assessment of dose
coefficients as a function of an individual’s age. However,
little data is available on the biokinetics of radionuclides
in juvenile and is a need to develop age-dependent
biokinetic models, such as for the gastrointestinal tract.
The present paper reviewed an outline on characteristics
of biokinetics of radionuclides in juvenile animals focus-
ing on the previous experimental data. The following ra-
dionuclides are discussed : 5*Mn, %Co, %Zn, 7Se, 1%Ru,
UmA g USC 1258h, B7Cs, “iCe, 28Hg and 3H. General-
ly, intestinal absorption and whole—-body retention of ra-

1. #
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DOTBEWERP OB NS, EWIETHH, &<
CELS RIS B W TII A TEREE, WERBARA LIIREZ -
TWAS, BEFMOBICEICAEE, BRokes,
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dionuclides in juveniles were higher than that of adult.
In the case of sucklings, it is very important to study how
radionuclides are transferred through the placenta and
milk. The transfer rate of radionuclides through the
placenta and milk is dependent on the period of gestation
at the time of dosing.

The IDES (Internal Dose Estimation System) which
is based on the ICRP model was used for dose calcula-
tion. We modified the IDES using the biokinetic data
which was gained by animal experiment. The IDES is
flexible because the absorbed dose can be calculated by
substituting  arbitrary physical and physiological
parameters and also substituting ingested dose coef-
ficients not only for the ICRP Reference Man, but also
for Japanese of 1 year old, 5 years old, 10 yers old, 15
years old old and the adult, respectively.
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Fig. 1 Whole-body retention of %Co~ chloride in rats
after a single oral administration.
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Fig. 3 Whole-body retention of Nas"5SeQs in rats
after a single oral administration.
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Fig. 2 Whole ~body retention of 1?5Sb - chloride in
rats after a single oral administration.
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Fig. 4 Whole-body retention of 657 — chloride in rats
after a single oral administration.
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Fig. 5 Whole—body retention of 3*Mn ~ chloride in
rats after a single oral administration.
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rats after a single oral administration.
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rats after a single oral administration.
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beagle dog after a single oral administration.
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Fig. 11 Relative concentration of 2H in tissues of suckl-
ings. HTO was administered orally to mother
rats after parturition.
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intravenous administration.
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mother rats after parturition.
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Fig. 14 Biokinetic model of Zn (ICRP Publ. 30)

Table~1 Ingestion Dose Coefficients [Dose Equivalents (Sv/Bq) to age at 50 years] for %Zn.

f; 0.5 05 0.6 0.8 1
ErHE | ICRP EEA A ABA 10%% 5 % 1#%
&l B 2.5E-10 3.1E-10 3.3E-10 5.5E-10 1.1E-09 2.0E-09
N EE 2.7E-10 3.2E-10 3.3E-10 5.6E-10 1.1E-09 2.0E-09
KB L#MEE | 2.7E-10 3.2E-10 3.3E-10 5.6E-10 1.1E-09 2.0E-09
KT #REE 3.1E-10 3.8E-10 3.8E-10 6.4E-10 1.2E-09 2.1E-09

i 3.8E-10 4.6E-10 4.6E-10 8.2E-10 1.6E-09 3.1E-09
kTR 9.3E-10 1.1E-09 1.1E-09 2.0E-09 4.0E-09 7.6E—09

B OR g 9.9E-11 1.2E-10 1.2E-10 2.2E-10 43E-10 82E-10

F 1 2.9E-10 3.5E-10 3.5E-10 6.2E-10 1.2E-09 2.3E-09

! B 3.5E-10 4.2E-10 4.2E-10 7.4E-10 1.5E-09 2.9E-09

R AR 4.6E-10 3.8E-10 3.9E-10 6.6E-10 1.3E-09 2.3E-09
B R E 1.2E-10 1.4E-10 14E-10 2.4E-10 4.6E-10 8.2E-10
EHEE 3.7E-09 4.3E-09 4.4E-09 7.6E-09 1.5E-08 2.8E-08
BEYE
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Development of Internal Dose Calculation Model and the Data Base

Updated IDES (Internal Dose Estimation System)

Shozo Hongo*, Hiroshi Yamaguchi**, Hiroshi Takeshita* and Satoshi Iwai***
*Division of Envilonmental Health, **Division of physics. ***Mitsubisi Atomic Power INC.,

ABSTRACT

A computer program named IDES is developed by
BASIC language for a personal computer and translated
to C language of enigineering work station. The IDES
carries out internal dose calculations described in ICRP
Publication 30 and it installs the program of transfor-
mation method which is an empirical method to estimate
absorbed fractions of different physiques from ICRP
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BEUBAYIETLa— FEER L, COFEVYATA
(Internal Dose Estimation System, [L# IDES &\»5) T
i, g, E, WERRE EoNSA—2EBEILEL
S TRIEAYRDOON S, IDESIZY¥M8 v F/N—
VI ave.—x (PC) CHFExHh, 16Ky + PC,
UNIX T —7 AF—¥ a VIEBEIh T3, IDESDY
AT LEERER LR Lz, & Tk, BRTRLEE
Pk E AW IDES IZOWTIRR, 77 v FARHWEK
FVIalb—va VILEBFEICODWTIBIE T 5.

Referenceman. The program consists of three tasks : pro-
ductions of SAF for Japanese including children, produc-
tions of SEE, Specific Effective Energy, and calculation
of effective dose equivalents. Each task and correspon-
ding data file appear as a module so as to meet future re-
quirement for revisions of the related data. Usefulness of
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Phantoms for Calculations of Absorbed Organ Dose

H. Takashita, H. Yamaguchi, S. Hongo, S. Iwai and K. Iwai

Abstract
We have developed a computer code IDES (Internal
Dose Estimation System). In this code, MIRD Transfor-
mation Method is used and photon simulation by Monte
Carlo method is also possible. We have studied Japanese
phantoms in two procedures, mathematical phantom and
“symbol phantoms”. Our mathematical phantoms realize
their height and body weights but does not hold some of
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organ weights, which were measured by TANAKA and
KAWAMURA. The symbole phantom can solve this
discrepancy and realize a realistic phantom, although it
remains problems of authorization and nomalization. Er-
rors were estimated for internal dose calculations and it
was pointed out that to use realistic organ weights and
parameters of kinetics was important competitively to
reduce uncertainty of the results.
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2 OFHERTOKER, L7 vV FAR—RFE

#£1 AME7 7V FAERICAWCBRADRREE

HEIHF
Organ N.B 1 5 10 15 Adult
TADRENAL 13 4.4 ( 40) 5.9  54) 5.0 ( 51) 11.8 { 30) 145 ( 43)
BRAIN 717.1() 11871 (15) 1388.5 { 13) 1480.2 (12) 1465.4 ( 09) 1424.9 ( 08)
HEARM 39.2 () 61.6 (23) 1062 (28) 174.31(31) 2767 (10) 3541 (21)
KIDNT 47.3 () 78.3 (45)  123.5(55) 180.0(32) 2582 (24)  313.6 (34)
LIVER 2621 () 4141 (30) 593.7(29) 869.8(22) 12350 (17) 14974 (23)
LUNG 127.1 () 2151 (43)  2920(41) 5048 (14) 10226 (21) 11463 (45)
TESTS 2.8 () 3.0 (160} 3.3 ( 40) 6.8 ( 86) 28.9 ( 46) 35.7 { 42)
PANCREAS  12.1() 33.6 ( 74) 40.6 { 35) 64.5 (35) - 1017 (26)  129.4 ( 28)
SPLEEN 22.4 () 44.6 ( 70) 58.0 ( 58) 80.1(29) 1204 (30)  118.6 ( 43)
THYMUS 23.7 () 22.1 ( 74) 25.3 ( 38) 415 ( 43} 34.9 ( 33) 28.8 ( 55)
THYROID 22() 3.0 ( 53) 4.2 ( 35) 6.4 { 33) 15.8 ( 28) 18.8 { 33)
HIGHT 67.2 (} 84.7 (05) 1103 (04) 138.9(05) 1657 (04) 1861 (04)
SITHIGHT 43.8 () 50.9 ( 06) 62.1 ( 04) 75.4 ( 08) 88.7 ( 04) 88.0 { 04)
BODY 8.1() 12,0 (13) 19.2 ( 14) 34.6 ( 22) 55.8 { 16) 62.5 { 14)
HEXTTF
Orgen N.B 1 5 10 15 Adult
ADRENAL 5() 12(37) 6.2 ( 50) 74 ( 43) 110 ( 34) 12.8 (41)
BRAIN 636.4 () 1002.5 (28) 1226.8 ( 18) 1300.7 ( 14) 1320.7 ( 06) 1288.4 ( 08)
HEART 29.9 () 59.4 ( 26) 95.7(33) 1624 (18)  219.0 (26) 2962 ( 22)
KIDNY 476 () 67.4 ( 43) 96.7(34) 182.9(16) 2499 (27) 2643 (37)
LIVER 2343 () 356.8 (34) 499.7(30) 868.3(20) 10822(26) 1280.7 ( 26)
LUNG 1128 () 2007 (36) 287.2(46) 4353 (39) 6758 (26)  854.8 (43)
PANCREAS 173 () 23.4 ( 28) 37.4 ( 22) 58.8 ( 23) 86.1(21)  108.6 ( 27)
SPLEEN 19,0 (} 31.0 ( 34) 57.0 ( 38) 76.8 ( 31) 92.7 (45)  106.5 ( 44)
THYMUS 218 () 21.8 ( 47) 16.1 ( 61) 26.8 ( 25} 27.7 (72) 23.4 ( 44)
THYROID 24() 3.5 (106) 5.1 (24) 8.9 { 36) 13.5 ( 20) 16.4 ( 36)
HIGHT 65.9 () 83.8 (08) 109.4(05) 139.5(05)  156.4 (03) 1625 ( 04)
SITHIGHT 43.0() 50.2 ( 08) 61.8 ( 04) 75.4 ( 05) 88.7 ( 04) 82.2 ( 04)
BODY 7.8 () 113 (13) 18.8 { 15) 34.3 ( 20) 49.5 (13) 51.8 ( 15)
() AR E

M5 oK 77 YV EATITY XA

L EEINTWARICEZ D 25, MESERNTHL
SHic, BRI BESFIEATTND B LD
BPTICEL - TV T5%, FEEBPRERRIH, &
SERT 7V P AREABLERE Ui, B=ZKT7 7 FAT
BEEAYEIHRDOS>H, [ EEF) TRINhLLDO%
BRICEE L, BEOA - RICOWTITEELR< MY
7 AN RBPVERIRAEILICEY, BlcrdITLICH
PATWAET 7V FAREHR SRS LD, HNBEIRTHE
BLOOERTAFEY DWW, BREMICERI N
BAABRABFOT 7/ FAOEEEZR6IC. 77/
ADEREERE 2ITRT,

() AR L-BEJE L DEEER L, TOfE
BLOOUTOBRIIEEMJELV/NEL o TWA T LER
LTW5, E—WEU7 7V FADEE, fER LT 7/
FABRER A T — 2 LD/ EDI o T, ThEE
X EORMSEERE LRGN LS R EDTRERI -
7B, HEEH-72HODORIID T 7/ P ADEEEEN
Pt T — 2 L0/ EDRIE > THASDRH B,

M6 HBEAARABFOT 7V bADLAEE

%2 fERLITY 7V FAOHBEE

HFEART
Organ 1 5 10 15 Adult
“ADRENAL 2.8(0.65) 44(0.75) 7.6{0.84) 12.6(1.07) 16.5(1.13)
BRAIN 884.0(0.74) 1260.0(0.91) 1360.0(0.92) 1410.0{0.96)  1420.0(1.00)
HEART 55.2(0.90)  85.7(0.81)  147.2(0.85)  245.0(0.89)  319.0(0.90)
KIDNY 52.2(0.67)  81.1(0.66)  139.3(0.77)  231.8(0.90)  301.9(0.96)
LIVER 333.6(0.81)  518.2(0.87)  889.9(1.02) 1480.9(1.20) 1028.3(1.20)
LUNG 174.7(0.81)  271.3(0.93)  465,9(0.92)  775.3(0.76) 1009.8(0.88)
PANCREAS  16.5(0.49)  25.6(0.63)  43.9(0.68) ~ 73.1(0.72)  95.2(0.74)
SPLEEN 32.0(0.72)  49.7(0.89)  85.3(1.06)  141.9(1.18)  184.7(1.56)
TESTS 6.8(2.28)  10.6(3.21)  18.2(2.68)  30.3(1.05)  39.5(1.11)
THYMUS 3.7(0.17) 5.7(0.22) 9.7(0.23) 16.2(0.46)  21,1(0.73)
THYROID 3.6(1.21) 5.6(1.34) 9.6(1.51)  16.0(1.02)  20.8(1.11)
HIGHT 84.7(1.00)  110.3(1.00)  138.9(1.00)  165.7(1.00)  166.1(1.00)
SITHIGHT ~ 50.9(1.00)  62.1(1.00)  75.4(1.00)  88.7(1.00)  88.0(1.00)
BODY 12.0(1.00)  19.2(1.00)  34.6(1.00)  55.8(1.00)  62.5(1.00)
HEAKTF
Organ 1 [ 10 15 Adult
“ADRENAL 2.6(0.62) 2.2(0.68) 7.5(1.02) 12.5(1.14)  12.7(0.98)
BRAIN 884.0(0.88) 1260.0(1.03) 1360.0(1.05) 1410.0(1.07)  1420.0(1.10)
HEART 50.6(0.85)  81.3(0.85)  146.00.90)  242.2(1.11)  245.7(0.83)
KIDNY 47.8(0.71)  76.9(0.80)  138.1(0.76)  220.2(0.92)  232.5(0.88)
LIVER 305.6(0.86)  491.2(0.98)  882.3(1.02) 1463.8(1.35) 1485.1(1.16)
LUNG 160.0(0.80)  257.2(0.90)  461.9(1.08)  766.4(1.13)  777.5(0.91)
PANCREAS  15.1(0.64)  24.3(0.65)  43.6(0.74)  72.3(0.84)  73.3(0.68)
SPLEE 29.3(0.94)  47.1(0.83)  84.5(1.10)  140.3(1.51)  142.3(1.34)
THYMUS 3.3(0.15) 5.4(0.33) 9.7(0.36)  16.0(0.58)  16.3(0.69)
THYROID 3.3(0.95) 5.3(1.04) 9.6(1.07)  15.9(1.18) 16.1(0.98}
HIGHT 83.8(1.00)  109.4(1.00)  139.5(1.00)  156.4(1.00)  152.5(1.00)
SITHIGHT ~ 50.2(1.00)  61.8(1.00)  75.4(1.00)  88.7(1.00)  82.2(1.00)
BODY 11.3(1.00)  18.8(1.00)  34.3(1.00)  49.5(1.00)  51.8(1.00)
(O ARERHEDTE
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Estimation of Collective Effective Dose Equivalent from Environmental

Radiation and Radioactive Materials in Japan —a Preliminary Study —

Takashi Maruyama, Yutaka Noda, Mitsue Takeshita and Kazuo Iwai*
Division of Physics, National Institute of Radiological Sciences *Nihon University

ABSTRACT

The peaceful uses of nuclear power and radiations
have been developed into a stage of practical applications
for human life. Radiation causes harmful effects to
human beings, although heman beings receives a number
of invaluable benefits from the nuclar energy and the
uses of radiation. Inorder to examine the optimisation of
radiation protection in these practices, collective effective

1. IL®IC

X\BIUBHBARRINTH L, 100EMAEE L X
5 &L TWB, TOI0EDHIZ, ABIZXRE M~
OB ERR L, ThO2ERSEEDOST CHRILTT
i, Flo, 1927 2 VIBRERTFFEEZRIELAL,
DEEPL, BFHEVIHF LI RINF—DFI AR
ol RTFOFBIZLY, HBSHEOE ., £ 0
HOWSHEWEN O bhb DKo Tc, 52 RAHE
R FDVBESHR B L OB EOFIRAREAITIZR D,
—E AR, BRAKMBERUCBARBS TS E D b ORI
Mz T, B O ATBSHRRC A LB E > 6 OB
BEOTHEME A & D 2 LI » 72,

B EDOLEM N BT B BE L OWRIIERFRTH
0. BE LU S ZIT HHBIIBERRTH B, KFD
PREHROFIAICBEE L T, zh bOFI Az RAo—k
R, D O ORMEBERED 5 WS B EEICEIR
THIEDRDD, IHIT, B - BROESITH N, A
DEFEFRRPRAICEB L, Vv MRIC K B8R,
Hiik b B O ¥ B PRI O RS, BARRK
FHRC BABSHIEMEORN L-E COBRBEMML T
b ZOFD—IRARDOEFORIE L TiL, 1960F1%
ORI E TR AKBEERP OO T +— N7 M &
LR, BEHEERY &2 LOWERD 5 IR
EHBIC L AWRENRD S, T Tl EFRERERE
PR A BR TR TOBED D OPIR 2 IREEWIR & T2 L.
TOBWRIZ LA —BAROEMABREYLELEZ 5,

dose equivalent from environmental exposures due to
natural and artificial radiations have been preliminaily
evaluated using most recent dara. The resultant collec-
tive doses were compared with those from medical and
occupational exposures. It is noted that, in Japan, the col-
lective effective dose from environmental radiation
sources can be approximately same to that from medical
exposure.

2. EMHRE
2-1. #£EREDER

—& 1z, FEFED Collective dose equivalent & #£ R &
BELV->TWBEEDTHD, BLUOHBCERREND
%, it Population dose DRETH A D, ERLMA
KhHRELVOEKRTH, EREE L VWO ARBEAW
BIERDBH, BEEFETCE, BEARBRECAMBER
BEREZ2EHOTEHRER L Vo TWAHR, FEKREILIE
R1IADLVOBETEZONDDT, £HKRE L ITRL
5, BERBEEOFEHIIBPETIE VLD TH B, 2 Tl
HEHAREEIEAREYELYERAT 5,

ICRP-26 (19774F) D T3, #H#HE S, BN TER
Iz,

S = le H P 1)

CCTC, H BERLAERAAONTV—T1 OBEAR
PPAD, £8B5WIHEOHR - BBO1LABDLDD
HBEMETH L,

L L., ICRP-60 (19904)) Tld, HE DS - &
TICH HEMEMER St 2 kR TEH L.

oo
Sp= So Hr - (AN / dHy) dHy @)
Z ¢, (AN / dHry) dHr i3 Hr & Hr+dHr OO 4
BEEZZTHBEADRTH 5,
EMIRE St Ik TLEFHE I NS,



Sr=2Hri N; (3)

Z T, Nri3EMOFOFHEE - BESMEE H
BRI LT TIN—T 1 OBADKTH 5,
/o, EFESGRE. SIHEATEBEIh T3,

s=§?&mNnmmEitm§&-M “)

Z2C, BREROY TN —T i OFEEGHETDH
Do
ICRP-26 Tl3E%hE B4 E He A\, ICRP-60 T
BEGHHEE LA CTWE, MEDEHRTHLOMER
HAER., BENKITIFR U TH S, EoEE. ERKRAT
FHEINWVWNS,

E=2%WT‘HT (5)

ZCTC, Hr iR - S8 T osMs s, WrillEgs -
MR T OBSWERRK TH 5,

Table 1 Tissue weighting factors recommended by ICRP

Weighting factors
Organ ICRP 60 ICRP 26
(1990) 1977

Gonads 0.20 0.25
Bone marrow (red) 0.12 0.12
Colon 0.12 —
Lung 0.12 0.12
Stomach 0.12 —
Bladder 0.05 —
Breast 0.05 0.15
Esphagus 0.05 —_
Liver 0.05 —
Thyroid 0.05 0.03
Skin 0.01 —
Bone surface 0.01 0.03
Remainder 0.05 0.30

MENERREIR 1O > KRG IhTW 5,
EREMER CESBEIL., WThIEENETE S
BETIHRL, RIER LGN L - THEBEMCER X
HBETHH, bhbhid, §iEY 77 FAERIC K
D, BxDEH T XNF—DHFE—LIZOWT, I -
HBBREAHE L, ICRP OFHICH > (EDBEUES
P L7z, Petoussib? 3, METVBIC L5 - 4
BREALRE. YR, MEBIUBAILOWT, TVF
ANEEFRANTHELTWS, BHoWLRd i, Ry
CUTFANBEEFRCWTEADIRNE—DEFIZOWV
T .
EHBREME L EHRELRD, MEOHKET> T
%, Zankl 59 I, ICRP 2EhE LTV 5HEEHEE A DOMERKIC
—F L7 T 7 v FPAERWT, EVFANMEKRIC L
DEGREYE L EHHRELITEL TV 5, RERNES
BRICFI A A700, BRPICHET 2 LEROHEAER
B, OB 0.5gcm-2 & CILHFARET 5 1B F R

AB30ABED DOSE INDEX RATT ICy h™")

TP LA EImICKIT 5EDREMUE I L UEDR
BAHRESPORE N —<DhHE LTEL:, TDL>
I, BERUHROMNTHIRIC L A EHHENE R LUEY
BEICOWTL, RROFET—2BFIATE 5,

B EESEOEBERIC X 5 P ERREOHEIC DWW T
i3, T2/ T4V OERICET AETAET IO T,
N OREOTFT—ABPFERATELIOICES LG IH
bo

3. BSHSEDY) —X 45— L4
BRFHRSHROFECE T sEER¥ERS (BENES
B45 5\ UNSCEAR 2 \5) i3, 1FIF4 —5FET L
CHRDOA 2 BFIT HHAROBE L Thic L 5 FEICE]
T AHMERT-0 PHIELTW5, HREDA % DFPHRYHE
BRPEICOWT, ThoOBREEH, DEENARH LS
B EMBTELD,
3.1, SEaig
BRIBERSBROMNRERICBGRT ABREF L LT, FHE1D
DOHEHER, Kib - K& OOMSE BEBRICES 7 +—
VT b LOBSHRAGY, LOEREET) . KEX
CEEY» O OBGHR., HEBMPER L EHERRD? OO
HmsEz LN,
3-1-1. HRKEEE

a. FHEHR

1RFHBE ZRFERI LTS, FHBICLAHE
i, BEERS LTRSS OWTHAICEZS, Yy
FESCRISE L7z 0 —12km OFE OZ2Rh ORI &R
. BEIC L ATITDEI VA, BEI L AT AR
ZEERLTCOAEEERS & P TS b b OFERBIEE
BYUBOBEIC LA MRRIIKEZ N TWAD, FH
RIS AEBZSOERIC W T S VA RIBY EORPE
TF—ARBHHN, BENEEESIT, BRSO 5FK
BONEHHERBRE LC08 #AWVWTWA, WE L~V
TR O A 4« DEEERS B 1ERICEZT 5 0E

ALTITUDE tumt

[X] 1 10 10
T T T T

gl SIUPREDRY PR |

. i~
* Raner (A1} s

ASEO DOTE INDER RATE (Gr v}

—

\..‘
s B-
8
T
3
3
G
I3
H
!
7
I3
/
/
!
1
!
/
!
’\
;
|
1
!
ABSO

IeaLEviL

» Ooette {11
Q O'8on 103,041
Py i}

o
0t 1 ]
CX) [ 10 100
ALTITUOL isomt

Fig. 1 Absorbed dose index rates at high geomagnetic
latitudes from the ionizing and neutron com-
ponents of cosmic rays at different altitude for
1969 and 1965.
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Table 3 Effective dose equivalent commitment to the
world population from nuclear tests

Effective dose

b. K & OBAR Radionuclide equivalent
AR BSHALEE L Th & OBAAERMIS, B AL sy
VB & CAICHEEL, AR, PIEEIRORE & ) A T~ 2600
CREBEEZ T B, SMEEIRC X 5B, BI LEM 15708 540
TIRELZHDT, Z2ICbFTELLNTWS, %Zr 200
() BAVRIR : LFORME, 1L DR L BHED sr 120
BRI I BT 5 LB 2 bh B, LHiRD YK, e 4
290 F 0 22 Th SATBEILEE & 2 NICHIG T 5 Hik 1 mTO 5 e
ERBPRERER 2 IR T, RO  OETERBEH 1811 33
BRI X BBACORBROWEATON TS, TNHOD g 27
FoACESVTHESNAEROFHMEIE. © 105k 1
240py 17
Table 2 Average activity concentration of 4K, 238(, Z:SIPu 9
Z32Th in soil and absorbed dose rate in air Im mFe 9
Am 4
above the ground surface. 895y 3
Radionuclide Dose rate per Average con- Absorbed dose Z;l())e %
or unit activity =~ centration  rate in air a / 135Cu 0.06
decay series  concentration in soil ¢ / 5 S :
in soil 85Mn 0.04
(10-* Gy b~ (Bq kg (10-* Gy h™Y) Kr 0.005
per Bq kg™) Total (rounded) 3800
WK 0.43 370(100-700) 1.6(0.4-3.0) a/ The dose commitment from “C will be delivered over thousands of years.
20y 4.97 25(10-50) 1.1(0.4-2.1) That part delivered up to the year 2000 is 7.7% of the value listed.
#Th 6.62 25(7-50) 1.7(0.5-3.3)

a/ The typical range is given within brackets.
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Table 4 per Caputannual effective dose equivalent from natural sources in areas of
normalbackground in the world.

Annual effective dose equivalent ( z Sv)

Source of irradiation

External irradiation Internal irradiation Total
Cosmic rays
Tonizing component 300 300
Neutron component 55 55
Cosmogenic radionuclides 15 15
Primordial radionuclides
K-40 150 180 330
Rb-87 6 6
U -238 series:
U-238—U-234 5
Th-230 7
Ra-226 100 7 1300
Rn~222—-Po-214 1100
Pb-210—Po-210 120
Th-232 series:
Th-232 3
Ra-228—Ra-224 160 13 340
Rn~220—T1-208 160
Total (rounded) 800 1600 2400

Table 5 per Caput annual effective dose equivalent and collective effective dose
equivalent from various sources in the world.

Present annual individual dose (mSv)  Collective dose commitments

Source of practice

per caput (World population) Million man Sv

ANNUAL per year of practice
Natural background 2.4 11
Medical exposures 0.4-1 2-5
(diagnostic)
Occupational exposure 0.002 0.01
Nuclear power production 0.0002 0.001
(0.03) a/

SINGLE per total practice
All test explosions together 0.01 5

(26) a/

a/ The additional long-term collective dose commitments from radon and carbon-14 for nuclear
power production and carbon-14 for test explosions are given in parentheses.
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Table 6 Preliminary results of collective effective dose equivalents from environmental
radiations (external exposures) in Japan.

Population Annual collective effective dose equivalent
Prefecture . . K

108 Terrestrial origin Cosmic rays
Hokkaido 5,639 1,692 1,498
Aomori 1,474 295 488
Iwate 1,413 410 385
Miyagi 2,258 813 593
Akita 1,221 452 324
Yamagata 1,225 427 345
Fukushima 2,104 884 589
Ibaragi 2,859 1,144 752
Tochigi 1,938 814 535
Gunma 1,963 550 548
Saitama 6,452 1,678 1,704
Chiba 5,586 1,173 1,468
Tokyo 11,683 3,739 3,084
Kanagawa 7,985 1,118 2,113
Niigata 2,470 1,112 655
Toyama 1,118 470 295
Ishikawa 1,163 488 307
Fukui 818 515 217
Yamanashi 855 222 262
Nagano 2,151 814 718
Gifu 2,061 1,237 569
Shizuoka 3,665 1,283 974
Aichi 6,658 3,262 1,735
Mie 1,792 789 475
Shiga 1,225 686 330
Kyoto 2,558 1,023 673
Osaka 8,559 3,937 2,251
Hyogo 5,358 2,465 1,414
Nara 1,382 553 371
Wakayama 1,071 493 284
Tottori 614 270 163
Shimane 776 248 207
Okayama 1,920 864 528
Hiroshima 2,839 1,278 759
Yamaguchi 1,555 606 414
Tokushima 830 315 220
Kagawa 1,022 572 269
Ehime 1,511 771 400
Kochi 820 412 218
Fukuoka 4,803 2,257 1,263
Saga 876 403 231
Nagasaki 1,552 590 408
Kumamoto 1,839 644 493
Oita 1,232 505 330
Miyazaki 1,165 489 314
Kagoshima 1,789 519 474
Okinawa 1,224 416 323

Total 123,102 45,700 32,900

Table 7 Preliminary results of effective dose equivalents from environmental
radioactive materials (internal exposures)

Radionuclide Effective dose equivalent (mSv/year)

3T (natural, fallout etc.) 2.910-%

uc 1.4x10°2

WK 20x10-2

SRb 0.3%10-2

210pp-21Pg 16x10-2

1%7Cg (Fallout only) 0.088x10-2

0Sr 0.12x10-2

BPuHPy 0.28 x10-2

217 m 0.10x10-2
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Table 8 Collective effective dose equivalent from medical exposure in Japan.

Diagnostic examination

Collective effective dose equivalent (person-Sv/year)

X-ray diagnostic 184,000
Mass screening (stomach) 16,100
Mass screening (chest) 6,900
X-ray computed tomography 56,000
Diagnostic nuclear medicine 4,200
Dental radiography 2,900

Total 270,100

Table 9 Collective effective dose equivalent from occupational exposure in Japan.

Occupation Collective effective dose equivalent (person-Sv/year)
Medicine: Doctor 8.5
Nurse 2.0
Technician 7.6
Others 3.9
Industry: Non-destrictive inspection) 2.8
General 5.5
Research and Education 0.7
Atomic industry 2.5
Nuclear power station 8.4
Total 118
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Estimation of Internal Dose from Radiocesium and Phantom

Masafumi Uchiyama and Yuji Nakamura
Safety Analysis Unit

A complicated model describing the movement of a
aradionuclide in both the natural environment and socio—
economical systems is usually used to estimate the inter-
nal dose to the public in terms of collective dose, taking
demographic data into account. The result can be cer-
tified for reliability in some compartments of the model.
One of the compartments is the body content. In the
case of radiocesium, the individual body burden can be
measured using a whole—body counter. The measure-
ment must be calibrated with a phantom. The public is
composed of individuals of various ages. Accordingly, the
whole—~body counter should be calibrated with a set of
phantoms approximating individuals of different body
sizes.

Relationships between counting efficency and body
size were analyzed on ¥Cs 34Cs or “°K incorporated in-
to the whole~body using a set of phantoms. Four sizes
covering average Japanese physiques from infant to adult
male, were chosen to prepare an anthropomorphic phan-
tom system. Some hollow containers which simulated
body segments were made from polyvinyl chloride and

1. 8 B

BUBIC I H S - O RIS & A AROEM PR
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rhORSHER AT, AMEOBEERNTE (HEigEk) &4
BrhoE, SRR LERED 5 WIRENETOR
EOREMED SHEE T AMENLHE (HEER) KX
h%, BEOTLHS, BHATEINRAR. BRZOMO
ERAYERTHE. CO2O00HELHBAICIVENS
U, BAVIEMA LT, ATEHREREDOHELfTONET
BH5, L LdsEMICOWTREIEE % A\ TREHER
HHIC LA AEOBSERHER LB A I, TOBBRAD
—REEBEETHET S C LI & D HEFEOZ Y4 ETF
Lz iz 670, B OGP B OB COFH
BHEEIREHEET 556, REEERBICR DL VB
THEHETCTINVORYM AT S LIl b, HEH
BT B THRIET A BB BEHFEIEWE E, £D

assmbled to use as the phantom. The distribution of ¥"Cs
in aquatic solution was homogeneous through the phan-
tom. A whole-body counter at the National Institute of
Radiological Sciences, which had two 8 x 4 inch Nal (T1)
detectors sandwiching the subject, were used at a rate of
5 cm per minute in a scanning mode. The measurements
were carried out in an iron room. Relations were
analyzed between counting efficiency and some an-
thropometric parameters. The best fit was given by a
linear equation of both reciprocals of height in cm and
weight in kg, with a correlation coefficient of 1.00 for %7
Cs. The result indicates that radioactivity of 3’Cs can be
determined for individuals with different anthropometric
parameters using the whole-body counter system when
a set of phantoms is appropriately prepared. This means
that effective equivalent doses for individuals can be com-
puted accurately from the measurements. Further, an
estimate on the body content from an dose estimation
model using measurements of radioactivity in environ-
mental substances can be evaluated by comparing the
body burden measured.
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Fig. 1 Balance of body segments in various ages.
(Redrawn from Matsuo and Morita, (1974).
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Table 1 Weight composition of phantom for two different ages.

5-month Phantom (kg)

Adult Male Phantom (kg)

Segments Weight of Container | Weight of Segment Segments Weight of Container | Weight of Segment
Head 0.56 2.40 Head 1.63 6.82
Trunk 1.07 6.03 Chest 2.07 12.41
Right Thigh 0.23 0.55 Upper Abdomen 1.71 9.87
Left Thigh 0.23 0.55 Lower Abdomen 2.21 13.57
Right Lower Leg 0.14 0.23 Right Thigh 1.25 4.96
Left Lower Leg 0.14 0.23 Left Thigh 1.25 4.72
Right Arm 0.22 0.44 Right Lower Leg 0.94 2.45
Left Arm | 622 | 044 Left Lower Leg 0.89 242
el B N
Total Weight 109%kg | e B

Height 162 cm
Total Weight 67.25 kg
Table 2 Physique and radioactivity of 137Cs of phantoms.

Phoantoms Height (cm) Weight (kg) Radioactivity (Bg) 0.03 T T T
5-month Child 66.5 10.9 1151% =
6 —year Child 119 25.8 2818*! &
11-year Child 146 42.6 4857*1 g omy Q oo e
Adult Male 162 67 1216*2 g

&
*1 As of 9 Aughst 1990 jE,D 0.01 [
*2 As of 4 August 1990 §
Specific gravity of Phantom: 1.08 ©
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20Bq THH, YT AL0IZOWTIT 160Bg (hU o Al
HiE, 52 Ths,

3. WBREEN
EEROTERICHEICHEM I 512iE. WBC I X A RIEH
KHEBREIZOW TR T 5B HWVEBE L, R
DOEBHBIFRATEY LT C2RETEELOND,
Fig. 2 1223 A7 ICDOWTHE IR L GEDS 5\ T 5
£ L ORRER Uiz, FNENOERKISS A — X O,
BB NI BEA~DOFHEEIRDEIR % Figs. 3, 4 IR L7,
T/ ARE & B ROKDOFEFHBADFHEHROMEF % Fig. 5
IR Lze BHRBIZOWT IO 2 0DMEK/NS A —R D
ARICEAZDPKREVWC EEERICANS L, RHIETE5
IS5 A= DA & FHREIRADEIR & T 5 LEH
HHD, cmFBROHFES H, kg BROMEE®W, cps/
Bq BROFHEHIREY CET . HRUWIZh Eh O
KDY OEERERBEUGIIKRA CTEEI N,

Y =-1.52x10-3+1.033H-1+6.64 x 10-2W -1 (1)
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Fig. 2 Relationship between counting efficiency and
height or weight.
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Fig. 3 Relationship between counting efficiency and
reciprocal of height or weight.
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Fig. 4 Relationship between counting efficiency and
logarithm of height or weight.
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Fig. 5 Relationship between counting efficiency and
square root of weight by height.

Table. 3 Summary of relationships between counting efficiency and body parameters.

Prameters
Coefficients

log H *1 log W *1 H-t*1 W-t#*1 JWH *1 (H-, W-1) *2
a 8.8x10-2 3.79x1072 -3.85x10-3 2.77x10-3 3.836x 102 ~-9.718x10*

-3.74x 102 -1.84%x10-2 1.596 1.879x 101 -5.386x10-2 0.899
c - - - - - 8.189 % 10-2

r -0.997 -0.961 0.999 0.999 -0.851 1

*1 Linaer Regression Analysis y=a+bx

*2 Multilinear Regression Analysis y=a+bH-14+cW-!
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Iz,

X K134 1K oW

¥=5.04x10"2—-10.41H-14+1.1997 x W-! 2)

F11 77 KACIZDWNWT

Y=8.702x10-1—1.103 x 10-1H-!
+2.109 % 10-2W-1 (3)
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y: Counting Efficiency in cps / Bq
x: log H, log W, H-!, W-!, WH"!
r: Correlation Coefficient

z: Counting Efficiency in cps / Bg
r: Multiple Correlation Coefficient
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Table. 4 Evaluation of counting efficiency of Cs~ 137 estimated for anthropometric phantoms using an expermental
equation on a set of anthropomorphic phantoms.

Phantoms Height (cm) Weight (kg) Date of Counting Efficiency (cps / Bq) | Ratio of Estimate
Measurement Measured Estimated to measured
3—year Child 96 16.0 2 July 1992 1.087 x 10-2 1.350x10-2 1.24
4 August 1993 1.124x10-2 1.351x10-2 1.20
11 -year Child 139 34.7 22 July 1993 7.506 x10-3 7.856x10-3 1.05
4 August 1993 7.614x10-3 7.856 x 10-3 1.03
Adult Male 173 64.4 2 July 1992 5.506 %103 5.557x10-3 0.99
22 July 1993 5.823x10-3 5.557x10-3 0.95
4 August 1993 5.859x10-3 5.557x10-3 0.94
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BLHETAZ & CREMECTIVOBERTIVE 21— 1) RFEEBREEC VW TOREENEERLHRER
H—0— FOXRBEETH Z &H, ERBEOHEL LUH (1988)

BRIZ L AREBEYEY A7 DBETEIC L > T, LATHHLE
25, BEYA FEBEL TR LREEEI VY 12—
F—— FEER LT, EF—2%BD, ThEHVTE
TIOFRM, BHEIN/REOBEEICOWT, KE%E
HED B T & BRI BIPIE Clad N EPORRE L & 2
bHo

WBC OFRIERE L Tid. AV I ADRER R
Moloe VY LM0 T AGRICEET DB Y
D ADFHINOEF LB E NI L RR YRS ICHEE T 5
EBMETH D, NESOBEN T VBRI RIVF—LE
HBIBEIUERTH> DT, COEMLOERND S
WIZHERIET QLB TH B, FNORL L THEMBRR
BR—EBOFEZ L THEH) 7 L40 HE» HOREHH
AR EOIEMELIIEC, GEHE & Fi & OBIEDIEE S

BLUTREFEOEA»DL, CORROBHAEET O
%

o

2) M. SFEHEHE FLREYE EHEEREE 08
F494)

3) HERAOGRKRERSE — R OEEIFRO /D
D— (1978F~19814F) BEEELE TEE KR B
AR JIS &Y 4 NS (1984)

4) ICRP Pub. 23, Pergamon press, Oxford (1975).

[BEsER]

D)AMIER, FRATA : 58340 0 A BGHREEY 2,
REAZSE. 1991. 11 (HH)

2) PIIUIESE : BOAHE© 2 AIC K 5 PIER SRR BLiEE &
77V bA, BEFREEI - )—X No.20
169-175, 1992.



3—3 O WRBERICEE TS 2 LRE/NNT A — X O

B oA M E i

]
(-

N /N
BB (BRI

PN VN G-

A Study on Environmental Parameters Which Affect External

and Respiratory Dose

Kazunobu Fuyjitaka, Masahide Furukawa, Masaki Matsumoto, Michiko Abe and Siro Abe

Division of Environmental Health

Environmental parameters which affect external
and respiratory dose of the public were studied. As
radon is the largest source of the public exposure, focus
was put on the meteorological parameters such as air mo-
tion and rain which directly affect radon concentration in
the air. The air motion was monitored through long-—
period observations of atmospheric "Be activity, and the
size distribution of airborne radioactivities, which affects
the magnitude of actual dose, was also monitored through
"Be measurements by the use of low-pressure type im-
pactors. The rain was studied mainly from a viewpoint of

1.8 @
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its scavenging effect on atmospheric radon daughters.
Analyses of data obtained by a high—seisitive rainmeter
along with a Nal (T1) scintillation dosemeter shoewd that
a large enhancement of the external radiation level is
caused by wet deposition of radon daughters in the initial
stage of each rain, and the increment is large when there
is sufficiently a long dry period preceding the onset of
the rain. Such enhancement is easily detected in case the
dry period is longer than three hours. It implies that the
concentration of radon daughters would recover in three
hours after it is decreased by the rain scavenging.
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Rain scavenging
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(Satellite Data)

(Simultaneous Measurements of Rain and Radiation)

Fig. 1 A schematic model of transport of radon in the

environment.
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Fig. 2 A schematic model of rain scavenging of
atmospheric radon.
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Fig. 3 Comparison of synchronized (left) and unsynchronized (right) enhancements of the external radiation level with
the onset of rain. The rain data were obtained at KUR by a conventional “Seesaw—type” rainmeter.
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Fig. 6 Observed time variations of the external radoa-
tion level and rain. The rain data were obtained
at NIRS by both the high—sensitive “Optical”
rainmeter and the conventional “Seesaw -type”
rainmeter.
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Fig. 5 Schematic models of the conventional
“Seesaw —type” rainmeter and the high—
sensitive “Optical” rainmeter.
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Fig. 7 Summary of aerosol particle collection samplers.
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Fig. 8 A typical example of the particle size distribu-
tion of atmospheric "Be at Chiba with a LP -
40 type sampler and an Andersen sampler.
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Fig. 9 Log ~normal plots of the particle size distribu-
tion of atmospheric 7Be at Chiba.
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Fig. 10 Observed time variations of the external radiation
level and rain. Three quasi-discrete rains are in-
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Fig. 11 Observed time variations of the external radiation
level and rain. The rain is continuous, and there

cluded. is no obvious enhancement of the external radia-
tion level.
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Fig. 12 Observed time variations of the external radiation
level and rain. The rain is continuous, but there
are enhancements of the external radiation level.
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Fig. 13 Observed time variations of the external radiation
level and rain. The rain is continuous, involving
several sharp peaks, and there is no obvious
enhancement of the external radiation level.
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Fig. 14 The incidence of the radiation enhancement
associated with the onset of rain. The incidence
is plotted against the preceding dry period.
Data in spring and winter are compared.
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Fig. 15 The characteristic timelength for the recovery
of atmospheric radon after a large rain
scavenging. The seasonal variation is shown.
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Fig. 16 The definitions of the relative (percent of the baseline Y N T T T

level) and the absolute (2 RH-1) increments of the
external radiation level associated with the onset of
a rain are shown.
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Fig. 17 The relative increment of the external radia-
tion level against the preceding dry period.
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Fig. 21 Trends of the size distribution of atmospheric "Be at Chiba.
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Fig. 22 Trends of the average particle size (AMAD : Activity Median Aerodynamic Diameter) at Chiba.
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