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Transfer of low level radioactive substances released

into coastal water to human being
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Studies on uptake and loss of radionuclides by marine organisms.

Abstract

Uptake and loss of '37Cs, *5Zr- ®SNb and *°Fe
by marine fishes were observed by the radio-isotope
tracer experiments under laboratory conditions and
concentration factors and biological half-lives for
these radionuclides by the fishes were estimated.
Concentration factors of 137Cs by fish muscles calcu-
lated at 200th day as 17.5 - 27.5 were lower than the
values obtained by the field survey on stable or
radioactive cesium suggesting slow turnover in fish
muscles and contribution of food to the accumula-
tion of the nuclide.

Transfer of radionuclides associated with sediment
to marine benthic organisms was examined by rearing
the organisms in contaminated sediment or adminis-
tering the sediment orally to the organisms. The
transfer ratios of the nuclides from sediment to
organisms were less than the concentration factors
based on seawater by the factors ranging from around
100 to about 5,000 depending on the species of
organisms or radionuclides and it was suggested that
water pathway may be predominant for the accumu-
lation of radionuclides. Relatively high absorption
efficiency through digestive tract of the fishes for the
sediment-bound radionuclides was supposed in the
case of marine demersal fishes.

Taku KOYANAGI,
Hamaji SUZUKI,
Shigeki HIRANO,
Motokazu NAKAHARA,
Toshiaki ISHII,

Mitsue IIMURA,

Taishi UEDA,

Yuzuru SUZUKI,
Ryoichi NAKAMURA

Accumulation of radionuclides through food chain
in marine ecosystem was studied by feeding shell-
fishes with labelled phytoplankton and seaweeds or
by feeding fishes with assorted feeds labelled by
radioisotopes. Absorption of ¢°Co by abalones was
affected by the species of the seaweeds as food and
47% of the administered dose was retained through
Laminaria japonica, whereas 31% through Undaria and
26% through Eisenia. Absorption of the radionuclides
by the fishes fed with labelled feeds was most
significant in the case of *®7Cs and ®5Zn and transfer
rate showed the maximum values at 48 hours after
feeding as 100 and 24%, respectively. About 45% of
the former distributed in muscle and 52% of the
latter in digestive tract and blood of the fishes.

Key words

radionuclide: marine organisms: concentration factor:
sediment-bound radionuclides: water pathway:
contribution of food: foodchain: transfer ratio:
biological half-life: accumulation: absorption:

fishes: shellfishes: seaweeds
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T H A Nereis japonice 3 L UL BE LTS 5 n
FHgEE L RETCHE L, BHEOEY~OBITELE
SROTHRD HOB Y AB I L HIEFERE L BT 55
I TEKEBETOFEOEEG 2 ~e, X, B
KHD E O LBEBIC L > TREROIBILE D OB
BE DI Z b U RN 218 885 L e,

80Co D EERAEICHE L T EIC X AH DAL, Hithi%
M BROTEHE, HAHCEERT b ERIERBEE Y I v T
7 ¥ Haliotis discus CHE LT Co OB %E KD
Feo XU OCo TEBLAWEW S22 b 3ER
2 M H Mercenaria mercenarie R 5 L TBITRICKRIZ
TEBERL BN, BRE~ORIEEEOBTICET
B EDEBICDNT, *Mn, ¥Co, %Zn, ¥Sr,
WRu~16Rh, ¥ Cs HXf ' Ce-1*Pr % b L—F—
ELTHRMLCHEBKPCEE LaBa, v FHARH
BICRMLCRE LABS S LUMEOHEESEIC L 5 T,
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Table 1. WiRL%, Cs DOEBERA~OEBHEREL,

T =T MHED BT Cs DT 4~ NV =4 TR,
258 Cs DEBFERTH, 4 2~43LE9 L (—&KL
RSB N TABY | U P EBRCOEI D b D
B Y aAS TEHEDLITEANEEZR Ly BHHERIC I - TK
b FAEWEEE B S . =5 T3 0RTIE9 0
H & HBEP OIS 5, HATE100~260
ARECEIER Sh T, T2z FEREL AR5 I
AREBMO TR 5% 2 bh e L, KROHED o,

5L oMb AROEED D L EE BB B b b,
FHOEEERDS LWEHAEWFNERIC L 5T 4 -
M ROEBRSETOBRAMEOMOEREFTEAMNATE B &

Bbih b,

Table 1.

Concentration factors of " Cs by tissues or organs of marine fighes.

fighes ISHIGAREL SUZUKI ISHIDAI UMAZURAHAGI INADA
( flounder) ( sea bass) (parrot figh) (file fish) (yellowtail)

organs or Kareius Lateolabrax Oplegnathus Navodon Seriola

tissues bicoloratus japonicus fasciatus modestus quinqueradiata
Liver 10.8 6.1 11.8 8.1 12.0
Stomach 7.9 18,9 19.5 10.3 7.7
Intestine 8.2 21,7 16.3 24.0 17.17
Gall bladder 2.8 5.3 3.4 2.0 2.1
Spleen 10.7 15. 4 13.0 13.6 13.5
Kidney 8.2 13.3 12.4 15.3 11.86
Muscle 8.1 17.5 22.4 27.5 14.5
Scale - 3.4 5.1 - 4.2
Skin 4.2 4.0 4.7 7.5 3.6
Gill 4.4 5.4 6.5 7.3 4.4
Bone 2.4 4,2 7.4 4.5 2.1
Blood 1.5 1.6 1.6 2.0 2.5
Gonad 10.7 i5.0 ——— 10. 8 14,2
rearing

period(days) 110 200 200 200 30
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NFe OEMUABICENTITT, vaa, LA E
NOBFNBHIEE~OBRECIHIDEEL LN LD,
B~ EHEIE L XTNORBICHm Le
¥pe OBEEIEE ICBWER DD - 7%,

(o) MEEBRHIEIC L B VT Cs DA & B

= gapl 4 QEEROMEKT ¥ Cs T4 5 RE L
FA&EEC5 ~ 7, RETH 8~ 1 2BE THRT b
~OH Y AIHEIELAp, BEELTCENTS W L5
BE, Rh EOTMERKEI0 ¥ Cs 05BRT 5,

7 5 AHoOH HERCHR L A EAFEBIEN9 0
BrehRiEOTh LBAE Lny, ROz~ ATl
31 HEMLBOEIAERER L, —HRICEKGE
@ ¥ Cs IOk T B BHEFREUL 3~ 3 OBRE CPBEO E
& A L\ sl EEREIC  LRELITEWRER 2R L
fc5>0

(3) BEEAIC L HEHFUEROEL» L0 R

80 Co #RAE I LA WFTRE Ly r T et L b %Co
O EFHEEAKPCEE Ll ol 5, HASTER
TAENZEL 0OFFEWHERE R LA, V¥ /Y2 TH
FEMICHEZERS D LD bR N, AL, BED%E
EORE Licd ¥ #vA Tl %Mn, ©Co, %Zn W5t
L10~2 0 %HEoBINE R L)

MBS, AP LUEEEOTH A LONTEHAL
7 W B LN OB FEOBITRIBBICL Y E% s b
HABOEND LN B0, ThEHKPRETERE L
B AR OB L BT A &, MMn, ¥ Fe, ¥ Zr —
BNb % EDFICT 00~ 1 0BEO 4 — £ — THIKH
5O Y ARBEERICEN % Eb58EE, ¥ 2Zn,
H0a, T Cs OREICT 02 BB NEAERTO A - &
— CEEH, bOMIIC L AAIT L ER LB WKRE

B BEI LS )10

(4) BB, W7 52 b rICE B 0Co OBIEE

B

FU- - KBROKR, RE1E, BE6E, AH
2BOVWTNY OCo OEVAZEH 1 0 BRTIEIT
FEICE L, BEERI V- T-EBRTL, BFE
Co 2R L TROABETHIRTFELAWBERETRL
s, BEROBOM T 2HOERMEA LB LI, 8
HBEEDRALICH b, X, BEOIPALFIC R
ThHE, REOBAZFTLWERI D &, HnHi~
DOBREDE L EE 23S b, BEREEOMKE T, 15
BE N T AR D & OBRE SBEER TORSHE
HLENWEEETLEOTE—DM%E b bTERMBN
(OnEL N D LT S b, EICKRIGMRE T
Tnb, —H, A= V5947774 -CLBBRET,
0 Co DMBEADIE BRI N TN B BN &0
LR, arT, TIALDNTHBEHEEABEHD
TAREIREE Z o L e, 0 ColdEE L TREEIC
EFLTWAEN DD,

number total weight guantity absorption rate
of exp. of three of food
abalones

(g) (g) (%)

seaweeds

Brown algae

Laminaria 72,7 1
71.3 1
712 1.
73.1 1.5
70.0 2.0 52.0
68.7 1.9 48.9

verage * standard deviation 47.1%3.3

34.1
35.6

Undaria 9.6 i
88.2 2.8

117 2.2 15.5
71.3 2.6 30.1
73,4 2.9 32.9
2.6 3.6 34.9

30.561 7.6

G0 e B @G R

average  standard deviation

Eisenia 1 88.9 2.2 18.8
- 2 90.4 1.6 25.7
3 90.2 2.0 24.1

89.3 2.5 22.2

average ¥ standard deviation 25.5% 6.3
Green algae

Ulva 1 51.3
- 4 41.8
1 52.4
3 415

46.716.0

1
2 4
3 87.2
4

average ¥ standard deviation

Table 2. Absorption rate of % Co in abalones
(Haliotis discus)two days after inge—
stion of labelled seaweeds.
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Partition and accumulation of artificial

radionuclides among sea water, sediment and biota

Abstract

Concerning the uptake of radionuclides by the
useful marine algae, some investigations on the effects
of physico-chemical forms of radiorutheniuvm and of
the coexistence of sediment were carried out using
the radioisotope tracer technique.

Four ionic species separated from the nitro-
sylruthenium chlorocomplexes showed the different
affinities for the algae. Hizikia fusiforme and Ulva
pertusa tend to concentrate the cationic species, but
Porphyra tenera rather prefers the anionic one.

Partition of radionuclides, ©¢°Co, 1'37Cs,
957r-95Nb and ' ®¢ Ru-' °®Rh, among alga, sea water
and sediment was examined by application of a three
compartment model to the experimental results. The
exponential formulas of distributions were obtained,
and by comparisons of calculated transfer coefficients
and their ratios, the effects of sediment competition
against the alga in radionuclide uptake were examined
quantitatively. Theoretical activity ratios of radio-
nuclides in alga and sediment, in a equilibrium
condition, were calculated, and the biological half
lives of radionuclides in the alga were also shown.

Some radionuclides contained in the marine sedi-
ment samples, collected from the coastal area around
a nuclear power station, were examined to know the
patterns of sorption on and desorption from the
sediment. ¢%Co, *37Cs and 5% Mn contents in particle
size fractions of the sediment were proportional
directly to particle surface area of the fractions,
suggesting the radionuclide sorption onto the particle
surface. It was also suggested that a considerable part
of %%Co and '®7Cs were accumulated irreversibly in

Yutaka NAGAYA,
Kiyoshi NAKAMURA,
Masafumi ISHIKAWA and
Ryoichi NAKAMURA

the sediments.

Key words

radionuclide partition : competitive uptake :
physico-chemical behaviour : marine algae ;
marine sediment :sea water
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BB BN TS OB Sh 5 &V <SR
hrEth b suEoR T ' Ry BiEkF To
EELERERZ A TEEINTKWAS, RI Pv—9—%
BRICL Digat LR, BB TEERTO 1% Ru
DODRTHZYPELEThALEL LR A= A
TovaeuungRl BRI TF =0 a e Jungl
HETRHBEEDCL ZBEHOBRECENS D T &0
HB Lo BA=PRYALTF =Y A« 2 o nditkid
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Table 3 Activity ratio of nitrosyl -
ruthenium chloro—complexes in marine
algae

\\\\\\\\\J;Inplexesl A A, N o

Algae

Hizikia fusifcerme | 45 55 60 250
Ulva Pertuse 126 163 166 176
Porphyra tennera 25 63 40 30

BiE e v (Hizikie fusiforme) &G T 7 A&

(Ulva pertusa) Cl34 4 v BEORBHEINE I,
RG#E 1 A4 > 78 (Co) > FPikgh A 4 78 (ND >EE kg A
# o (ALAD) OIETH b, B e v %R L5
4 A FEBORGENEDL Lne CHICK LAET V2V
/) (Porphyra tenera) TUL, [&gh( 4D 1 DT

B, BB OwBEIENHRODEY FKER
FINEEBEO—DICEEERPDORER S b, REE
BOBEOLEEFEET, Lt CEOESEE
S EER I RECHEET 5, T REBEERDZ
A EEEOBGER DR TRk E <, & 5FREEK
b OB ORZEE (EXTRACTOR) &L
T, EMOBE T HEKF~OIEE (SOURCE)
LLTEEZBE TR AT LEINTWE, TOHTHE
B35 AKCRI bv—3—FRICL Y, BERRESH
TEBICRONLTF 749 (Ulva pertuse ) OigE
HRYIE T TORSMERRE (°Co, '¥Cs, *° Zr-
**Nb, '°° Ru- ' RM)OERMOBM L83 Lz, E
BREROBTKCEa >y~ Ay b =T E B
FEBEOSEOBFENIMATELEA Lk, T42bb,
BB, BAPICEEERDE Ththa vy = 2
M1, 2L EL, FHtCRTEET N~
FAY PADORI OFEERE At Wt LSt 7>
A= p AP iDL §NOBITRE K] ETHESD
ECEE

dAt/dt=-K,, At+K, Wt

dWt/dt=K,, At —(K,, +K,, YWt+K,, St 1)

dSt/dt=K,,Wt—K,, St

DEOSWERLINDL, (HL, v S—FA> 13T
bbb, BERED S BERNOEEOR]I oFZH W
BDEEL TnD, TOMROMEIE,

At:CA]_' e_xl t+CA2'e‘R2t+CA3
Wt=Cyyp» e ?1t4Cypoe™2t+Cpz ©)

S tzCSl- 8~X1t+CSQ,‘e~"l2t+CS3

TE2bh%, CRIVATEHRTS 5, ERTHELS
EERORRELOS TELI L QXN eRD, chbd
WHXOKij 25tE Lo HEBOEE b W8 L EER
WHEEGETHHECHBRE L 2EE - EKE S L%
7K - HRRYHOBITREOLEETE T 5 &, Table 4
CRT LD IR B,

BWEBET T T TAE—OH1 4 B LTI
FEOMEIC L - TBEORESER - Tihbo Th b
OEBE, BROMEOE — WRmH (BArEEY
Y OEREE)OE — &, BROKREER < SOE
BERCIBIDEEZ LD,
@ WBE Mk - RN O KSR E S S
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Table 4 The ratios of average transfer

coefficicents
KZI/KIZ KlzB/KBZ
80 o 0.210.05 4004050
137 Cg 0.03-0.01 0.07+001
9 7y—95Nb  233+087 1.50-0.23
106 Rp—-19 Rh 0904051 0324013

BITREUILK, , /Ky, FiEKr bB@B~O, 34K,/
K, [ #7KH SR~ O INBIOREL 2% L
BLOT, Thi “DEHE” LRICESFETH L.Co

HEHRMPOEBOBNC L ER L TnE,"" Zr#5Nb
PHERDCERIN BN, COBERBE~OSED
ORI~ DOFNE L35 Tn b O TIEHEBWO
A 0 Co DB ERE < B\ 137 Cs BHREE %
O EH LSBT NN R~ OSEEIR
NeeE X5 Tnd, WRy=-1Rh (=t rvrry
=vae=b3 MEEE YT Cs LD AEERE LU
T~ FE I BV, CTOBREHEE~OFEIHERD
FHEAEE AT, B LNBTREE BK T, SR
SEHETIREE(CE L 2 B OB » W B L Or gk - HETEYD
M Activity Ratio LiFEEFP TORI OAEMZEIHER

OFELHEER LD L HERBY~ O DEADF A 20 £ 3E < HAEEIE T 5 &, Table 5 (CRIFENE LN B,

Table 5 The activity ratios for green alga
(Ulva pertusa) and marine sediment, and
biological half lives for green alga

Activity ratio Biological half

life (days) for

marine sediment

Ulva pertusa

Ulva pertusa

60 g 210
137 (g 30
95 7~ 95 Nb 2330
19 Ry —1%%Rh 900

4000 10

70 7
1500 26
320 24

CHOLOETBIEE TICHE SN T HHUE & i35
& MEEHERIMIO Activity Ratio O—8 2B &, 13iE
—H L TWnb,

I, HE7K & RO FAE R LA RIRICGEWIRETD
S EMET L e FEBRICHE L Tl FEKEE 4 m OFASHE
NEBEEE LT, K- ERpOERILE 100 1 1&
L. % 2ERWOM - o7 EOEFEBRE LT, T
B, TIRO 3BTT T o VAR 5 S0 S ERE L
R % A7, Table 6 CHER TR To

Table 6 Average distributions(%) in 14 days
after initial abbition

green alga sea water sediment

80 Co 443 945 87 + 8

137 Cg 0.8+02 82+13 17413

95 7r~9%Np 4144 541 54 -+ 3
106 pu—108Rh 26410 113 63412

60 Co (213 & A & 3B IEHEREI R ICRAT 3 2 25,177 Cs

R EA EVHEKFREE ST 5, °° Zr— " Nb I35 HE &
R ZIEFREAR IN S, 12 Ru-1° RhoBs
FHE~ODREAMBIOThOK 1/2 TH Y, #EKE
K10 BdsRbBo & HBFTHRED LEM L ik -
RO Activity Ratio % Table 7 IR T,



Table 7 Average activity ratios in
marine sediments

80 o 400041300

137 05 30+20
95 7r—95 Nb 18004300
106 Ru—196 Rp 9004400

Table 8 The radionuclide distributions in the different particlesize

@ wEER~O U EEoRE DY

BEERWICL 2RI EHEOBEEZRI brv—v—%
BLS I, HEOFHNEBC DWW TR b7, B
EHETORFHIREFRLOBELERD #F B LT
ER Lo BEEBRYEEHINL CRESNOSEE L, £
NZERC DN TALR L U RAESEEEESRE T

fractions of the

sediment collected from area ¢ in Jure, 1974

Diameter(mm) Weight Surface 137 Cs 60 Co BApNpER A0 Rk 238 [k
area™® :
range mean (%) (%) (%) (%) (%) (%) (%)
2000-0500 1.250 3.2 0.2 0.3 1.6 2.2 2.0 5.1
0.500-0.250 0.375 8.5 1.4 3.9 3.2 3.2 8.5 10.6
0.250-0.125 0.188 2 3.0 10.1 16.2 10.8 19.6 231 : 194
0.125-0075 0100 16.9 10.4 155 10.5 125 201 175
Below 0075 0.038 48.4 779 64.1 73.9 62.5 46.3 474
Total 100.0 100.0 100.0 100.0 100.0 100.0 1,000
* Calculated using the mean diameter and the weight of the fraction.
#% Determined by gamma—ray spectrometry.
LT, TOREOERS L U TFENENLEM L 2ei 3 omee: (s-137 ¥ = 126X + 88 3
FREM L OMBE~ REBKR Lo FRE Table 8Cr | L 5
= e (0-60 Y=1,16+ 116 |
LThbo ATHEMERTE ° Co, ¥ Cs b £ U " M g o g Bl 3
B ()R FREM (%) & EXFIOBRICS b, —HK g 2
BB YK PP UB (R RRTEERE (%) &E 2 "
HHIOBERICS 5> T, AT SEREENFRE~NGE 1000 " 4 5gg
INTEHY, FTRRABFNERBESERYR F2ECE
TR TNETEERRL Tha,
3 RBEES L CRAOEERRY T 8 Sl HER T
HL, ST L AR L, ROBEERY T ¥ X 500 4+
~Z7 MASHT L, BAERELET 5L Fig.2 R £
FLOI O ConLtr 1% Cs ORIBHAL 2RO ko
W8 O0DTHA, BHEHERTT LHEATEERIHH 2
ﬁf{?‘% c L, ?@E%fﬁ%«@ﬁ%ﬁﬁ@@ﬂ%i@% 0 . ACID-EXTRACTED (P%I/XG‘DRY) 0
0 500 1000 .
BRAHFHRIBE L% %, BERE SN L EEE - ‘ . Co-€0
0 Cs-137

B OBAEEERE O T E, Decay Out
€& B35BT, R T ORI JEHBLRT

Fig.2 Correlations of the amounts of total
and acid-extracted radionuclides in
the sediments.
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Studies on concentration of minor stable elements

in marine environmental samples

Abstract

Information on the physico-chemical state and
quantity of stable elements in marine environment is
frequently required to analyze the radioecological
behavior of radionuclides released from nuclear facili-
ties into the sea. In this work, determination of stable
Mn, Fe, Co, Zn, Zr, Rb, Cs and some rare earth
elements (Ce, Eu, Tb, Yb and Lu) in seawater and
marine organisms was carried out and the concentra-
tion factors were estimated.

Seawater and marine organisms were collected on
the seashore of Ibaraki Prefecture and analysed by
means of neutron activation analysis or atomic
absorption spectrometry depending on the elements
or samples.

Average concentration factors of the rare earth
elements by marine organisms are estimated as 3 x
10" : muscle of fish, 5 x 10? : soft part of clams, and
2 x 107 : algae, respectively. Concentration factors
by muscle of fishes were 10° : Fe, 2 x 10% : Co, 5
10% : Zn, and 5 x 10" : Cs, and those by soft part of
shellfishes were 10% : Fe, 10° : Co, 2 x 10% : Zn, and
10" : Cs, whereas those by algae were 2 x 10% : Fe, 5
x 10% : Co, 10® : Zn, and 3 x 10" : Cs, respectively.

The high concentration factors for numerous
stable elements by shellfishes and algae suggested
‘heir suitabilities to the indicator organisms for
nonitoring of marine polluticn by these heavy metals
ind corresponding radioisotopes and also their signifi-
sant contribution to the internal radiation exposure
0 man as radioactive seafoods.

Hamaji SUZUKI,
Toshiaki ISHII,
Mitsue IMURA and
Taku KOYANAGI

Key words

stable element :physico-chemical state :

marine organism : sea water : concentration factor:
neutron activation analysis ; atomic absorption spectro-
metry )
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ORb, Cs. Fe, Co, Zn, Zr HIUHTIETHE
EHEMLANTE BT RADHE L Ao TER L, &
FERIh LR OR ABE~OEE & TOov -~
LN LORETLEDOERFER D LHE L
(1) Wk X O HEIE A h OF L IETe S L

B AL IR 2 S HH 3 1 B v S B
WP 14Ce RO AR O SIER TR NE
FNDTENTFHEINTA D, TORD, HKPOH
THTTRORE LT oFERES L EEDThOE
BT HSHEAITE TR WEEAERIC L HEHE LV~
THEE L7,

WKL OFAERECTEDL D B0, LD
WIFERT pH1WK L, flE0.22 2mD7 4 2 —T
Tl L7 Bk & & OB, ROTFRERRIEIC L 2
VB K LB OB IC DN THI Lke TOfRES
Table 91C7RTo Ce, Euy Th OLILHELE 0~
90%, BODOYb, Lu OZTEHES 5 0 L LIk
0.2 2 pm ML EORFROFIEHREETR Lo

Table 9 Concentration of rare earth elements

(Ce, Eu, Tb, Yb and Lu)
in seawater(Cyg o 18.73 %)

Concentration of rave earth

Sample clements (pg/£)
Ce Bu Th Yb Lu

Filtrate(Fy) 0.007 0.0003 0.0008 0.0021 0.0003

Residue 0.051 0.0013 0.0034 0.0035 0.0004

Total(T,} 0.058 0.0016 0.0042 0.0056 0.0007

[Ratio{F,/Ta x 100} 12 18 19 37 42 ]
= Filtrate(Fp) 0.060 0.0021 0.0036 0.0062 0.0007
;Zé’g Residue 0.016 0.0003 0.0019 0.0010 0.0001
é‘%g Total(Ty) 0.076  0.0024 0.0055 0.0072 0.0008
22 [RatiolFy/Ty x 1000 78 87 65 86 87 |

RatiolF,/ Ty x 100} 9 12 14 29 37

Ratio I percent of solute in total concentration

LHL, ThbORFROBRE S BRANIEIC L 5 T
6 5~9 0 BOMEKPICEFT S, LT, Th
b OF T FRIT IR KBS 23 el 72 & ICHGE L 7o+
ROV THET bo

BEEHT O NS OTLROEE LMEKTOLRE

FLUT0.2 2 om D TOFERECRTBTREELS
K BIHE OEMEHRE F Table 10 & Table 111K
Table 10 Concentration factor calculated from

total amount of rare earth elements
in seawater.

Sample Concentration factor
Kind of marine organisms Organ Ce Ku Tb Yb Lu
Flounder (Paralichthys olivaceus) Muscle 8 17 5 39 13

Yellowtail (Scriola quinqueradiata)  Muscle 31 58 13 54 13
Whole body 97 92 150 210 75
Soft part 520 860 460 750 300
Whole body 520 320 180 230 300
Whole body 290 230 320 140 350

Whole body 49 38 54 85 110

Whole body 250 100 110 94 280

Table 11 Concentration factor calculated from

soluble forms of rare earth elements
in seawater..

Sample Concentration factor
Kind of marine organtsms Organ Ce Eu ”I‘l; Yb  Lu
I lounder{ Paralichthys olivaceys Musele 200 130 38 130 33
Yellowtail {Scriola quingueradiata) Muscle 340 470 88 190 33

Immuture anchovy{ Bngraulis japonica’ Whole body 1050 730 1040 710 200
Clam (Meretrix lusoria) Soft part 5610 6870 3180 2590 770
Green alga (Ulva pertusa) Whole body 5590 2570 1210 800 800

Brown alga (Sar sum fulvel Tumd Whole body 3190 1800 2230 460 930

Whote body 530 300 380 290 300

Brown atga (Undaria piomtifida’

Brown alga (Iizikia fusiforme? Whole body 2740 800 780 320 730

Lo BBEAMIC L AH/LFITREOW Y ANCENT,
WAL 0.2 2 4m T OBEFREO SOOI BFIHE I
HETHELE, TORERBEEE THE LSS
LOH—HRELS B Do b Ly BHTFOMEME Ce 28
BOMET, 7% b O, ATEEOREZRDEL
I T OROICHERT HUBE 4L Table 11 IK/R L
TV _E THERT L LTINS,
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IN, HICr27 AOBETEEZBESTIN T
bo T LT, WE EYIC L AHEEMnOBRE LV~ %
HES A, WK, RELOBBETOMn OEE 1T
% o o
B OMn OOFTHEER% Table 12 1R Lo B

Table 12 Concentration of manganese
in seawater

sample treatment concentration
seawater 1 0.45um filt. 1.1510.01 2g/1
seawater 1 HC1-0.45ym filt. 1.30%0.01

seawater 2 045um filt.  239£003

residue 0341001
total 2731003
seawater 3 0.45pm filt. 3141005
residue 0.85+001
total 3.991005
seawater 3 HC1-0.45um filt. 44637008 ~
residue 03110.04
total 4771009

AV. 2932g/1

KEDOMn (48 0 BLLEARE 0.4 5 4m MLTOBH
REEZRL, $AFVv— MiJE(Chelex-100) C X
DI N, T DT LIEMn 23%KH TMA DL
BCTHEETAIOLEEEIN S, L L, REHEKT
BZORERHD»%Z VEBT 5 ENRBO LT,
WBEEAEY T ORE & BHEMRECE Table 13 KR F,
BHOBGHOBHBREELS 0 OBREOEEZRLTY
Do FoNw ) OGO OEHE L RO S &
BErHEIB, TOEE530THD, KTHE
RO, BEOE TR, x2F7HTRARLN T
LEBCOBREL BRI <) CHBEL LN ED 5
o —Hy HBEETORBHEL1IT005160 0D
VRAmRL, BCLE 5T, 2%V EAZB T E0EBD
biieo TNHDH DL, I}/ FEFE LI ENE
BHERL, BEMEMn KX ABHEBEROEESEM &L
THHTE T E0BDD 5 o

Table 13 Content and concentration factor of
manganese in soft part of shellfishes
and seaweeds

Sampl e S Connration
1gai Mytilu_s coruscus 163 560
Hamaguri  Meretrix lamarckii 1.22 420
Aosa Ulva pertusa 130 440
Wakame Undaria punnatifida 050 170
Hijiki Hizikia fusiforme 071 240
Umitoranco Sargassum thunbergii 475 1620
Nejimoku  S. sargassum 169 580
Obamoku S. ringgoldianum 095 320
Hondawara S. fulvellum 1.87 640

8) \AFPIUBELEYTROZr ODEE

EABERHDO1DOTH 5 9Zr OFAMED Zr &
AP oET®EO9bH, Fe, Zn, Si, Rb
CRNATENTETH Y, RAOEREE I E
25 0mpEitEIh, MMPICI CHERIATNDITR
Thb, —#RKIC, BHEREWETOZr OBRERE L
DTN I YP L ABNOFEEBERRL VR, &
BEPIKIBEINTHnE, LHLAENL, BERADNE
BTk VERT L, Lidis T, BEERO
BZyr WL HEANBRDIEREREZNWEE L N B,
TTTC, BEEDHEOBE Zr eEMT 0 eHE
F A7, WK, BEEWRHEHCOW THT E R Ao

FHENINE 2 nd> 5 6 knOBEKFO Zr OHWTHER
% Table 14 VR L %o TOREL 0.0 8 2g/L0:5
0.1 9 2g/L EmRL, WEIITICH > THRAT 21

Table 14 Concentration of zirconium in
seawater at Tokai coast.

Sea water Sampling point Sampling date czorncentration
1 2 ka Sep. 19, ’75 0.1910.02 4g/1

2 5 " 0.114+0.02

3 5 Nov. 18, '75 0.08+0.02

4 2 Jul. 22, 76 0.17:£0.02

4 4 " 0.18+0.03

5 6 Jul. 22, ’76 0.15%0.02

" " " 0.15£0.02
AV. 014 pe/l
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Table 15 Content and Concentration factor of zirconium in soft part of shellfisheg

BEMOERRE T RKOL L BETHLLIO0005
1.800DE%ERL, BIETIE2600553700

and seaweeds

Sampllng Sampling Content Concentration
site date factor
1g [kg wet
Hamaguri Meretrix lamarckii soft part Oarai Jul. 15,775 214+ 24 15%x103
Kotamagai Gomphina melanaegis soft part Dec. 1,°75 160+ 33 1.1
Igai Mytilus coruscus soft part Tokai Oct. 26,772 257+ 19 1.8
Hijiki  Hizikia fusiforme  stipe and lamina Isozaki Feb. 19,775 528+ 98 37

4 " 4

Umitoranoo Sargassum thunbergii stipe and lamina Isozaki Feb.

Arame Fisenia bieyelis

stipe and lamina

Mar. 17,775 520+120 3.7
18,775 373+ 65 2.6
Mar. 17,775 337+ 88 24
Apr. 17,775 417+ 52 29
Jan. 23,776 527+t125 3.7

Izura  Apr. 16,’76 4661T113 3.3

OENE TR Lo

WAKROZr Bk, BEI NPT, BELPT
Sy by FRERBRINL, LedisT, BIEOE
WERBEEAL LOFELEOHTEEL, T2 b
TPV ER(BR) OBBIKIL 2FE5LKENI 0
EEZ N b, e, BE~OBEROERFERT~OW
MBS &L EEDEE L CORENEL LN b,
WFHIC LT Th bOEERREL 952 r O
TEHRICS L TR At & U CEH 3k 2 ATREH: % /R
T5H & EDICHEERRE L TOERIC L 5 AE~O%
BEELIERHEEZN D EE L bR b,

W mEmEopETRoEE
BRI S g TR~ $4Mn 9% Zr
MCe ZEDOEMBLE LI, BEHRIhAEEL L
T SQFe\ GOCO‘ 55Zn\ 9081\ 106Ry L X 137C g
BB be TH OO S BERSEERP COFEFIC
DWTHEBHT 53568, ThEIICHIL T AEFEILE &

OB TN T AT EBBELEE B,
DR, WAKFOCovZn ¥ L FHEEEWTORe,
Co, Zn, Rb 3 L f Cs KON TRFBIESTIE E1K

SLAHTE E N CER 217 - 7o

A LR O T AP O Fe, Coy Zn,
Rb & CsOPEE % Table 16 & 17 IR L, EFHES
WO Co BEHAADOTN & H~NTLHUESC, 45
CHBIKEOWEMB % L, ThiT LT, Cs OF
EHAARTE, Co LBRZ > AFHAMETRL TH b,

Table 18 ICHEF D Ch LOTEOEE T L ko
TANYTEETH SR &ECs T, FEHOBEZER)

Table 16 Concentration of Fe,Co,Zn,Rb and
Cs in musele of marine fishes

Sample name mg/ ! wet ;zg/kg wet mg/ kg wet mgll\g wet yg,/!«g wet
Bariilenthys olivacens 25 %6 85 012
Afevrasomis argentatus 19 88 &2 08t
B s otakis 2.3 23 4.6 0.66 16

2.4 1.6 3.8 0.87 35

1.0 1.6 3.7 0.56 22
li:i‘tliﬁ}br\\ Japonicus 22 e 40 o610 28
e st 5L 5.0 62 - 14
Chidai Musele 1.8 2.2 4.0 0.66 18
Byynnis japenica “ﬁgd; 9.4 6.3 8.4 - 13
ShirasulWhole body) 3.2 4.2 9.9 0.57 9

Engraulis japonica



Table 17 Concentration of Fe,Co,Zn,Rb and s OBERE L b b,

Cs in marine invertebrate

Table 19 Concentration factors for trace

Fe Co Zn Rb Cs
Sample name ks ¥ ¥ cet R . H
mg/kgwet pg/kgwet mg/kg wet mg/kgwet pg/kgwe elements Of various marine Organl sms
K bi Muscle ,
Penacus japonicus  (abdomen) 1T 12 15 oo 12
Shak , ‘
SoulSia oratoria  Musele 6.8 38 28 0.75 6.7 Marine ompantsms | Part Feo Co Lnoz Reb . :sw
Koutka Musele, . Musecle 103 2x10  5x1
Sg;iaqesculcma ({Jrslmw 3-3 13 15 0.7 34 Fish usclt 6x 10 2x10% 2x10° 7 2 % 10
Hamagars Crustacean Muscle ! - . 10
Moretrix lamarckii Soft part 26 . 140 1 0.89 4.6 Shellfish Soft purt  10° o 2 10 3x10
. 4 3 x10° 3 %102 2%
Kotamagai . Green alga Whole body 4 % 10 .
Gomfhiea melanaegis Soft part 19 150 14 11 6.1 e S I EE R
ygai Soft 36 140 38 - 5.0 Whole body 100 3100 5100 ax10 210
Mytilus coruscus oft part . Brown alga © o 0.4%
T o 0.12 10 12 .
Awabi Muscle /30 63 9.5 7.0 Sea water g/t .
Haliotis sp. = (Viscera) 520 430 41 - 4.7 % cited from "Chemical.oceanography
2o
R % X
Table 18 Concentration of Fe,Co,Zn,Rb and 1) Suzuki, H., T.Koyanagi, M.Saiki
Cs inmarine alga International Symposium on Radiological Impacts
- Pe - ch  zm R G of Release from Nuclear Facilites into Aquatic
ample name oo i e o
mg/kgwet pg/lgwet mg/hg wet mglkgwet pg/kgwet .
Anasosa  Ulva pertusa 110 31 3.4 2.4 14 Environments (IAEA'SM'198/19) PP-89 1975
Aonori 65 29 3.3 2.6 6.0

Tsunomata €

Harigane 85 220 11 3.9 15

Wakame 55 18 a4 32 5.8 HATK BB S5
Arame 5.1 19 6.5 4.2 1

Hijiki  H 8.2 17 21 55 7.3 (1978)
Umitoranco Sargassum thunbergh 73 64 7.6 4.5 12

Nejimoku 8. sagamianum 18 46 3.6 9.6

Obamoku 8. ringgoldianum 7.7 40 8.5 4.4 6.7

Sargassum S, sp- 46 89 6.2 4.2 8.0

Sargassum S. sp. 15 27 3.9 1.6 8.5

s, Fes Coy B IUZn THKE RBEENR
Hhhbe Tk, ALAYFUSEDOE(VI T
A, FUEZ, FASEZ, RAT2E) KDONT
Fe OBREZTHBTLE, VI I/ FEAFSES
ETEHL OAEVWEEZE /AL, FERTESREED
B b,

VETE A O AT ARIC 1 B BT R OEMREE
Table 19 KR L%o T3 TIAH LATLRD S b,
WEEICL A Fe OERBERIZIKE (, 1040V
AER LK. T, BEOBHEREEFe UAOTR
THKRE (, TN OOMEAHHEETRICK LT B
<& 5 ETRE, THE S ORSEREEAT TR OB
TORYERICET ZHGEBEOBRTICE L TIE

1 48 30 25 6.5 2) BHAEH - %\57}(@?{5 = IR

44% 2% pp.155~162
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Marine radioecological field study around nuclear facility

Abstract

In order to know factors which influence ¢°Co
contamination of sargassoes in Urazoko Bay, where a
nuclear power plant is located, correlations between
the contaminations of the algae and of the marine
environment were examined, based on field data
observed since January 1971.

It was found that ; [1] correlation between the
¢9Co concentration in sargassoes (Yygne pCifkg raw
weight) and distance from discharge outlet of the
nuclear power plant to the sampling points (d km)
was expressed by a function, (Yag.e= Crexp(—kd),
where C and k are constants, and k increased
successively from 0.388 in Nov. 1971 to 1.200 in
Nov. 1974, whereas C decreased from 120 to 27
during the same period. [2] ¢°Co content in the
sargassoes seemed to be contributed dominantly by
the dislodged ¢°Co from heavily contaminated sedi-
ment rather than freshly discharged ®°Co from the
power plant. The amount of dislodged 60Co was
estimated from both the ¢°Co distribution in marine
sediment in Urazoko Bay and results of a tracer
experiment concerning the dislodgement of ¢°Co
from marine sediment.

On the other hand, contents of °°Sr, **7Cs and
69Co in surface sediments were investigated. The
main source of ®%Sr and **7Cs was recognized to be
radioactive fallout, whereas °Co was considered to
originate from the nuclear power plant.

Using the *37Cs concentration as an indicator of
sorption capacity of the sediment, the behaviour of
60Co was investigated. No seasonal variation was
observed in the distribution pattern of ¢° Co/*37Cs
ratio and the retention of the heavy initial discharge
in 1969 was considered to dominate the radionuclide

LEHEFN BE ®. 8K B PN %
A
Taishi UEDA,
Yutaka NAGAYA,
Yuzuru SUZUKI,
Kiyoshi NAKAMURA and
Ryoichi NAKAMURA

level in the sediment.

Correlation of °Co/'37Cs ratio in the sediment
and the distance from the discharge outlet was
expressed by a simple exponential function of the
distance. It was suggested that the contamination is
spreading out gradually to the outer region of
Urazoko Bay.

Key words

60Co:*37Cs -marine sediment :marine algae :
sargassoes : dislodgement : semi-closed bay:
exponential function
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Studies on radioactivity monitoring procedure for marine organisms

Abstract

Suitability of several species of mollusca and
seaweeds as indicator organisms for radioactivity
monitoring of marine environment was examined by
radioisotope tracer experiments or stable elements
analyses from the standpoints of the affinities for
radionuclides, the sampling procedures, and the dis-
tribution of radioactive and stable elements in the
body of these organisms.

Extremely high concentration factor of % Mn was
shown by kidney of scallop suggesting the suitability
for the efficient monitoring of the nuclide though the
contribution of kidney to the weight of scallop was
very small. Higher concentration of *#Mn in midgut
gland rather than kidney was observed in the case of
other species of shellfishes but distribution of the
nuclide among organs or tissues of the organisms
varied during the period of intake and excretion.

Ununiform distribution of radioactive and stable
elements among the species of seaweeds and in the
body of seaweeds observed by the tracer experiments
and stable element analyses suggested the necessity of
careful selection of the samples for monitoring of
these nuclides.

From the results of tracer experiments carried out
in order to elucidate the relation between existing
state of radionuclides in seawater and uptake by
marine organisms, it was supposed that the com-
plexed forms with inorganic or organic ligands in
seawater were predominant species of radioactive
cerium in seawater.

Taku KOYANAGI and
Shigeki HIRANO

Key words

radioactivity monitoring ; marine organisms ;
mollusca ; seaweeds : concentration factor : scallop:
$4Mn : stable elements : distribution :

existing state : complexed form : ligands :
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Studies on the estimation of radiation dose to thyroid

gland through foods contaminated by gaseous radioactive iodine

Abstract

It is well-known that iodine-131 released in the air
is taken in the body through skin, inhalation and
foods. Among them it is supposed that the path
through foods such as milk and leaf vegetables must
be critical. Because of the comparatively less con-
sumption of milk in Japan, however, the leaf vegeta-
bles may be the most suspicious food followed by
milk. This paper concerns the parametersused for the
estimation of the oral intake of the nuclide dis-
charged into the air. A specially designed exposure
chamber was developed for the measurement of
so-called velocity of deposition. The experiment was
done by use of two chemical forms of stable iodine.
The velocity of deposition obtained was 2.6 x
107%cm/sec for methyl iodine and 1.8 x 107  cm/sec
for elemental iodine, respectively. The elemental
iodine deposited easily onto inner wall of the
chamber. And therefore space was allowed for the
discussion how to identify the concentration of the
elemental iodine circulating in the chamber. The yield
of commercially available leaves of spinach was 1.7 to
2.0 kg/m? of the field. Consumption of milk and leaf
vegetables was surveyed in. Tokai-mura. Infants of 6
months after birth ingested about 1000 ml of mother
milk or powdered milk. Children upto 2 years old
took about 500 ml of market milk and 15 g of leaf
vegetables. Those of 2 to 5 years old had about 300
ml of market milk and 50 to 80 g of leaf vegetables.
Estimation was done on the stable iodine intake
which was one of the factors relating to the transfer
rate of radioactive iodine to thyroid gland. It was

Yoichiro OHMOMO,
Yuji NAKAMURA,
Yoshifumi HONMA and
Misako SUMIYA

conjectured that at least more than 800 yg of stable
iodine could be ingested everyday by an adult
inhabited there. As to infants, the work is now in
progress.

Key words

deposition, velocity of deposition, plant leaves,
methyl iodine, elemental iodine, planting density,
consumption of milk, consumption of leaf vegetables,
stable lodine intake, apparatus, exposure chamber,
gaseous iodine
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% 2 Average daily intake of stable
iodine from marine foods and vegetables
by inhabitants in coastcl area of
Ibaraki Prefecture

© Average daily intake(#g/d/p)
Kind of foods Non~fisheries Fisheries
Tokai Qarai Qarai

Vegetables 13 8 7

Leaf vegetable 4 2 2
Fruit vegetable 3 3 2
Starchy roots 3 1 2
Non—starchy roots 3 2 1
Vlarine food 579 1303 864
Fish 61 122 218
Crustacea 3 4 5
Cephalopod 9 29 34
Shell fish - - -
Algae 506 1148 607
Total 592 1312 871
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Studies on the chemical behaviour of radicactive nuclides in fresh water

and their accumulation by fresh water organisms

Abstract

It is of importance to do the basic investigation on
the cycling of radioactive nuclides in terrestrial
environments. Up to this time, accumulation, excre-
tion and distribution of radicactive nuclides such as
131 115meg 855, 203 1318, 22Ng and 58Co
in fresh water fish have been investigated. This paper
concentrates in accumulation and excretion of **11,
and distribution and excretion of 2°°®Hg-labelled
methyl mercury chioride in fresh water fish. It was
observed that, under the co-existence of 1057, the
concentration factor of '®11 concerning fresh water
fish came near to that of marine fish as if the
accumulation of 21 were stimulated by I0;” ions.
Clear difference was recognized on the excretion
patters of *3*I between fresh water fish and marine
fish. In case of fresh water fish, '®'I was excreted
much more through kidney than through gills. Biolo-
gical half-life of *3*I from whole body of fresh water
fish was about 15 days.

Transfer of 2°%Hg labelled methyl mercury chlo-
ride to the brain of carp was investigated by means of
abdominal administration of the nuclide. Not so
much accumulation was obtained in the brain. Biolo-
gical half-life of the nuclide from the brain was
calculated as 198 days.

Key words
accumulation, radioactive nuclides, by fresh water

Yoichiro OHMOMO,
Teruhisa WATABE and
Misako SUMIYA

fish, iodine-131, excretion, 2% Hg-labelled methyl
mercury chloride, biological half-life
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as a function of time
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fresh water fish(Crucian carp)
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Studies on Development of Experimental System for Trial
Manufacture of Semi-Field Scale Lysimeter.

Abstract

The radioactive contamination of soil may cause
radiation burden to the population due to intake of
radionuclides, transported into ground water. In
order to assess future contamination of water arised
from surface ground contamination, information on
the behaviour of radionuclides in soil is required.

Because of difficulties in conduct of in sifu experi-
ments using the radiotracer method for this purpose,
it is necessary to develope the technique on utiliza-
tion of the results obtained by the laboratory works
to resolve phenomenon in the actual environment.
For this kind of extrapolation, optimum size of
experimental model, designed as large as reasonable in
scale to simulate the actual environment (defined as
the term, ‘semi-field scale experimental model’ for
convenience) was investigated. For this kind of extra-
polation, optimum size of experimental model,
designed as large as reasonable in scale to simulate the
actual environment (defined as the term, ‘semi-field
scale experimental model’ for convenience} was in-
vestigated. For this object, following experiments
are especially conducted.
(1) The effects of vegetation to the mobility of
transition elements in the surface layer of soil was
studied by Wagner pot experiment.
(2) The vertical movement pattern of radionuclides
in the deeper layer in the ground, especially transfer

Hiroshi KAMADA,
Masae YUKAWA,
Teruhisa WATABE,
Hirobumi TANAKA,
Keiichi OHWAKU.

of long-lived-nuclides from soil into water, wasinvest
gated using radioactivity survey data of fallout.

These results indicated the importance of informs
tion on the bevaviour of contaminantsin ‘surface soil
‘intermediate zone’, ‘capillary zone’ and ‘aquifer
Therefore, an experimental model, consisted of abov
four parts, was designed. The apparatus woul
include several substructures; an artificial rainfal
apparatus, the Lysimeter, an receptive basin and s
on. A regulation system for the fluctuation o
hydraulic gradient in the aquifer would be als
required. In order to get information on the abow
four parts of ground constitutions altogether, appro
ximately 4 — 12 m depth was recommended for th
model.

Key words:

drinking water, radionuclides contaminated soil,
internal radiation dose estimation, indispensable ex-
perimental system, elements, wagner pot experiment,
plants, up-take, soil layer, retention, movement,
run-off water, radionuclides tracer experiment, field,
soil, boring,
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CBLEWLSThA, ChEATEOTHREL L TofLE Table 1. Relative Up-take Rate” of Element

FLICHBIR L Th b 0 & Bbh B, , fo Plant.
o ] s Soil Ele Plant - Matural Added on the
1 -3 ) TEAMNCHED~ORIREL » 5 LEFERE ment an (mean) surface soil
DL AEEEERTE, Ni>Zn>Co OS5, 5o |Alfalta — 1.67  0.23~0.62
e Itali 1.56  0.18~0.57
2-1) Y — tB — RHAOTHRESE 9B 2i1an ryegrass
Allwvial Ni |Alfalfa 1.57  0.24~0.67
AR RMICHIE LAk R, T HREsRs £ 8 <, N N Ttalian ryegrass 0.93  0.35~0.71
[S’/%/f fyﬁmﬁi@ﬁémﬁﬁi@( CEC: 1 1.2 Co A]falfa, 1.32 0.35~0.66
. Ttalian ryegrass - 0.62 0.29~0.54
me/100g )OFHHWHELE(CEC : 8.2me/100
g )X VIABEERLTWA, 7 | Alfalfa 1.61 0.11~0.31
" |Italian ryegrass 1.90  0.62~1.42
2-2) WHANOSEIL, HAEERECE, B veE ' )
Diluvial| Ni |A1falfa 3.51  0.44~0.74
~DOTLEDEI DS B DT, MABEFERELD J5 AUt H '|Italian ryegrass 3.50 0.74~1.36
s (. 5 2 BRICKH 3 0 0mmoBe kA LB | g |Alfalia 0.92 0.28~0.48
B Ttalian ryegrass 0.51 0.42~0.62
B, WML RDOK 1 ~ 6 AR T H05, HE ~ _—
EOH HEBTEK 0.1 ~ 3 %ICT EX\n, , Mg of element in 1 g of fresh plant

2-3) MR EBICRATE, - 1ick~zgn 8 of element inl g ol fresh soil

Table 2. Distribution@»of Elements in the Plants(grown after
the Elements has been apllied in water soluble form
and added on the Surfate Soil)in the Surface Soil
Layer and Run-off water from the Soil Layer.

Added Elements
7Zn : Ni Co
- Soil | Plant Plant. Soil Run-  Plant. Soil Run- Plant. Soil Run-
h Tayer. off. . layer. off Layer. off
water. water. ; water.
0.83 =70.66 1.56
Alfalfa 97.80 97.90 95.80
1.37 1.44 2.64
Lialian 2.59 2.90 , 1.74
97.10 97.03 97.80
ryegrass 0.31 , 0.07 0.46
Non . 97.54 97.35 95.59
vegetation 2.46 : 2.65 4.41
0.53 1.08 - 0.89
Alfalfa 99.00 97.10 98.20
0.47 1.82 . 0.91
. 3.88 3.71 1.70
Diluyial | 121180 95.90 95.47 98.03
ryegrass 0.22 0.82 0.27
P¢°zegetation 94.20 98.03 98.81
5.80 1.97 1.19
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Table 3. Concentration of °H in water Sample collected in Haguro Region, YAMAGATA.

30-46 m

Sample | Konno Konno 6—7Tm 100 m
Sampling Aka River | Ground Ground Ground
date Spring River water water water
1976. 11. 26 147 + 4 0.84+1.2
1977. 3. 30 6.5 1.2
1977. 7. 9 126 + 4 81+ 2 |554+1.5|9241.5 0+1.5

(Sample preparation and counting by KASHIDA laboratory, Div,of Environmental Hygien,
NIRS.)

0 Sr AATHIGE O KER O—EHICDOWT *H Dl
B IGE & B AR e S o BT se s IR L, B 5 o
N7#eF = 2 % Table 31CR L7, '
C 2374 -n e F vERROBMIEICEL, £
LB BkE F oEEIC T 2 ERETbE T
@&5&mﬁ\c0%%%ﬂﬁybﬁﬁfﬁﬁf@&
& LG AhskBge B o) % 18 CERERIZ L 7o R
BEIC [R5 ) et Ui b b b,
ESFTOR . PEBRPT 4 — L PEBRSICET L5
T g EKYL, B R, WETE BFHS0M
B LCEHME B &L BHHEE S0 b O &k
o T LT LA
ERL, ML LI 74 - PS4 v A= 20D qm‘;iﬂ,,,”;
T FAERR L Pig 41CR L, |
MK > 7 — SRS, BkE, BXMkE, L3
~ORFEEEE VL LT, BIK, / X BE SHOE
SHE, RIBLAFEO®H2 0F0EETEL, =T 0

Fig.4. Model Experimental System of
Semi -Field Scale Lysimeter.
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I ZBEBFANDOETERERE & FIER
BEOREICEHT DRENR

The study on the intake and distribution of elements

for “Reference Japanese”

Abstract

From the standpoint of radiological protection,
the quantitative description of the physical character-
istics and customs of man is the basis for calculating
annual limit of intake, estimating dose equivalents
and MIRD phantom for radioactive substances (ICRP
77).

Committee 2 of ICRP has published compliation
of data on the anatomical, chemical and physiological
characteristics of man, as Standard Man and Re-
ference Man. The models are, however, mostly based
on the data published for Europeans and Americans.
Reference Man, as characterized by the Task Group
itself, is defined as a Caucasian and is a Western
European or North American in habitat and custom.
Reference Man, so far, is not directly applicable to
other populations, for instance, the Japanese. Because
it is known that differences exist between Asians, and
Europeans and Americans with respect to race,
customs and the pattern of food consumption.

In view of this problem, it has become of
necessity to seek standard or reference values for
Japanese, i.e., mass and dimension of body and
organs, and the daily intake, destribution, and meta-
bolism of elements in Japanese, especially on the
basis of more recently obtained data.

Average mass of organs of the normal Japanese
was studied and the results were presented for Refe-
rence Japanese Man. Development of chemical
methods for determining stable elements in autopsy
tissues was carried out to establish a highly reljable
analytical system. Thyroidal uptake and biological
halflife of ingested *3! I in relation to the dietal
stable element intake was determined for two normal
Japanese adult male subjects.

Key words

ALI dose equivalent, anatomical, chemical,
physiological characteristics, asian race, standard value,
mass, dimention, organ.
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Table 1. Per caput daily consumption
of principal nutrients and
food stuffs.

Consumption per caput(g/d)

Nutrient Japar® A Uk cpp
and foodsuffsg (1974) (1955) (1964) (1963-5)

Protein 78.7 99 68 79
(animal-origin) (37.9)

Fat 51.6 130 104 a9
(animal-origin) (26.9)

Carbohydrate 339 302 300 320

Calcium 0.54 Male 1.1

Female 0.90
I ron 13.3(mg) Male 16(mg)d)~
) ) Female 12(mg)
Milk 91.2 508 382 287
Cheesel including 5.3 19 12 21
milk products)
Meat + products 62.8 206 137 118
Eggs 41.1 47 34 21
Fish + sea~food 91.0 22 21 22
sea weed 4.7

Fat 16.2 49 44 63
Sugartpreserves 43.1 69 77 57
Potatoes 61.7 103 202 196
Other vegetables 321.4 202 118 180
Fruit 183.6 184 108 114
Cereals 343.7 207 246 346
Total 1267.8 1611 1381 1425

ay MW 7.9 ) TCRP 75, table 123.
¢) ibid., p.374. d) ibid., p.387.

o, BEER IUREERNOEE LUEBIOWT

Caucasian Male — Female ----- L. Table 1 OL51C, f. 49 » LR, fI5E.
PFIEO 1 B I b 5 bR o Tl B
Standard Man ( BAF S.Man )& 5%, Refe- 2) EEARAOEETESR
rence Man ( BLFR.Man ) EFig 2 © L9, AEAORSEECHE LT, EREEEELE -

*ET Ok ( MABFFHEE) L, HRALK PEETESER LOBFEFRICL Y, FE 7= b=

ABT5 0kg. 7F5 1ke (B2 ©no

4 —-n1971-19764FTO6EMOENR,
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Table 2. Weight of organs of the normal Japanese adult (20-50 y) as

compared with literature.

2) Male o) D 2) Female R )
Organ Present work ~ Japan (1952) ° U.S.and Europe * |Present work Japan (1952) " U.S.and Europe
n MeantS.d. n Mean n Mean | n  MeamtS.d. n Mean n Mean
() () (g) () (g) (g)
Adrenal glands 14.7 11.1 328 13.8° 13.2 10.5 217 12.7°7
left {1127 7.6542.30 474  5.58 247 6.8512.08 138  5.52
right|1189 7.03+2.40 473 5.56 fy| 248 6.3501.89 138 5.00 £
Brain 918 14401118 437 1424 2107 1335 1| 179 13084103 134 1256 1330 1220
Heart 59 352477 441 300 3%; 181 284162 133 249 :Mﬁ)
Kidneys R 269 2414 310 280 235 1014 275
: left | 868 168141 442 138 183 145142 135 121
right| 876 159+38 442 139 ] 184 135434 135 114 )
Liver 856 16004366 443 1431 150 183132 174 13634354 128 1269 44 1477§§
Lungs 1162 259 11697 893 150 886
lett | 715 539+179 152 4154115
right| 722 62314189 )| 155 4781141 o
Pancreas 1017 135138 131 96.1k 218 11129 79 84.8
Pituitary D ) 2
gland 1186 0.560.12. 426 0.66 64 0.55 | 247 0.6310.15 128  0.75 60  0.62
(Hypophysis)
Spleen 867 127156 368 109 1022 1997 105 122053 113 106 720 159"
Testes 35.3P TR
left [1135 17.745.1
right|1134 18.615.3 ‘ . o)
Thymus 304 31.7+17.9 380  24.9 142 19.7°0| 65 25.6111.4 114 217 142 19.7°0
Thyroid gland [1185 19.146.4 435  18.8 278 17.6"| 241 16.8+4 59 126  17.2 144 14.5°

a) Age, 20-50y. b) Including the weight of epididymis. c¢) Ref. Ai 52. Age, 21-50y. d) Taken from Tables of
Ref. ICRP 75. Averaged for ages where necessary. e) 21-50y. (ibid., table 88). {) 20-60y. (ibid.,table.93).
g) Reference adult male and female (ibid., p. 115). h) 20-40y (ibid., table 74). i) 20-49y (ibid., table 60).
j) 20-40y (ibid., Table.65). k) 20-49y (ibid.,table 62). 1) 20-50y.(ibid.,table 91). m) 20-40y.(ibid.,table 41).
n) 20-30y.(ibid.,table 77). o) 20-59.9y.(ibid.,table 44). No description nf sex . P) 20-49y.(ibid.,table 83) @)
16-49y.(ibid.,table 91).
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Distribution of stable elements in human body in Japan

Abstract

The distribution of stable elements in human body
in Japan is being investigated in the light of import-
ance and scarcity of data, as a main part of the
research program on the intake and distribution of
elements in “Standard or Reference Japanese” with
respect to the estimation of internal radiation due to
artificial radionuclides released to the environment.
The collection of autopsy samples and the develop-
ment of methods for pre-treatment and chemical
analysis were carried out with an emphasis on
establishing a highly reliable trace analysis system. A
method for the disinfection of tissues by a vacuum
heating drier, a new isotope dilution-atomic absorp-
tion technique and a prelinary application of a
contamination-free clean bench was established.
Secondary biological standard materials of Bovine
liver, kidney and muscle were prepared and partly
characterized which are to be used  or inter-
laboratory comparison of analytical results of trace
elements. An introduction of the energy dispersion
X-ray fluorescence analysis was proved to be useful as
a method of simultaneous multi-element analysis of
tissues and diet. Analytical work is planned to be
done under the chemically clean environment which
was partly installed in 1977.

Key words:

stable element, chemical analysis, autopsy samples,
trace analysis, atomic absorption, clean environment,
multi-element analysis

Giichiro TANAKA,
Hisao KAWAMURA and
Etsuko NOMURA

#

il

AKICETS B4 B RO OFL, B EEEOE
PREGEERUIC 20 5381 5 £ — 2 O, EEUZED
BRI RIE SR RT0 R, BROZMAMOH
Sk EIC LT ARTRT, Standard Man! ) pru
Reference Man? iz 0hRoMRELET 4 DT
%o

Tipton, Schroederg)‘b@@’r%@ﬁizﬁ\ BAEAK
DNTOMFRCEALTERENE 0L %R L, <K
BPSIC #1F B BRI AT 2 5100, NI v Ty
BARAC T BICRDERSFICD B, SHTLERYHE
VLB L CREETAY 3 & O M BRI & HA L T
HohlKTre e xORMET S,

MNMEBFE, MRRICET 5% Fik, Ko X 9 ZHER
pea (1) 75— 2 oEEOBAL LATHED
B e Y OUBRBOBREEnLETE LT & (2 B
BEaEBOBGF AT ED 5 ROEO * BEOEBEML”
Tk BB, (3) ABRBREDOREMED LORBED
FEBRIEBAIE DR, 7 & T2 b

IR ORR & 7% 5 MEERE () OFtEDBEHARM
RICERT 2 RAS ¥R b, B NEOFEER%
7% - &R, 5 1 EECHANICERSEREOEEL
BHBTTONDE T EICE - ko COBREBEEORNWA
HERE, MR OZERDNT T — 2 LE 2 KRBT
BITT 5 L% -0



ERFEBLUREA
AtZBE, MRABORES LUMTHED, +v—
Ao 7Y v ROBRICH - ko REEZIICHIO
T, KETHN L C EICT 5, PIAREBIEEEKRO X 9
Td 5,

(1) Zc@k3IE2 (BRFR4 84F)

(i) AERBOBERET TOMITED FHEHTE (IR
4 94E~5 04F)

@i AE2E - HEREARoRE (B4 8&E~5 14)

V AGSE - AR OMLEEORTE (FBF14 84
~5 0 %)

V) BE - AREEHABOMER LtE (B4 844~50
4E)

V) BREr I UBRERTROLAHTEONE §EF48
fE~5 14F)

Uy AREE - MO ZTRERMMTEORT

TRORBE LI CEAR

RN AT RO FAEETROBHIC L b K
B (R D5 WERRECHEES S & 50 2L H 0 YR
WCHEST S E b Twh, LWL TO%H
FEFEOKRE I L » TRERS EBIRICHEL,
(Table 3) HWEMAHCEEDLET KA O LABET
FICHIET A IO EE N5,

BT, AEMPIBEE & 4 % 5y 2% EIC
LW A@RHAmEeRTEENTEH D, BETE
WIEEE, BIRA & LCEREOREE ST % Wbk
FOBENEH LOFBEZD, TORKRELTHEE
POV G 2= R T EEL DN TR 5,

ook, v MW THEEHEE S LTHR
ARSI IC & b AR 2R TILE S X O PRt
Fabhb,

(i) ANERBOBEBRETICHT 529 M O%RES
AERE, AR oMLE, ¥R Er JUER

RRC 1 2 EE 0 BRIE, EBREHM, SEhoR

Wi X U BT RSO R, ERRE (F - B

E) LERBEOBRTS L, EREEOWEKEE

Table 3 HAWEOEEX— k> b TFE
b L ATLRO A
N ZE B & = B W &
TS MBS BERD | g sEss BARS

H Na .- B Ti Li He
C Mg Fe v Be Ar
N S Si Br Al Se
0 C1 Mn Cr Au
P K Cu F Hg
Ca I Ni Bi
Co Ge T1

Mo As

Zn Rb

Sr

Ag

Cd

Sn

Cs

Ba

Pb

Ra

Ly BMBEOREELHN, * + Y ¥EREC R NWEER
STR I s 2 ek 2R AT T LI L b,
B 3B OERBE OB T 5 L TE ko EERE
HOBERE, BERNTHRAT S OICE THSF ICE
T BEMZ A+, EEEPE, RGRE s ER RO 7
4 VA=l UCERSICGR b AT N LD, BN
DELRIE KR » FHICL W EHL, chpkEms
TICAMOREEEL 2HE R ER ~Tnd, TORD
RTE R —EOV NN LRICER T L Lo bV
— AT F N ROFEBHRETCH L, MERICEA-T
i, FEBUEMHAEY v 2~ CREZE0. 3 #m KT
B 99.97%) ®iEs 7S BIULERHEE 2 Y
yryF ($0.5md) v EET A LI b HYEE
TAHZENTE ko T OMOKELDIEZRLD, T OE
EAN—ATEFTZOI T ERTERND T, BEFTK
(19776) 2 THANTY AT 2 2EROFELTHEEZE
IO BMBICEE 2 RiE %R b7 s - 7o
(il ABFSRE - HEEHONELBRE
HBEAIEE R R ) 27 v o BICHEHL THEES
EHEDOb, F734 T4 ATHEHNLOOER VT 4 — 7



7 — IS TR L,

(i AfkEEE, HROBLEEOFRF

Relative welght, %

i BRHEIBEE D & LT, AR v
vy 2 AH 5 2By —VICRB L, BRI
Pk FLZE INBELIRREIC X VIR o FTERM & O
FRIEBES RO W v 6 IEEI O BZE BB L b M Td
(Fig 3)o MERER 60~70T §ithsE
Uy 6~128 28R L, B2 WmEAT 2 V) v A8
FRICRF L 720

i) fio

Time, hx.

Fig.3 A typical time-weight curve
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Table.4 Accuracy and raproducibility
with the determination of
barium in human bona by
isotope dilution atomic absor-
ption spectroscopy using
strontium nitrate co-precipi-
tation and Ba-133 tracer

w;c.sgf No. of Ba added Ba found reco* Error 15%}1
(g) amal., (ug) (#g) ver d ?eg.
3.00 5 - 40.31.7 4.5
0. .
3.00 5 20.6 61.0-£1.9 207 405 3.1
samp 1 Barium content
ple (#g Ba g of ash)
Cow 166.7 4 3.4 K
Human, fetus 4.7
child 10. 2
adult 13. 4

* standard deviation of mean for
triplicate analysis
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Table.5 Tentative data on concentration
of metals in organs
tissues of Japanese

Element Concentration of metal(#8g dry or wet tissue)
Liver Kidney Spleen Lung Muscle Bone intesmstaifqze
Rubidium 1960 (M 1720 ~ 1600~ 5.1 1790 1940 (K)
18700 190040
Cesium 0. 030 0.035 0.0073
Magnesium 3900 ~
520043
Strontium 234~585(A}ek
Barium 4.7 ~13.4(Akk
Manganese 1.18~ Cor
1.95 §.66~0.71
Med:0.46
Iron 18}~ Cor!:
% 75.7~83.4
Med: 65.9

Cobalt 0.046~
0.087

Copper 2.46~ Cor:

14.8 2.45~291
Med :1.92
Zine 144 125 23.5 25.5  27.5
7.28 67.8 1.02 0.754  0.536

; K indicates concentration based on Potassium welght (Fg/% K)
A indicates concentration based on ash weight (ug. g ash
M)Age dependent
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A study of the daily intake of some elements by the Japanese and their

concentrations in the various organs.

Abstract

Considering the important contribution to popula-
tion dose in Japan by radioactive iodine from the
atomic energy establishments, the biological half-life
and the thyroid uptake in man were experimentally
determined.

Two male adult volunteers ingested a single dose
of 13 (74 nCi each) in Nal solution with no carrier
of iodine. The radieactivities in their thyroid gland
and excreta were measured by a Nal type whole-body
counter at the NIRS.

For subject A, the maximum uptake by the gland
of 33% was attained between 24 and 48 hours after
ingestion. For subject B, it was 11% and attained
around 24 hours after ingestion. The nuclide was
eliminated with the biological half-lives of 40 days for
A and 30 days for B afterwards.

A predominant dose of the ingested nuclide was
rapidly excreted into the urine, that is, 70.8% for A
and 88.6% for B in the first 24 hours after ingestion.
In 2 weeks after ingestion, about 90% of '®'I as
much as the total excreted amount was evacuated.
The fecal excretion was negligiblly small.

The sum of urinary excretion and thyroid uptake
in the first 24 hours after ingestion was about same as
the ingested dose.

These findings suggest that urinalysis of iodine will
give a good estimate of daily iodine intake.

An analytical method for stable iodine in bulk of
urine was studied. Following the procedure, amount
of stable iodine is being measured for the sample
obtained from subjects A and B.

Key words:
population dose, Japan, radioactive iodine, biological
half life, thyroid, uptake, excretion, urine, estimate,

Giichiro TANAKA and
Masafumi UCHIYAMA

iodine, analytical method, stable iodine.
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Estimation of Dose from Exposure to External

Radiation in the Environment.

Abstract

Meteorological factors which influence the ex-
ternal radiation were analysed. Attention was paid to
the relationship between the concentration of the

radioactive aerosol and the outdoor radiation level.

Twelve kinds of data were obtained at Kumatori Site
of Kyoto University which involves three kinds of
outdoor gamma radiation data, the atmospheric
temperature at two altitudes, 1.5m and 35m, the
wind velocity at two altitudes, 11m and 35m, the
dryness at 1.5m altitude, solar radiation, the precipi-
tation as rainfall, alpha activity of radioactive aerosol,
and beta- and gamma-activities of radioactive aerosol.
The mean diurnal variation and annual variation of
each factors were obtained from the data of 25
months periods from August 1974 to August 1976.
Outstanding was the result that the outdoor gamma
radiation varied just slightly in spite of the large
variation of the airborne activities and others. It
implies that the individual effect due to the factor
would compensate and cancel each other. Otherwise
the major contribution on the variation might distri-
bute at random with respect to time. Contrary to the
apparent independence of the outdoor gamma radia-
tion level of the airborne activity, however, the
partial correlation coefficient between them was not
negligibly small.

Analysis of each time series of individual data has
revealed that the rainfall has the largest influence on
the variation of the outdoor gamma radiation level
particularly in its initial period. Airborne activity was
also revealed to have a strong connection with the
atmospheric stability and the wind velocity though it
depends on the rainfall just a little. The atmospheric
stability could be expressed by the vertical gradient
of the atmospheric temperature which is strongest at

Siro ABE,
Kazunobu FUJITAKA

the “inversion”. However problem remains as to the
nature of the wind. Which of the atomospheric
turbulence and the prevailing wind corresponds to the
wind here will have to be analysed referring to the
large scale weather charts.

Regression analysis showed that the atmospheric
temperature was the essential cause of the variation
of the radiation level. Special attention have to be
paid on the temperature dependence of the instru-
mental systems in monitorings.

Key words
(1) airborne activity
(2) annual variation
(3) atmospheric stability
(4) atmospheric temperature
(5) atmospheric turbulence
(6) correlation coefficient
(7) diurnal variation
(8) dryness
(9) inversion
(10) meteorological factor
(11) multiple correlation coefficient
(12) nitric oxides
(13) outdoor radiation
(14) partial correlation coefficient
(15) planetary wave
(16) radioactive aerosol
(17) rainfall
(18) regression analysis
(19) solar radiation
(20) wind velocity
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Development of the Techniques for

Monitoring of ®5Kr in Environmental Air

Abstract

Equipments and procedures used to obtain the
data of atmospheric ®5Kr concentration are de-
scribed. The apparatus for the separation and purifi-
cation of krypton from air are consisted of charcoal
and molecular sieve cold traps and a titanium furnace.
The purity of the elutriator is detected by chromato-
graphic sensor. All the system are particularly made
of metal to eliminate the breakage problems en-
countered frequently with glass system. One to three
cubic meter of air sample can be processed and
reduced to several milliliter of krypton. Rapid and
accurate dissolving method of krypton in toluene and
xylene is devised. Optimum condition for ®SKr
measurement in liquid scientillation counting are
determined by the use of the gas diluted from LMRI
(CEA) 85Kr standard. The absolute measurement of
85Ky activities is carried out by the extrapolated
zero-bias technique.

Krypton samples separated from the air collected
at Himeji-city in 1972, 1975 and 1976 are analyzed.
The data show that atmospheric concentration of
85Kr remained roughly constant (14 pCi/m® air)
during these years.

Key Words

Krypton-85, Monitoring, Atmosphere, Solubility,
Noble-Gas, Low-Background, Liquid-Scintillation-
Counting
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Oct, 1972 14.0 0.6
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July, 1976 14.1 0.6
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Tritium Behavior in Radio ecological
Food Chain '

Abstract

As a radioecological study of tritium concerning
with the food chain, the metabolic mechanism of
tritium in the plant and the animal was investigated.
Ceratopteris pterioides was cultured in a glass
cylinder containing 12 of tritiated water under
natural light during 28 days and 3 days. The tritium
concentration of the former was higher than that
of the latter and the largest leaf showed the maxi-
mum concentration of tritium. The tritium activities
of free water in the leaf segments cultured with
tritiated water during one hour and 96 hours were
observed to be 55% and 75% of initial concentration.
The incorporation of tritium in the dried parts of the
samples increased linearly with the time of light
exposure, but the tendency decreased with cultiva-
tion, under darkness.

The tritium activities in free water of rice at the
period of seed and ripe time were observed approxi-
mately similar level, but in dry residue, the incorpora-
tion of tritium in the rice was observed the higher
concentration at the ripe season than seedseason.

Rates of tritium uptake by soybean under
HTO vapor atmosphere in the chamber were meas-
ured. It required 1 day through leaves to achieve 15%
activity of control.

The uptake of HTO under high humidity (90%)
through soybean leaves required 5 hours for reaching
66% under standard irrigation and 72% under little
irrigated condition activity of vapor. On the other
hand, the uptake of HTO under low humidity of 69%
was shown 45% and 33% in the above mentioned
condition, respectively.

As an animal case the incorporation, distribution

K. ARAL
H. TAKEDA,
Y. KASIDA

and retention of tritium in various tissues of rats were
investigated during about 100 days following adminis-
tration of tritiated water and tritiated leucine, and
the radiation dose in various tissues was calculated.

In the early priod after the administration of
tritiated water, the bulk of tritium in the tissues
existed in a form of tritiated water and excreted
rapidly with a biological half-life of about 3.5 days
for most of tissues. However, the excretion of the
tissue bound tritium incorporated into the tissue
constituents was relatively slow and the retention
curves were considerably different among individual
tissues. In general, those tissues which considered to
be metabolically active, e.g. liver and intestine,
showed higher incorporation and faster excretion of
tritium. On the other hand, those tissues which
considered to be metabolically innert, e.g. fat tissue
and muscle, showed lower incorporation and slower
excretion of tritium. Consequently, at the end point
of this experiment the highest concentration of total
tritium was observed in fat tissue, brain and muscle.
The results suggested that the incorporation of
tritium from tritiated water into organic compounds
and the excretion of tissue bound tritium were
related to metabolic activity of the tissue. The
radiation dose from tritiated water was more or less
uniform for most of tissue although it was con-
siderably low for fat tissue which shows very low
water content.

In case of the administration of tritiated leucine,
the excretion of tritium was relatively slow compared
with that in the case of tritiated water, and the
radiation dose received from tritiated leucine was 2 to
3-fold higher than that from tritiated water.
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1) HTOHKTEE L AI XV S YEBTOTEE Table 2 Distribution of 3H Activity

[, EEESOIC LR 545, AR OH ik & o ~ in Ceratopteris pterioides
(pCi/mg in Dry Tissue)
BTHFigl TRITEL, FRO-S2—BRS
Time
B, . Sample 1 2 3 5 24hr.
Cultivated in
' THO 66 108 195 287 919
et ated |
ultivated in
Distribuil'i‘onceor;tgpr:;::?;x Activity HTO*+1hr -H,0 36 53 93 160 591
" Cultivated in _ _
ég THO 33 47 162
I Dark : .
‘o Cultivated in 25 — 25 —  —
30 Tritium  Activity of Tissue Water HTO"‘lhI‘.HzO
320

o o

, , , , , (Tritium Activity in HTO 2.25x104 pCi/41)

Tritium  Activity of DOry Tissue

Concentration of  Tritium

ILICCNEHERT 2B, MCO, OEHA
HPEWBERT B - 2fER (Fig 2) . “CO

=2
B
O - oW r oG
o

SN i 5 20 % BoaxrtToxrhid, BB zRL, EIK
Table 3, 4 TN bDT & &R T 5,
Fig 1 Distribution of Tritium Activity thiblid, HTOKTERLAI XY S5 COER

in Ceratopteris SUBRICE S D T RE & BEOW S & ICHlE L

b DTy EWICH N [FLEEE O WEEICE S
B RICE D A 3 e T B EEL YR D TREHIRIN T 5o
WKEB OB, EWSEEL, B« BEIHF T, L
BRE Lico BRZAOTHEEE, Table 10 &
(L EOENR DN A WS, BEERIKCEEIN 2
THE, Table 20 L 51C, BHEHETE ., X W

™ H

%ﬁEVC%5< C &: f@f‘ff{@ LTV‘ZDO 7500 xsrm;

Table 1 Activity of Tritium in Free
Water
(Ceratopteris pterioides)

5000 1000

964 | 1182 0 1373

ime hr 2500 300 -
1 2 3 5 24 48 72 96

L2541 2995 4714 5E64

Sample . TR
53 59 57 62 65 63 69 75%
55 — — — 53 — — —% v
(Light 285%10% pCi/~1) Fig 2 Assimilation of 3H and MC
(Dark 221x104 pCi/zl) by Ceratopterts Pterioides



Table 3 Distribution of 3H
Radioactivity(dpm/mg d.w.)

SAMPLE 28 Days 3 Days
5 4612 —
7 5564 3430
8 6333 -
9 6910 4042
10 7806 -
it 14878 3696
12 10216 —
13 7542 5164
Bud 8323 -
Root — 6934
Medaka 611 -
HTO 15989 (dpm/21)

Plant < Ceratopteris pterioides

Table 4 Distribution of Tritium in Ceratopteris
31 Radioactivity of Each Fraction
Cdpm/mg d.w.)}

N;m’\(imi\ 80% EtOH  NaOH  Pesidue (dpm Residue dew)
5 3412 1187 13 146
7 3474 1144 - -
8 3953 1309 21 227
9 4803 1234 40 334
10 5397 1258 4 378
11 10053 1793 192 2117
12 6160 1986 521 1851
13 4544 1860 431 4590

HTO 1.6x10%dpm/2L, after 28 days

2) F45HHOKRTHIC, 2 0mCi/ 300me/&
OHTO%®EE L, MBEK(LMTHHO ) IKTE
#= Lo, FEBERFOTRESHFICDONT,
Table 5B LN TND, BIORT T EL, B

Table 5 TRITIUM ACTIVITY in
SOYBEAN LEAVES

Tritium Activity Tritium Activity

Il\}grflf in Freg Water in Drigd Tissue
(pCi/xl) (pC1i/mg)
2 1310 21.4
3 1240 441
4 1320 836
5 1250 143
6 1260 132

KRN T, BRI E b, EEAEDILRRE S
N% WA, BEREBRICENTE, S EEEN-T,
B WERSR bR, e, B R -FEF
OMERTO, TREZED., Table 60 &<,
G A 7 X 5, FLEEEOZE L R bR b,

Table 6 UPTAKE OF TRITUM IN
SOYBEANS DRIED RESIDUE
(pCi/mg)

No . SHELL BEANS

1—4 314 986

1—5 291 7.73

21 109 105

2—2 123 659

2—3 932 605

33— 1 250 1.82

3—2 636 127
MAY JULY AUGUST DATE
21 1 10 20 1 10 20 31

e e e e I 1 ! L 1 ' '
SOWING
i—4 1—5

(tExPOSING TRITIIM O
x T KILLING s

2—2 2—3

A

3-13-2

HIEY A4 2 v L ABEBNEL D) o245 RT 6
I, KFRIC L BT & (Table 7) 2B bR Twn»
bo COFER, WEEERRIICHE DA e TR,

Table 7 DISTRIBUTION of TRITIUM ACTIVITY in

RICE
Oriza Sativa L. (Koshihikari)

Tritium Activity Tritium Activity

in Free Water (pCi/al) in Dried Tissue (pCi/mg)

Germinating Ripe Germinating Ripe

Time Time Time Time
Blade 5450 6040 559 286
Rice 7210 9100 77 689




ELETICENT, BFHEERITE, £<HK Table 8 TRITIUM ACTIVITY IN FREE
BB ERTHAND, WATER OF SOYBEAN LEAVES

Y oTEREELT L (Fig 3

STANDARD  LITTLE
HUMIDITY TRRTGATION IRRIGATION

HIGH 66%+7(*482) 724+6 (¥5386)
LOW 45%+8(*175) 324+13(*127)

TRITIUM ACTIVITY IN VAPOR=100%
UPTAKE oF TRITIUR 1x (* )ZpCi /21

SOYBEAN LEAVES CONTAIND WATER
HTo

o Los Ly BEERBIRIC L 5 T, MRTo TRE
DAL, RBIROBE LFEROBM €= L. 5
REREREO bNTD 5 o

4) W —-BYRORYEHOER L LT, TER
KB LD, ZEHTOKE~ Yy RICHEELT. T
DIEHRE wBEE L, Table 9OEEHBR, HTO
T0.4mCi/ VL - 548, KPP TEREAEETH,

py

o0 [

i

TRITIUM ACTIVITY  (pC1/

100

S Tu R Table 9 Tritium Concentration
THFE DAYS
No No .1 No.2
Fig 3 UPTAKE OF TRITIUM IN days nCi/ml nCi/ml
SOYBEAN LEAVES CONTAIND 0 184%104 972%10
WATER 1 1.36%X104  676%10
] . ] 2 955x%x103 516%10
T@M&%jﬁ(’(ﬁ?éﬁﬁ%%\ ﬁ%@@ﬁgﬁ]m@g‘j 4 591)(103 321%X10
THEE, BEPOKRLZICRAESTHTO, HipE 6 292%x103 1.96%X10
T X 2EEABEL, S d@BBEEETLIA0—D8 8 1.62%x103 1.16%X10
2
s tna. 11 477%10 432%10
‘ - 15 1.82%102 1.59%10
TCTC ILIEBOFH TICHFNT, KEER 18 6.51%10 6.25%10
kad, TORDASETHE Lo 22 245%10 216x%x10
EHATET 55T, WARTHS LAET, & 26 LZ1x10  116%10
, 29 903 —
5 N = A Ay = =
E9O0FLEOHTOKXKELRETAK, BEPTH 33 6.82 591
FTHE, SEHEBICE, EROTEREET L0 36 477 -
BED bk, Chid, ERMEEIEBICL D, &N 37 - 382
KA rEsLageET, Y otz ToRY AR ii i’zz 21?
) 1.
&L, (Table 8 ), EHADICENT, ZBEFK
HEOTREDT 2 %55 LT\ico M E LAk C57BL MOUSE
age 115 days
BREOREL, 66 %0 T, ZERNIOEL, weight 35-40g

ZE SR A DAD ICEB LT3 & & HR0 TRS;%X&%?“ by 01mCi/ml

2% 5)6) used volume 4ml/mouse/day
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315007 BLOOD LIVER K1DNEY TESTIS
Lo TS .
& oo
B) B . e | / 3
HTO, T-ndv>id, GRKCARREKTE & || e [/ y
BICHR Ly WistarflEZ » b 104 D 1mliCd b B / [ / /
wTRE L%, ; g so0F| Lo Lo !
Sy b R OB T -SRI L, W { ; [ j
DI LAME( T~113) 2203, b5, ; b
i T me ae T e T

BEEIMAE (— 1 0 6 C) BOBBEEE, ¥ 7 B g S
NAF Y ZAY—( Packard #3 ) I CEUBRE %
oWty > Fv—v o YEHEGERIC L Y T HH6E
WIE Lo %/, LA THBE L 2o STE AR
Ao THHEEG Protsol ( NENHR ) CHEERE,
Ky > Fv— 2, Aquasol-2 ( NEN#H®) %
WL Beckman-230 iKY > o v— ¥ s YEIHE
THIE L7,

1) RPEMH~OHT OO hiAH

TISE N HOURS

Fig 4 Incorporation of tritium into
various tissues after oral and
intraperitoneal administration
of HTO

Table 10 Water Content of Various
Tissues of Rat

Water Content™

Tissue
Z (%) + S.E.
v v 2.5~3. 2 g 50
5 b CHE 5 07 H Ik E 3 T T
g, RKEF24D 0.5 2CioHT O %R S, Kidney 73 + 2
WO S (O Y Y 7 e e B~ EEE Testis 85 * 3
) SR - Spleen 74 + 2
A D) Ly #1 5/ . BPEEEBT O TIRE TR Lung 76 + 3
Nk (Fig 4). BEAROHEH, HE5BEEIC Heart 73 + 2
MR 7 B O IC % DA ORI R © T EEEEE L. 1 Intestine 72+ 3
Muscle 71 + 2
R G VLRI VO L 7o Brain 75 + 2
Fat Tissue 15 + 3

—J OB ELEOLHE, BHBTO TREL6 ~
ORI ICHEEMEICEL, BE5EKITHTOD
TS OBITRE ICER S bh i,

NWTFhOREETE - Th, TO&EES THEE I
(3.6 & EEMNR C, ROMICERT2HETH o T
by HT O, BEAEFETHRIRINE & & %R
LTwh,

BHBME CTOmBE TRED, rEIE <, #
i, B, FEOE €. Mo TEEED, &4
BogKEDEL LB,

Table 1 0 IC, BEEEEREIC L 5 TR A AHERE

*Water content was expressed as average
of ten experiments with standard error.

DEKEERTo

2) fEPNEEEERD DO H T O O &+ a2

IR

5y b (M, 25~3.00A%, FHHEES S0
I, KEIH D60 2CioHTOREORS L,
10 0BH, GAREESCHERP 2 TEE SHERE
A THE % JI%E L o



P2 T OB (Fig 5) 3 E5%2 5 H

% T, IR B WA T X ToMER T, IR
Ba 2 —> %R L, 25 BUBRE, BEORE
BICREANBRAM TOBENFEE TH 5, HICHAP
BT IHARRR ICE OBFM 2 < . RS NE TR
CHEM L, B TREEOS WRBIEARIHHER,
fées X UHAR TS o %o
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Figh Variations in the
concentration of total
tritium following the
ingestion of 6.0 pCi
HTO/¢ b.w.

BB F T LESUETOEH EHRL L, #E
B O T OB YA, FE AR IE L RIC,
INETy IR NS O, BRI, HR TS5 7o
Lo LThid2 0 BRI IC W T LEKHIKT
BREEOZ ~ERRL, JEIER,. M, TR Tk
(Fig 6)o

CofFEE T 2R 5B IR 0oL ToP T
AL EHEEHERTLI~5 3BETDH 5 0EE%
AN EIL, 4 0 HEKE50~80% &%
by FOBRERIFFEICE Lo Fig 7 ICHEFE
DF|ERTo TOFRD, BEBRIHCEEARTK
HEEDLHTO (EHEHRT ) ABHEBHT eI

PRI N O~ HRIC—BE#S L TRED
BEMtB N LER L Tnb,

1199

TION C RPN /g )

Figé Variations in the
concentration of tissue~
bound- tritium following
the ingestion of 6.0 pCi
HTO ¢ b-w-

VARIATIONS OF TRITIUM ACTIVITY IN THE LIVER FOLLOWING

THE IHGESTION OF 6.8 401 HID/g bow.
HALF-LIVES I DAYS
g 1sto Zwp,
o TOIAL TRITIUM 3502

® TISSUE-BOUND TRITIUM 6,0 21

PERCENTAGE OF PEAK ACTIVITY AFTER INGESTION

] it 20 30 o 54 £9 70 i 0
TIE 10 DAYS

Fig7 Variations of tritium
Activity in the liver
following the ingestion
of 6.0.£1 HTO? b.w.
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BEBEBMIC 2 DOlRAOFE LTEDbIN L, &
RS ORI ® Table 11 WORT, MRS
£ T OB A 1 A CHEREIICER 2% (R
3.5 AT, F2RIREHRTHEZVELZD, W
6T Ao TOTh RT3 L, Th
LOBRETHMIEOE 12 THTO] ., &
2B DEEEHE T OBRINCHIET 2 & & m Rl LT
b,

Table 11 Half-Lives of Total Tritium and Tissue-

Bound Tritium after The Ingestion of
HTO.

Half Lives in Days
Tissues Total Tritium T issue~Bound Tritium
Short C. Long C. Short C. Long C.

Blood 3.5 17 - -
Liver 3.5 21 6.0 21
Kidney 3.5 23 5.8 23
Testis 3.5 25 6.9 27
Spleen 3.5 35 5.8 35
Lung 3.5 26 5.5 26
Heart 3.5 27 7.0 27
Intestine 3.5 17 6.3 18
Musecle 3.5 35 6.8 36
Brain 3.5 41 7.5 43
Fat Tissue 3.4 52 - 54

3) A ~OT OB YA S &P

HTOf%5(604Ci/¢BE) LAs» P bLE
b LS WSS BB TS, Schneider ¥
(ZFHEIICT, HPCA¥EHES, Tra—r -
T —FAEEES, 3P CABEES, TAn B
PEEAVCHBE L SRS R ~O TOE Y AH &
DA T F T (Table 12) o I b EWELD A ZK
AFAeEp Tl S h 25 P C ABMES T, 12
FRBICERHEUTOT 4 35k, LAL5 0
BECE 2 3 %2 ~@ A Lo

BRI S T H AP C ABMHED TIE, 12
BHBIC 1 3 THoc b OB5 0 HEIKIL L 5 %~
Wil Fig 8 WHESFbELBEDS (HPCA

% Perchloric acid (BHEZER)

—88—

Table 12 Distribution of tritium in various fractions
of lyophilized rat liver after the ingestion
of tritiated water.

Time Cold PCA Ethanol-ether Hot PCA Alkali

(Day) soluble soluble soluble soluble
(%) (%) (%) (%)
0.5 74 4.7 1.0 20
1 65 13 3.1 19
15 36 28 5.9 29
30 30 25 13 32
50 23 28 15 34

- VERIATION OF TRITIUM ACTIVITY {2 TW0 FPACTIONS
OF LYOPHILIZED TISSUE OF RAT LIVER,

1599

o 2
( \ @ TOTAL DRY TISSUE

O COLD PCA SOL. FRACTION
X COLD PCA INSOL, FRACTION

1009

RADIOACTIVITY C DPM/_ . DRY WEIGHT OF Tissug )
500 :
. .
—,
o/""g

1 20
TIREC DAYS Y

Fig8 Variation of tritum
activity in two
fractions-of lyophilized
tissue of rat liver.

BEES ) EESFLAMES ( Tra—r e 21—
T, BPCA, TAh Y BEEES ) POSEHET
ORI E R T
4) T-v4vrOEREHHLFHTO L Ok
S M(HE, 25~3.027P4, FHEES 80
FOV, HEIND 0.1 201 OT~-n4 i
OS5 L, 100AMH, GREHROMBIET &
M A T OBHEE & HIE Lo
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(Fig '9), Fig 10 CEEAHEBC T 24HkTF 2
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Do
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.x\ O TOTAL TRTIUM
‘\2« © TISSUS-BOUND TRTIUM

PERCENTAGE OF PEAK ACTIVITY AFTER INGESTION

1020 3640 500 €6 70 80 30 100 no 120
TIME [N DAYS

Fig9 Variations of total
tritium and tissue-round
tritium in the liver
after ingestion of *H-
leucine
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Fig 10 Variations in the concentration of
total tritium following the
ingestion of 3H-leucine.

HTOLT - v A4 v EHO THMERE OB
T =T,
MEOFIERT (Fig 11), T—24¥ »@dHTO €
HeBEftas 7% DB<, 5 0 BLBIMETH30 & *

DOEOHERZTIE 1 0~ 2 0EBNTREHIED b/,

RETENTION OF TOTAL TRITIUM N BLOOD
0 *H-wATER

00+

® *H-LEUCINE

PERCENT OF ADMINISTERED DOSE PER GRAM BIDY WEIGHT

0200 30 40 50 60 70 80 .90 100
. TIME IN DAYS

Figll Retention of total
tritium in blood

T-na4vrBE5680 TOHMMED . HEREK
M2 DORBOFELTEDLIN, TOF 2 ML
OEEE, HTODOHE LI~ Lk, HTO &
T— 84 v OFEMERC I B A2 0 25 5
Table 13 IC & 5 THEHE OF 2 B4 IC SR IC S
N CAHHEIE 23580 b7z,

Table 13 Doses(rem) to Various Tissues of Rat after
Ingestion of Tritiated Water and Tritiated
Leucine for 100 Days.

Doses from Ingestion of 6.0 2Ci/g b.w.

Tissues Tritiated Tritiated
Water Leucin
Blood 9.5 236
Liver 7.0(9.3%) 21.6(72%)
Kidney 7.4(69%) 235(75%)
Testis 7.6(42%) 127(58%)
Spleen 7.0(81%) 156(88%)
Brain 7.1(85%) 167(64%)
Fat Tissue 20(64%) 57(88%)

Parentheses show percentage contributions from
tissue bound tritium

5) HTO, T - v 4 ¥ ORI T A HHEEE

HTO, T-mA4vr#5%1 00 8HESESH
ST BB ELRAIC L D, EERO TS ~NT



H-HMmLTnhEREL, TOREMKRE(Q.
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C W THE (2Ci/9)
Ty/e « EXPERL (Day)
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—XQ.F.)
t o K] ( Day)

Table 5 OB EBEHWITN G, T MEEFYH D
6.0 rCiTERELADOELLTHB LA, HTOD
WA MR & PRS2 Bk < MRRIAEIERE UiEE R

L. MR AE T 2o icn 3 2% 5, IF
PR RN T EOMG 1 0 AR TH 5 7t —
FHy T-a4vrofRagd, SO TESIRET D,
HT OO~ S, MRy BTz, n
W2 5, . BB IRIGER TR 3 55 iR
BETR LK, T/, HBRHEEETHLO0BRT S
L5 8~88 BOWHEHICH b, WIFhoOMkD
HTODHBEIL 2% D BWEER L,

B
A) HEHpE

BSR4 e T, M RamEei e <, A
BRI N BB R OB, BEARKPICEEN ST 28,
BARBIIC X b | fEICE L Eh 5 2 I X b EEET
Bo NEAEMIL, COREBEIC L b, ETAERAT &, I
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Incorporation of Tritium from Tritiated Water into Nucleic Acids,

Amino Acids and Lipids of Oryzias latipes Eggs

Abstract

Eges of Oryzias latipes were kept at 25°C in
tritiated water from a few hours after fertilization to
the day before hatching. When eggs were kept at
25°C in 10 uCi/ml of HTO a radioactivity of 46.8 +
5.72 x 107 uCi/wet egg was found at an equilibrium
activity level, whereas the dry egg contained only
about 1% of the radioactivity of the wet egg.

The radioactivity of tritium in nucleic acids (DNA
plus RNA) isolated from eggs incubated with 10, 100
and 1000 uCi/ml of HTO was closely proportional to
HTO concentrations. Tritium in DNA isolated from
the eggs treated with 100 uCi/ml of HTO had a
specific activity of 8.48 uCi/g matter. The DNA
radiation dose was estimated to be 2.4 rads/day DNA.
The experiment of the DNA separation into in-
dividual bases revealed that all four bases, but
especially thymine, were labeled. Incorporation of
trittum into both DNA and RNA was observed at the
same stages at which these macromolecules were
synthesized during embryogenesis. After the transfer
of the tritiated eggs into tritium-free water sub-
sequent incubation indicated that the loss of tritium
from the DNA of the eggs was very slow.

Variable radicactivities were also found in the free
amino acids extracted from eggs incubated in 1000
uCi/ml of HTO for 9 days. The specific radioactivities
of individual amino acid separated by using thin-layer
chromatographic technique were about 200 to 20000
uCi/mole.

Lipids were extracted from these eggs by the
method Bligh and Dyer and analyzed by means of

Akiko M. UENO and
Yusuke ICHIMASA

thin-dayer chromatography. Determination of the
radioactivity in various fractions of lipid revealed that
the activity in phospholipids was much higher than
that in neutral lipids. Among phospholipids lecithin
showed the highest activity (42.3% of the total lipid
activity) although the content of lecithin was only
13.6% of the total lipid. The specific activities of
tritium in lecithin and triglyceride were found to be
7367 and 505 dpm/umole, respectively.

The ftritium radioactivities among three kinds of
lipid moiety namely, unsaponifiable matter, fatty
acid and alcohol component were found to be,
respectively, 3.1, 10.2 and 86.6% for lecithin and
30.5, 14.0 and 55.5% for neutral lipid. When the eggs
kept in tritiated water for 3 days after fertilization
were transferred to tritium-free water, the radio-
activity in lipid declined very gradually, the loss
during the following 3 days being only 14% of that
found just before the transfer.

Key Words:

Orizias latipes, Eggs, Tritiated water, Nucleic acids,
Intake, DNA, Radiation dose, Thymine, RNA, Amino
acids, Thin-layer chromatography, Lipids, Phospholi-
pids, Lecithins, Triglycerides.
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Incorporation of Tritium from Tritiated Water into

Tissue Lipids of Rats

Abstract

Male Wistar-strain rats weighing approximately
380 g were used. Each animal was given a single oral
administration of 5 uCi or 15 uCi of tritiated water
per g body weight. Animals were sacrificed by
decapitation, and blood, brain, liver, testis, and
adipose tissue were quickly removed. The distribution
of trittum activity in these tissues and blood were
investigated for 90 days. Lipids were extracted from
various tissues with chloroform-methanol mixture
(2:1, v/v) and analyed by means of thin-layer
chromatography.

The incorporation of tritium in tissue lipids was
the highest in adipose tissue, followed by brain, testis,
and liver. The biological half-lives for tritium in
various tissues were as follows: 33 and 213 days in
brain, 80 days in adipose tissue, 10 and 38 days in
testis, and 6 and 24 days in liver. Radiation dose
given to each tissue during the period of 10 days
(10-120 days after the HTO administration) ranged
from 0.1 to 3.5 rads. The activity of various lipid
components in the four tissues was determined during
the period of 10—120 days. The major portion of
activity in liver and testis was found in phospholipids
and triglycerides, and the activity in phospholipids of
both tissues decreased with time, whereas the activity
in triglycerides if testis tended to increase slightly. In
adipose tissue, almost all of the activity was distri-

* NEFE A, Visiting Researcher
FMREV—2—AD ) F U LKD AL HFEND
LDV TRERETS » NCOWTERL, &V Z3HFr
B L e dficAZEICE D E Lk,

Y. ICHIMASA,
H. TAKEDA,
Y. KASIDA

buted in triglycerides. In brain, the major part of the
activity was recognized in phospholipids. Distribution
of tritium among various phospholipid components in
liver, testis and brain was also examined at 10 and 87
days after the tritium administration. The activity in
phosphatidylinositol, phosphatidylethanolamine, and
cerebroside of brain was retained much more than
that in phospholipid components of the other tissues.

Key Words

Tritiated Water, Radiation Doses, Intake, Biological
Half-life, Lipids, Phospholipids, Triglycerides,
Retention, Tissue, Distribution, Rats
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FrgcE < B BiRRo 2E T o T ORE
Zlehrbe, WOhOEZHETS 6 0 BigiKkiidhs
CEBEIRCE S 7 T, TOBRIMEIhIK (N T &
O - o

wic, FFE. 2. PR Kol EERAFo T
DOWEEXFig 3, FigdlRklLi, . 2T,
HTOH»LDOTEARFYEN, P2 ) 2 FCED
BB YAT NN, EORSOHSHE b I E OWRE
EIRIEFAT L CBE L, BL, BAOMY 7)€Y ¥
OHHEEX1I0BELS6 0 AOM, ¥ LAETFHEno
EamERLA(Fig3 ),

AR TE MY 27 &) PO TOR b ARDIE b
&<, ORGSO TOEY AR Y 7)) PO
1750 BFTH b, IFE~O TOHDRAHIDOKEIE
PUZ)EY N THDHT EMbD otk Fhk, TORE
PIENC & AIERBROBE TS 5, —F, KTE, *
2R Y ENAND T OB D ARAE S BT &R B
LEFFETHEHH, TORBERIMECHE L TES,
NI BT B T OXBHIAE L CEWREREBDh 5,

R KoL S —DOBEERT e —LOT AT LA
FRELAWCETH S (Figd ),

R, BEEBRO R AR Y E RO DN THN
7z ( Table 2 ). FERFARDOIGEHEM S OHSIEEILIE &
A EBHEIRE R OT, JRIFEKER V7, Table 2

Table 1 Bi
tr

do

ological half-lives of
itium in tissue lipid and

se rate

Tissue

Biological Dose rate

half-lives
T1 T2(days) (rad7110 days)
Brain 33 213 04
Adipose tissue 80 35
Testis 10 38 01
Liver 6 24 0.1
0693
D="738EA,T1, (1 exp(fjgzgt) J
2 Liver
: \‘ S Testis
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Fig3 Tritium retention in lipid
components of rat liver and
testis
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Table 2
rat tissues

Distribution of tritium activity in compPlex lipids of

Liver Testis Brain

10 87day 10 87day 10 87day
(dpm g tissue wet weight)

Spot L 1,151 102 620 29 706 294
H 1,727 91 484 32 1, 038 294
I 617 85 453 20 249 -
X 1,028 - - - 1, 079 477
C 2, 467 135 1, 027 60 1, 951 600
Phosphatidy 1 choline 14, 186 287 6, 298 91 15, 524 2, 448
Phosphatidy 1 serine 2,179 100 620 38 1, 204 367
Phosphatidy 1 inositol 1,645 114 368 31 3,196 1, 432
G 3, 084 133 2, 868 38 789 453
D 493 - 1, 124 17 1, 494 355
Phosphatidy 1l ethano 1 amine 9,128 133 3, 48¢& 87 9,422 2,766
Cerebroside 1,933 8& 1, 744 37 4, 026 2, 619
Cardiolipin 1,480 41 213 20 830 135

KEHTO®REH10HHELE 87 HEORKRL R LAD,
FTig 2, HMOWShoHBE T, FR7 500
Vo, RAT s FIALE S =0T 3 T O YA
MBNT EDBEL Dk 5 feo L Bl OFRAKRY
FOTE®IZS THHKSWTEL 0 A BOEMED 110
~ 1780 IKETF20ICH LT, MosE T, Tk
O FENS <
YTCL/6THLDICHLT, ®RA7 s F vl >,
n“\x77%=)1v4/71~—1?\ RAT ¢y ForL g/ —

1/2~1,/3ThbZ

RATZ s FIT Y B d Y

TRy, RV T a o NTE,
EDHLICTE 5 e

Ll oS, HT O b0 T ORESBE~ DN,
RUFTOT ORISR L TR0 TR (., FHE
WAOEBEICYL > T REDLC EEPLALIGRTIOT
b,

% B
T OEPICRITTHEMRO—BE LT, HTO» 5L

DTDF » P BEIEEN OB AL, ZTORFEICDOWN
THRE LT &, WEOPIEOTD b0 T S HESRHEE
UHREB A ST, COFBRUENEEST B T & 238
Lz 57 TOZEEHTOOHEMRPF£—4 0 b
T RS F ORI v (ERRE R RAS
E ) THRETALBEERB T 0 LESL b b,

1) L.Brady, D.R.Romsos and G.A.Leveille (1976) In
vivo estimation of fatty acid synthesis in the
chicken (Gallus domesticus) utilizing *H,O.
Comp. Biochem. Physiol., 54B; 403—407.

2) R.Fears and B.Morgan (1976) Cholesterogenesis
from tritiated water in rats: Evidence against the
existence of diurnal rhythms (2. Effect of meal-
feeding). Biochem. Soc. Trans., 4; 60—62.

3) R.C. Thompson and J.E. Ballou (1954) Studies of
metabolic turnover with tritium as a tracer. IV.
Metabolically inert lipide and protein fractions
from the rat. J. Biol. Chem., 198; 883-—888.

4) H. Okuyama and S. J. Wakil (1973) Positional
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specificities of acyl coenzyme A: glyceropho-
sphate and acyl coenzyme A: monoacylgly-
cerophosphate acyltransferases in Escherichia
coliJ. Biol. Chem., 248;5197—5205.
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Effects of Tritiated Water on the Embryonic
Development of Fish

Abstract

Artificially fertilized eggs of common flounder,
Paralichthys olivaceus and a species of puffer, Fugu
niphobles were reared until hatching in tritiated sea
water of various concentrations. No significant dif-
ference in their hatchability was observed between
control and tritiated water groups of 107® to 1072
Ci/1. However, a decrease in puffer egg hatchability
was observed in tritiated water of very high concent-
rations, i.e., 1 and 10 Ci/l. Although the eye
diameter of the 10 Ci/1 larvae was found to be only
about 57 per cent that of the control, the body
weights of both groups were nearly equal, possibly
due to the larger amount of residual yolk in the 10
Ci/1 larvae. Naturally spawned eggs of the Japanese
killifish, Oryzias latipes were reared in tritiated water
of 1072 and 1 Ci/1 for eight days and transferred into
non-radioactive water. Hatched larvae were fed with
powdered artificial fish food and Daphnia for the
next 30 days. Comparing with the control, both
survival rates and the mean fork lengths were slightly
reduced in the groups treated with the tritiated water,
but the differences were not statistically significant.

The eggs of Oryzias latipes were incubated in

tritiated water (0 — 10 Ci/1) or were irradiated

continuously with vy-rays (0 — 132 rad/day) for eitht
hours immediately after fertilization. The rate of
chromosome abnormalities at the end of the treat-
ments was calculated as a ratio of the number of cells
with chromosome bridge(s) observed at ana- telo
phases to the total number of cells of the same
mitotic stages. The frequency of chromosome bridges
increased significantly when the eggs were reared in
tritiated water of the concentrations more than 1
Ci/1 (> 37 rad) or irradiated with y-rays of 293 rad
or more.

Ryushi ICHIKAWA,
Ippei SUYAMA

Key Words

Paralichthys olivaceus, Fugu niphobles, tritiated
water, hatchability, eye diameter, body weight,
Oryzias latipes, survival rate, fork length, chromosome
bridge, yolk, larvae, gamma-radiation, x-radiation,
cobalt 60, Cesium 137

hil]

&
BFFNEsLEEEhA MY 572 aid, chihks
T B EDBHIEOEM CEFAICARTTRER 7200, BRI
POMOBIBL b 3D HICE N, Thifg, & 5EHRIC
DY DOBO LY FY AR IND C EERT N %
o LavL, BB ACEZHEOEYEMEERLTO
COBBOEDRERHLES T VRELZVWOT, BEF Nk
BLTHREFOMOBREICHL a3 WVEHETE N,
L2 Ly MEEEERORE OB AL LI, KEEWO
PRFE AR VC B 3 BREE 7K b O T PR TR O ey BB i
DNTEERZIEEL S5, AR, RIPOSECE
VE3 b ) F U 2K OEY R T 5 I OICHT oo

(1) BERNOREEICREFT MY F7 okORE
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M#E L FiE Table 1 The hatchability of flounder
eggs indifferent concentrations

v 54 ( Paralichys olivaceus ) &EZF 77 nr
of tritiated water

( Fugu niphobles) DUBLFEFHEEL, BlalcE
BECHELRIATEREI S, ¢ 7 AMOBHER, & MY F O ABRE REBMOBE . Gl

Cci d
W0 K I 30 TEBICRMT 5 L 95T E 7, (et BECrad) (#)
237 SR EGERET TEHEL, THEMLATZRA a2y bm—n — 703 82.8
. - o . 1078 107° 941 79.2
TER LA, THIWELE«OBEDO M) 7 v 2EKPI 10 ¢ 10 -9 735 8.4
s TRE L, BLERICY » v <Y YEEEFT - %o 107* 0.11 890 88.5
Yo AK&%EH@&&{@—%MW(K1> L hEE 1072 11 661 80.3
L7,

Jbses— I ;

TEHIEM2 0802y 7 25 ( 248D %,
eI ARTORREEEBL T, 107 Ci, 1072
CiL L @b Y F v o KEIREKICAN T, %‘ﬂ:@j@%
2 3T T, ZFER 140 ~ 180 B ORI R b e, &5
R % Table 2 AT
1CL/0 BOB LEa > o =V RUMO 2B LD
PR 5 72,

D=512 Q+Em rad/day

T T T, Do RRBRIKGE
Q s KRUIIO MY F A (uCi/T)
Em : BBOFHT I F—, N ) FvaTh

00057 MeV
COFETE, M) FY ARBRICE—CHHLTY
BT ERUKBLIANO Y FU AOBMEENT &%

H5E LT\ b,

Table 2 The hatchability of puffer
& R eggs in different concentrations
of tritiated water

R bsEBR— 1
v T A REIN & RS 4 RIS, 1078 CL A M) 5o aBE 180 BERIOBE oo THIEE
) . BTN

1072CL/0 % TOMADERED b ) 5 v AfgkIC AR (cit) #E(rad) (%)
oo TOREET, JBE1 6 ML WL 3 2MIARIC S Sy bm—n _ 911 41.6
a7 JKIB1 5+ 2CT, ZHHET 2~9 65 KoM T 104 0.22 798 44.0
L pe _ . 1072 22 779 41.2
B E bk, 8 Tablel VWiRT, > b u— 1 2,160 846 36,7

ABELI0T2 CiLlETOMN Y FY ABECRELDOMT
iy BIERCOWIAHEZTELBEINZ D 5 o

Table 3 Body weight and eye diameter of newly—hatched larvae of puffer

b Y L jEE 130 EEHoRKE BT B =x " E iR £
(cv) WE(rad ) i (%) (#g) (&)
arbm—n - 403 97 722449 244+13

10 15600 400 87 762+4.1 14017
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R RER

MY T AOEBIC L DIRENRE S HRMT S kDI
7y 7 RN E SRRSO 1 O REIICED THERE (10
Ci/l )DNYF v s ANK, ORI, &
TICERES &2 e LG TR~ BRREEo
HEATHD S ORT ERIA VR, b F v 4 KRN INE
TKICAN A R COFAEBME 3 © 5 IRIIT S » 7o BILIE,
KB 2 7CTRREG 1 5 0B E T o BT
Table 3 CRd,

10 Ci/1 BEOMML 3R,
B o icENTh & §, Table3WR7 & S ICHRO TH
WHEEBBE T EL A, ThiBEOEWRATEE W,
Lo Ly £ oEENBEORMAOMICEE I,
Bz, 7 b e — A BORMERERL, BROPREEE
P FH - 7223, 10CiLA MU F v 2 KEEOBLHE
B TKEICE DT I 72 B R Th 5 ko BMEEE
KEhd, b5y afgkEEORRR T >~ b o — A BRIT
H U TERDD 7% DI, TACH LAEEEZ LT
(Fig 1l )o Rk, btV FoaBCH~NTar e
—AVETHECBACEIBE IR, o & D,
BER»EEBOEROWEOMRI L5 0, BEM
FZROEHALERIC L 5 3 ONERIL L ThZin,

7a =Y YREEHAOBRENR—FL ThE NI
MAOHE T FHICHET A ENTE k5 2D T,
ZE2 0EREETEICEBATIRELZE L. M) Fv
L KO MBI OIRFE O FHEEL = ~ b v — L EOTN
OB TRTH o te,

Tre, BB 0EETERICRA TRAATKAEMY
Br\neth, REZHGE Lo Y 7Y afikBEd o~ b
o0 —AFEL b b ITRIICKE W EBEEE R L,

arbo—ABEOLIDOLD

D

Ez B

KEEWD ) F 9 £k~ OEHIHIR OFBICET 5
R, TR 5N TWA, Blaylock @i—‘fnz) D7 X
072 Ci/ 0 #65X1071Ci/ 0 & CORED Y F
UV LKFTT A OPRERIEERTE, 2> b~
nEORIKIERICHEZDT R 6N kb 5 ke Strand
503) 2o x@E107CLL H6107% CiY %

Fig1l Newly-hatched larvae of puffer
upper ¢« Control
lower ¢« Larva hatched in tritiated
water (10 Ci70 )

TOBEEO MY Fv akP TS EERTL, BHE
ZRMEROBF LSRR 6Nz 0 5 72,

Walden i %), BESEERAM B, 0.5, 1.0 ROF2.0
Ci/ 0 DM Y)Fv 4kKPICER L7 three—~ spine
stickleback( b & v F OO KA ) & English
sole ( ¥ 27 A0, WBER) OBIERACEES
AL, WECOWT, LOKK2.0CL LMY 7Y
LB CTIREOFELZR P EEEL T b,

1077CL 0 3 TorYFv aBETH, BERBL
EORPDOR LN koot 5 ARPZ2Y 7 7ITDNT
DAPROFERE, WKAICET 5 _ Lo (LR OBR
E—HK L Tnb, Walden O LLEROB DI, +
I, 1Ci0T10%, 2Ci/ 0 T20%EatET:
LH5 KEBROZYV 77T, 10 Ci/) TH40%0
B Th o7, 10 Cil BEOFERE A OKEDIMED I
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Table 4 The hatchability, survival and growth rate of Oryzias latipes
exposed to tritiated water during its embryo8enesis.

MY T AR o , - 30 BfEREH (R BEE (mm)
Ccisl) HEEIIE MERHE (ZE) %1 %2

T br—n (1) 51 45 ( 88%) 24 ( 47%) 127438
) 53 51 (96%) 29 ( 55%) 11.9+3.3

1072 () 59 57(97%) 26 ( 44%) 111439

) 57 55( 96% ) 29 ( 51% ) 11.64+3.5

1 ) 51 50 ( 98% ) 27 ( 53%) 11.444.0

© 65 63 (97%) 27 (42%) 11.4+3.2

®1 HEmEIC T A

%2 30BBKZ »r~Y rEEBlE

Table 5 The hatchability, survival and growth rate of O7ryzias latipes

irradiated with X—-rays immediately after fertilization,.

X@BR(R)  Been R (e) 2 0AMERAGE RRR(nn)

arbo—n 49 47 ( 96% ) 32 ( 65%) 12.8+4.3
100 41 40 ( 98% ) 31 (76%) 12.8+4.2
200 50 49 ( 98%) 38 (76%) 123+4.4
500 56 55 ( 98% ) 42 (75% ) 11.1+45
1,000 57 54 (95%) 38( 67%) 11.944.2
2000 79 13(16%) 2( 3%) 138

1. RN BICH T A A

%2 30HBRKZ 5~y rEERAIE

avba—rEEe FEAOE, 7 ba—aBEL hIBEE
BN TE b, B TREE LA AL ¥ —030
N, BREREENENWC LIC LD LRI N S,

(2 AV NERBOREICRET MY F 7 L0 T

DORBRTHIBILE TORBEEHEE LS, FERT
B, MU F Y aKkbh TS EARER T FEEKFICE L,
TOHE3SOAMEEL T, ERERUCEETHEN, FE
FON)FU ARWEBEFRCRRICRETHEEOFE
PIE Lo REAERCEEBTORE R RKAD 4 £
#(Oryzias latipes ) HHnk, 3k, LEDOA
B, X L A £ B BIORE EEE T~

FHikEFER

FENERD A £ HERIE 107 Ci/L & ICi/LDBEED b
Y Fv K, 2 5°CT8 AMEBE LA, TOBEBEKIC
BL, BRARALERGRE S vy az@\E LT
30 HMWE Lk, TOMBHIFTREHL, X, B
BRTBRATHEAZ 7 s+~ ) YA LT, BXELHIE
L7, #55% Table 4 ITRT,

LR T = > b r — (1) T8 8% & ks o bl
FTNTI96~98%Thb, EIRMIN %D ke B
W IBEICH 35 3 0 A OEERRE 2 BAlOEBROFS
T, arbr—nO51%KL, MELD47.5%&
B 5 7S, BEETHEDL S ko BREOFHIE,
avba—r0l 2.2mm 10 72Ci/) OEt11dmm, 1
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Ci/ O BOL 1.4ambbThanblEOEBLNR N
T C OBMEHEICHEE THZ D 5 72,

X, ZFEEHO AL 7100, 200, 500, 1,000
EUF 2000 ROX#HERE L, BE#s 0 Al L o)
R CRBEE L, #H% Table 5 1R,

0~ 1,000 ROMBA TEHILERILI 5~9 8% T
BRLNZ WA, 2000 RIBH TIEL 6 BICIET L7,
HERRE T be—A 06 5% LT, 100 ~ 1,000
REBHETIHE6T~T7 6% TirLAEmD-d, 2000 R
RSB CEL S IR T L, Lov L, B EOVHIL
vobom = EE RSB S ORI E T ZE AN L
> 7o 2000 RIBHEECRE S THEER S 2 OLbTn
2R T, FTORNEEL 4.0mnk 1 3.5mnTH 5 /2,

=
AERIARAEFHREROBEE CH 5, cOBOER%
IET 2L T, BRORESPHOEERDHE
FWDNTEE T O LHENRD b, HHIC, BEHEKORA
TR, P e OHZBALN, HRVAEL, Fi,
AEER T, FEMEb 1 s AT 5 s, HE
BHEE L CHTEATREIC 7 B % TORIME 7S —T 5K
BB TH 5 9,

B) A THPPRECRET b YF 7V LkOHE
O EM RO M & @R, ) F v KkPT
FHEIE 7 A L D IPOFREYENC 1) B I RE OB
BEaRibi, E7, 7 BB L2 £ B IpconT
bPRERREREET RO, @7 — 2% Lk,

FiE & FER

FREEBRO A LN ( Oryzias latipes ) IE MY
FU 4 (0~10CL Q) KPT, 25CTEWE Lics M
TRBARATER SR COR M L DS L, BEMR A vt o B
e LT, BEERY eEE L, REET LARAT
DA F S PPOFEEERE AR » LIRS
7eo BB IE L LTHINES 2R S LU RIIICA b
REMEBOME T &b 2T, 525 RCH 5 i

T B BB bNDHIMEOE &% b - TCORE %77
Lico %, SRR A2 95%57T ¢ s o % co 7 fam
HRANT S BEEBIES L, MY F v A KREER &G
BROMI E4T\~, Geto b RE SRR &R 7e,
FHEAZEEGEFig 2 T, #EGHBEOLAEFig 3
T, BREGREOEE D Table 6 WWRT,

Fig 2 Normal mitosis.

Fig 3 Chromosome bridge (1071 Ci 1)
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Table 6 The frequencyY of chromosome
bridges in embryos of Oryzias
letipes exPosed to tritiated
water or 7 —ra¥s,

i BE BE SBEH P
i) (rad) (R %
avbo—n 0 5435 28 0.52
10! 4 2214 20 0.90

3H 10 ° 37 2115 22 1.04
10 ! 370 1,565 43 275

13704 43 2183 16 0.73
293 1,258 27 2.15

60Co 1,056 1,252 48 3.83

L KEBEEER, 22 b -0 0.5%1w L, b
V7o 0107 CLY B (HERE, 4 rad) TO.9
%, 1Ci/ 0B (F37rad)T1%, 10 Ci ) B([H
370 rad ) T2.8% &, 1 CL U BULTHEEELRD
N, Thies A0, 297 7IOBRICRIIETH
BOBERBRE BT 2 &, REKBOFEERTL LD
RNBE CHIEIN D Lo T EMRTE B,
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