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BIRE AR - THT 5 R OERIAR L LT, FCRBBECESRELZ>T 1D LS
x5 N5 RRMSHEGBOBEC 51 EDHELEMTS (TR 3 ErSTR &5 £
ETHD 3 FMl) . CORDEBRPICEETZIIIY, PUYL, FV96HB3NnERo=
YA EHRT BHEEICONT, DEBEOBEL L, BEEHAORE, BEERYD
NOBIT - BRLEESOVWTHE - #2775, 8K 3 £, BLToERHIIDWTLE
2—%&{To7z.
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(1) MBS L UAEOBRECERL EBEEY [ST2, AL4 (£52), F8 (3
YH), TOA (ATZX, £IF) ] oW, EBEyRAXRZ PO ARY -
B UMM - afBAXY FOA MY —12 kDK, U Ak, Th R,
228Ra(2%®%Ra), 2'°Ph, 2!%Po BLUF'37Cs HEBL =,
(1) BREBTHBLEMILT, ChEREOEYAOBBERES X CEWEOLED
BB URLEREEER L.
SEEE, UTOEBIS>WTAEAEML, 3 MO L bEF -,
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228Ra(22%Ra), *'°Pb, ?'%Po BL U '¥7Cs FEEL 2.
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HE, EBRORETFAHFHABEROIE ALBHEREBRICIIHEL T3, BEFIERLE
ﬁk@ﬁﬁf&bﬁ@@ﬁé%mﬁéobkﬁof,:n6ﬁ¥ﬁﬂﬁﬁﬂﬂ6oklﬂ
SEEO—MRBEAOKBI, AKPLS50 7+ -7y MEHETHE, $THRE
HaEBLTITDONS. AEF TR, HEZWEZPEOSEE WS WENMER L &b,
{LEHCIIBEYEO RS, KR, BEHOME, £9¥ENcrPpERFOMESES
FICEBESh2EETHY, ES5UUHEONILBERSRVERCELSNBIEHTLH
b5, Elze—FH, ZIRALBELELAPLTNEETHOUILL LIV~ a vy OEfEL
TORASN, BEEPOEETLEFHTHd. ARRIOBERPSEL OBENEERL
LTEEZZI TS,

MEWCRETSCNSDEEEL RN - RN XVHEIIL, , BEOWEHCHE
THREDRERZTOI LA, BEEFIRRALOBEE-_ S 7l ET5T, #
B ERALEBEAPSLEETH S,

AREBEHER, HENBRESEY + -V R LU GEY, 200k, ¥Ry, &
EEYFRORAMEEEE (U, Th, Ra B, *'°Pb, ?!°Po, *°K) %HlEL, ZOHE
BETREASN TNV 2PDOBREHSPIL LD LT D. TOLIBWMAER, KT
HRARERERS» S —RERE, FCRRBEECBE SN A RENDH 5 R A LR EH%E
OEMERELEM - FTHITDDO7FuI/MELLTORLST, BEHES ENT
BEAAND, BEHEHEL CRARHEZEL S EOBEOREBE S REZZ I TS
POERZILET I L THOBODTEELPODVETH S,
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1991F (RS 3 ) OFEER, A8 LTRELARICE Y3 RAMSERE (U,
Th, Ra FfiHk, 2'°Pb B&U 2!%P0) OBWEL NN, £, FERE, BEEPA OB,
HRUAOBT, TR2LCHEL TFTcEEI N\ 3 TR 4 HEREL .

19924E 8 (ERY 4 4FEE) L 19934EE (AL 5 ) 3, HENBEE7—LREL
T, #K, HEYE LUCEBEEYDO LEEEOSH - WEARBL iz 192FEFEIIE
MEICERNL 2 BEEMOSHEEL LTITW, NBEEREK, ERYE JTI9925E
CAMTER D> FBEEYMOSHET > . BNREEOBEEFCAKBIOBEEW O

BIloNWTHELRRTEAED, ZORSEFICE, 2hooBRLHIANTEEDTLE
HEEL .
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== IR DK 2= 22 B T 35 FE 2% 19 =R s — B

BB EM
HEZze®R
iEl-l R el BE: 735 R2)
B OW(TIA)
1% B 14 30 % BB B BEERB BEEAHER| BoER EER REKER | Kao= M
Cg) (%) (g) (g) (%) (g
 AME 92. 7. 3 182. 17.5 1040 92. 0 3. 04 724
THE~9A W 92, 7. 4 120. 15. 2 789 27. 1 2.85 951
' KBk 92. 8.27 136. 23. 6 576 25.5 2.86 892
A # iR 92.10. 6 153. 20. 6 742 29.0 3.33 085
108 ~128 B 92.10. 11 172. 20. 3 847 32. 8 3.45 950
X #x 92.12. 14 100. 10. 2 980 48. 6 4.30 1130
A B iR 93. L. T 60. 1 10.9 551 35. 6 2.03 1754
1A~ 3A o 93. 1.20 44,7 10. 8 414 52.6 2. 67 1970
X B 93. 3.11 126. 14.3 881 39. 3 2,97 1323
KR 93. 4. 8 92. 3 12.3 750 39. 7 3.04 1306
45~ 68 B 93. 4.16 104. 15.9 654 38. 2 3.48 1098
x 93, 5,25 1086, 18.0 663 37.0 2,04 1259
* b ¥F




1.2 WM (SN TR )

F R (ms=RD

% BB 18 % B 45 B IR A H IR ER B4y 8B BB IR 4 E B IR 5y & HEER
(g) (%) (g2) (g) (%) {g)
R iR 92, 7. 7 34,8 13.5 258 31.4 2,35 1336
TA~9A w5 92. 7.16 24.9 9. 49 062 31.7 1. 87 1898
X # 92, 7. 6 35. 7 14.5 246 32.2 2.06 1563
AR * 92.11. 16 78,2 23,7 330 38. 1 2,29 1664
108 ~128 M 92.12. 1 17. 4 26. 7T 290 38.2 2.01 1900
KB 92.11.19 64. 4 95. 8 9250 37.17 2.37 . 1590
A R iR —— _ — S - -
15~ 3H W 93. 2. 2 104. 27.9 373 50,5 2.02 2500
X # 93. 1.13 116. 27. 0 430 63.6 1.94 3278
gy 93. 5.12 ill. 29, 2 380 36.7 9,28 1610
4B~ 68 B 93. 5.14 84.4 30. 3 279 50.9 2.94 1731
A Bk 93. 5.13 128, 26. 8 478 50. 1 2.19 2288




_0"[._

#1.3 EEEDRE (MR Y I R)

BE (5 2)

1 e BEER BEHRERHE CEARNER L £HEE IKEHER B 2 LER
) (g) (%) (g) (g) (%) (g)

v 3R WO 92. 7.20 184, 15.6 1050 26. 9 1. 80 1494
TBE~9 A B 92. 7.20 112. 16.7 671 29. 1 2. 01 1448
K # 4% B —_ S— —_ — _— —_—

¥5 2 W 92. 10. 16 4.7 14.4 519 26,0 1. 89 1376
108~128 | ®m 92.10. 7 170 16.5 1030 34.8 2. 04 1706
K B 92,10, 1 130. 8 17.3 751 32, 0 2,12 1509

v 3% - 93. 3.12 172. 18.9 910 39. 1 9.51 1558
1B~ 38 B S S —_— S _ S
K & 93, 3. 1 120. 17.5 686 4T 9.29 2070

Y3 R B i 93. 6. 1 189. 1.2 1099 42.3 2. 10 2014
4B~ 68 WO 93. 5.28 151. ' 16.4 921 36.2 2.02 1792
* % 93. 5.19 189. 16.7 1012 839 1.99 1704
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#1.4 HWEAYRE REA: VLA, V52))

BE (AVA4XEEZA)

5 1R 05 B 1B EREAD | HBRHER| %ox | LTE REHER | KH® hER
(g) (%) {(g) (g) (%) (g)
A4 B o % B — — — —_— e —
TE~9B | ® & 92. 8.27 110, 21.8 505 23. 1 1.74 1328
x *IE W —_— S S — — —
#UA T 92.11. 4 115 95. 0 460 38. 6 1.73 2231
WA~128 | B ix 92.10. 13 116 22.8 509 32. 3 1.68 1922
K Bt 92.12. 11 102 14.6 699 46.1 1,92 2401
B LA H OB 93. 1.22 112 21. 3 526 36. 6 1.72 2128
1B~ 38| ® — — — — _— —
* B 93. 1.21 107 20. 4 595 26. 8 1. 38 1942
# U4 W 93. 4.22 110 20. 4 539 43.0 1.67 9575
1B~ 8| ® & 93. 4.28 03. 8 17.6 532 39. 4 1.53 9575
x % 93. 4.12 126 22.8 553 40.6 1,50 2707

EI3 A kk/MbETFTA
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1.5 BELRGCEK (201)

HHENo BEEFT RELH BARTANAD |BELRNFERLUSRAFES
| mEE R R :
N F620km 93.9.10 21.1C 17.85%0 |& v J-Eiippes
96.4g
B-4 AFE 93.9.10 21.1C 17.92%0 | # v HiREsSE
73.4¢
AR AZNFO LY, #E~E100m 93.9.16 21.9C 14.69%0 |AI R, vy F ¥ 4 vHRRSE
92.3g
H-4 REEW 93.9.16 222C 1744%0 |AI R, vy F &4 vEIPRE
%4.4¢
04 TS g 93.9.16 21.8C 16.85%c |# v HigRESE
| 119.9¢
AFE)] ARBNE LD, ILE~#200m 93.9.17 23.0C 1.165%0 118.6¢
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F1.6 WELROHEK (£02)

EHFNo BRPUFET FEH HBK HBELRNAERUENTES
RE WEBRE
N A£20km 94.2.14  111.5C | 19.19%0 | ¥+ BIR B2
123.2g
B-4 AL 94.2.14 11.5C 19.17%. |4 > FBligipas
129.8g
AZENE O AZNTOL D, #EE~H100m 94.2.15 11.0C 16.01%0 | A A, w9 F V¥ 4 v EIERRE
126.2g
H-4 i 94.2.15  |11.9C [ 19.17%0 [RAI A, =V F ¥ ¥ 4 v ERReS
| T 119.3g
04 PRI i 94.2.15 11.8C | 19.14%0 | v IR REE
132.6g




4. HEMRBRESLE

FRBE v B AR PO A MY~ LRS- o AR PO MNY —ZHBELCERT
EORABEHUBELTRLBYVESSEBRB TR 2LICLE, BELUTOBEDEENTLE
THba

1) y8AXZbPOR Y-
238 234Ph ( 63.3 keV : 3.83 % )
*29Ra « 219Ph ( 351.9 keV : 33.9 % )
28R « 228hc (911 keV : 28.3 % )
2287 — 212ph (238 keV : 44.5 % )
#1°Ph { 46.5 keV : 4.05 % )
Ok ( 1460 keV : 11.0 % )

(**7Cs LD v FEBE T 5 AT EE)

2) AEFEDE - aff2 RS bR RY -
238y, z3ay, (238Q)
2%2Th, *3°Th, 228Th
?2%Ra, (%*%Ra), (*2°Ra «— 223Th)
219Ph {growth 21°Pp),

210130

5. ot - BlEE
54.#mﬁrﬁx&9rnfbu—

EWHEEHI O T, RIEEHO—F& (=200 %L VBFERD S L ATHEE 5 cn OF
BROBIFEEERL, REOEBLFNEL 21&, BROWIEL %Ry OBEEF; ¢ =HY

_14..



v 2y 7TEL, ESHEFRYTFLURIHALTH 1 ¥ ABMEREL 2. BETIZ>N
T, REEABERRET LV AR A RS, BLPHRBEZLETN W TERIESEET
Holee TN, B 50 ~ 60 g F~FOTIAF v JBEBRANBHAL TH 1 1A
RFELR. vyHRBEEIEED Ge(li) REHREZHANT 1 ~ 2 HEfT- 7z. ZHERBLL
Tid, NBL{ New Brumswick Laboratory )58 L T3 U E¥ERR O RARE 258
NaCl BRI —ICBE b0 B L UG K01 RELXH V. Gelll) MERLHWEY S
A, ToA, FEDvHBARI b ARIEE 4.1 BIUHE 4.2 ISFRT. rEOr—-2L L
T, *°K{1460 keV) Dy MBBEERE -2 L LTHREEH, FOMIC '37Cs(661 ke),
U RBUEEHE 27*Pb (295 keV, 352 keV), 2'9Bi {609 keV) B L' Th RFIILE 2'2Pb(239
keV), 2°°T1(583 keV), 22%Ac(338 keV. 911 keV) SHHEEINTWD. UL MBSKE
BONy 2729 F2EBETL, SEO—EOBEPAFCHL TR 1k BLT
170s DHBEBRTRETH o720 Gelll) REBICLB vEARZ oA b Y —LISIC,
pure- Ge POHBEZRANF —HFAXRIZ buiA—F— (LEBES ) #BNT 2'°Pb
(46.6 keV) & *°°Th(63.3 keV) DETIFAF— v REFELRA L. BEPREIIHLT
i, 2OPb & TTh MR IZEAXORBCHEREOEEA TRIERTETS - 2.
EBHI SN TR, TRTORBTINSOgESER KRB E (K 4.3)
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COUNTS/CHANNEL

COUNTS/CHANNEL

10

10

10

10

10

10

1. SHIRASU3 1259min  SHIRASYU-3 20.39g OLD GE

IillIl‘lllllllilIlll'lllllllllillllIIl.lii
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411 I]

I

—

ARAMEL 1626min  ARAME-1 20.455 93.1.28

lI‘IIlllI[lllllllllltllilllllllllt'Illll

ARAME
{1sozaki 12/14/92)

T ]

1 IIIIlIl'

RETT]

T ril
ul

T
11t

N

— Ha'.'ii]'
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- 10

COUNTS/CHANNEL

10

10

10

10

1077

T o
Tt Illllll

1. KRI-S 288Imin  893.2.76 20.324

Iillilll!IlllilllllIlllllillllllllllllll

HIRAGAI
(Oari,11/19/92)

T IIIEiI[

T Ilill!l

i ."1{ 'h, i 1
Rty
|

LI Y | 1 | T ] l | S | [ I S | l b I l 11t ¢t l i1 1 1 | i 1 1 0
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COUNTS/CHANNEL

COUNTS/CHANNEL

i~
I

! ] | I [ I T T

(x100)

Ly :
1&% é g é
- f)d _5
mZ%WWLW ?
10; WWWW* M - é
i
ol i -
b3 3 13 15 17 19 21
CHQNNEL NUMBER
104 - P | | FILI;‘NRME :I LLRL]DI. -r | : | :Er
1&% é
107 - hig WMWMWWK é
| iyl %
¥ rfr%fw i 'fNL“ } -
i)
ol

Il 3 5 7 8 11 13 15 17 18 21
CHANNEL NUMBER

Bl4.3 MWEFOLEPSAAY ML
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5.2. {EH08, af@A2 bui by —

U BRItk (2220, 2°4U), Th EAIH (2°2Th, 2°°Th, 22°Th), °%°Ra B LT 2'°Po it aig
LT OHETHS. MFEELRUSEVWGESKE, tOEOL->»h2IERE v &2
N7 MAAPY-THMECTEDH, LARAVBENGACEESEET VD o ROFTIR DD
TWH—RBEZRBL T, Si(ll) REBTHETEHFESEELCAVSNG . 20,
TEHI L oRA—DEBPS T RTOEEE ZRMICILEDEEL 25485, ERKIEDOE
EOEHE, BELHANORFELWSIELPSIFRATSHS. 22T, SHORBOSHICE
WTH, U [BafE, Th BulEB LT 22Ra BK RN EANTR—AR» S BRSEE:
Toke —F *'%P0 BLT 2'°Pb 25N TIE, HIC *1%Po BEBIDKI (39 450 CT
—Bt) RICRET 20T, ERARERAOTHRET - . BKIZOWTIE, U FAE,
“19Pb - *1%Po, 2%°Ra S EFLZ ORBERANTIT-> . T—HETIRH B H31000 ¢
EFAWT Th BEKORE2RA R BELCOOTIE, L2A8 &3 LB EE
RERL 2 o f. |

5.2.1. &EgEBHo0 U Bz, Th Afrfks L O 22¢Ra Rl

PITIXIRAEER 10 ~ 20 g W, U, Th 8L 2°%Ra OWEHEHAD bL - —
LT **20 BLY *2°Th-??°Ra Z—EEHML 2%, HNO; - Hz0: - HCL0. TRLITH
U7, D% 8M HNOs 50 ~ 100 nl CVEEEL, EEBKTH 700 ml ICHFRL 2, 1B
B (EiCh) BH35FECE, 0.45 un 74 09— CHBEEETF->THYBRNE, B
EEWC Ra FUZHASERO Ba Y 7—% 20 mg WAL, HaSOu - (NHa) 250, T
BaS0. IEBtZ D<K U, Ra 2 THHIE R TV, 2B, KICEFD LB Fe vV
7= 0 ~ 40 mg BFML, VH.OH TKREMEFEDOUEEEDL D, U BXU Th kx4
2o T U DBHITONTIA, Fel(OH) s HDIRMZ10M HCL ITHERL, KES D Fe &4
V7OENZ—FTNTHRETE. 20%, BRI VTRAISLT U 2HEL, LB
M HNO: TATAICHE>TNSD Fe 2BE, IWNT 0.5M HCL #5 160 ml T U ZFET 5.
Th i& HCL RS DEA #F U RBRHBICEEL Z20WOT, #5725 BBL LBRAERYE
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COUNTS/CHANNEL

COUNTS/CHANNEL

10

10

10

10

10

10

10

10

10

I TTTTI] T ETTH I T TTTTf

P TTTTg

..|.| M.;,l___. M ] | i

FILE NAHE = RRA3TH
COMHMENTS = RRAME-3-TH
HERS.TIME = 1387.53 (MIM}

1]

(=3

Q
YN o9 @ af —
T 59§ §8 E
F EH £ ES8 ¢ 3

———
bl

Loyl

2 34 5 B 7 8.9 10 11 12
CHRNNEL NUMBER
| [ T | ] T ' I i T I
= FILE NAHE = KAISTH —
— COMMENTS = KRI/S/TH 9373712 u
- HERS. TIKE = 1554.23. (HIN) _
- F .
Lo JI 1 |
2 3 4 5 6 7/ 8 S 10 11 12
(x100)

CHANNEL NUMBER

®5.2 WEEH T5A, =&<h) DY YLD affART bBl
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Bone Sample ( Ash:2-4q ) . _ Sample (5- 10 g ush)

229 27% . $ ] 775229 - Rs-225 trmcer spite
. Th="""Ra Spike Wet-ashing (:mNO3-5;02-HCIO,)
D‘lSSO]Ve in C.HN03+H202 WV#Z/—WMO]
Add Ba camzar (20 mp)
Ory u
i A (VL 150,
0,5M HNO, ~ 90% MeOH,200 m1 : e
3 BaSO4 Co-precipitation
Res, S%p. Fﬂuiﬂon
- sup, ppl.
Anion Exchange (20 mme X 10 cm}) l Moy COMRSCO )
(Dowex 1X8 :100-200 mesh ) ToUTk Fusion (Pt crucible)
Wash with acalysis  Codling
0.5M HN03~90% MeOH,300 mi , Dissolve iy distifed waver
Flow rate Filtmtion
(1m1/min.) ETute with 8M HN03,50 mi
. sup. ppt.
Ory up _ : , Dissafve i1 44 £
Dry-up
I

0.05M CyDFA(pH 5),10 m

Cation Exchange(6 mmé x 10 cm)
‘| (Dowex 504 ¥8,100-200 mesh)

Wash with H380,(pH 8.5),10 m1
Wash with 0.054 CyDTA(pH 8.5)
25 m!

(OF;"I‘;];;?I? | Hash with 0.5M HC1,40 m)
Elute with 3 HNO,,30 m1

Dry up

!
Electrodeposition onto
Ag plate

Stand forlT—Z weeks

Alpha-ray Spectrometry

K6 WBELEVRHMOS VY 5DMFRE— N
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COUNTS/CHABNNEL

COUNTS/CHANNEL

[ i | T | T T I I | |
10 = FILE HAME = RARAMES '—._.
- COMMENTS = ARRME-5 RR 93.3.3 —
. HMERS.TIKE = 1279.85 (HIN) -
B o of e i
§ 9§ ﬂ §

10°E & é[ i % E
10'E )V E

0% L— 1 r h Ll l ! |

2 3 4 5 7 8 g 10 11 ['11%0]
’ ) ¥
CHANNEL NUMBER

3 I | | 1 | | T i |
1 O = FILE NAME = KAISRR =
T COMMENTS = KAI1-5-RA 93.3.6 12 SToOP |
L HEAS.TIME = 3496.25 (MIN} i
10°F 2
101 g- 4 E

100 o 'i ol ” . |.,_ Jh J] e o |

7

2 3 4 5 8

8. 9 10 11 12
CHANNEL NUMBER

(x10)
B7 MEEN (TR, af<wl) 0UYADaEAT A
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5.2.2. £HEBHF o 1Ph F XU *'°Po WE

1P BLU P'°Po DAL, D *1°Po BRERIKIRIIRE T 20T, ERREA
AWTIT o7, SICIREEREN 10 ~ 15 g £, %P0 BLY 219Pb O{LEIHERH
EROML-#F—2LT 2°°P0 BIXUHEE Pb (2'°Pb #ZF420 Pb: 2 ~ 4me) %
—ERRMU 248, ENOs - H:0: - HCI0, THRE|WCERDRL 1= H 10 g OFXANE
VEEDFE T THY 0.5M HCL S D 70 ~ 90 CTH 6 BRI TEKE LI Po 288
FHEREbOEMEREL L TaRARZ FaX MY -2 kD %P0 HRIEL L. 682
AT *1°Po OFGIE 2'°Pb I, BESE < TERE Y BIME TR+ OR A BE LG
Shnnicd, EREBEFICERTLTNS 2'%Po{2°%Po) % F 3% (HC1 R) IS
&0, BECHBELLE, 3~ 61 AMEL TERPIC 2P HSRELE 2P0 %l
BT OMBERET > oo WEHTAORE Pb RETFERIFETEEL, WBERD
T *'Pb REZROOIBIEEREL . 28, BRNEBICSWEFTOBAE2RNT, THE
KD %P WMEAEEL L FMHYT 220101, REHEMS 6 2 £ TOHBIHIC 219 2
SHERUIE P°Po DHEESEEL L BVETH D, SEANEIHAF -~ LA%E 8
IZ, &7 *'°Po DPWETHELEEIABIVEED a AR MUEIER 9 TR,
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Diet or Human Samples
25-50 g (dry or fresh)

r
. 208, (Stable Pb : 1-5 mg)
H,0
" 2Y2
Oz, Hy0,, HCIO, 5
, i v up
Wet ashing
10M
0.5M HOl ~—2) OM HCI
Ascorbic acid [Dowex 1x8 (100200 mesh)]
(jlectrochemlcal depos:tionj . 10M HCI
! 200-300 ml beaker 0
80 - 90 °C 21004 fraction
S - 7 hours ST T

Stirring {occasionally)

I:209 ho

|
I
Silver disc Iitore for 36 months—l !
i
' Hot plate , Fest
m | — Analysis of
stable Pb
Silver disk Solution Fe{OH),
l e — R |
fﬂaha—spectrometﬂ (1) 210p,
210 210 210
2 Po produced from Pb —m Pb

% 8

.._26_
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COUNTS/CHANNEL

COUNTS/CHANNEL

a

T T TETT

-
]

N

T

,_..
(W]

]

[a—y
[

—
(o]
b— .

10

La

10

10

10

10

T T TTTI]

t- | i_! [ I | { {

HIRAME
(Qaral 12/11/92)

Meas. 2/20/93, 1450 min,

Lol

Po-209
. Po-210
Lol

Lol

BRI

2 3 4 5 B 7 8 g 10 11

—
™

(x100)

CHANNEL NUMBER

T TTTH T TTITm

T TTThy -

T T TTTT

[ : I t 1 ] | I [ {

HIRAGAI
{OQarai 12/11/92)

Meas. 2/18/93, 1020, min.

Lol ool

el

el

bt

E i [ { i l

X9

o
2 3 4 5
CHANNEL NUMBER

6 72 8 9 10 11 12
{(x100)

WREEY (e 5 2, ak<H) OPo-2100 afi Ay M
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©.2.3. @K D U FHLEKR, #°°Ra I XU 21°Pb-2°Po Wi

BRIZOWTHE—AB LD U @il 22°Ra BLT *'°Pb - 2P0 DEIALFES

BEEDS W DPHETNTNEY, CCTRUTOEMICELVBILZICER T2 21100 2.

(1) #KFPD *2°0 LrOVIGER 3.3 ne/ (89 2.5 don/2) 2T 10 THMREE
BETHD. 200 BEEFNT 2'°Pb - %P0 LRBICHINTRETHD DS, ZOB U
DEFMEMRD *20 bL—H-2LBICRNL2ZThIERS 20,

(2) 2?°Ra(22%Ra) I2DNT, FHREGIC 200 55 BaS0. HELEFTW, 3 EEEE 2 DL
ERVLFLUVRIEHUTERELEE Ge(Li) BHEBICLS 1P BXT® 22%c¢
Dy BAEZRAEBREATETH oz, LEHB->T, SHIEEK LUBEMIST
b **°Ra HSARLREESEOFEZHNZ LT L,

U ZHic>n T, #Kkie (97K HCL BEICLTH 3) AW, —E80 2°20 b
V=¥ —%HRML, Fe(O): HEFITIDEMLU L, 21°Pb - 21%P0 ZOWTIF, RK
200 0% dpm @ *°°Po hL —H —L%E Pb (2 mg) ZEML, Fe(OH) s ICipx i,
**°Ra I DWT, BK 4 ~ 50 (KE5 50)iC 2°°Ra bL — ¥ —%FML, Fe(0H),
& CaC0s IT Ra ZHIWEE L. D%, HE% HCI ITHEML, Ba Fv U7 — 20
mg ZMAT Ra % BaS0. k& ¥z, LD U, Ra LT Pb - Po DREWIZ FFED
BEDERBRICT 2,

4!
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5.2.4. XKD Th BREADRE

- —RABOBZTRAH B, KRHBEEK 10002 ZHNC Th FEORKEERAE. kRO
5008 FHDRYNSTY 2 7 ICENFN 5000 OEKEIEEIL, HCI B L% 2h?
NORYNSVICWEFMERDO L —HF—EL LT *2°Th % 0.4 mBq(0.025 dpm) HHIL 7z
Fe*™ % 1l0mg /2 DEI&TINA —BKER NIOE T Fe(OH) » ILEE%IED Th &Hix
Bie, W Fe(OH) L% abE, HCl WEMRE, AV 7UCLI—-F L TKESD Fe %
FRELZ. 2DO®RNMO00 THT Fel0l)s (EB%ED< ¥ Th 2HES L L. KBS 84 M0:
KEBRBL, BAA URBASAEREY Th 2B, BERaBARIMOXA Y —IC
&9 Th AMkEEEL =,
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6. MRLEER

BRKFICRET 2 (H3VIRBENE) MEEMESEYICE T3 T COEEE B
KHEAEL, B 10 KRT. SESERRHRTROBL DEPAOBT - BEIR, ©F
DYE, (WS SUEERE, SHOEE, £E5E, 25 EYoEa ek

CEETFT 3. '
COEITR L ETHECBENT, UTESERNEL ~XBHEMREY, DEEEEKS

STV OPDEYROE T RHEGBOREL L% HERTT 5,

BB & A BAHE R
=
HETRYY oK
— — s 3 R REW
! RN Tk mmEges .
| N\ [ BRRZY i
i \ BIRERED| [ %
. NEg, e, B
A \ [ rzae /F
! 3 % 1R
__HL___,,J//i a7 7+ oA,
by ~7 AvEvrron
LY
ﬁm?’fry? ki,
wEL SmA
g £5B
—— — — %C
§&

R10 fREcRT3BEREoBTRE
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6.1. RBBEEHXHY

BEERDR, BEREBEERBIIRESNERMEEOY Y - N~ LTEE2G 8%
HL TS, BEEHEOBKD SEELADOBT - TR, choBBoEkETtorE
Eﬁ%,ﬁ**@ﬁﬁ%@%ﬂm%%ﬁﬁ,é%&i%%@&&@;ofk%<§&éo
—HREICE - T, RERBHEBEYTD 137Cs © 3% 2900y FEEE, AL FPRT
B2 GUREELEEWVER S 3.

REFOROBEXEEYHORARAEEEOEEL LIZONW TRV 2hDF —¥
PHEESNTVNELELN3Y, BEATY - R—T&kdoi,

SHEHBELRE 6 ISP 5D 11 BRBICOVWTRSBE, F 2 IIRTLSIT, 19K 25 366
~ 672 Ba/kg dry DBEBHHETHELEL ., DWT %P 43 53 ~ 203 Ba/keg dry DEE
T, **Th (*°°Ra LS FHICH B LRE) L£2°°0 JIZWEZEL < 10 ~ 50 Bg/kg dry
T 4K D 1/16 ~ 1/20 LRATH -7 (55 3 (Z)). *7Cs W, %mi&ﬁ,a‘bi 1960
FROVDDARZBENEZEE»SD 7+~ L7 I MCHRLTHWBEEZ 503, 208
Hid 0.3~ 2 Be/kg dry T, CZTHELEBEOPI TRLBVRETH» 2.

HIEL =3B, AR LR, BPEREZE<STRERY, BBHISAZ LICHS IS
EtoTM5ﬁ,”K2”%.“Wa%EMREMﬂDQQ%Kﬁmb:ﬁﬂ@%%%m
EEBGE, WThORES 2 SLUACBEREICS Y, CnSHEREDAS 2 HisNE
dAa s (8 11) . '

SEHAEL ZHEOHT, HICHEKDIHEIX *'°Pb ThHd. COKER, HRPES
DRI 23°0 DI|EERHE UT %0 (BHBITX *°°Ra) L BIRELWLARLTEENT
méﬁ,%hﬁ%cﬁﬁ@57#—w?bbabT%Tbt2”%.é%ﬁﬁ**@
“%°Ra P HEML 7 1P ZFEL TWB. ?1°Ph &, BEWEICEBICEELLTL,
225Ra LR KD B “BE 2P LAAT AHWTHEREDE CBE 100 FHitE
ETOERNE CEREEOFME) CHASATNS. X 20 ' F-55E2L,
ABINAID (K-1) BLUTLER (K-2) DS TERL =28, #1fhoRe$o 39
© 2% Ra MEZRDIPICLEBZEED 2'Pb 2FATWVWS. ABFAODRBIZONT
W, _EHTERETL 238 (K-2) Fhic 210Pb 45 38U R 28R L { HSARTENITL BRI
BL2TEBSY, WOREMEL 2 BR2>TW3. OO Tl LR LIz 225, 23°0
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F-IHLLRBEND LI, KALSDT 2~ T Y 10 QBB BN i
CWREDS O ELAET L2 ESEICRBS N, HRIARE, BRINTH350L
FALN, ABOBBBHICL > Tk, BESOROTH TS LBTFREINS, BHE
“1°Ph MEESRLE H-4 HIR (BUKOHEEE) 1, oSk 2% LA LS
EHTIRE (BEPRECRESNDTVRER) 25 < ERTHTHEISE D = LSRR
N3,

R ACHELEBEICSWT, BEBETELORERETT, 2°% BHIc 50T,
BIEL *2°ha & CRISIEHETEICS B, —F, *°°Th FFICONTI, *°7Th 2EE
MELTHWAZNS 22°Th FTREREFEEHCZ-TNBLELIONE,
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#£2  WELSOBUHERAERE Baoke dy)

Table Radionuclides in sediments collected from the Tokai coastal areas

Sample Sampling Sampling K-40 Ra-228 Th-228 U-238 Ra-226 Pb-210 Cs-137
No. station date (Ba/kedry) (Bakgdry)  (Bokedry) (Bokedry)  (Bakedry) (Bakedrsy)  (Bokedmy)
N 20 km north 9/10/93 6t 6 142 £ 0.7 148 1.1 108 1.0 103 +04 117 £ 3 0.54 £ 0.12
2/14/94 420+ 5 124 £ 0.5 12.5 £ 0.2 172 +£1.8 132 04 754 3.2 0.61 £0.09
B-4 Off Kuji 9/10/93 529 + 12 225+ 14 234 + 0.9 23613 21.7 08 106 £ 3 0.59 £ 0.23
2/14/04 5390 +14 215+14 195 + 0.7 261 +29 292 +1.2 63.6 £ 3.5 1.03 £ 0.29
K-1* ca. 100 m off 9/16/93 672 12 21.8 &£ 1.0 234 %+10 161 £ 1.1 17.6 = 0.6 285 %20 1.97 & 0.24
R.Kuji-mouth 2/15/94 590 + 6 530+ 1.5 51.6 £ 0.8 476 + 4.7 533 £ 0.8 527 45 1.08 + 0.15
H-4 Off Toukai 9/16/93 502 £ 10 194 £+ 1.1 220 £ 0.7 143 % 1.6 182 £ 04 137 £ 5 1.03 £0.20
2/15/94 568 + 11 201 +13 207 0.6 226 £14 258 +12 203 +6 220 £ 0.31
04 Off Isozaki 9/16/93 397 +9 145 0.8 156 = 0.4 840 £ 0.50 8290 X 0.37 617 £ 25 032 £0.13
2/15/94 530 £ 9 15.6 £ 0.8 153+ 04 14.5 + 1.0 160 £ 0.6 90,3 + 59 145 £ 0.22
K-Z** ca200 mabove 9/17/93 740 £ 10 178 £ 0.9 182 + 0.6 145 £ 11 137 £ 04 237 £15.,. 073 £0.15

R.Kuji-mouth
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£3(3) SBREARBHOUL ThIBER Th/URSEEL

Rock type Name U Th Th/U
{ppm) (ppm)
Igneous granites
' granadiorites 2261 8-33 3.5-63
rhyalites .
dacites
gabbros 0.8 38 4.3
basalls 0.1-1 0.2-5 1-5
ultramafics <0015 < 0.05 variable
Metamorphic  eclogites 0.3-3 0.2-0.5 2-4.3
granulites } 49 21 43
gneiss 20 5-27 1-30
schist 25 7.5-19 =3
phyllite 1.9 5.5 2.8
slale 2.1 15 2.8
Sedimentary  orthoquartzite 0.45-3.2 1.5-9 [.6-3.8
: " greywackes 0.5-2.0 1-7 ~2
shales: grey-green 2.4 10-13 2.7-7
red-yellow
black 3-1250 — low
bauxite 1.4 49 ~5
limestones ~2 0-2.4 <1
dolomites 0.03-2 —_ -
phosphates 50-300 1-5 <01
evaporites < 0.1 < | —
speleothem <'0.03-100 o-10 —
living molluscs < 0.01-0.5 low —
fossil molluscs 0.5-8 low —_
coral 2-4 low —_
Mn nodules 2-8 10-130 ~17
oceanic sands and clays  0.7-4 1-30 0.4-10
peat 1-12 [-5 E
lignite < 50-80 — —
coal < 10-< 6000 — —-
asphalt 10-3760 — —
oil 417 — —

{Feom: Rogers and Adams 1969; Kaufman ef al. 1971; Harmon et al. 1975; Kunzendor! and Fricdrich 1976),
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#4 WED R OB EER ORGSR

Table  Activity ratios among radionuclides in sediments collected from the Tokai coastal areas

Sample Sampling Sampling Ra-226 Pb-210 Ra-228 Th-228 Ra-228
No. station - date U-238 U-238 U-238 Ra-228 Ra-226
N 20kmnorth  9/10/93 095 % 0.09 108 ‘£ 1.0 131 £ 014  1.04 + 0.9 1.38 + 0.09

‘ 2/14/94 0.77 % 0.08 440 %+ 050 0.72 £ 0.08 101 + 005 094 + 0.05
B-4 Off Kuji 9/10/93 0.92 £ 0.06 447 + 027 0.95 # 0.08 1.04 £ 0.08 1.04 + 0.07
2/14/94 1.12 £ 0.13 243 + 0.30 0.82 £ 0.10 0.91 + 0.07 0.74 *+ 0.06

K-1 ca.100 m off 9/16/93 1.09 £ 0.09 177
R.Kuji-mouth  2/15/94 112 £ 0.11 1.11

+

0.18 135 + 0.11 1.07 £ 0.07 124 =+ 0.07
0.14 111 % 0.11 0.97 + 0.03 0.99 £ 0.03

H-4 Off Toukai 9/16/93 127 £ 0.15 9.59 + 1.13 136 £ 0.17 1.13 X 0.07 1.07 £ 0.06
T 2/15/94 1.14 = 0.09 9.00 * 0.63 0.89 £ 0.08 1.03 £ 0.07 0.78 *

O-4 Off Isozaki 9/16/93 0.99 + 0.07 734 £ 0.53 1.78 + 0.14 1.04 £ 0.06 1.80 + 0.12
2/15/94 1.10 £ 0.08 622 ® 0.57 1.07 =+ 0.09 0.98 + 0.06 097 %=

l—m“mn—-——-——————Mﬁ“———-—————-———ﬁ-——-———————--ﬂ.—.———-—-—————mmﬂ—————————ml-——————-———ﬂm——-——_m-—

K-2 ca.200 m above  9/17/93 0.95 X+ 0.08 1.64 =+ 0.16 1.23 =+ 0.11 1.02 = 0.06 1.30 &+ 0.08
R.Kuji-mouth




6.2. AREBE XK

AEREBKIE 2 E, BELLIFFZE—ORIMECEAL . AZIN EFEOMIK
LEEL & EIRICERL 2. MIERREE 6 IRLE.

IBRE (chlorinity) BEH L KIBORE T, FHOFBLRBENANICH 205, £kL
LT1&7~1&2%@%@?§@b1M60%Eﬁ*l&%%&ﬂﬁ%&ﬁﬂkﬁmﬁ
FME <, FIDOBEL2BIZHTWE I LBbHd. ABN EROFANKDEEER T
1.2 % THRKOEBEIBEETEZ L Bbh s, 2% EEI 24.2 ~ 40.9 nBy/ ¢ TH D,
SMEKFD 23°0 BB 40.8 mBa/ 0 (3.3 pg/ ) L AR TABIORE TRV, 220/
RU LRI 1.1 ~ L7 O#iFICH Y, BAKTOL 113 ~ 114 KEE-KL TS, B
EEKDERR 19.38 % T/ —v 74 XL T HAHSOBEAKT 2350 45 32 ~ 36 uba/ L
K2y, MINIKZLBHFRDEBZELSNEMN, ~BD U BEBHBEZND LD LR
BTHREINTWDHEESH . (V7 VEBEREKRTEVIAL L CEECEELT
WD LABLRTZENTEDHM, DED Fe BIMICERINZOL FAUBEOERTIVE
KExENS. VEODZ VYUY AR MOV ABICAKRNBEEHEEZ DL I RT <
EHPZETHD. LEN- TRITHRBETE U BEKP ORI NS TEESAZN) .

TAR)IHEERTHEI VYA Ra)ld, BKPCRA T VBRETHD. AN,
AN 25 DOHEH L HERYN TEEBOBRE ICL > TER L2 B ODBEH O~ >0 fELEH»
Hd. —RT, HEOFERHE % CTEL 0., BEEKRFD 22%Ra 2T, BIFE
BOARFABERRECMEL T~ I PBEINTND. T T (BIKEOF— 5557
% **°Ra JEIC >N TH B L, KRB TRENOADICE S KON THETHE ¢
mBa/ 85 2 ~ 2.7 mBa/ 8 LML TWB, —), EEATIE 1.3 ~ 1.6 mBa/ 0 & 1
BH—ETH 5B,

WWAZFIANRDONMAEREOEKIZ OV T 22%Ra BED 2.4 mBy/ ) Thok e HEL
Thd, FEEEL ZRBREOHKIX N AIRBE,SH 5 kn, H-4 S35 3 kn,
B-4 & 0-4 43 1 ~ 2 km, K-1 GRS OM 100 m TEBRLAELDTHY, & 5 55
D15 &SI ABNFDT 0.77 ~ 0.78 mBe/ 8 L BBES, MOMSTOBER 1 ~
1.3 mBy/ ¢ £ IFIF—ETH . ABNFOLSDEKRTHREENE 1 ~ 1.3 mBe/ DIE
WRICRUEFBSOF - LT 5L, HEEPARBOBEAE LY bEOH DN
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V0D T K DB

“Hopb-21%Po ZEHL TiZ, 2 HEOHEMD *'°Pb SIFICONT *1Ph HSHERT S
1P Lo TNBLZATHY, HERTEHOFT— 282 2bhns, 1 BEORK
DT —F THHZED D, BEEKPO 21°Ph HAEIZDATHBALELS T, #Hkd
D PR HEOFSRASRN, P10 AR S BRI ENBH, 1§ LA LA
THFREBIZZOPTN 219Pb PSEEND. T 5 WWRT LI, 4EHIEL & *'°Ph
BWEL 0.41 ~ 2.15 mBa/ %, *'°Po FEEIL 0.61 ~ 1.34 mBa/ L THoJt. 2 °Po/
1P ETREMLIZ AEI LR T 0.47 LB BHEL, 2hlAoBREKTCEOLE 1 UT
D 0.87 bH 3%, KA 1 PlLiTh-Tnd, 2L LT, BEOEMNEE 2 °Pb
DFFH 2P0 K DPMEFIHRZOEHL TNBA, 21°Pc/2'%Pb D 1 LYK ENWER
KREBRASHD LOWCBA D, 2*°Ra BELEHE TSI L 2'Pb #BER *2°Ra LiFFE
VMEDR SRR CENETEALTNWS . AENERO *'°Pb BEIX **°Ra K DH 3
EESV. BEROBRFEEKFD 22°Ra, 2!Pb B 21%0 2P -LF—F%ITLALYR
BIEWBTERND, TOHESDRRBLEREIICODWTD '°Pb BEZRS L BA
DT —=FITARATIEBNT *?*°Ra BEOAFBEDENBIRLEPELZLD 2'PrLOEL &
STNB. SED 219 F— FREBSD 1P F— H LRI BYEERATD 2107
#RE 3.4 wBa/ 0 (202 ~ 208 dpm/10000 ) DEHD 1 THY, 2L IRTHRETR
2P MRF I DAINBERE LU THBREINDIZLBHEIFRRENS, 2 OHES
BEEBWTEFREZREL T 1P OFHERE (1/K.) 2TRERZ2HAWTHREY
Bk, 20 BRRIZAES, COEORYEEIFLHPLLT, 2OLITARILLHELS
H Pb BSBENFICHREL THEA»SRRICREZINTNSZ LEREENE. 2Ok
2, REBELICERE *'°Pb BHBHLRVEENZZLELFFHLLZ W, 21%0 T2
WTIEAE *1°Po/?'°Pb LT 1 YU EDESESBN, 21°Pb {THAT *'%Po 2FEHELPT
WEMS ZNREYMT IV O OBEE, HB NG PP ITHART 1% BRES LR
CNZEZLBDP, ESITKRTTEILESNHS. WTFARLTHIDE I REEORE
BRT - BEFIDIEL, F-I0EHESEFLNBZLATHSB,
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Lev + AenNaa = AreNew + Keoles
Ieo : KEH SO 219 a8
1.5 dpm/em® y = N = 0.8 atom/cw? s
AgaNrn @ HEKFD 222Rn DS 21°Ph 4D
*2%Ra #REE (1 mBg/Q) @ 0.8 #8 222Rn & L THEAKDICEZ L RE
FHEE 10 n 2FETLEMNERYL Y O2BKEIL 1 023,
1 x 0.8/1000 dps/ ¢ = 6.06008 atom/cm® s T
AeoNes : MKHD 21°Pb HEE |
1 mBa/? =~ 0.001 atom/cm? s 1
Neo : #EKFID 21°Pb RFH |
N=4A/2 |

0.001 x 22.3 x 3.16 x 107/0.693 = 1.02 x 10° aton/cm® s
0.8 + 0.0008 = 0.00] + Koo - 1.02 x 10°
IPb =1/Kpb = 17 E = 20 E]

W2 Th iICEL TTH B4, IRBEBKFTOF-FRITLAY V. BAKPD Th 2B
FIFHEEREOEWTED I N —-TIEL TW5., BKFIZIIV 220 Th FLHEE
EYT 58, TANTCEOHBEBRLZ > TB., Thbd, TXATERETHD *°2Th, —
HEER TAMIBEAREED *2°Th, TXTEARBETSHS *2'Th, —BAFNA»S
—HPBEL SHBHENS 22 Ra OHETITL-THEL S 22°Th #EHEHE. SEH—RE
TIHHDH B REHRD 224Th %<, 232Th, ?3°Th, 22°Th 2HET B LM TE T,
R 6 CEZOMBERLES, ***Th & 22°Th LT L < 9.8 mBa/10008 . ??°Th i3y
4 & 36.7 mBa/1000¢ TH - 7z AHETOME £ 0.4 uwBa/1000¢ LHARB L ZOWBE
BROMER 3 20 FOWEWY, KAROEFRBOBAKTO **°Th # 1.7 ~ 3.3
dpm/1000 ¢ & RZEZ V. RARITZOHEED 225Th/%32Th kA% 6 Bl 5 80 3ES £ T
BELTHWDZLEHEL TWS (X8 (B)),
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]|S5 WK OB EAIRIRE (mBy/)
Table Radionuclides in sea and river waters collected from the Tokai coastal areas
Sample Temperature, Sampling Concentration Activity ratio
No. Chlorinity date U-238 . - Ra-226 Pb-210 Po-210 U-234 Ra-226 Po-210
(°C ; %0) ( mBa/l) (mBa/) (mBa/l) {mBa/l) U-238 U-238 Pb-210
N 21.1;17.85 9/10/93 327 %15 1.27 £ 024 0.59 £ 0.06 1.05 £ 0.17 1.12 £ 0.05 0.039 % 0.008 1.78 = 0.34
11.5; 19.19 2/14/94 332+16 1.02 £ 0.09 3 =+ 1.10 £ 0.05 0.031 = 0.003 +
B4 21.1;17.92 9/10/93 29.0 £ 09 1.14 £0.20 118 £0.10 1.03 £ 0.10 1.14 £+ 0.03 0.039 - 0.007 0.87 £ 0.11
11.5;19.17 2/14/94 33.7+15 1.18 + (.08 + + 1.10 £ 0.07 0.035 =+ 0.003 +
K-1* 21.9; 14.69 9/16/93 242 +15 0.77 £ 0.15 065 006 122 *+0.15 117 £ 0.08 0.032 £ 0.007 1.88 £ 0.29
10,1601 54504 297 +13 078 009 + + 114 £007 0026 + 0.003 +
H-4 22.2: 1744 8/16/93 207 £13 112 +:0.36 1.03 £ 0.10 1.34 +0.14 1.15£005 0.038 £0.012 1.30 £ 0.19
11.9;19.17 2/15/94 409 + 1.7 1.32 £ 0.09 + o 1.11 £ 0,06 0.032 £ 0.003
0-4 21.8; 16.85 9/16/93 292 +20 1.13 +0.26 041 = 0.04- 0.61 =0.07 113 £ 008 0.039 £ 0.009 1.49 £0.22
11.8;19.14 2/15/94 313 %15 1.25 £0.13 + + 1.15 £0.05 0.040 & 0.005 +
K-2%** (23.0,1.17 9/17/93 1.72 £ 009 0.89 £ 0.16 2154+012 1.02 #+0.09 1.24 = 0.09 0.517 = 0.097 0.47 £ 0.05

*: ca. 100 m off the mouth of River Kuji, **: ca. 200 m above the mouth of River Kuji.




F®6 YRBDMY 7 ARE (mBg/1000 1)

Table  Concentration of Th isotopes in sea water collected
from the Tokai coastal area. 1

Nuclide - Concentration

( mBa/1000 1) ( dpm/1000 I)
Th-232 983+ 100 059 % 0.6
Th-230 083 + 1.00 0.59 + 0.06
Th-228 367+ 37 220 £ 0.22

Anal. volume ; 1050 L.
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132°E 134°E 136 °E 138°E 140°E
) 1 ) T 1 T I I I L]
EA '
SEA OF JAPAN HONSHU
-135°N
TA-Z
Kii CHANNEL ~133°N
oTS-7 : “w :
HACHIJO-JIMA
- . ; . L 1 . I L -{81°N
Fig. 1. Map of station lacations at which *°Pb and Ra isotopes were measured.
Table 1. 2°Pb, Ra isotope and hydrographic data obtained by the KT-86-16 R] V Tansei-Maru cruise
Sample . : Depth Ra-226 Ra-228 Pb-210* Temp. Salinity* Si* = p

No.  Latitude  Longitude = 0™ 40710000 dpm/1000L dpm/1000L  °C ppt.  uM M
TS-158 34°38.5'N  135°20.4'E 0 161 £5 66326 39+5 - 15.9 31.645 46.2 4,13
TS-15B  34°38.5'N  135°20.4'E i4 104+5 449+£24 n.d. 16.7 32.398 41.8 4.31
TS-14S  34°33.0'N  133°14.7'E 0 127 x4 48417 305 17.0 32.698 35.5 3.82
TS-14B  34°33.0'N  135°14.7'E i8 1015 374 +22 n.d. 17.8 32.986 33.9 3.69
TS-1358  34°26.9°'N  135°08.0°E 0 1203 347£15 30x3 17.8  .33.002 32,6 2.90
TS-138  34°26,9‘N  135°08.0‘°E 34 8544 36720 n.d. 17.9 32.999 34.2 _ 4,32
TS-128  34°21.0‘'N  135°02.1'E 0 91%4 331 %17 32+3 7.8 33.145 33.9 3.63
TS-12B  34°21.0‘'N  135°02.I'E 39 873 307x14 -n.d. 18.0 33.26! . 33.6 3.51
TS-11S  34°] L7'N  134°57.1I'E 0 8l1%4 182+15 404 18.5 33.305 28.6 2.25
TS-10S  34°00.2'N  134°53.0°E 0 T734 151 %13 42%4 18.5 33.942 21.3 1.96
TS-71S8 ° 32°52. 7N  136°05.2'E 0 59+3 259 1769 21.8 34,483 41,1 0.42
TS-65  33°36,0'N  137°31.9°'E 0 G133 IH9** 209410 n.d. n.d. n.d. n.d.
TS-38 - 33°37.4'N  137°33.4'E 0 56=+3 19+9 20210 23.3 34.603 _ 16.9 0.33

*n.d.=not determined. **value doubtful

Table 2. 29Pp, Ra isoiope and salinity data for the surface waters in Tokyo Bay mixing zone obtained by the
KT-86-3 R/ V Tansei-Maru cruise
. . . - - Pb-210 Salinit
Station Latitude ‘Longitude dm%a] IZSSOL dpﬁa} %SSOL dpm/ 1000L ppt o
TA-1 35°34.5'N 139°54.9'E 893 55%9 45+ 9 26.533
TA-2 35°28.2'N 139°51.6'E 953 T7+8 2744 21.594
TA-3- 35°21.7'N 139°46.8'E 802 515 0+6 29.905
TA-4 35°13.8'N 139°47.7'E 89+3 487 19+4 3'1.{1»28
TA-5 35°10.0'N 139°42.7'E LERO | 4244 5010 32.-'184
TA-6 34°59.9'N 139°28.9'E 962 315 83x8§ 33.957
TA-7 34°00.2'N 141°55.1'E 60x1 202 20014 : 34.410

Geochemical Journal,23(1989)129.
£7(3) BFiEDOARBEORERE O/KP O Ra R L Pb-210 RE
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F8(B) KAARL O AINED¥E/K T D Th-232 & Th-228 JEE

Table 4 232'1‘h and 228Th concentrations of water samples from the Seto Inland Sea.
Doctor's thesis (T.Okubo)

sample 232Th 228_,5,!_l ZZBTn / 232‘]31‘1 228'1‘1‘1 / 228Ra

(dpm / 1000 1) activity ratio activity ratio {days}

Residence time

_gb_

Kii Channel

F781-1 (Mar.) 0.5+0.1  13.9% 0.6 28 ¢ 6 0.11 ¢ 0.02 120 £ 20
KT791-13  (Jan.) LTD* 3.0% 0.2 —_— - 0.17 & 0.05 200 £ 70
Osaka Bay
F791~6 (Mar.) 2.240.2  15.9%.0.6 7.2+ 0.7 0.041 ¢ 0.003 43+ 3
Harima Nada
F781-2 (Mar.) 0.1£0.09 28.321.0 _— 0.078 £ 0.005 85+ 6
F782-1 (Jul.} 0.540.3  42.3% 1.6 85 =+ 51 0.12 + 0.007 139 9
XKT791-11  (Jan.) 1.1£0.1  11.0:.0.4 10 £ 1 0.031 + 0.003 32+ 3
F792-1 {Jul.} 0.3£0.04 ~4.2%0.2 14 = 2 0.013 £ 0.001 132 1
Hiuchi Nada
KT791-7 (Jan.) 2.0:0.2  13.1:0.5 6.6t 0.7 0.018 7 0.001 18 =+ 2
F791-5 {Mar.) 0.7:0.1  18.3: 0.8 26 £ 4 0.026 + 0.002 27+ 2
F792-2 (Jul.) 0.7:0.1  17.4s0.8 25 = o4 0.022 £ 0,000 22« 2
Iyo Nada
KT791-3  (Jan.) 1.1£ 0.1 7.8%0.3 7.1t 0.7 0.025 + 0,002 26 ¢ 2
F791-4 (Maz.) 0.7£0.09 10.6%0.4 15 ¢ 2 0.041 % 0.004 43+ 4
F752-3 (Jul.) 0.7£9.06 5.6%0.2 8.0% 0.7 0.018 + 0,001 18+ 2
Suo Nada
F782-2 (Jul.) 0.3+0.09 20.9-20.6 70+ 2 0.062 & 0.003 67 + 4
F792-4  (Jul.}  0.5:0.06 4.6%0.2 9.2 1.2 0.014 = 0.001 15+ 1
Bungo Channel
.

KT791~1 (Jan.) 9.14+0,05 3.2%0.2 32 16 0.18 + 0,008 220 £120

Errors are standard deviations calculated from counting statisties.

*LTD: less than detectable,



6.3. HELEY

RARCTFETS Ui, HEH 238, 235, 234 @ 3 >OEMESH B, HEHD U
BEX 3 pom THY, HEDOEMLORE, REY S =13 > (U002 (C0.) 1) 2L TRIR
U, FNEBUTEATATS, 22U IE 0 DaRPEHRICED, BURT<2-TH
D, WKFD U/ AR 114 L 1 I TV, AEKkBTO U RIES
35 % T 3.3 ng/0 (40.8 mBa/ L) —ETH Y, BAFOBRBRTIC &> TEHEMICER
BEnpo i, RERALAREINTNS. L LETHEBESOBKETIRT
BTSN, KB RZLEESL DigEE NS, |

TEMEL 25O 20 BLU 0 F- 55 MOBBF - s LicT LD TE 9,
10 {RU 7. iz 2240/2°%) JEHEEIRR 11 IR L7z, HFBERMY ¢ 238%) @ (&
9) TRBL, ALAREIADHED § ~ 17 (T 12.1 = 3.2) mBa/ks wet TEH
B<, ¥Z 211 ~ 31 (P45 21.7 + 5.9) mBo/ke wet, EE 65 ~ 145 (F1y 92.6+
21.0) mBa/kg wet , ¥EBEDT T A 360 ~ 790 (¥ 545 + 145) mBa/kg wet DNEIZHE
EoE{->T1nd. ACEWEEO U BEOHBERR WL E->T L. BEAREOR
HFEYO U BECHTIBEARBD TOL 0, BREAHS MBS, S EsH
ARFPSEIEU 72 55 MOEYIC ST ICP-MS ZRNTHIEL 72 2°50 BE AL
THd. TNHDFERER 13.1(B)~ 13.3(BNRTH, AEOBRCCCRELEY
TARAVA (EIR) BLEDBELEL—FHLTW3. FTHOMREESOREL 2K
BPBHO U RELHARTPRBENVELZ T TS, ARLLORTENERIIEEL
Voo BEECOWTE, GHSRBEL XFSORET 3000 ~ 7000 mBa/kg drydd
EERNBLTBY, $EOGT 5 ADOBEE 3000 ~ 5700 mBa/ke dry (R 10) & & < —
BL TS, *210/2°%0 Jghteelbia® 11 (ORT &S ICEYEETER 2 <, T
L1Z2 ~ 1.14 QEEICH Y, #kD 1.13 E—HT3. —HORE (FIA) T 23570 &
BRETE 23°0 L OMGTEELEIE 0.043 ~ 0.050 TRIRD 235U/2350 AhTbEH: 0.046 &
Eboiu,
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6.3.2. FU T A

KRACHEET S MY Y ACIIEER 234, 232, 231, 230, 228, 227 @ 6 DOEMER
H55, BEEHCEEBOSIRNT Z7F =Y ARFIZRE *°Th, ***Th, **°Th,
222Th 0 4 BESBEBRTEINSORBESTATERLILDKHRS DHETH D

HBHEDO R YUY ABERYS VBED 3 ~ 4 £0 10 ppn TH D, BEETHO,
KB EED 2T WEDICEKP TIRRICEBREENS. LieH> T, #BKkFO
PUTh BPERBOTEL, FHOLEER 1 x 1074 pe/t, KEREEET 0.024 dom /
1000 ¢ (0.4 mBa/1000¢) HHEENTND, X I IKRLAFBHERL YT *°°Th RE%
B3k, #l4 (EFR) 1E 1.2 ~ 5.0 (FE 2.7 + 1.2) mBa/kg wet, ¥ T Rid
1.7 ~ 7.4 (¥ 3.7 £ 2.0) mBo/kg wet THHFRIZERLCLARLIKESHD, 77 AR
1.3 ~17.8 (¥ 6.1 % 5.3) mBa/ke wet, EHIE 14 ~ 59 (F¥y 32 £ 13) mBa/ke
wet TRREU IIAZIR 1989 £ 9 BCEJIEDEBRRD § A TERL YT
ZOWTHREERBICOWT 2°°Th 42T, FIRELLTENEN 73 £ 6 mBy/
kg wet, 110 * 20 mBg/kg wet DEZBTNB, 23 LTRZ2 LHEIXDVWTR, AR
FHCWBDUBALTVWRHARTEDRZWS, MOBEPLIVESEWVEMICSELDICR
2. F 1ILIRLE Th @ARiEREROWTE, 22°Th/2*%Th ik, WIhoEPED
LICEWEICZ > T2, Cokid ERL EAkRol L ZEEL W, —F4 ***Th/***Th
Hoit, 22°Th/2%2Th the Bz -T, 7IARALA THLHIC LLUED 4 ~ 3 FEOE
WEIEZ > TS, BARKFEOZDHIIH 4 THEH, FHCH>VWTHEE **"Th =& D
AG (COBRIEFICHALZNTHAD) IZHIC 2*°Th OFTHD *?*Ra BV IAT,
228Ra P SHERL TL % 22°Th DFEEHPARTHLOT, BEMICBERT DI LEABKRTDH 245,
o ***Th # EENVALESERCTE24561E, 20 **°Ra & ***Th AW TEY
DEROWEESFRETH D, *2°Th UEKHITETH D,
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6.3.3. VI A

RARDS VY ARMBED IS, I VRFMCET S *2%Ra(T.2 = 1600 y) & P U AFK
FICIET 2 *2*Ra(Ti,2 = 5.76 y)id, WATTIE *°Ra BELY 2°Ra ODERFTFHCTHS
200Th keF 202Th PSEBMTHBRD Th LEAXT L DBEICEEL TN S, 7L
VEESBTHZ IV AR, BAETRA T VBRETHS. HAKED 2°Ra TEME
&:t:b>7:c')§< , RERBATIITIZH—CH 5 x 10~ g Ra/ 0 (1.85 Bg/1000 §)TH3
B, ZEEHICHL, RERELEL TREBELI,»50 Ra DFHIEHIC L 288% 513
107'% g Ra/ 0 ERPHADZVDLHD. BEKOBERIAEKRLDIESZ-TED, 2
~ 3 Bo/1000 ¢ BEDESBEZNTNS, —F, *2*Ra 2>\ T}, —RICHEREK
TELS, KRFETEDLTHE don/10000 TH 3. BEIEETIE $100 dpm/1000 212 HiE
THESHEINTED, AL DBERRSPEHN.,

ROLSHAEL 2RERE2ZTLOTRLEY, CORICHENZLSCEEDT I AF
D **°Ra BE (FiF 137 £ 41 mBo/kg wet) IZFEH (F1y 18.2 + 7.6 mBa/ke wet) ,
YT A (FH 7.8 £ 3.1 mBa/ke wet) , ZLTH LA (F5 11 + 5 mBasks wet) iTLL
KRB LB 10 BECETHB. TH, Y52, ALAD Ra BEHKEZNDT, Ra
BRBRBCLIVEMELRTORELEZEY, ESRERZEOFBFWICONWTHENSDH
ERHB. WERDHENEOEZAED 5 S TRIL AV FIIC>NT 2%°Ra #E
CERIELEERE LTHAT 15 ~ 53 mBq/kg HELYHNBT 30 ~ 115 mBa/kg wet D%
HELTWDS, HFROEISEOFEQBICERTAEREREShEN,
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6.3.4. #4-210 & R o= A-210

Ceiopy g 209p0 WS Y RAIDKBICKET B EREOPR VRVEETH S, MBS
DEFECR 2% UL **Re MHEEL ZITH LW BERETHEL T34, —H0F
kv atiig» 5 RAPICEE TS, TORBEL bfiiﬁ_taﬁéb\biiﬁ_tezﬁﬁ;i:bf<
2, BTE, =0, BN, ZVEET S, REBEKkAO 2P H£RFIIAHDR
KEPBED T+ - AT I hICEB, —F 1% RAK»SOHERBDRNDT, FLA
LHEKED 210 HpEHEELELDTHB. BRKPICIE 22 °Ra BHEELTNBDT,
FETIZ 0 2R H5 0P SEBENS, WAKED Pb, Po & Th & ARICEEL
BEAS VELRETEREONTCRESZVWIRMYVATNZRE L TREICKERES
N3, REEAKFD %P0 BEIZ H L B/ ({BETHZILTASHTNS, THAE
Li=HEinRERFO %P BELFNIGANEEZRWEL 2. —F 2P iIZ2NWT
2 0.5 ~ 1 mBa/ 0 OIEH = DIETRWHS N, WEEWED 2P BEDNTH,
COBBSEMISERECERENS LD, BAMGEREIC L2BEEYNOEERK
EHEHIREL LTOALRSTHENEBEL TOABNORERELTE TS LS b RE
%< OWEBTFbONB &SR - T, |

£ O CSEAELRE VP & 0P BEETLOTRULEMS, FT 2P BEOH
%S mBq TRAZ L, By THBEZLEXBRESNEN., RSB LI 1P BER
0 MEEIZTONTEL, 75X (g 2.5 + 0.6 Ba/kg wet) , HL A (Fiy 4.3 %
1.4 Bo/kg wet) TEL, B (Tt 40 £ 15 Ba/kg wet) & ¥ 2 (P35 47 = 16 Bq
/kg wet) TRREL o TND, *'°Pb WEIR, FHEMFEY 4.17 £ 10 uBa/kg wetTH
DF IR, YIR, ALLEDS 2~ 2.5 BENMERICSHZ. YT, DAL, ETIX
D 2P WER, FIZEAZETHD. 21°Po/2 ' OPb HiF, TIAT 16 £ 6, LA 33
+ 14, FET 96 + 36, ¥FAT 372 £ 40 kR->THY, EYETIOLEBEP LR
BoTBe o THELE 21%0 & 21°Ph BERDIENLASSEIBRICERT SE
LMY 30 BEAHWLTESKAEER (RRBR) EERTXRERZRRSOLT, £
Eu;&:n%&ﬁm%ﬁﬁﬁﬁ;<ﬁﬁbfm&:tﬁbwoko
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6.3.5. A U2 4A-40

K RECL > THETED | DTH 3. BEOEWTIE K BEICKAE 2B I
We EYEECTRESER > T AP BEENERLEVWEETHYATN TV AEIET
H5, i

6.3.6. €7 A-137

BAEBOBEEMECTRIEA NS 970s [, BLAY 100 % SASENLESE»S
@7#—»7?%?@50:@&EEOMTM?TK%K@%Eﬁ%ﬁﬁbnfﬁb,%
EREL ZEMO 1370 LA, kb 2IEEHAR IS RN R EE DT
BLTHWSEMEIH L TRESATHBEEERTREL N, REEPOMEICONT
i, ZOEBHESSR O EREICY o055 L RPN,

BEORD, EMESORNEEBELR 12.1 55 F 12.4 IURL £
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#9 WEEMOFLERY Y OBEILMISE (Bq, mBake wet) DX &3

Table Radionuclide Concentration on a basis of wet weight in Marine organisms

Sampling Sampling Dy Coneentration (Bq/kg or mBq/ kg wet weight 2 1 o ***)
station date (%) 4 Ti) Th-232 U-238 Ra-226 Pb-210 Po-210
: (Bake wet) (mBa/ks wet) (mBa/kg wet) (mBa/kg wet) {mBa/ke wet) (Ba/ke wet)
Arame
Kujihama 71302 17.5 248 £ 2 512 % 053 415 + 22 117 + 9 128 + 12 146 & 0.10
10/6/92 20.6 278 £ 2 6651 = 0.82 750 * 48 233 + 10 214 £ 19 321 + 033
17793 109 106 = 1 861 + 120 625 = 73 155 £ 11 153 *+ 31 2.67 + 027
4/3/93 123 303 £ 2 197 £+ 037 428 X 54 972 + 74 191 + 15 134 £ 0616
Isozaki TH492 152 126 £ 1 178 & 12 508 & 41 155 + 11 233 + 19 294 + 023
10/1192 203 267 £ 2 131 + 1.0 516 + 22 134 £ 9 210 £ 17 267 X 022
12093 10.8 247 £ 1 130 + 032 361 + 30 875 * 97 832 + 9.7 199 + 022
4/16/93 15.9 282 + 2 191 % 032 607 * 62 121 £ 8 156 + 16 264 £ 029
Oarai 827092 236 178 &£ 2 634 & 0.71 541 + 28 128 + 9 267 + 19 300 * 031
3/1193 143 233 £ 2 215 + 057 365 £ 30 112 &£ 13 162 = 14 2.86 + 044
5125093 16.0 320 £ 2 224 + 048 790 + 66 173 4 16 142 + 13 220 + 029
Ave.t1s3d 235 £ 70 6.10 * 5.30 545 *+ 146 137 + 41 171 + 57 2.46 L 0.62
Hiragai
Kujihama ez 13.5 577 £ 07 263 + 1.6 919 & 4.1 155 £ 12 418 = 25 205 & 1.8
11/1602%  23.7 439 £ 10 408 £ 33 88.7 & 37 1.1 £ 07 n.A. n.a
. 5/1293 292 500 + 0.7 228 = 18 987 + 58 181 £ 15 420 =+ 32 543 = 58
Isozaki 1652 95 41.1 + 0.7 273 £ 2.5 652 + 2.1 138 + 10 343 £ 25 232 + 19
12/192 26.7 4.1 + 0.7 242 £ 241 715 & 30 117 + 08 2R £ 2 441 £ 5.1
21293 279 442 + 06 3.7 + 11 870 * 42 229 + 17 424 + 31 530 = 59
541493 303 717 £ 05 482 & 52 141 = 5 306 £ 18 597 + 36 524 £ 55
Osrai THP2 14.5 65.0 & 08 593 + 48 116 + 4 150 £ 15 323 + 28 160 £ 1.5
11/19/92 258 530 £ 06 253 + 26 89.0 = 38 171 % 21 392 + 31 418 £ 46
141303 27.0 433 £ 05 202 % 49 718 £ 41 113 3 11 556 =+ 27 500 £ 5.1
51303 26.8 556 £ 0.6 383 + 6.7 922 £ 9.1 332 £+ 21 429 + 38 418 + 43
Ave.£1s.d. 52.6 £ 10.2 323 £ 131 - 926 % 210 182 £ 7.6 417.4 % 93.8 39.7 £ 14.5
Shirasu
Tokai 72002 15.6 12+ 1 177 £ 047 156 = 04 64 £ 06 793 £ 75 240 + 2.1
10/1692 144 105 & 1 221 £ 043 254 + 1.1 78 4 07 156 £ 12 324 £ 20
3/12/93 18.9 989 * 056 491 £ 076 - 225 + 19 72 * 09 287 + 17 558 + 59
6193 172 112 £ 1 327 & 036 229 = 14 136 + 10 120 £ 9 659 4 52
Isozaki 712092 16.7 120 £ 1 259 £ (033 178 £ 09 48 + 05 860 £ 65 - 266 * 2.1
101792 16.5 112 = 1 293 + 050 306 + 06 59 £ 07 129 =+ 11 39.7 + 30
572893 16.4 991 £ 1.0 410 £ 066 246 £+ 20 29 + 07 317 + 33 690 + 7.9
QOami 10/1/92 173 125 £ 640 X 052 190 = 10 45 = 05 139 £ 14 473 & 38
3/1/93 17.5 99.1 £ 09 735 X 088 275 £ 14 124 £ 16 980 + 88 553 + 56
5/1993 - 167 108 + 1 167 £ 033 1.0 £ 12 62 + 038 207 £ 15 571 £ 6.0
Ave.t1s.d. 109 £ 9 3.72 + 1.95 21.7 £ 5.9 116 £ 3.07 162 + 83 47.3 + 16.0
Karei
Tokai 11/4/92 250 130 + § 194 £ 025 130 £ 06 87 £ 10 101 + 8 4,65 £ 040
12293 213 113 + 1 2908 *+ 064 155 %+ 13 160 £ 13 211 £ 21 500 + 066
42203 204 15 £ 4 n.d. 118 * 06 159 4= 14 208 + 18 628 + 071
Isozaki 82792 218 116 = 1 196 X 044 923 + 054 73 £ 09 726 + 6.1, 386 £ 033
10/13/92** 228 143 £ 2 234 & 046 100 + 05 72 + 11 489 £ 39 236 + 021
4/28/93 17.6 915 = 04 398 & 141 172 = 09 199 £ 1.6 157 £ 19 297 & 044
Qarai 12/11/92* 146 129 £ 1 222 + 029 137 £ 08 75 + 07 n.a. o.a.
12193 204 916 £ 06 122 £ 020 673 + 041 69 + 08 251 * 14 518 & 051
471293 228 976 + 09 502 £ 091 119 £ 09 13.0 &+ 18 155 % 21 3.17 & 036
Ave.®1s.d. . 115 + 19 2711 £ 1.24 12.1 £ 32 114 + 4.9 150 £ 72 4.30 = 1.43

*: Hamaguri, **: Hirame, ***: One standard deviation of counting statistics.
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Table - Radionuclide Concentration on a basis of dry weight in Marine organisms

Sampling ~ Sampling

Conceniration (Ba/ke or mBa/ kg dry weight 1 & #**)

station date K40 Th-232 U-238 Ra-226 Pb-210 Po-210 Cs-137
{Ba/kg dry) (Bafke diy ) (Baske dry ) (Ba/kg diy ) {Ba/ke dry ) Ba/kg dry ) (Ba/ke dry )
Armme
Kujihama 7R82 1417 £ 12 0029 £+ 0,003 237 + 0,13 067 % 0.05 073 £ 007 833 + 058 051 £ 000
10/6/92 1350 + 11 0032 £ 0.004 364 &£ 022 113 * 0.05 104 £ 0.09 156 & 16 057 =+ 011
17793 960 + 9 0079 = 0.011 5713 £ 067 142 % 010 140 + 028 245 £ 25 049 £ 0.10
4/8/93 2463 + 16 0,015 % 0.003 348 & 044 0.79 & 006 155 & 012 109 = 13 044 X+ 0.08
Isozaki TH4/92 828 £ 6 0.117 & 0.008 3903 £ 027 102 £+ 007 154 £ 0.13 193 £+ 15 041 £ 0.06
10/11/92 1313 * 11 0065 £ 0.005 254 + 011 0.66 % 005 1.03 £+ 008 131 £ 1.1 062 + 011
1/20/93 2284 & 13 0012 £ 0.003 334 £ 028 081 % 009 077 £ 000 184 £ 20 055 + 0.13
4/16/93 1776 # 10 0012 £ 0.002 382 + 039 0.76 £ 0.05 ‘098 £ 0.10 166 *+ 18 056 + 0.11
Qarai 82792 154 £ 7 0027 £ 0,003 229 + 0.12 054 £ 0.04 113 £ 008 127 £ 13 0.50 + 007
31193 1628 =+ 11 0015 4 0.004 255 £ 021 0.78 X 009 0.71 £ 0.10 200 £ 34 0.50 + 0.09
52593 2000 4+ 11 0014 £ 0.003 494 + 041 108 £ 010 0.89 + 0.08 14{3 + 18 090 £ G.09
Ave, 1 s5.d. 1526 4 568 0.038 & 0.034 3.51 & 1.09 0.88 * 6.26 1.07 + 0.3t 15.8 % 4.6 0.56 + 0.13
FHimgaf
Kujihama 7192 428 £ 5§ 0.195 £ 0.012 068 # 003 0.115 £ 0.009 3.10 * 0.19 152 =+ 14 032 £ 005
11/16/2+ 185 £ 2 0172 &£ 0.014 037 £+ 002 0.047 £ 0.003 n.a, n.a, 012 *+ 002
5/12/03 202 + 2 0.078 £ 0.006 034 & 002 0.062 + 0.005 144 £ 01 186 + 20 014 £ 0.03
Isozaki 711602 433 £ 7 0287 + 0.026 069 £ 002 0.145 4 0,011 361 £ 026 245 4 20 043 =+ 0.07
121192 165 = 3 0.091 & 0.008 027 4= 001 0.044 + 0003 102 £+ 008 165 £ 19 0.17 £+ 0.03
2/2/93 158 = 2 0049 £ 0.004 031 = 002 0.082 % 0006 152 4 0.11 190 & 21 009 + 0.02
5/14/93 237 & 2 0.159 & 0.017 046 + 002 0.101 £ 0.006 197 + 0.12 173 £+ 18 0.12 £ 0.03
QOarmi 716/92 448 + ¢ 0409 £+ 0,033 080 % 0.03 0.103 & 0010 223 + 0.19 110 + 11 030 X 0.06
11/19/02 206 £+ 2 0.098 £ 0.010 034 & 001 0.066 % 0008 152 £ 012 162 + 18 017 + 0.03
1/1303 160 = 2 0.108 £ 0,018 029 + 002 0.042 = 0.004 206 £ 010 185 &+ 19 0.10 & 003
5/13/03 208 + 2 0.143 £ 0.025 034 £ 003 0.124 = 0.008 160 £ 014 156 %+ 18 020 £ 0.02
Ave. +1s.d 257 £ 117 0.163 =+ 0.105 0.45 =+ 0.19 0.085 + 0.035 2.01 =+ 0.80 172 + 34 0.20 # 0.11
Shirasu
Tokai TH0/52 720 £ 5 0011 = 0.003 0,100 % 0.003 0.041 % 0.004 051 % 0.05 154 £ 13 079 = 0.04
10/16/92 732 £ 8 0015 £ 0,003 0.176 =+ 0.008 0.054 = 0.605 108 £ 0.08 225 & 14 0.78 =+ 0.08
3/12/93 524 £+ 3 0.026 + 0.004 0.119 £ 0010 0038 £ 0,005 152 + 009 205 + 31 100 X 0056
6/1/93 650 £ 3 0.019 = 0.005 0.133 £ 0.008 0.079 & 0.006 070 + 005 383 & 30 095 % 0.06
Isozaki /20092 716 £ 4 0016 £ 0.002 0.107 £ 0.006 0,028 4 0003 051 + 004 160 4+ 13 080 =+ 005
1077192 677 = 8 0.018 + 0.003 0.185 =+ 0004 0.036 & 0.004 0.78 & 007 241 £ 18 057 & 0.07
5128193 604 £ 6 0025 £ 0.004 0.150 £ 0,012 0.054 £+ 0.004 193 £ 020 - 421 £ 48 083 =+ 005
Oarai 107192 721 = 7 0.037 £ 0.003 0.110 £ 0.006 0026 £ 0.003 080 4 0.08 274 = 22 049 X 0.07
3/1/93 566 £ 5 0.042 % 0.005 0157 & 0008 0071 £ 0000 056 + 005 316 *+ 32 120 £ 009
5/19/93 650 £ 4 0.010 £ 0.002 0.066 + 0.007 0037 £ 0.005 124 % 0.09 342 & 36 087 £ 005
Ave. +1s.d, 656 + 72 0.022 £ 0.011 0.130 * 0.037 0.046 =+ 0.018 0.96 * 0.48 281 % 89 0.83 + 0.20
Karef
Tokai 117402 555 £ 4 0008 £ 0.001 0052 £ 0002 0035 £ 0.0 040 £ 003 186 £ 16 . 055 = 0.04
1/22/93 530 £ 2 0014 + 0.003 0.073 + 0006 0.075 % 0006 099 £ 0.10 217 * 31 0.77 = 005
4122193 563 £ 4 nd, 0058 £ 0.003 0.078 + 0.007 102 £ 0.09 308 + 338 096 % 0.07
Isozaki 82702 533 & 5 0.009 £ 0.002 0042 = 0002 0.033 + 0.004 (033 + 0.03 177 = 15 0.75 = 6.06
10/13/92%* 625 £ 8 0.010 & 0.002 0044 = 0.002 0032 + 0.005 021 £ 0.02 103 + 09 102 + 0.07
4/28/93 520 £+ 2 0023 + 0.008 0.098 + 0005 0.113 4 0009 089 + 0.1 169 * 25 094 £ 0.03
Qerai 12/11/92%+ 882 & 7 0.015 1 0.002 (.094 £ 0006 0.051 £ 0.005 na. n.a. 1.12 % 008
12193 449 & 3 0006 £ 0.001 0033 £+ 0002 0034 = 0.004 123 % 0.07 254 + 25 107 £ 004
4/12/93 428 £ 4 0022 %= 0.004 0052 = 0.004 0.057 £ 0.008 068 £ 009 139 £ 16 098 = 0.07
Ave. =1 s.d. 565 * 133 0.013 * 0.006 0.061 % 0.023 0.056 = 0.028 0.72 £ 0.37 202 + 7.1 0.91 + 0.18

*: Hamaguri, *¥: Hirame, ***: One standard deviation of counting statistics.
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Table  Activity ratios among radionuclides in marine organisms collected from Tokai coastal areas

Sampling Sampling U234 Th-230 Ra-226 Po-210 Th-230 Th-228 238
station date U-238 U-238 U-238 Pb-210 Th-232 Th-232 Th-232
Arame .
Kujihama 7392 1.14 X Q.00 0013 £ 0.002 0.28 * 0.03 11 £+ 1 105 &= 015 405 £ 054 8L £ 9
10/6/92 1.12 £ 0.08 0.010 £ 0.002 031 £ 002 15+2 1.14 £ 019 568 = 0.76 113 £+ 16
17793 1.12 + 005 0.017 + 0.004 025 £ 0.03 18 £ 4 122 £ 019 612 = 071 73 4+ 13
. 4/8/93 106 £ 0.06 0.007 £ 0.002 023 + 003 7T=%x1 1.63 £ 026 391 X 0.8 - 218 £ 49
Isozaki 74192, 1.16 &+ 0.06 0.027 £ 0.004 0.26 £ 0.03 13 £ 1 092 % 009 393 £ 05 34 + 3
1041102 1.08 £ 007 0.027 =+ 0.004 026 &= Q02 131 107 £ 011 582 %+ 0.64 39 £ 3
1/20/93 118 + 0.04 0.006 =% 0.002 024 £+ 0.03 24 £ 4 164 £ 025 722 * 98 278 + 73
4/16/93 116 £ 004 0.006 £ 0.002 0.20 £ 0.0z 17 £ 3 1.76 £ 037 440 &+ 086 318 £ 62
Qarai 827192 114 £ 008 0013 £ 0.002 024 X 0.02 %1 1.09 £ 016 437 &= 057 85 + 11
3/11/93 117 = 040 00606 £ 0.003 031 & 0.4 28 6 1.00 £ 033 443 %= 083 170 + 47
325093 1.09 + 0.06 0.003 £ 0.001 022 &= '0.03 16 £ 2 1.05 * 034 242 % 055 353 + 81
Ave.t1 s.d. 1.13 £ 0.04 0.012 £ 0.008 0.25 X 0.04 16 £ 6 1.23 3 0.30 476 = 1.33 160 *x 115
Hiragai .
Kujihama 7792 117 + 0407 0.20 £ 0.03 0.17 = 0.02 49 5 011 £ 008 1.16 £ Q.12 350 * 027
11/16/92* 112 £ 007 050 4 007 0.13 % 001 1.08 * 012 136 £ 015 218 X 020
5/12/93 1.05 £ 0.05 024 + 0.03 0.18 £ 002 120 £ 17 103 £ 0.10 202 + 017 433 £ 042
Isozaki T/16/92 1.09 £ 0.05 039 + 0.05 021 £ 002 68 & 7 0.92 £ 0.08 122 £ 0.15 230 £ 023
12/1/52 1.16 = 0.07 026 =+ 0.04 016 £ 001 162 = 23 0.77 & 0.10 111 £ 012 295 £ 029
2/2/93 1.07 =+ 0.04 013 £+ 0.02 026 =+ 0.02 125 & 17 085 + 0.11 191 = 0.19 637 £ 0.60
5/14/93 1.18 £ 0.04 033 £ 0.06 022 £ 0.02 88 + 11 096 £ 015 210 = 028 292 £ 033
Qarai 7/6/92 1.09 £ 0.05 044 + 0.05 013 & 001 49 £+ g 0.87 + 007 118 £ 012 1956 £ 0.17
11/1992 1.15 £ 0.07 025 £ 005 0.19 £ 0.02 107 £ 14 .87 £+ 0.13 191 & 024 352 £ 039
1/43/93 1.10 =& 0.05 0.23 £ 005 0.15 £ 002 90 = 10 062 £ 0.00 115 £+ 0.17 2.67 £ 047
5/13/93 1.12 £ 0.07 035 £ 042 036 & 0.04 98 X 13 0.85 £ 0.22 120 =& 027 241 £ 048
Ave.31 s.d. 1.12 £ 0.04 0.30 £ 0.11 0.2¢6 £ 0.07 56 £ 36 0.87 = 0.13 1.48 £ 0.41 3.20 £ 1.26
Shirasu
Tokai 7120092 112 £ 0.04 015 £ 006 041 £ 0.04 303 4 39 133 = 044 418 £ 1.14 882 X 235
10/16/92 114 &£ 007 0.10 = 003 031 £ 0.03 208 * 20 1.13 = 0.29 1.03 £ 024 115 £ 23
3/12/93 1.11 + 0.80 029 £ 0.08 032 £ 0.05 194 + 23 133 £+ 0.28 131 £ 027 458 + 080
6/193 1.12 & 006 0.17 £ 007 0.59 £ 0.06 547 & 58 121 &£ 038 238 + 0.7 700 % 1.80
Isozaki 720092 1.16 £ (.08 0.20 = 0.04 027 & 003 310 & 34 136 = 022 197 £ 026 6.86 + 095
1077192 1.15 £ 003 0.12 % 0.03 0.19 £ 0.02 307 £ 35 125 + 027 140 * 026 104 £ 18
5/28/93 1.14 £ 0.07 0.13 £ 004 036 £+ 004 218 *+ 34 0.77 4+ 020 226 £ 048 6.00 £+ 1.07
Oarai 10/1/92 1.16 £+ 0.06 038 £ 0056 024 £ 003 341 & 44 1.12 £ 0.14 094 X 009 297 £ 029
31193 1.15 £ 0.05 0.26 & 0.06 045 4 0.06 564 £+ 76 097 £+ 020 196 £ 023 374 & 048
5/19/93 1.15 & 0.05 0.19 &+ 0.07 0.56 £ 0.10 276 + 35 123 £ 033 1.64 += 035 6.60 £ 149
Ave.t1 s.d. 1.14 £ 0.02 0.20 £ 0.09 0.37 + 0.13 327 = 40 117 * 0.18 1.89 + 0.94 6.85 + 2.76
Karef
Tokai 11/4/92 107 &+ 007 0.15 + 004 0.67 £ 008 46 = 3 103 £ 019 406 £ 056 670 £ 092
1/22/93 1.15 £ 006 021 + 0.08 103 £ 012 28 4 4 107 £ 631 417 £ (.98 521 &£ 120
4122193 111 £ 0.05 134 &+ 0.14 30 + 4
Isozaki 82792 108 + 0.08 024 £ 0.09 0.79 £ 0.10 53+6 1.11 % 033 2.60 £ 062 471 £ 108
10/13/52*+ 120 £ 008 029 + 0.09 072 £ 012 48 6 125 £+ 031 347 £ 0.7 428 £ 086
4/28/93 1.10 &+ 0.09 0.15 £ 0.08 1.15 £ 011 19 = 4 0.65 + 026 155 £ 057 434 X 155
Oarai 12/11/92*+ 1.11 £ 008 0.18 £+ 0.04 0.55 £ 006 1.12 £ 020 185 £ 028 6.19 £ 090
1/21/93 1.08 £ 006 015 £ 0.03 1.03 & 014 21 £ 2 0.80 + 011 418 £ 0.74 550 £+ 098
4/12/93 1.18 & 0.07 039 £ 0.14 1.10 4 0.18 20 £ 4 091 X 028 225 =+ 047 236 £ 047
Ave.t1s.d. 1.12 *= 0.05 0.22 % 0.08 0.93 £ 0.26 33 £+ 14 0.99 + 6.19 3.02 £ 1.09 491 £ 1.34

*: Hamagusi, **: Firame, ***: One standard deviation of counting statistics.
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Table

Marine algae ( Arame, Kajime, Hijiki)

Sampling Sampling

Concentration (Bg/kg dry weight =10 %)

site date K-40 Th-232 U-238 Ra-226 Pb-210 Po-210 Cs-137
Arame '
7/3/92 1417 12 0.029 £+ 0.003 237 +0.13 0.67 £ 0.05 0.73 £ 0.07 8.33 £ 0.58 0.51 = 0.09
Kujihama  10/6/92 1350 = 11 0.032 + 0.004 3.64 £0.22 1.13 +0.05 1.04 +0.09 156 +1.6 0.57 £0.11
1/7/93 969 £ 9 0.079 £0.011 5.73 £ 0.67 142 £ 0.10 1.40 £ 0.28 24525 0.49 +0.10
4/8/93 2463 £ 16 0.016 £ 0.003 348 =044 0.79 £0.06 1.55 £0.12 109+£13 0.44 +0.08
7/4/92. 828t 6 0.117 = 0.008 393 £ 027 1.02 £ 0.07 1.54 +0.13 193+ 1.5 0.41 £ 0.06
Isozaki  10/11/92 1313 + 11 0.065 £ 0.005 254 £0.11 0.66 £ 0.05 1.03 +0.08 13111 0.62 *+0.11
1/20/93 2284 + 13 0.012 £+ 0.003 334 £ 028 0.81 +=0.09 0.77 £ 0.09 184 £ 2.0 0.55 = 0.13
4/16/93 1776 = 10 0.012 + 0.002 3.82 £0.39 0.76 = 0.05 0.98 =+ 0.10 16.6 = 1.8 0.56 = 0.11
8/27/92 754 £ 7 0.027 £ 0.003 229 +£012 054 2004 1.13 +0.08 127+13 0.60 = 0.07
Oarai 3/11/93 1628 = 11 0.015 £ 0.004 255 £021 0.78 £ 0.09 0.71 +0.10 200 £ 3.1 0.50 £ 0.09
5/25/93 2000 £ 11 0.014 + 0.003 494 =041 1.08 £ 0.10 0.89 £ 0.08 143 £ 1.8 0.90 +0.09
Kajime
Kujithama  10/6/92 0.44 + 0.04 8.70 + 0.70
Qarai 8/27/92 0.39 - 0.04 164 +1.1
Higiki
Oarai 12/14/92 5234 £ 36 0.047 £ 0.004 574 2025 152 £0.02 0.72 £0.21

*. One standard deviation of counting statistics.
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Table

Marine moluscs (Hiragai)

Sampling Sampling

Concentration (Bg/kg dry weight =1 o **)

site date K-40 Th-232 U-238 Ra-226 Pb-210 Po-210 Cs-137

71792 428 x5 0.195 £ 0.012 0.68 =003 0.115 0009 3.10£0.19 152 = 14 0.32 + 0.05

Kujihama 11/16/92* 185 2 0.172 £ 0.014 037002  0.047 £0.003 n.a. n.a. 0.12 £ 0.02

5/12/93 202 £2 0.078 £ 0.006 034 002 0062 £0.005 144 £0.11 186 £ 20 0.14 + 0.03

. 7/16/92 433 =7 0.287 + 0.026 0.69 £0.02 0.145 £ 0.011  3.61 £0.26 245 £20 0.43 =+ 0.07

& Isozaki  12/1/92 165 £3 0.091 % 0.008 027 £0.01 0.044 +£0.003 1.02 =008 165 =19 0.17 &= 0.03
!

2/2/93 158 2 0.049 = 0.004 031002 00820006 152011 190 =21 0.09 £ 0.02

5/14/93 2372 0.159 £ 0.017 046 £002 01010006 1.97+0.12 173 £ 18 0.12 +0.03

7/6/92 448 + 6 0.409 + 0.033 080003 01030010 223 %0.19 110 £ 11 0.30 £ 0.06

Oocarai  11/19/92 206 +2 0.098 £ 0.010 0344001 0066 +0008 152 £0.12 162 + 18 0.17 £0.03

1/13/93 160 £ 2 0.108 1 0.018 029002 0042 +0.004 2.6 =0.10 185 + 19 0.10 £ 0.03

5/13/93 208 =2 0.143 £0.025 034+003 0124+0008 1.60=*0.14 156 £ 16 0.20 £ 0.02

*: Hamaguri, **: One standard deviation of counting statiatics.
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Table  Marine fishes (Shirasu)
Sampling Sampling Concentration (Bg/kg dry weight =10 *) :
station date K-40 Th-232 U-238 Ra-226 Pb-210 Po-210 Cs-137
7/20/92 720 =5 0.011 == 0.003 0,100 =0.003 0.041 £ 0.004 0.51 £ 0.05 154 =13 0.79 £0.04
Tokai  10/16/92 732 =8 00150003  0.176 £0.008 0.054 = 0.005 1.08 £ 0.08 225+14 0.78 £ 0.08
' 3/12/93 524 £3 0.026 = 0.004 0.119 +£0.010 0.038 £ 0.005 152009  295+31 1.00 = 0.06
6/1/93 650 +3 0.019 £ 0.005 0.133 = 0.008 0.079 =+ 0.006 0.70 = 0.05 383 £30 0.95 £0.06
7/20/92 716 £ 4 0.016 + 0.002 0.107 £0.006 0.028 =+ 0.003 0.51 £ 0.04 160 = 13 0.80 £0.05
Isozaki  10/7/92 677 £ 8 0.018 £ 0.003 0.185 £0.004 0.036 £ 0.004 078 £0.07 241118 0.57 =0.07
5/28/93 604 =6 0.025 £ 0.004 0.150 £0.012 0.054 & 0.004 1.93 = 0.20 421 £ 48 0.83 £0.05
10/1/92 7217 0.037 +0.003 01100006  0.026 £0003 080 x0.08 274+22 049 £0.07
Oarai 3/1/93 566 5 0.042 % 0.005 0.157 +0.008 0.071 + 0.009 0.56 + 0.05 316 £32 1.20 = 0.09
5/19/93 650 +4 0.010 £ 0.002 0.066 = 0.007 0.037 £ 0.005 1.24 4 0.09 342 36 0.87 £ 0.05

* . One standard deviation of counting statistics.
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Table Marine fishes (Karei, Hirame)
Sampling Sampling Concentration (Bq/kg dry weight 1 o **)

station date K-40 - Th-232 U-238 Ra-226 Pb-210 Po-210 Cs-137
11/4/92 555 +4 0.008 = 0.001 0.052 £0.002 0.035 = 0.004 0.40 +0.03 186+ 1.6 0.55 £0.04
Tokai 1/22/93 530 +2 0.014 £0.003 0073 £0.006 0.075 £0.006 0.99 4+ 0.10 277+3.1 0.77 £ 0.05
4/22/93 563 =4 n.d, 0.058 £0.003 0.078 = 0.007 1.02 £ 0.09 308435 0.96 £ 0.07
8/27/92 533 k5 0.009 £ 0.002 0.042 £0.002 0.033 & 0.004 0.33 4+ 0.03 17.7x1.5 0.75 = 0.06
Isozaki 10/13/92* 625 £ 8 0.010 = 0.002 0.044 =0.002 0.032 £0.005 021 +0.02 103 +0.9 1.02 + 0.07
4/28/93 520 +2 0.023 £+ 0.008 (0.098 #0.005 0.113 *+0.009 0.89 *+0.11 16925 0.94 +=0.03
12/11/92* 882 =7 0.015 £ 0.002 0.094 £0.006 0.051 £=0.005 n.a. n.a. 1.12 £ 0.08
Qarai 1/21/93 449 = 3 0.006 £ 0.001 0.033 £0.002 0.034 =0.004 1.23 £ 0.07 25425 1.07 £ 0.04
4/12/93 0.022 £ 0004 0.052 £0.004 0.057 £0.008 0.68 = 0.09 139+16 0.98 & 0.07

* . Hirame, **:One standard deviation of counting statistics.
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Table 3. The concentrations of 288U in fresh samples of marine animals collected from the coast

of Japan
H ] 238 1
Jggzgzzesse name Scientific name o?lgrgean (ug}é ioﬁn:;:cn(t;aétac;gu 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 splendens 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
Aipname Hexagrammos otakii Muscle 0.52 6.4
Masaba Scomber japonicus Muscle 0.89 11,0
Tsaki Parapristipoma trilineatum Muscle 0.30 3.7
Tachiuo Trichiurus lepturus Muscle 0.48 6.0
Katsuo Euthynnus pelamis Muscle 0.13 i.6
Sanma Cololabis saira Muscle 0.71 8.8
Maiwashi Sardinops melanostictus Muscle 0.45 5.6
Maiwashi Sardinops melanostictus Whole body 5.70 70.7
Moliuscs :
Madako Octopus vulgaris Arm muscle 0.25 3.1
Liver 85 1050
* Branchial heart 5000 62000
Jaw 120 1490
Mizudako Paroctopus dofieini Arm muscle 0.99 i2
Branchial heart 710 8800
fidako Ocropus ocellatus Arm muscle 0.89 11
‘ Branchial heart 1160 14400
Kamipariika Sepia lycidas Truonk 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
Wasuregal Cyclosunetta menstrualis Soft part 35 430
Kotamagai Gomphina melanaegis Soft part 19 240
Ubagali Spisula sachalinensis Soft part 19 240
Agemakigai Sinnovacula constricta Soft part 33 410
Himejako Tridacna crocea Soft part 300 3720
Shiranamigai Tridacna maxima Soft part 110 1360
Chosenhamaguri Meretrix lamarcki Soft part 12 150
Murasakiigai Mpytilus edulis Soft part 16 200
Crustaceans
Kurumaebi Penaeus japonicus Tail muscie 0.87 11
Shako Oratosquilla oratoria Tail muscle 1.6 20
QGazami Portunus trituberculatus Foot muscle 0.42 5.2
Liver 15 150
Hiratsumegani Ovalipes punctatus Foot muscle 0.62 7.7
] Liver 22 270
Echinoderms
Bafununi Hemicentrotus pulcherrimus Gonad 250 3100
Kitamurasakiuni Strongylocentrotus nudus Gonad 130 1610

T1gU=124 kBq==0.336 uCi (! ngU=12.4 uBq=0.336 [Ci).

..56_
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Table 4. The concentrations of 2%8{J in dry samples of marine algae collected from the coast

of Japan

; L 281 concentration
Japiﬁgg:zes;mame Scientific name Part (ng/g dry) (gBa/g dry)
Anaaosa Ulva pertusa Whole body 10 120
Tsunomata "Chondrus ocellatus Whole body 300 3700
Harigane Ahnfeltia paradoxa Whole body o190 2400
Kushibenihiba Prilota pectinata Whole body 620 7700
Akaba Neodilsea 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 Eisenia bicyclis Whole body 380 4700
Akamoku Sargassum horneri Whole body 670 8300
Oobamoku Sargassum ringgoldianum Whole body 520 6400
Habakimoku 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 Wholc body 180 2200
Sujime Costaria costata 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 1720 ngfg on a dry basis.
*2  Strictty speaking, Sugamo is classified into marine phanerogams.
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Table 5. The concentrations of **U in hard tis-
sues of marine animals

: i . ¥ conc.
Organisms o?i}sll’lgcan ;l?gl?(’:ez: (ngl[éT wgt wt.)
Fish Bone 56% 21 -84

: Scale 53% 45 =330
Gili 29% 1.7- 17

Otolith 97% i1 - 37

. Fin 51% 65 - 95
Cuttlefish  Cuttlebone 67% 10 - 49
Clam - Shell 992% 3.2- 36
Shrimp Carapace 49% 16 - 76
Crab Carapace 2% 2.1- 12

Sea urchin Spine

76% 20 -240

#13.3 () FHLOEEEMFO U HEOHR

Table 6. Distribution of #8U in Kuromaguro Thunnus thynnus
Muscle Liver Kidney Gill Spleen bg?jl(li;r P gggg‘:m Booe
25U conc. (ngfg wét wt.) 0.27 1.6 1.7 1.5 0.83 2.4 27

Distribution of #*U in Kouika Sepia esculenta

Table 7.
Trunk e
muscle Liver
i.1 97

heart

Kidney Gill Gonad branchial —y - Ink  Cuttle-

sac  bone

#*U conc. (ng/g wet wt.)

8.8 3.6 220

420 6.7 31

Table 8. Distribution of #*U in Hirejakogai Tridacna squamosa

mﬁgﬁ;ﬁftfg;t Liver Kidney Gill Gonad Mantle Byssus
U conc. (ngfg wet wt.) 19 370 4 14 21 330

Table 9. Average concentrations and concentration factors of **U for groups of marine
organisms
- Tissue Average conc. Concentration

Organisms or organ {ng/g wet wt.) factor
Fishes Muscle 0.371+0.22 0.1
Cephalopod (Arm and truok muscle 0.7910.30 0.2
molluscs Branchial heart 15001800 500
Bivalve Soft part 6893 20
molluscs _
Crustaceans Tail and foot muscle 0.884-0.45 0.3
Echinoderms Gonad 190 60
Algae Whole body 90+70* 30
Seawater

3.2+0.2 ngfm!

* Conwverted from 4501340 ngfg dry wi. into 90170 ngfg wet wt. using average dry wt. percent (=207%%) of twenty species of algac.
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6.4. BEHENEO LM O LK

ASEMEL EWE, 7oA, TR, YIX, ALAKONT, EOERLDERSE
ML TV AERLPTWELIRFHEZANTZO2EEZE 12 (Bo/ke wet) LK
13 (Bo/kg dry) iZ7RL o ZOED S HEBAREOEBEENIC OV T BT/
O BRLEBEICERENTEY, D2WT %P0 THDIZEHDP B, *'°Pb "' Po
PHAT 1~ 2 iFHEWD, YIA9hL 14D 270 RESINSEYED *1°Pb LI
ERARBECHDIILIBEANBRETHS D, U RTIAT P LVENRERZ
REA, MOEWETIE 1/6 ~ 1/10 &\, 22°Ra 3 *°°0 KOS PEVVERKHY,
232Th M ZCREL ZRBEOPTROLBENVEELRL .

EHAORFHEYE (EEXRCS>VWTLEE) oBBEEEW, —RICEHLEBKFO
HEEMBEOBELTREND . BEETESLETHE LHMREFHEFHIELTND
YRELEDAT, OO 2BHEREERGEBHD. RBIURESNTERE
DI, ZEESAKZEL 2 ~ 4 HCkEbDbLHY, BEBICENBEFOI I
REEBESL TS, FIFIC>0NT, BN T 2xR0BKF TOFERE, XFT
FRETHY, BECOVWTH, EP0EOL VY, TEEE, EMNEERLLEPZE
Z5NB, FNH, COBELEENELLTLEONEDOTRELT, BLAZDEED
BZNRFOIRET, 2HEBET2EYBE, OBFASZELZ NIEBEERL TN PO
HNNEBEOBRLEXEFBEN. bb3A, XRT2ENSTFERIRETLORE
OB ELERL 3392 RDTRRELTHVW2 2L TE DY, ERELEKDIC
EHEBRKEWILEETBETRETH D,

£ 4 KENTEARRE SNTVWS RN LBRREBKROBAEZERE (7°°0 : 31.4
mBg/ ¢, 2*2Th : 0.0098 mBa/Q, *2°Ra : 1.10 mBa/¢ . 2'°Pb : 0.77 mBg/ 4., *'°Po :
1.05 mBg/ %, '*"Cs : 3.5 mBa/ 0 *, *°K : 11.3 Ba/2 ") #AWTHEL =REL (LI,
COEEARDTOBREEHREER) 2ELOTRELE. ZORPS 2P0 DHEPT OERE
FREA 100 ~ 10° THELEL, RWT 222Th (102 ~ 10%), *'°Pb(=10%), '*7Cs,
40K, 228Ry (=10)DIET/HhE L2 Y, 9% THRL/NIWEIRRE > THd. KRR,
TROBEEEY (7I7X) - £ 1 WHREY (H) - % 2 KEEEY (03 2) -
B3 OREBEY (AL A) OETAHAPUOBHEEHERD L, *°°U, **°Ra RBSHLITR
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EEESEMIIE S >N TAHL T OBRBHREIZEBL TWad. *°2Th, *'°Pb, *'°Po &
DT, B 1 KEEEY (R) THRTORMGHSEM, %P K20 TIRE 2 K
HEEYW (Y72) CLHMTZERSRBISNES, 2ELLTE 2K, B 3 KHE
BEYTAPTOBREREBEL Z-oTEY, choxROBRICHTIAMEHOBE
B—RIhEnE S icBhhs. 1980 ~ 1984 FEiTH Y CHERBRETENL = 5EH0:
IR TS Pu & An IZDONWTDHHITOEBRFBRED PNC CL>THEERTWS, 20D
F-y&F 15(B)ITRTH, BEE, BE, FEEET Pu Av L LICH 100 T, AU,
HEHTH 0 0F—F—-ThHd, TNSOERSEBNTEL ZRXRBHEEEDsT, ©
55PLEAIT 21°Pb OEIEN. Pu b An BT OR 15(B) 0E%EE5BD BT
SEYEHOBERILZZITHS, BLrOEYIIHTI5E DAL OBEREOLE
H5 %P0 PBINRTOEYBIIH U TRIBWMEERL TR I LRBERBTREZLTH
%o *!°Po DZD LI RRENIBVBHEOAS - LZALATHEL T, Pb LEED S D
BRTERENTIND,
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B Arame
(1 Hiragai
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O Sirasu
Karei

[

Concentration (Ba/kg wet)
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A R

T R

K-40 Th-232 U-238 Ra-226 Pb-2
Radionuclide

10 Po-210 Cs-137

Fig. Concentrations (mean/s.d.: Bg/kg wet) of radionuclides in marine organisms around the Tokai coastal areas
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o Mean / S.D. ' B Arame
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Concentration ( Bq/kg dry )

IO, rEw

K-40 Th-232 TU-238 Ra-226 Pb-210 Po-210 Cs-137
Radionuclide

2

Fig. Concentrations ( mean/s.d. ) of radionuclides in marine organisms around the Tokai coastal areas

H13 MR OBRERY D TORNEDOTRHIEE Ol



_89_

%14 WEEMOBHIEED B OWEEH O s

Table Apparent concentration factors ( arithmetic mean, (range)) of radionuclides for marine organisms

Species K-40 Th~232 U-238 Ra-226 Pb-210 Po-210 Cs-137

Amame 21 620 17 130 220 2300 26
(9-28)  (220-1800)  (12-25) (80-210)  (100-350)  (1400-3100)  (15-41)

Hiragai 5 3300 3 17 540 38000 11
(4-6) (1400-6000) (2-5) (10-30) (350-720)  (15000-52000) (7-16)
Shirasu 10 380 0.7 7 210 45000 40

(9-11) (170-750) (0.4-0.9) (4-12) | (110-410)  (23000-63000)  (24-60)

Karai 10 280 0.4 10 200 4100 53
(8-13) (130-510)  (0.2-0.5) (6-18) (64-330)  (2300-6000)  (39-63)
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#£15(8) WEEW (TEZ) B0 Pu R Am b b s
GEER VNSO T ity Sy { (i

WELY (WRED o 239, 240pP u RU 241Am HE & RHERE

TP (23%.240p ) D)

FAYYY L (211AM) 2)

X e s = s WE (F9) B om R | 54 - e () ® s R E
| (FCi/kge£E) | BHIFL | ARy (fCi/kg+t£) | BiFYy | ATEY
fE 8 Y5 39 12 33 18 |18 4.6 93 63
BlAILA, E3X|43 5.0 14 9.6/ 19 2.8 51 38
HY R 42| 1890 29| 21
B VLS 28| 150 410 |350 {13 21 290 | 220
JH A 13 81 4 7.9
| =9<A |48 69 170 |140 30| 71 950 | 710
A 7K 10 230 790 570 5| 28 630 | 580
£ 7 15 40 7| 11 .
SAESE : 58 32 140 | 120
5 24 13 11 9.0
22E5iE I ¥ 35 115 320 250 18| 58 860 | 540
1) 1980%F~1984FIEH - WELLF—¥ & HEH
2) 19826~1984FIIEM - MELVEF—Y L VEH




6.5. MEAYTORPEKBEROMREL

VR HBRTIE, SEHAMELAZTAXTOZEEID *°%8 BLU ***Th ORIIEETHE. T
rbt, 2380 — 234 — 230Th — 228R3 —219Pp — *19pg B L 232Th — (22°Ra)—
228Th THd, f=& X 2 i °°U OIREEO 1 oTHY, BAPTIE 220/
METEEEIE 1,13 TEIE—ETH 2. SERMEBLEEPTICONTO *310/2°%0 HiZizEE
KDIE 1.13 E—HL T D,

Th BAHKICIE, 2*°Th, 2%°Th, 22°Th #5545, BHEHEORD, ThoDBEL N
238 L RTERICEWN, 727 228Th |d 2°°Th ZHBIFEICHZL, **°Th OBEBAS
N, CRICEAZEOTREIICHD 22*Ra OREFBAE V. 48 ***Ra OFERTHOLRP
o7z, 2T/ Th Hid 1 KO KRELPIATH 4 ~ 5 THD. —F **°Tw/***Th
X 1 HBOEI > Tnd. BKBD Ra oW T, EEHOREY **°Ra & 3EH
5.7 FEOEY *2%Ra [CHEBMBH B, BT 2PRa I oW TL, BEQEPD 22°Th 2EHIE
MY DOESERTEXZL5, 2°Th OBREL2L L ZOEYOEREHEETEL LY,
EWERREBEEEGOEFTEEERIC LRI,

210pp g 210D ZoNTH, KEFPSD 7+ —NL7Y h®D *'°Po/*'°Pb BETRELLIX
0.05 ~ 0.1 T *'°Pb &% 10 - 208 &% . LA L, BELCADE, O 1 i23EL<
%b. Thbb, 7r—ILT7Y OS5 LD LEEFD **°Ra PSOBBBATHY, —
BEIC *1°Po DFFHS 2'OPb I SRTREHSBRPNP TV BREBETIE *'°Pb,

210 OEFEL L ZOBRBEIEHETHTDOONS LHBBEHEENTED, **°Pb &
2190 M DMEHEFEHRINA NS 2EHREEX TN D, BEEHIONTRE, *'°Po
PEMCEBBENE L, BLEENESENT2ERACHL TOHBREBL OFKRT
BEHENTND,
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6.6. MEPBEREZBL TOHIT KEFE

A, WOSCIVEREINAZBEAHOABEII SEFMES 257 LD IDES
(Internal Dose Estimation System) ZBWTEEPEINOA»S D 2°2Th, 2280,
“*®Ra, *'°Pb BXU*'°Po OEMENRELNELAEL THIz. 2OV AT AlE, ICRP
%?wﬂmm&1m%m§d<%®f@0,EKA@%@WQE@%N5X—¢—%An
MABZEICL-T, 5 BEOEREE (1, 5. 10, 15 F, FA) OBESESEEEL L -
Tde T 16 1T 1 BafBEN DD Sv NDREEEDEE. 2*°Ra IOV TIXBE, H
FARDT =5 X = ABAHENRTNZNDTEEA (ICRP 30) 22NV T DT - FH Bz,

%ﬁﬁ—%~ﬁ%,%ﬁ%ﬁ%ﬁ;@k&ﬁ%@ﬁ%ﬁﬂﬁﬂ%ﬁ&@%K&pfﬁﬁ
WKHARSNTNS, B 58 E»6 62 FXHh T TOREERER 1T(R) ISR, HEY
KOWT, YIS 2%, AFA, BBIVEEEOENEZSEOY I X, A1, ER,
TIARENENKRER T, 2hS50EEHPSO—A—BLEV0BNELHELE
(R18) o CDEZECL CTRHELEBEERLYE 19 IIFRT.

ZORDPE %P0 PRECROREZFEEZL TWBI LD, Lhrbzodss
HEN—RL D OMEBEEL SUARAEMBORAEL{ AN AELREN, Tk,
FROBHSBALD LB HELTH L b OBBObHSD (FRICHT HHE DM
BHPHDB) o HEERI AMDOFMAICHT S 21°Pb & 2% ik BEMEIGENY
B 0.16 nSv/y BEL, —EFEMEh TS, RERF—BICHLCOZ0MEIE 0.05
mSv/y, AHEEL KFRBE—RICHTZELZA LN, 0.46 mSv/y, 0.57 mSv/y iZ22 0,
BEYEEEMTIHBTIE 20 1°%Pb & %P0 5 EHEAEHLEOFEITL 22
TWBZENBDP S, FBICIR, 2 THVWELAOBEDLEZERLTWSDTES
KE{RBZEBFREND. WTRILTH, COLODEERAYHLSOBELRIBLE
ETALBEMEGE, 2 Pu, im R Cs REKIIBBDEEAE LB L BEET
Hd. BB, HRABRHREBIUEER 7+ -V T7 Y MCEBHEANL AN OEHE
WELBHSE 20(8) IORTEICHEINTNS. |
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F16 1Bq #ZHY b OB Y B(WCDEMARE

Age group Th-232 U-238 Ra-226 Pb-210(f1=0.2) Po-210(f1=0.1)
WCDE(Sv/Bq) WCDE(Sv/Bq) WCDE(Sv/Bg) WCDE(Sv/Bq)  WCDE(Sv/Bg)

_Lg_

1 year* 3.00E-06 4,00E-07 - 8.68E-06 2.55E-06
Syears* 2.00E-06 2.00E-07 — 5.14E-06 1.53E-06

10 years* 1.00E-06 1.00E-07 — 3.23E-06 1.09E-06

15 years* 7.00E-07 9.00E-08 — 1.98E-06 74TE-07
Adult* __________TO00E07 _____ 8.00E-08 __ . ..... T L83E06 6.24E-07___
Reference Man** 5.00E-07 7.00E-08 — 1.47E-06 5.17E-07
Reference Man*** 7.40E-07 6.30E-08 3.10E-07

*: Obtained by IDES using Japanese data
**¥; Obtained by IDES using ICRP Pub.30 data.
*%%: Obtained by ICRP model calculation.



®17(2) EEEIHERE (FF58-624)
. —A—HY Y OFEERE (g/d/p)
BERHAENE FEF584E ~ 624

—A—B¥%y DIEPIENE (g/dep. wet)
Average Daily Intake of Foods.

spomm | B8 | B | st | BRTY 7
| S8~59% | 59~60% |58~59%E| 604 61, G4ED Ty
B 307 350 382 309 -
* 193 269 333 216 317
NFER ST 114 © 80 49 93 -
H 66 68 85 67 16
KT8 64 59 84 64 -
rOboEN 2 9 1 2 -
HEE 2 0 0 1 -
F¥H 432 476 509 325 438
FEE 97 129 © 132 - 283(FEEFE, R
i (2 135 124 108 - -
EDIH 12 4 6 10 13
BE 114 162 173 - 144
£ 74 57 90 63 48
Eedeoe i 139 13 5 141 -
HED 148 415 358 96 310
¥5 A% 2 19 33 - 184 (& 8)
38 43 179 132 - -
BRRA 8 80 51 — -
HOER 23 4 18 - -
B 4 4 13 - 5
SR 7 36 24 - 61
HH 1 24 26 4 7
T Obarm 0 1 1 — 5
Rt i 34 53 35 6(&) 35
MR 26 15 25 33 13
ok 0 3 3 - 25
Bk 121 83 88 72 | S{AMLErElL)
5y 57 46 43 40 | 46
HERCFIMS 134 24 8 117 182
ZOf 0 21 18 14 —
EE3HITG Ty 1406 1499 1499 - 1706

Proceedings of The Sixteenth National Institute of
Radiological Sciences, Seminar on Environmental Research
Chiba,December 1-2,1988.

"Characteristics of the Humap Body and Other Relevant
Factors in Dose Assessment"

p.95, F. Sumiya
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£18  WEWH LD —A—HY D OB EETRIER B (mBy/d D)

WED OB BEmE — A—HX Y OFHEREBE(mMBg/d.p)

g/d/p  Th-232  U-238  Ra-226 __ Pb-210 _ Po-210
CR#E N — R HIR)

VSRE (VT R) 2 0.00744 0.0434 0.01552 0.324 94.6
BEA (L A) 8 . 0.02168 0.0968 0.0912 1.2 34.4
B (FEH) 1 0.0323 0.0926 0.0182 0.417 39.7
WEE (73 4) 34 0.2074 18.53 4.658 5.814 83.64
= o 45 027 ____ 188 ____4.78 776 _____ 252 __
(FR 5] 2 ¥ L ML IK)

VISARE (VT R) 19 0.07068 0.4123 0.14744 3.078 898.7
BER (ILA) 80 0.2168 0.968 0.912 12 344
BHE (EH) 24 0.7752 22224 0.4368 10.008 952.8
wEE (75 2) 53 0.3233 28.885 7.261 9.063 130.38
aat ] 176 . 1.39 .. 325 ____.8.76_____34.1 ____2326 _
(R ¥ zEHIR)

VAL (VT A) 33 0.12276 0.7161 0.25608 5.346 1560.9
BEA (IL1) 51 0.13821 0.6171 0.5814 7.65 219.3
B#E (¥H) 26 0.8398 2.4076 0.4732 10.842 10322
BEE (TFA) 35 0.2135 19.075 4.795 5.985 86.1

&FF 145 1.31 22.8 6.11 29.8 2899
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K19 HEBEWERC L DEREUE(Sv)

Th-232 U-238 Ra-226 Pb-210 Po-210
(Sv/y) (Sv/y) (Sv/y) (Sv/y) (Sv/y)

(CGR¥ER — & Huih)
1 year* 3.0E-07 2.7E-06 2.5B-05 2.3E-04 -
5 years* 2.0E-07 1.4E-06 1.5E-05 1.4E-04
10 years* 9.9E-08 6.9E-07 9.1E-06 1.0E-04
15 years* 6.9E-08 6.2E-07 5.6E-06 6.9E-05
Adult* ‘ 6.9B-08 5.5E-07 5.2E-06 - 5.7B-05
Reference Man** 4.98-08 4.8E-07 4.2E-06 4.8E-05
Reference Man*** 7.3E-08 4.3E-07 5.4E-07
(FRFT B )
1 year* 1.5E-06 4. 7E-06 1.1E-04 2.2E-03
5 years* 1.0E-06 2.4E-06 6.4E-05 1.3E-03
10 years* 5.1E-07 1.2E-06 4.0E-05 9.3E-04
15 years* 3.6E-07 1.1E-06 2.5B-05 6.3E-04
Adult* 3.6E-07 9.5E-07 2.3E-05 5.3B-04
Reference Man** 2.5E-07 8.3E-07 ' 1.8E-05 4.4E-04
Reference Man**# 3.8E-07 7.5E-07 9.9E-07
(Kb ZEHhIR)
1 year* 1.4E-06 3.3E-06 9.4E-05 2.7E-03
5 years* 0.6E-07 1.7E-06 5.6E-05 1.6E-03
10 years* 4.8E-07 8.3E-07 3.5E-05 1.2E-03
15 years* 3.3E-07 7.5E-07 2.2B-05 7.9E-04
Adult* 3.3E-07 6.7E-07 2.0E-05 6.6E-04
Reference Man** 24E-07 5.8E-07 1.6E-05 5.5E-04

Reference Man*™*  3.5E.07 52E07  6.9E-07




%203 BRABHBREROEER7+—NT T MLED
HAA—AY Y OE[ESRELE

7.1 BEHAHSHEENSOBFA T ALY EHMIGREZE (nSv/y)

FRIF sl E (mSv/v) 7

ER
R 0.29 {%ﬁ% "2
PHEETES 0.03
FHhH TR 0.38
t Py 0.81 C—14 0. 014
H-3 0. 000029
K—40 0.2
Rb—87 0. 003
U —238 ~U—234 0. 005*
Th—230 0. 007*
U-238 %F {Ra—226 0. 007

Rn—-222 »-Po—2l4 0.35
Pb—210 -Po-210 0.16
Th-232 0.003*
Th-232 $%1{ Ra—228 »Ra—224 0.013*
Rn—ﬂO*Tﬁ—%B 0.05**

o>
El&

1.48

* EERERE L1088 HEDE
* % R n-222/ S OHEEE

£172 BEERT 7Y ML IEHESGESE (aSv/y)

% g @& S EE (nSv/E

£

= 4t Cs—137 0.25%1072

= AN C-14 0.3 x10°®
Sr—9 0.12x1072
Cs—187 0. 091072
P u —239, 240 0.8 X102
Am-—241 0.1 X1072

& & 1.2x1072
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6.7. RIRT > o /B

BRHORHETTER, BE2OBRIERELL DS 3RRICHL TR, B—AvF,
BEHALBLTOSFE, KMEE, HUv—9004 KB, BBUHGSR3EL0
WE - EERETHEELTVB I LBHSNTNE, AP BT 3REEREORER
BIoWTi, RENCREETEOZNLAL THS. BB, RERMEISEET 518
AR, ZORERNKOEEEANTEILT ZOMBOEEREOMR £55 =
EBTES. LLAHS, To P BEUEY S YRRO &> AT NEXDEHOKE
ERLUEBEERECRL T, ZERMGESEELRZNOT, BERTOEEREI-
mf@m#&é%ﬁ%%é:tuf%tmo%%@ﬁﬁ@ﬁ@:ﬂ%ﬁﬁﬁﬁuﬁﬁmﬁ
Vo R 21(B) KREFTRVEEE VN SO ATHEETES LUZNEOFRT +
RIRREZEASNTVETROMILREETY . £ K 22(8) K77 F= kRROH
BRLEN5 ORBARRONBLPORRERT. WTACLTY, BRHCOFER
BUEHLEPOLNARE, Sot2NLBRICLBEE512, B 14(8) I2nl
DHOATHHERED O BEKSTOBES KA ¥ b S5 OEBICHL TT Ty b
LIetERERLZ. COBAOEBHENET AV 2 280+€5 7 ¢ ~ L KEAETIER
HODELS TH5. sz%ﬂ*@@%i@iﬁmcﬁéiﬁﬁ% 100 % LLTFaw bLTHB, Tc
(Tc03 & UTHE ), Cs (KBS Cs* L LTHE) 2L T Np( NpO3 & U TTEEE ) id, &
FRYE (BEH) CHU TEAEOENTEEOLEETHS. —F, o EBE5< O
D75 = REREAL EDCEHTZEZISNE, HTRYELERICREL©
T B25023 &5 KOS OBEESEN ST >N T RERSECEI T3, ®
LEASNTWBMOMBOREEERRZ BAFETHET 22 NFNDENOEET
HDELIICBbN. Puld, ZOTA Yy V2 BOHEAITIR Np & FABICSEARED
Pu(V)& 3 i Cm RN FRYEE RIDL P TOERLRE Po(V) THEELTWS
CEBASNTNS. Pu DD 2 SDOEE{LIRIET DIFES, HAKETD Pu DPPE
SBEERRL TS, REFO *'an OIHIE, 1A 82 OERED Py HSE
CERL TV 2HA%BATH DD TEETH S. Ru IRECTRLE G & tn ZL—T0
PRNSEHERT. R OLPR, Th5L 35 < OBIREIC & > THETH 5.
Ru O—HIE= b O LB LTRBENTED, ZNABHRABDTNE»S LAL
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moam;ﬁaﬁﬁaﬂma,mmm%<@%ﬁﬁﬁ&i—ﬁkﬁ@ﬂﬁ&mﬁwﬁﬁt
BLTOF— 4583 EDEBTONTEEPABRERALBILHNTE S, ¥ 23(8)
KN O PDATHHETRICH L THESNTERFEEERT. 2OEI2F - 71,
EMBE O F AL BERY ORI 2 B85 THT 5 L CEFCARBEISNHOT
Hb. SIRENTNBTF-FiE, EEORERHTHEENLLDOTHY, LT LLFH
CELTOBRETRAE N, HEEE, ok 1 050 QBECHLTOEEN 1 kg %9
DBELTERENTNS. 5Z 5N RTROEROTYE - (LRI OV TON
BINSORJBEHL COBENLEYHANROH BEELEADHES D, DL,

RTFRECHL TEVERN% S FERE CRETCHEE T 5 REEZEE, BT
HE A0 ATEDICRNEE 3. #iC, TEEOFERETEEL T3 REHMERER,
BEO»SE20EL TTHHL, EHKRPITOWMOAINLZN, Z<DT 775 =48
EEMARICEET 3. PO EACHL T, BHEEEOEERESRLE
Bl 7708 ~Thbd. FECSH, BEPCORMEMBEOFERELMETF Iy 758
RSCERBENATNRN,

ZZTHAHL ERARHEEEORT, ZOREREBSEOSPLZDOEZ, 9V, T
AT, I VEEL L TEHBKFICABEEOREY S =43 U0:(C0:)1" & LTHEE
LT, —H Ra id, 7AHYLTHESERS Ra** L LTHE— AV ELTHEELTWS,
Th WAFIBEB A< D 93 <, BkoSREICREINS. Pb £ Po oW TiR &<
5721085, Schell DHFETIREAKED *1%P0 OAHADS 0.3 um PEONTF CAE
CEETBCLBBEEN TN, Nl BEOREKICEITS *'°Po/*'°Pb ik
0.5 BET *'°Po OMEEMIE *'°Pb L 0EL 0.6 ERETHILEDLNTVS, MY
Y SRR, 21°Pb, 1°Po AHEKERIETIRAKNE SR L OEHETBL LTVOT, Z
D& SR LEOEEBEAKRONTFICHL TRIEEDENZETHZDT Pu © An DOF
B0 1 SOBERICRZHHLARN,
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#£2 1(3) ANIBSEHEHRE LW DPRORRT Fr J Lk

i3 U T OBREEHTORILIRE
Radio element Oxidation state
II III Iv v VI Vil
Curium Cm3+ .
Americium Am3* AmO,*
Plutonium Pud+ Pyt PuOy* Pu0, 2+
Neptunium NpH Np O,*
Uranium Ut Uo,* U0, 2+
Thorium Thi+
Protactinium {Pa(OH)5]n or PaO(OH);
Actinium AcH
Promethium Pm3*
Technetium Te0,(s) TeOy4”
Rhenium Reoz(s) ReQy4”
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£22(B) FR7IF=FEELENRS OREBETEOCYE/EHEEY

Element z Group Electronic Oxidation and Tonic radii'® Electronegativity™
((:;nﬁ.guratiolf o reduction states!® &)
g inner she
U 92 112 6pt5rigdi7st 34,4+, 5+, 64 (4+)?‘(9)§ 122
5f2 6d? 752
Pa 91 la 60501 g 7oz I, 4, 5 (4+)0.96 114
0.
Th 90 IlTa 6ps6d?7s? 34, 44 @+, 23 111
Ac 89 IIla 6p* 6d! 75 3+ 1.11 1.00
Ra 28 Ila 6ps 7s? 24 1.52 0.97
Ro 86 0 6p® 0 — —
Po 84 Vib 6p* 44,2 (4+)1.02 1.76
Bi 23 Vb 6p> 34+, 54,3 (3+)1.09 1.67
2+)1.32

Pb 82 Ivb 6p? 2+, 4+ ( , 1.55

P (4+)0.98

Motes: (1) [Hg] = [s*25%2p*3523ps4523d194p® 5574410 5pb 624014 5410

{(2) the most stable oxidation states are underfined

{3) from Cotton and Wilkinson (1972) and Goldschmidi (1954}

(4} Alired and Rochow (1958)
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%9 3(H) ik (045 um) & IEBYER O N LM O 4 i

Main Measured Location

Elemental | distribution ratios
species Rd
TeVII | <250 | Irish Sea
CsI 5x102-3x103 | Irish Sea
Coll ~2x 104 English Channel
NpV 3x103-3x 104 Irish Sea
PuV 6x103-2x10% | Irish Sea
PulV 4x105-6x108 | Irish Seca
AmHI  [2x106-3x106 | IrishSea

S CmIr {1x100-2x108 | Irish Sea
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RENBEEZ7 4 -V RICULT, BREBEK, GREBEEFRNS IUCEEEYTOR
RUFERE (D5, PUDA, UYL, B, FaZwh) 2FLLTHELE. &
HOFEEFES, REHBEOREREGET_ YU 7 0iiz 6T, BRESCREEEN
LEADBREAFHSHITBIEMMEL L TEREITTOWEETAEENTY . BERE
PLICEL BRLEBAL BT E .
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RADEREEL TD

1. ECHI2

Ru =Y L-210(20Po) ik ¥ 5 2 (B RFD A
&Y 5 480 138.38 dD odG ¥ T 2 H55E
TH 3. ZOEZROHEIEIL A= R-21022B],
BITHBH, AN 5.01dELECOT, FEH
223\ D& CRITHLER-210(9Ph, ) PERELE
OFHBERLRT Z L0 3, i, &
CTOPh LA ER, I, ki, 3ot
PO LIS P C2Ru)DRER L L TARH
IR - TEL Tuv 3, RSOIERUL, 29Phl
PO ABUAZRIERLERTDH 3, 2°Ph
b POPoiERElY, WP ES TS, BT T
FRET, EBEDLEC. DPETE, EEHOWEY
BlEH 20T, WK L H<T2°Pb L 2%PoD
FERENRECI EPTHRTE, $0iEE s 1
T 5D, QEF—ZBIEF DL (KA SH°
Z, 1988 FOEMEBEZEL|MEN: L,
210PQ {3 219Ph.210R{-210Pg & Y — X & A PIER IR
FREORES % 5, BRIGHERD C ORI
MEDHRT, N (®*Rn-2*Po), “K, tur
(PRn2T 1) C20THE #8 %) ik & ©i%5E
LioTia, '

22T, BARADWOPo L 29PLOEE BRI
DL, TTUERESATCAERS I CEAED

T—REBRLOOREDEECOT—X LML T,

IOBEERET A LTS,
2. BARD™PHE P EEREDSHIH

BARADES®E L TO2°Ph L 20PoiERE £ 3
ZLILF—2ERDThLe, T, ThiTe
RESNTSLERNOF -2 28N EDFT—X L 1
BLTRT, UTCERBCEROF — 2 i34
AT TG HARADOPH L MOPOIERBELE L T A
AR

*Yamamoto Masayeshi,/ iR KEREEMEBE L~
Hatat IR

HEREYS Vol36 No.9 1993

==

0P o & 210P LR

oA B

MNEERETOEIOEGDMPpEE . & HE
53, 2EPILEE-FUL HE &840 ¥
g#-diE ME- MO 7T e v s LAGUERE
KR - FERDAIT vy 2125 T, 2RENROHIE
THEHA L T A ESEPE LS
80 KD Po T # 1T 12, R EHII> VT
3, EEEECENREITO, S 2Po¥ il
Foiht s ARGE L THPbd 6 & L7229 Po ¥ Ag
s ST SEEiEA sV v P-4 4
Ve F N —TBELTHPObEERELL. ¥PH
FEFU20T, S00CTIRKILEL, 2088 %
oy ARE LI WEWELERLEFETHEL
1. 20485 L THEZREROMPHER b Sid
DEGHIHEREPIRCLT, 2BTOIALH
L HOMPHBEREZ X 630 mBqlIEE LIz, 72
HEG CDFEEY T0%EE LIFEZZ- L
RLT (HEGCIIIOHEEEW, H{ 2T H Btk
OHHELSEINE LAIE L L E&ES0™PhiE
EN e OMEDERYRFEL T3 LORED L £
THRELLZLOTHLZ L#EBLTH3),

(ORLEBOU S HMUAD ETEETOES
R2OpAERE | FR G LB D Y F > gLET
ETFEECETHIAEORER X ILE LYPod 55
WEERELI, 2°PoDaiid, B4 HEEHCT
EEE(ERRIEL, TRar v rBOBEETC
0.5 MIEEKIZHE D 6 95C T AgtR Bz 29Po ity
SELLOYBEREL LTZnS> vy Fr—ras
AV E—T™PorERLI, 1AIEH D
2OPEE Y, SuLRER %L L S TETORRHIHE
REHEET L 0 HHEE L T 0 1ot~ (Watson™id,
THERTOREROMPoBEE X A TERE S
330~480 mBq L HEE L TL 5 ), W 2 H DifErEY
(220, 0.7-110 mBq./ 100 gDiBE&HHIZH 5
K O HER FHEL A TEGE (10 Bg, /100 g)
PR LI

309
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=1 ElS L CEAEORS S E U TOP-210 L Pb-210 {EHLE

i mBq Pb-210./4d mBg Po-210./d BE AR
B
£H 630 Takata (1968}
FER . 330-480* QOkabayashi{1975)
R ' 220 Kametani{1981)
KERg 120(30-370 430(140-7400} LLRL-AR-15(1991)
KEE 130, 190 Hisamatsu (1992)
(B E QTR L LT 5k
7IT
4 FE>A) - 56 Khandekar{1977) .
g—u ws¥
TwHIYT 60-78 Keslev{1975)
75 R 50 Servant (1981)
A2V 7 110 110 Clemente (1980)
wEA> 170 170 Gloebel (1966)
YExLp 230 150 Ladinskaya (1973)
140 Yermolaeva{1969)
4FY R 120 Hill (1965}
82 78 Smith-Briggs (1986)
45 Chamberlain(1983)
TAYH
WT AV D 52 60 Holzman (1980)
A 46 60 Spencer{1977)
Sa—=—7 44 Morse(1971)
) TaErFr 18 UNSCEAR(1972)
(bFH4., AV 7T —E2RBUEHRT M)
HFE 3700 Hili{(1967)
a2 al 320 2550 Kauranen (1965)
AV =TT 133-333 2660-6660 Persson{1972)
ViE 1630 2920 Parferiov (1974)
TZAH 370 3700 Holzman (1966, 1968}

*y Watson®ERfiiz3{ 5]

BEETORSPOMPLERE | &5 6 MIER
BAOBED=—4 v FTHEALIES, 74720
KENZ DL THPhP AT LTz, REHIPh & FER
PENL TEE, Z0%40CTIRILLIC b D ¥
R E U CH T, SRS, AhBECPb
P AEE- L, PHREC2°Ph(Pb)2PbO, & LT
EEAEUPh LRRET A2MBIRPRET A LS
Ly EELIL, BN ESOPHREEL
BAAO SR REINERELEILTIALES
h DNPLIEEE Y 220 mBqbiEE LI,

(47FKE IRTHOH SRR OPLE OPEIRE | B
iR, A 6 M, BKERFEOFIERIRT 1989 ¢ 1 A
~1990 4F 1 A OHABN- A 2 EOFIATE, & WE
AbUEREA I BFREN2B84IEEL,
20ph  210P 0% ST L 72, 4TI 1L, SESEHEENREY
50 g v, —ERODPok EHER b v—T L
LTk, EEE(ERKEET-1L. 201% 7

310

22N VBOBETCOSMEBEE®EY»S
70~90CT 6 BRI Ll E» 4 T AgiR £
209 Po) ATl S ¥, Si(AuRIBEIZ L B atRA
Ry haR b Y12k h2PokERLI, PPbiC
ST, FTRERPCRELTVADED
210po(209P o) 2B f F VAHRIRIZ L » TREL BE
Liie o BHGE L T2Pbd GREERT 52°Po%
FHRCRIET A 2 Lok H2°PoR R L 12 WRHR
TS (D 2P b IERHEV SR § 5 729, BURHATE
thi-219Phi LR ET 2 2PoDFSF, S 6IZZOR]
DMPo BDOEEMIE b {T- 12, 2 PolERENL, &
T izkE {EHL, RS 7400 mBad G K
29140 mBaDFE TR L. SFAFFHIL 430 mBqT
Hotr, —BENIE-T, HHEMHROLCS vadd
RTC AP R LI, —F, 2°PbiERURU,
WPLIERBIF XS REFHIERS 3 30~370
mBqO#E R Ck#4riz = 100 mBqyC & I
120 mBqTH 12

HEHEeRS% Vol36 No.9 1933
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EEL(D)

BEAORGEBLUTOD  PosPhHEI S

21 HAAOEEWZEL TOPo-210 ¢ Pb-210 IR DIHEE

PO_—210 Pb-210
] HFER-»  HEIH Y BEE & B #
(1000 =) (Bq./ kg wet) (10°Bq) (%) {Ba./ kg wet) (10°Bq) (%)
hL3 4] 9949 0.5 4.2 250.7 83.1 0.14 8.60 46.7
MEH 712 0.8 1.0 3.7 1.8 0.68 3.87 21.0
B 832 0.2 11.1 18.5 6.1 (.60 1.00 5.4
PR 119 0.4 4. 2% 2.0 0.7 0.14™% 0.07 0.4
HER 798 0.9 3.5 25.1 8.3 0.68 4.88 26.5
__':é:::ﬁi ____________________________ 302.0 190 “_"___-_._______________1_8_:_4_2_ 100
1A18%H7: DIEELE(Bq,/d)"4 0.69 0.042
*1)05H0 63 F, BEIGRIEER 4 B EER (Y I E )
2RO A (AFESIELR 3 ELEE)
DVRHELELCLEREE
*DAOF 1 2{EALERE
FEE LRI
S {HEL gy Po-210 Pb-210 Po-210 Pb-210
(g/d-p) (Bq/ kg wet) (Bq/ kg wet) {Bg.”d-p) (Bg./dp)
anmEm
e X 6.3 _ 25.3 0.22 0.159 0.0014
24, HvAH 7.4 8.6 .10 0.064 0.0007
T¥, A9 11.1 12.6 0.26 0.140 0.0029
+4r, <A 3 1.5%2 0.12+» 0.004 0.0005
rofho4s 11.7 3.0 0.13 0.035 0.0015
44, Xz 13 1.0 0.68 0.013 0.0038
Em . 4.4 ’ 11.1 .60 0.049 0.0026
EEE 5.6 3.6 0.68 0.020 0.0038
&8 0.48 0.022

N2EZ LRy rOEYREBLLTER
(SEBEETOESFOPLEIE | AF 692,
1B6F W A~1I B THETRAO=—4 >
PUEBALLERZ2EFVEGLLE LT ILEECSH
LItbD L A FEHOERE 86102 B50RIEER:
L5 HERILDCTHPhE ST LI, BEHL, T
T 450CTIRALL, 4 ~50 g% 7"+ 2 LT Ge-LEPS
UL BIPIEpEARZ b X b Y —(2 ] h2opp
(Ey=46.5keV, 4.05%) % HEIEFR LI, Z0O&
R ETAMAIERICL 2 1 A1 BEHD2PHIER
812130 mBq, 28590BFEEDZ1IL, T 190
mBqUE~ Dfi2 210 £ 160 mBq)t Iroi, 7

[FIEELZ, HEED 6 OFS 24 6% LT LI,

BYRNBTORABEDNPL & 2Pl | Wiz
5N, AlBD 6 DEFEHFE LT 1990~1992 4
ED3IFMIzhIy, BRO 2HURIEEFRGC
S-oTHER I BSPEFEE 20 HH>LT2E
RELB0RE, 3EMTRN 240 R 2R E
2WPhLPoELEM L T 5, 547 - MIESL,

HMEHRENS  Vol36 No.9 1993

DEE1 AL B4 OREDRNERR (S HO R STEPHERR © IZH 60 £FEER)

(ACR~SIAARFT OB ECHC I ik
LEEECH 325, BOPhIZ o TId—E RO PhE
Pb¥# &2 L CPh)%FEML, WEHIEXT-> T 3,
IBFE 160 BBHI D LTI R#ET Uiz, 2082C
RBat, 2BHCOPhE 20PofEREDEILL <,
FHIZOPo REFENT RO TRE(KFELTL A
S Ebd ol 160 B R LIc 2P L 20Pg
EREOEMEO, N HEBTCIRA P ENE

N 200 mBg, 600~700 mBqt RiEL N3,

LIEEIRD21Ph b 2 PofBEE iR 127 — X O
HNEPEEISGRT 5055, —RLTHO»LLS
iz, MERBOBMIEL T, EaDTEMIEEL &
17 - BEED G LT 5, EREOIETEPT
HEOEWHY I/ EDRG L H Y, —FENCE~TE
i+ 32 LILHEETH 25T, 2OPREREIZOWT
3, (NOEHS OEEEY PRS- EAH 5 LD
O, hOB)—-EDERITIEH L (—F LT
3, POPOIEEGRIZ > LT I, WatsonDIEERE?2) £

311
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RS L (@) LE)DT— R DA LD, 4
L L HUPHERGRL b b 202 LISEEDTH 2,
AAROIEIRE O C LT, =—F v bR
o bFRAZREFTAEBIER)OSHACE, B
ZHERE D & D219PDh L 20PGIEIRE DA b ke~ L2
LT, AR OEA RS HEY
HhEYRAFTNTOEITENT, FOMAE (&L
AI tHhaa,

3. HBEYWHHD?PhHEPoERE

EERCRRTE2 L 512, BARAD?PbE?Po
PFIRBOFYHIC T, BARADOERIEROER
T b B 5HEED LR L TOFEREDFMmLEG T8
B3I EIRT E e, HEDFOMPOREZ DT
1%, LI S OBSETARIOP L T 3 & 5 LB
GHEENL 100105 L FEF IR 3 O, BAIEOEE
HD2OPY  2OPGHEEE Iz D L T D EIEN e 7 — 213
SEECRRG AT 525, FkINE ARG POF—X
»H B, FKiE, 1981 F5 6 1983 F£0 3EMCD
1oh, FEEUTETFAEGSTRIS S NI EEDE

#40RE LIET &, wEEORERTS 18&HC

DLTHPhRRIE LIz, B (TRE) O Phig
BEiL, IRIEFENEL 10 g% AL, Ge-LEPSIC & A3k
ByEARs b b Y Y EHERL TV,

SOk 5 UTHIES, MTROPoiREE A

v, BARAY RANE R L TIERT 22Pb¥ 2369

OFETHELI, 120, 2FF4ER LR
WA OPHEE P HEEL TALOTIALIBESH YD
EREIIF 31 mBg b5 101k, BREFESEIG
Bons ANt HEHOHMARIEELEREL T
2H5DTH36mBgt ey, AMEELBLTOER
AD1ALBYYOMPHEREIR 37mBq(l

pCINEE LML Tuv 5, WARGIE 1988~1930 4
Zhizh, KEBSEILBRE TGS S i keREE
1, EH 0TEHIC D THPh L1 PoD3iT &
iTo12 MR LFRIRTH Y, BROFELE
CFEeACT1 A1 HE b O2PhE 2 PofRIRE
OHEEL AT, B2 2BYOFECIHEELRE
LT DY, 2P D TR AET 2 EDECY
H5HOD, FROEEMIFELZL-> T3,

—H, 2Pz T 480~690 mBq & 2'*Phiftiit
BO 10—-20 fEE - EsRE s v, 7— Xzl
A TR D, 2O L 5 7 — &5 62 PHifIIE
LTI 3T mBEEETHA I LIEELTL Z
IRE(BrT VL IIZEbNSE, —T7, *Po
Zou T, (NOFECHCAROIEIICL 555

312

HTR0% Ekx (. - ONMFOESBEEDR Y K2
toTl, EREOFMMEERL 2 BOLD Y,
BOGUBATF—EVPLFECDHEEL TS,

4. BFEADPHEMPOERE

BARACKL TOFD, L FIEE MR
HBLEE L8 U TOEERHNG2Pb L 2P oiEi
BORBEL RS CIEET 5 - LUIEETSH
A, UL, RUSEDOHEEEGOLT CRCKEE
EHD?°Phbis & (F1°PHiBEE (R 1) 55, HEHEPE
A CEEO BARADIBEREECE T2 O, I
EIKBETH P HEEADLIAL ALY Y DIEREIR
2 F4 100~200 mBa. 500~800 mBqt H#EET
% 3, 20Phiz o T OGNSR b Lt a™gis
RULBEOT—K L bRE(FELL L, —
%, BPolzoTh, FKEETD 430 mBg, F
BTO 600~700 mBq t IR L v~z le 2, i
8 C TS D PEREDHEEIEL, H
(3T HESITPE~ L SDET, RIS, b
SALfREC e 3 ETFETE 3, {EREIZDOCT
Ok Y EELFMIZSHRICELILLTH, BERA
#20Ph L § $Po¥ S (IERL T 5 I L7,
210Ph | 20D (HFRIREEIER L TU 3ECRA LI
KE(ELY, bV FHARHY T L ERATERT
LD A2 O PoBEERE L (T 28T
BREC,

5. HHVIZ

Db, i TUoREIn T @Eso2H
5)ERD2Ph E 2PolERE I D TR~ T 372
2, ELEELMELE REHOMEERTHE, 2
TRART ETHEECFOTERRENLERFL O L
+ 2 BRI L T, EBEEEIRICET RS
EREYERELIe— vy bRy P AR(F
BEFAENIAR) LIEEFRY L T, 0T
NOFEC LRI D Y, TEOFELLZCEE-
TH I IZA 5,561, ZDHPhE 2OPIERED
BiEEZ sk L ¢ LTV 30, BEFD2PhE*Po

DR T AT I ELTIRELTV3DT,

£S50 2 0o OBIEDIEEL MY, R
EUTETAE G, 1, HIPPolzon T, 3
E LI EE GO Pod 2 PoHGTRRIZIY A 2
N7z b0 b, FERCELY AL WITEEEEPhh O8F
FO&EGELEELCHRET 22PoD 2 DT F
Lo TWwBILTH3, L, REHMEETH
1$219Pol1iEE L, 2OPISEE L - I 5, LIodo

ESETE Vol36 No.9 1993

_82-



T2PGigEElL, 2YPbLLb- 28012 £ ¢ 0)%‘::%’
BATCE, BARADHP) L 20PRFE O ZNY
REPFHET A7CDC, ZOLS R LR ECS
FHIIB 2 LH6, 472 b BEFD2PhE2Po
TR0 DOMUELHATRN T (LEDD
2, '

WECERLE 0 3 Lo e iiie i SiEsd
AERARICEHL 2T,

HEE

1) United Nations Scientific Committee on the
Effects of Atomic Radiation, Ionizing radia- '
tion : Sources and biological effects, 1977
report to the general assembly, with annexes,
United Nations, New York (1977).

2) ibid, 1988 report to the general assembly
{1988},

3) Takata, N., Watanabe, H.,, Ichikawa, R.: /.
Radiai, Res., 9. 29 (1968).

- 83 -

BFEADESEB LTI PoL M PhERE

4 ) Okabayashi, H., Suzuki-Yasumoto. M., Hongo,
S., Watanabe, S.: /) Radial. Res, 16.
142(1975).

5) Watson, A. P., Nucl Safety, 26(2), 179 (1985).

6} Kametani, K, Ikebuchi, H., Matsumura, T.,
Kawakami, H.,: Radicisotopes. 30. 681(1981).

7} Annual Progress Reports of L.ow Level Radio-
activity Lab., Kanazawa Univ., LLRL-AR-15,
10 {1991).

8) Hisamatsu, S., Takizawa, Y., Komura, K,

© Tada, T.: Radioisolopes, 41, 574(1992).

9) Yamamoto, M. et al.: unpublished data.

10) Kimura, K.: Radiological Scierces, 32 (9), 263
(1989).

11) Shimizu, M.: 1982 Report of the Project
(Studies on the distribution and behaviors of
natural and artificial radionuclides) pp.42,
1983, Nuclear Safety Research Association.

12) Yamamoto, M. et al.: in preparation. '



J.Radioanal .Nucl.Chem.Article, 178(1994)81-90

Polonium-210 and Lead-210 in Marine Organisms :

Intake Levels for Japanese

M. Yamamoto, T. Abe*, J. Kuwabara, K. Komura,

K. Ueno and Y. Takizawa*

Low Level Radioactivity Laboratory, Kanazawa University, Tatsunokuchi,
Ishikawa 923-12, Japan

*Akita University School of Medicine, 1-1-1, Hondo, Akita-shi 010, Japan

Abstract

The concentrations of *'’Po and *'°Pb were determined in about 30 species
of marine organisms collected mainly from the north-eastern region of Japan to
know the levels and distributions of these radionuclides and to estimate their
intake levels from marine foods. ?'’Po and *'°Pb showed a wide range of
concentration in species: 0.6 - 26 and 0.04 - 0.54 Bq/kg (wet wt) in fishes, 0.5
- 220 and 0.2 - 43 Bg/kg (wet wt) in molluscs, echinoderms and chordatas, and
2.8 - 4.3 and 0.4 - 1.3 Bq/kg (wet wt) in algae, respectively. Higher

accumulation of *'®Po relative to **°

Pb was found in all of the samples analyzed.

The intake levels of *'°Po and *°Pb by marine foods consumption were
roughly estimated to be 0.48 - 0.69 and 0.022 - 0.042 Bq/d per person,
respectively, on the basis of the statistical data on the consumption of seafood

and/or production rates of marine foods.
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Introduction

The nuclides *'°Po (T,,,=138.38 d, a) and *'°Pb (T,,,=22.3 y, B ) are the

238

last radioactive members of the U series, and present widely in the

22pn in the

environment mainly as a natural fallout from the decay of
atmosphere. According to the 1988 UNSCEAR Report”, this pair is estimated
to contribute about 8% of natural internal radiation dose to man. These
radionuclides are transferred to the human body via inhalation and/or ingestion
of food and water. Ingestion of food is recognized to be the most important
routes of these nuclides to man. In general, the concentrations of *'°Po and
21%pb are relatively low in meat and milk products, middie in vegetables and
cereals, and much higher in most of the marine organisms®’.

It is well-known that Japanese people takes animal protein mainly through
~marine foods. Therefore, Japanese living on seafood may be expected to have
high intake of *!°Po and *°Pb*. Data on dietary intake of **°Po and *'°Pb are,

3-8 In this

however, very scarce in Japan, although only a few data are available
context, it seems indispensable to estimate the intake levels of *'°Po and *'°Pb
through marine foods consumption, which is the traditional dietary habit for
Japanese.

f *1%Po and

In the present paper, we report the results of measurements o
°Pb in about 30 species of marine organisms collected mainly from the
north-eastern region of Japan. The study is very important not only to evaluate
the levels and distributions of *'°Po and **°Pb in marine organisms in Japanese

waters but also to estimate the intake levels of these nuclides by the people

consuming large amounts of seafood.
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Materials and Methods

Samples

Most of the samples were collected during the years 1988-1990 from
the north-eastern region of Japan. Some samples were obtained by purchase
from commercial suppliers, the sampling date and caught region being
guaranteed. Fishes were dissected into muscle and remainder, and only muscle
was used to analysis. Shellfish were, whenever possible, dissected into muscle
and viscera.  All samples were oven-dried at 80-90 “C or freeze-dried and then

mixed homogencously.

Analytical procedures
Aliquots of the homogenized samples, 1 - 20 g in dry weight, were

209

subjected to radiochemical analysis of 2'°Po and *'°Pb, using 2°’Po as a yield
-tracer of polonium. The sample was carefully decomposed by wet-ashing with
HNO,, H,0, and HCIO,, followed by HCl. The resultant residue was then
dissolved in 100-200 ml of 0.5SM HCI with warming, and several 10 mg's of
ascorbic acid was added to the solution. Polonium was spountaneously
deposited on a polished silver disc (the backside of which was coated with
heat-resistant tape) put in this solution for more than 6 hours at 70-90 °C (time :
t). After the first deposition of polonium, the 0.5M HCI solution was gently
evaporated to dryness with the addition of small amount of HNO, and H,O,

The residue was dissolved in about 50 ml of 10M HCI, and the solution was
passed through a Dowex 1-X8 anion exchange resin column to remove
completely the polonium remaining after the first deposition of polonium. The

column was washed thoroughly with about 50 ml of 10M HCI ( time : t,). Lead

is not adsorbed on the column under this condition, while Po is strongly

_86_



adsorbed. *°°Po tracer was spiked to the effluent ( usually about 100 ml) from

210

the column, and the solution was stored for 3-6 months to allow “ "Po ingrowth

210py, contained in the solution. The **°Po grown from *'°Pb was

from the
coprecipitated with Fe(OH),, and deposited on another silver disc by the above

- mentioned procedures (time : t;).

Measurements
The activity of polonium (*'°Po and **’Po) deposited on the silver disc
was measured by using a Si(Au) surface barrier detector with a 450 or 500 mm”
active area, coupled with a 1K channel pulse-height analyzer.
The concentrations of *'°Pb (D,) and *'°Po (F,) at the sampling date (t,)

were calculated using the following equations :

]

D, =f,*F,
Fy=1, - (F; - f5 - Do)

where F, = activity of >'°Po (mBq/g) at time t,,

F, = activity of ingrowth *'°

Po (mBq/g) at time t, for
the measurement of *'°Pb
- f, = factor to correct the growth of 21995 from *'°Pb in the

period from t, to t,,

f, = factor to correct the decay of *'°Po in the period from t, to t,,
f, = factor to correct the growth of '°Po from *'°Pb in the period

from t, tot,.

The factors f, and f; were calculated by using Beteman's equation for the

decay and growth of three radionuclides, that is, *'°Pb,*'’Bi and *'°Po.
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Results and Discussion

The analytical data obtained from the measurements of samples by
several categories are presented in Tables 1, 2, 3 and 4. All results are

discussed on a basis of wet weight.

Accumulation levels of *'°Po and *’°Pb

The **°Po concentrations in muscles of fishes, listed in Table 1, range
from 0.6 to 26.3 Bq/kg (a factor of 44), while the *'°Pb concentrations range by
a factor of only 18, from 0.03 to 0.54 Bg/kg. *'°Pb concentration is much
 lower than its granddaughter *'°Po, and resultant 21%po/*'%Pb activity ratios
range extensively from 5 to 149, The data on molluscs, echinoderms and

*%o concentrations from 0.5

chordatas given in Table 2 show a wide range of
to 220 Bq/kg, the higher values being found in viscera of shellfish, Batillus
cornutus and Neptunea polycostata, and the lower values in Octopus vulgaris

*'%pp values range from 0.21

and in muscle of Buccinum striatissimum. The
Bq/kg in total soft tissues of Meretrix lusoria to 42.6 Bq/kg in viscera of
Battillus cornutus . The *!'°Po/*!'°Pb ratios ranging from 1 to 57 as a whole
seem to be lowef than those for fishes given in Table 1. Since higher
concentrations of *!°Po and *!°Pb were found in viscera of shellfish (Battillus
cornutus and Neptunea polycostata}) analzsed here, °Po and *'°Pb
distributions between soft tissues with Patinopecten yessoensis were studied.

The results are presented in Table 3. The *'°Po concentration in

hepatopancreas is as high as 478 Bq/kg, which corresponds to 86% of the total

210 210

Po content of the organism.  Similarly, ® "Pb concentration reaches 6.1
Bq/kg in hepatopancreas, and its content contributes 54% of the total *'°Pb.
Both *'°Po and **°Pb concentrations in the organs analysed decrease as follows :
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hepatopancreas > gonads > gills > mantle adductor. The results that **°Po is

concentrated highly in hepatopancreas, accompanied by a lower accumulation of

*19Ppb, are consistent with the resulis found already in several marine organisms

9-12)

by Follsom et al.”, Heyraud et al.® and Cherry et al. The concentrations

of **°Po and *'°Pb in algae shown in Table 4 lie in relatively narrow range 2.8 -
4.3 and 0.43 - 1.32 Bq/kg, respectively.
Overall, the data here show that the concentrations of both nuclides range

with the two orders of magnitude. Surprisingly, no data ,except one data on

**°Pb, has been reported as yet for both of *°Po and 2'°Pb in marine organisms

210

in Japanese waters. Shimizu'® has measured *'°Pb contents in about 40

species of marine organisms collected by trawling during the years 1981-1983
mainly from the offshore in Choshi, Chiba Prefecture, facing to the Pacific
Ocean. The reported *'°Pb concentrations ranged from 0.03 to 0.3 Bqg/kg in
muscle of fishes and from 0.3 to 1.5 Bq/kg in muscle of molluscs. The *!°Pb

measured here for fishes and molluscs have activities within the ranges found

210

by Shimizu’®.  On the other hand, since no data on *°Po in marine organisms

210

in Japanese waters has been reported, the present *'°Po data are, therefore,

believed to be very important for the fact that these data begin to provide a

210
f

baseline o Po concentrations in marine organisms in Japanese waters.

Comparison with other radionuclides

*'°Po and *'°Pb, naturally occurring and artificial radionuclides

Besides
such as **°U,**>Th, **Ra, **K ,"®"Cs etc., were measured to compare their
accumulation levels with those for *'°Po and 2'°Pb. Such studies are
necessary not only in assessing dose to humans via the consumption of seafood
but also in providing useful analogue information on the behavior of transuranic
nuclides. Analytical techniques used have been described previously'®.
Briefly, gamma-ray emitting nuclides were determined by gamma- spectrometry
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using Ge detector. Alpha-ray emitting nuclides such as 2°*U,?*’Th and 2*°Ra
were determined by alpha-spectrometry after chemical separation. The
contents of radionuclides measured in some species are shown in Table 5. As
seen from this table, *'°Po in viscera of Batillus cornutus exhibits the
highest activity among the radionuclides detected, although *°K is the most
abundant radionuclides in most of the samples. Concentration of the nuclides
such as ***Th and **°Ra are significantly lower than those of “°K, *°Po and
*Pb. It is evident here that marine organisms have a great ability to accumulate
?'*Po and **°Pb . Thus, assessment of internal radiation dose via marine food
consumption is subsequeﬁtly dominated by the coniribution of natural

*°Po and *'°Pb, in particular *'°Po.

radionuclides
Intake levels from marine food consumption

-According to the 1977 UNSCER Report®, Japanese people is classified as
an example of high *'°Pb intake by marine foods consumption. It is,
therefore, very important to evaluate the daily intake levels of **°Po and 2'°Pb
by ingestion of marine foods. In Japan, one data on estimation of *'°Pb

) has

intake by marine food consumption has been reported. Shimizu'®
measured *'°Pb contents in 18 processed marine products other than about 40
species of marine organisms mentioned above. Using these data, daily intake
of **°Pb by ingestion of marine foods was estimated to be around 0.037 Bq/d per
person based on the statistical data on the annual production of seafood by
categories and/or annual supply of seafood calculated from an average food
supply in Japan.  Similarly, *'°Pb and *'°Po ingestions from marine foods were
calculated using the geometric mean values of **°Po and 2'°Pb cocentrations in
each categories of marine organisms measured here and the statistical data on
annual production of seafood"® by the similar manner as Shimizu (Method-1) and

also on consumption rates of individual species of marine organisms'®
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(Method-11). The results thus obtained are presented in Table 6. As seen from
this table, intake levels are in the range from 0.022 to 0.042 Bq/d per person for
219pb and from 0.48 to 0.69 Bg/d per person for 2'’Po.  The present values for
*'%Pp are close to the value ( about 0.037 Bq/d per person) estimated by

*19p4, the intake level is about 10 to 20

Shimizu. On the other hand, as for
times higher than those of >'°Pb. The intake level for *'°Po by Method-I may be
considerably overestimated because all of the freshly caught marine organisms

are not always consumed immediately, and a part of them are used as processed

marine products. During their processed and/or stored periods most of excess

210 z10

Po relative to **°Pb would decay to lower concentration, although some *'°Po
are produced by the decay of *'°Pb. In case of **°Pb, such consideration

seems to be not necessary because half-life of this nuclide is relatively long.

Contrary to Method-I, the values for *'°Po and *'°Pb calculated by Method-II
may be underestimated because of the lake of a consideration on the ingestion of
both nuclides from processed marine products. It should be borne in mind
that these figures were calculated by using only a few data set of 21%Po and *'°Pb
obtained here. It is, moreover, not sure whether the marine organisms used in
the present estimation were the representative of both for *>'°Pb and *!°Po,
because the samples were limited in north-eastern region. Further data are
needed to estimate reliable intake levels of *'°Po and **°Pb for Japanese by
marine foods consumption. Nevertheless, it is worth remarking to point out

210
f

that Japanese people may ingest excess of *'°Po relative to its grandparent *'°Pb

219p4 intake

from marine foods.  Such situation may be similar to the excess
for inhabitants of the Arctic and Sub-arctic regions of Alaska, Canada,

Scandinavia etc. who consume large amounts of the meat of reindeer.
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Table 1 Concentrations of Po-210 and Pb-210 in marine fishes

Species Tissue Po-210 Content(::1 g *) Pb-210 Content(£1 o *) Ratio

Japanese Scientific or Organ Ba/kg Ba/ke Ba/ke Ba/ke Po-210

name name (wet wt) {dry wt) (wet wt) (dry wt) Pb-210
Shirauo Salanx microdon Whole body 0.6 £ 0.1 55 = 0.9 0.13 £ 0.01 1.13 £ 0.05 5
Malwashi Sardinops melanostictus Muscle 68 £ 07 342 &% 3.7 0.15 £ 0.0 0.74 =+ 0.06 46
Muscle 19.2 £+ 1.1 873 + 4.9 048 + 006 222 + 0.25 39
Muscle 222 *+ 0.9 85.2 = 8.5 0.54 = 0.06 2.09 4+ 0.23 41
Kisu Sillago sihama Muscle 6.9 £ 0.3 325 £ 1.3 0.28 % 0.03 1.32 &+ 0.14 25
Ainame Hexagrammos otakii Muscle 2.1 £ 01 96 £ 0.7 0.04 % 0.01 0.20 £ 0.04 48
Muscle 1.0 £ 0.1 46 *x 04 0.11 £ 0.02 0.54 % 0.09 9

Karei Hippoglossoides dubius  Muscle 58 £+ 04 273 %+ 1.9 0.06 + 0.01 0.26 * 0.05 105
Muscle 144 =+ 0.7 554 *+ 2.6 0.10 £ 0.02 0.37 =% 0.07 149
Muscle 77 £ 03 344 x 15 .16 £ 0.01 0.69 =+ 0.07 50
Kichiji Sebastolobus macrochir Muscle 0.9 + 0.1 41 £ 0.3 0.03 =+ 0.01 0.12 £ 0.05 34
Maaji Trachurus trachurus Muscle 88 £ 05 361 x 20 0.11 =+ 0.01 044 + 0.04 82
Honsaba Preumatophous faponics Muscle 2568 £ 1.3 91.2 4 4.7 0.19 = 0.04 0.67 £ 0.13 136
Hatahata Arctoscopus japonicus  Muscle 67 + 04 313 * 1.8 0.30 £ 0.07 1.42 X 0.33 22
Muscle 43 £ 03 222 + 1.4 0.30 £ 003 1.53 %= 0.18 15
Hotsuke Pleurogrammus azonus Muscle 21 02 107 £ 0.9 0.24 £ 005 1.20 £0.25 9
Muscle 23 £ 02 105 *£ 0.9 023 £ 004 1.04 4 0.20 10
Madara Godus macrocephalus  Muscle 06 £ 0.1 3.0 £ 0.3 011 £002 056 £ 0.1 5
Kuromaguro Thunnus thynnus Muscle 244 + 1.6 836 x 55 0.28 £0.03 0.96 * 0.10 87
: Muscle 26.3 + 2.1 744 * 6.0 0.18 £ 005 0.51 % 0.14 145

* propagated counting error.
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Table 2 Concentrations of Po-210 and Pb-210 in marine moluscs, echinoderms and chordatas

Species Tissue Po-210 Content{+1 o %) Pb-210 Content{*1 ¢*) Ratio
Japanese Scientific or Organ Ba/keg Ba/kg Ba/kg Ba/kg Po-210
name name (wet wt) {dry wt) “(wet wt) (drywt)  Pb-210
Molluscs
Madako Octopus vulgaris Arm muscle 05 * 0.1 3.7 £ 04 050 £ 0068 34 04 1
Surumeika Todarodes pacificus Trunk muscle 1.9 £ 02 100 *+ 0.9 092 £ 009 48 =04 2
Manamako Stichopus japonicus Muscle 58 £ 02 685 x 25 024 £ 003 28 04 25
Sazae Batillus cornutus Muscle 328 £ 28 147 £ 12 239 X025 107 &+ 1.1 14
Viscera 220 = 18 1081 + 88 119 £ 7 583 &+ 38 2
Muscle 214 =16 936 £ 7.0 1.86 £ 0.17 8.1 + 0.7 12
Viscera M7 9 877 & 44 426 + 3.0 210 £ 15 3
Echuubaigai  Buccinum Striatissimum Muscle 05 * 0.1 19 £ 0.2 0.16 £ 002 06 % 0.1 3
' Viscera 184 £ 14 363 % 3.7 107 £012 29 £ 03 13
Ezoborzgai  Neptunea polycostata Muscle 189 + 14 803 * 6.0 033 £003 1.4 x0.1 57
Viscera 655 =+ 5.2 197 + 186 111 £ 08 334 £ 1.9 6
Asari Tapes philippinarum Soft part 3.7 £ 03 337 + 23 027 £002 24 £0.2 14
Hamaguri Meretrix lusoria Soft part 34 £ 02 363 % 23 021 £001 22 +0.2 17
Hotate Patinopecten yessoensis Soft part 540 £ 26 348 + 17 056 £ 005 3.6 £ 0.3 17
Magaki Crassostrea gigas Soft part 466 £ 35 183 + 14 212 £ 022 83 £0.9 22
Echinoderms
Murasakiuni  Anthocidaris crassispina ~ Gonad 64 £ 03 228 1.0 027 £0.03 1.0 01 24
Chordatas
Akahoya Halocynthia aurantium ~ Muscle 40 £ 02 243 £ 1.1 116 £0.70 70 06 3

* propagated counting error.
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Table 3 Distribution of Po-210 and Pb-210 in Hotate Patinopecten yessoensis

Tissue % of total Po—210(%x1 o*) Po~210 (£10%) % of total content
or Organ weight Bg/ke Ba/kg Po-210 Pb-210
(wet wt) (wet wt)

Adductor 41 35 #+ 02 0.21 =*= 0.03 2.7 7.8
Mantle 143 35 + 0.2 027 =+ 0.04 0.9 35
Gills 13.5 146 =+ 09 048 * 005 - 3.7 6.0
Gonards 21.5 169 =+ 14 145 £ 0.3 8.7 28.4
Hepatopancreas 8.7 479 + 27 6.14 + 041 86.0 54.3
Total 100 540 £ 28 056 = 0.05 100 100

* propagated counting error.



Table 4 Concentrations of Po-210 and Pb-210 in marine algae

_LE_

Species Tissue Po-210 Content{+10%*)  Pb-210 Content(=1 o %) Ratio

Japanese  Scientific or Organ Ba/kg Ba/kg Ba/ke Ba/kg Po-210

name name ' (wet wt) (dry wt) (wet wi) (drywt)  Pb-210
Wakame Undaria sp. Wholebody 389 £03 516 £3.9 051 £ 0038 67 04 8
‘Wholebody 3.1 £0.2 534 % 3.7 0.69 £ 0.04 11.9 0.7 5
Gibasa  Sargassum horneri Whole body 4.3 £ 04 42.0 +356 1.32 £ 0.09 13.0 = 0.8 3
Iwanori  Porphyra sp. Whole body 3.9 &+ 0.4 - 043 + 0.03 — 9
Mozuku - Nemacystus decipiens Wholebody 28 £0.3 122 % 1.1 0.74 £ 0.06 3.3 02 4

* propagated counting error.
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Table 5 Comparision of radionuclide concentrations in marine organisms (Ba/kg wet weight+10 %)

' Sillago

FPneumatophous

Batillus Todarodes Octopus

Nuclides cornutus sihama Japonics pacificus vulgaris

Muscle Viscera Muscle Muscle Trunk muscle Arm muscle
U-238 1.03 + 003 1.77 £ 0.085 0.0086 * 0.0006  0.0026 =+ 0.0004  0.0067 * 0.0007  0.023 =+ 0.002
U-234 1.9 + 0.08 208 =+ 0.100 0.0075 + 0.0007  0.0030 =+ 0.0004  0.0074 * 0.0007 0.026 =+ 0.002
Th-230 0052 + 0.004 012 * 0.01 " nd. n.d. n.d. n.d.
Ra-226 0053 + 0.005 0.12 =+ 0.01 0.0078 * 0.0008  0.0088 % 0.0010 n.d. n.d.
Pb-210 280 022 723 + 50 0.28 =+ 0.08 0.19  + 001 0.0 =+ 0.09 0.50 =+ 0.06
Po~210 360 x21 143 =+ 18 692 + 028 258 + 1.3 1.92 =+ 0.18 0.53 = 0.06
Th-232 0073 + 0006 011 = 0.02 n.d. n.d. n.d. n.d.
Ra-228 028 + 003 052 = 0.06 n.d. n.d. nd. . n.d.
Th-228 0.25 = 0.0 048 £ 0.04 n.d. nd. nd. n.d.
K-40 788 * 1.6 619 =+ 1.8 909 + 1.8 118 %2 102 %2 629 =+ 1.3
Cs-137 0.073 + 0.016 0.045 =+ 0.010 0.11 % 0.01 021 + 0.02 0089 + 0.015 n.d.

% propagated counting etror.
n.d. : not detected.



Table 6 Estimation of daily intake of Po-210 and Fb-210 from marine foods. Geqmetric mean was used
as average concentrations of Po-210 and Pb-210 for each categoly,respectively.

Method-I

Po-210 Ph-210
Category _ Production*1  Rate of Content Amount Content Amount
(1000ton)  edible part (Bgkgwet) (108Bq) (%) (Bakswet) (108Bq) (%)
¥

Fish 9949 0.6 42 2507 831 0.14 8.60 467
Cephalopad 712 0.8 1.0 57 18 0.68 3.87 210

Shellfish 832 0.2 111 185 6.1 0.60 100 54

Crustacean 119 0.4 42%2 20 07 014*2 007 04

Seaweeds 798 0.9 35 251 83 0.68 488 265

ol 223020 00 1842 _ 100
Ba/d/p*3 0.69 0.042

*1) From 1988 annual report of production statistics on fishery and aquaculture[15).
*2) Assumed to be equal to fish.
*3) Total population : one hundred and twenty million.

Method-I1
Category _ Daily intake*1 Po-210 . Pb-210 Po-210 Pb-210
(g /dfp) Bakgwet) (Bakgwet) (Ba/d/p) (Ba/d/p)
Fish
Tuna 6.3 - 253 022 0.159 0.0014
Porgy,Plaice 7.4 86 0.10 0.064 0.0007
Saurel,Sardine 11.1 12.6 0.26 0.140 0.0029
Saloon, Trout*2 3 15 0.18 0.004 0.0005
Others 11.7 30 0.13 0.035 0.0015
Squid,Octopas 13 1.0 0.68 ' 0.013 0.0088
Shellfish 44 11.1 0.60 0.049 0.0026
Seaweeds 56 36 0.68 0.020 0.0038
Total 0.48 002

*1) Averge daily intake in Japanese[161.
*2) Contents of Po-210 and Pb-210 in Madara (Godus macrocephalus) and Hotsuke ( Pleurogrammus azonus)
were used as substitute of this category.
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Abstrac_t

Depth profile and inventory of fallout 237Np in sediment cores
from the Mikata Five Lakes and Nyu Bay located in the coastal
* area of the Sea of Japan have been studied together with those
of Pu isotopes (***Puy, 239-240py and 241py), 241 Am and 137Cs
to understand the sedimentation behaviors of these elements
under different aquatic environments. Mikata Five Lakes has
different water salinity levels in a narrow area: fresh water (Lake
Mikata), brackish water (Lakes Kugushi, Suigetsu and Suga)
and sca water (Lake Hiruga).

The inventory of #*%-23°Py estimated from measured depth
profiles ranged (rom 109 to 347 MBq/km?2. The depth profiles
of 2>™Np and **'Am in sediment cores were similar to that of
#39:240py. On the basis of a comparison of the BTN r39-240py
inventory ratio obtained in sediment cores with that in surface
soils, Np is considered to be more soluble than Pu in an aquatic
environment. The **'Am depth profile observed can well be
explained by the ingrowth from parent 2*!Py by assuming the
USA nuclear tests during the late 1950° as a substantial source
of this nuclide and the immobilization of Pu and Am in the
sediment. The 239-240py/t37Cs inventory increased from 0.027
1o 0.38 with the increase of salinity of the water.

1. Introduction

With the increase of the-inventory of transuranium
elements in the environment by the operation of nu-
clear reactors, nuclear fuel reprocessing plants, etc., it
is more necessary than ever to deepen our understand-
ing of the biclogical, physicochemical and geochemi-
cal behaviors of transuranium elements in the environ-
ment.

Studies on environmental plutonium and
americium derived from nuclear weapons tests and
nuclear reprocessing plants have been performed ex-
tensively using various kinds of environmental
samples. However, data on environmental neptunivm
are very sparse [1—6], although a significant amount
(about 2 tons) of »3™Np (T, = 2.14 x 106 ¥, alpha-
decay) has already been distributed as global fallout
{2]. This .is mainly due to the technical difficulties
in the determination of extremely low-level 23TNp as
compared with that of 23%24%Py and 241Am_

In the aquatic environment, considerable attention
[7--15] has been focused mainly on the sedimentary

behaviors of transuranium elements, since marine
and/or lake sediments play an important role as the
principal reservoir of such long-lived radionuclides
{16]. It is well known that Pu(IV) and Am(III) have
large distribution coefficients for adsorption onto sus-
pending particles in sca or lake water and are smr}ftly
deposited on lake or sea floors as sedimentary particles
when they are introduced into 2 marine or lake en-
vironment [10]. On the other hand, Np introduced into
well-oxidized fresh- or sea-water is considered to have
soluble pentavalent species such as NpO3 [17]. Cor_lse-
quently, the distribution coefficient of Np on particu-
late materials is much lower than that of Pu(IV) and
Am(IIL) [18, 19]. Recently, an accurate and reliable
analytical method has been developed for extremely
low-level 237Np in environmental samples using alpha-
ray spectrometry [20].

In the present work, the depth profile and inven-
tory of environmental 2*"Np derived from nuclear
weapons tests have been precisely studied together
with those of Pu isotopes, 2! Am and *37Cs for sedi-
ment cores collected from the Mikata Five Lakes and
Nyu Bay, Fukui Prefecture, Japan. The “Mikata Five
Lakes™ consist of five lakes with quite different en-
vironmental features in a narrow area of abt_aut
25km®  Therefore, differences in sedimentation
behaviors of these elements due to environmental cir-
cumstances may also be clarified by the precise
measurement of depth profiles and inventories of these
radionuclides.

2. Overview of the Mikata Five Lakes and Nyu Bay

The Mikata Five Lakes (35°34'N, 135°53E) are lo-
cated between Mikata Town and Mihama Town facing
the Sea of Japan in Fukui Prefecture. They include
from north to south, Lake Hiruga, Lake Kugushi,
Lake Suigetsu, Lake Suga and Lake Mikata (Fig. 1).
Four of these, all except Iake Kugushi, were originally
fresh water lakes. In 1630, Hiruga Canal was exca-
vated to discharge the water of Lake Hiruga into the
Sea of Japan. Since that time lake Hiruga has been
saline. Lake Suigetsu was connected to Lake Suga and
linked to Lake Kugushi through the Urami Canal,
excavated in 1664, and since then this lake has been
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MIKATA FIVE LAKES

Fig. 1. Sampling locations of sediment cores in the Mikata Five Lakes and Nyu Bay, Fukui Prefecture, Japan.

Table 1. Geographical and geochemical features of the Mikata Five Lakes in Fukui Prefecture

Property Lake Lake Lake Lake Lake
Hiruga Kugushi Suigetsu Suga Mikata

Surface area (km?) 0.9 1.4 5.0 1.0 3.6
Max. water depth (m) ) 38.5 2.5 4.0 13.0 5.8
Mean water depth {m) 14.3 0.8 143 46 13
River basin (km?) 22 15.8 - 4.3 1.3 60.3
pH surface water® 7.8—-8.2 7.5—8.9 7.5-8.7 7.5—8.1 7.5-9.2
Suspended materials® (mg/l} 0.7 5.8 32 29 22
C1™ ion concentration (%o)*

Surface water 16—-18 1—14 04-1.5 04-1.5 0.03-04

Bottom water =18 5-14 =8 ~7 0.03—-04
H,S near bottom concentration (mg/l)* 5—6 0 160—180 61 ]
Sedimentation rate {mgfcm?/y) 984, 113% 217° 35¢, 52¢ 395°

* Tagawa, S., 1981 {21], ® Komura, K., 1984{22], < Nakanishi, T., 1981 [23], ¢ Matsumoto. E., 1981 [24].

saline. In 1801 the Saga Tunnel was constructed be-
tween Lake Suigetsu and Lake Hiruga, which is open
to the Sea of Japan. After the Saga Tunnel was dredged
and widened in 1934—1935, a large volume of sea
water was introduced into Lake Suigetsu, and this iake
has become extremely brackish. Lake Mikata remains
fresh water because all of its water is supplied by the
Hasu River and some smaller rivers. Table 1 summari-
zes the geographical and chemical characteristics of
the Mikata Five Lakes [21 —24].

Nyu Bay (35°24'N, 135°58'E) of Tsuruga Penin-
sula is located about 15 km NE of the Mikata Five
Lakes (Fig. 1). This bay is partially enclosed and has
an area of 0.67 km?. Maximum water depth is 13—
15m at the center of the bay, but the depth at its
mouth is only 2—5 m.

3, Materials and analytical methods
3.1. Samples

Sampling locations of the sediment core are shown
in Fig. 1. Sediment cores to about 20 cm depth were
collected in November 1986 by using an Ekman-Birge
type box sampler (14 cm x 14 cmx 25 cm) in Lakes
Hiruga, Suigeisu and Suga at the points where water
depth was 40 m, 30 m and 11 m, respectively. On the
other hand, in Lakes Mikata and Kugushi the sedi-
ment cores were collected simply by inserting an
acrylic resin pipe with 9.5 cm i.d. at the point where
water depth was 2 mand 2.5 m, respectively, in August
1988. The core samples collected were divided into 5
or 7 fractions on a boat and preserved in polyethylene
bags at room temperature. The sample from Nyu Bay
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was collected in February 1988 by a diver who inserted
an acrylic resin pipe with 10.2 em i.d. into soft mud at
the deepest point, with water depth of 15 m. After
siphoning off of supernatant water, the core sample
was cut into 10 fractions at 4 cm intervals from the
top. All fractions were air-dried at 105°C, weighed,
powdered and homogenized for analysis.

3.2. Analytical methods

After non-destructive gamma-ray measurements of
fallout '*’Cs and natural radionuclides including
219Pb, a 40—60 g aliquot was subjected to chemical
analyses for Np, Pu and Am, using >**Np, 23°Pu and
43 Am as yield tracers for each element. The analytical
method for Np consists of (i) leaching of Np, Pu and
Am from the sample by treating it with aqua regia
containing a smalf amount of H,0,, (ii) solvent extrac-
tion of Np by TOA(tri-n-octylamine), (iii) coprecipita-
tion of Np with LaF; and (iv} two anion exchanges for
separation and purification. Details of the analytical
method have been reported elsewhere, together with
the precision and accuracy of the method [20]. Plu-
tonium and Am were separated from aqueous phase
of TOA extraction of Np based on the method de-
scribed by Yamato [25]. The alpha-ray activity of each
source electroplated onto a stainless steel disc was
measured by a Si(Au) surface barrier detector coupled
with 1 kchannel PHA. Beta-ray-emitting 24! Pu, which
is a precursor of long-lived **'Am, was measured by
using low-background liquid scintillation spectrom-
eter [26]. In order to perform successfully sequential
separation of Np, Pu and Am, much attention was
paid to eliminating the energy interferences among the
alpha-ray emitters with similar energy. For Pu, 236Py
was used as a yield tracer instead of 242Pu to avoid
the energy-interference of ?Pu (£ = 4.86, 4.96 MeV)
with the measurement of 22"Np (E =4.77, 4.79 MeV).
Since #*°Pu was prepared by (3,n) reaction on 23"Np
followed by the beta-decay of short-lived 2*SNp (27},
radiochemical purity of 23Pu was checked for trace
amounts of target **’Np. On the other hand, the
milking of ***Np from parent 24>Am was performed
with great care to avoid contamination by 243Am.

4. Results and discussion

Details of the sampling conditions of six cores, mea-
sured activities of 23"Np, 239.240py  241py, 1375
and excess *1°Pb and the activity ratios of 237Np/
239.240py 238y, 1239.240p; 241py [239:240py 241 Ay
23%.24%py  and 23%240py/137Cs  are given in
Appendixes | and I1.

4.1. Depth profile of 2'°Pb and
sedimentation rate

In order to study sedimentation behaviors of fallout
radionuclides in lake or sea sediment, sedimentation

rate is of fundamental importance. The 2!°Pb method
is considered to be most useful for the dating of sedi-
ment less than 100 years old.

In Fig. 2, excess 2'%Pb activities are piotted as a
function of the depth in mass-base (g/cm?) of the
sediment cores from the Mikata Five Lakes and Nyu
Bay. As is evident from this figure, exponential de-
crease of excess 2'°Pb activity was ascertained for the
cores from Lakes Hiruga, Kugushi and Suga. Sedi-
mentation rates were evaluated as 55, 245 and 47 mg/
cm?fy, respectively. The rather large sedimentation
rate of Lake Kugushi is in agreement with previous
estimate (217 mgfcm?/y below 4 gfcm? layer) based on
the same technique [22], but the present data for Lake
Hiruga was half of the previous one [22] (see Table 1).
Although the surface layer of about 0.9 gfcm? (0—
8.5 cm depth) in the core from Lake Suigetsu exhibits
the possibility of mixing by natural or artificial pro-
cesses or by turbation during the sampling, the sedi-
mentation rate could be estimated to be 37 mgjem?/y
from the slope of ?1°Pb for the 0.9 —2.1 gfcm? (8.5—
22.5 cm depth) layer, which can be compared with
previous values of 35 and 52 mgfem?/y [23, 24]. The
{resh water core from Lake Mikata showed rather
constant excess *'°Pb activities of 200 — 300 Bq/kg to
the depth of 11 g/em? (0—29 cm depth), suggesting
intense mixing by some physical-and biological pro-
cesses or by fishing. A high sedimentation rate of 395
mgfcm?fy {22] has been reported for this lake. Though
the core sample of Nyu Bay was collected carefully by
a diver, depth profite of *'°Pb of the surface layer of
4.5 glem® (0—12cm depth) is homogeneous, sug-
gesting the mixing is probably due to bioturbation.

4.2. Depth profile of 239-249Py and
inventory

The depth profile of #3%-2*°Pu activity observed is
shown in Fig. 3 together with those of 23"Np, 24'Am
and **7Cs. The apparent ages of all the increments of
the sediment core estimated by ?!°Pb. chronology are
also shown in the upper part of the figure.

As is seen from this figure (and Appendix 1), ap-
preciable differences were observed for both the con-
centration and the depth profile of 23%-240Py, The
239.240py activities ranged from 0.13 to 18.1 Bg/kg.
The highest value, 18.1 Bg/kg, was found at the 6.5~
9.5 cm layer in the core from Lake Hiruga. This value
1s 2.5 times higher than the highest value of 7.5 Bg/kg
found for a section of 8 —10 ¢m layer of the Sannich
Inlet sediment core, USA [11]. A noteworthy feature
of the depth profiles of 23%2*%Pu is the subsurface
maximum which is commonly observed for the cores
from Lakes Suigetsu, Suga, Kugushi and Hiruga. The
depth of subsurface maximum of 23%24%Py activity
was 5.5—8.5 cm for Lake Suigetsu, 7— 10 cm for Lake
Suga, 14.5—17.5cm for Lake Kugushi and 6.5—
9.5 cm for Lake Hiruga. According to ?'°Pb chron-
ology, these layers correspond to the 1960—1970
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Table 2. Taventories of 2*7Np, Pu isotopes, 2** Am and **?Cs calculated for the sediment cores from the Mikata Five Lakea and Nyu
Bay, and their inventory ratios

Nuclides Lake Mikata  Lake Suigetsu Lake Suga Lake Kugushi  Lake Hiruga Nyu Bay
Inventory-
(MBgfkm?) . :
#7TNp 0.5340.05 0.114:0.02 0.19+0.03 0.29 +£0.03 0.174-0.02 0.3440.05
n8py 7.840.4 4.6+0.5 7.0+0.5 73404 5.940.3 11,9407
139,240py 18143 10944 16344 200+ 5 157 +4 34748
241py 659+27 410416 605418 728+ 24 555415 1395+39
¥iAm 5843 3141 51+2 68+ 3 5342 12243
137Cg 6678446 580+10 957+17 1604 +20 409+16 1227+18
Ipventory ratio .
I3INpf239-240Dy(%) 0.29 +0.03 0.10+0.02 0.11+0.02 0.15+0.01 0.11+0.02 0.104-0.02
238y (239,240,094 43 +02 41 +0.4 42 +0.3 3.6 +0.2 3.8 +02 34 +02
241py {239.240py 3.6 +0.2 38 02 3.7 401 3.7 +0.2 3.5 +0.1 40 +0.2
3157y [239.280p, 0.32 +0.02 0.29+0.02 0.31 +0.01 0.34+0.02 0.34+0.01 0.35-+0.01
239.240py 1137 0.027 +0.001 0.194+0.01 - 0.17+0.0! 0.12+0.01 0.38+0.02 0.284-0.01

All data were decay corrected to collection date. The 4 Am at collection date was calculated from measured **'Am by subtracting
ingrowth 2*'Am from 2*!Pu at the time of collection to the time of the americium and plutonium separation.

period. These maxima may reflect the fallout
maximum due to atmospheric nuclear tests carried out
during 1952 through 1958 primarily by the USA and
in the early 1960°s primarily by the USSR [28].

Mixing of the surface layer in the-core from Nyu
Bay caused broadening of the subsurface maximum
of 239-249Dy activity. The 23%24%Py concentration of
the core from Lake Mikata showed rather uniform
values of 1.6 to 2.0 Bq/kgin the top 27 cm.

The inventory of 239:240Py was estimated to range
from 109 to 347 MBq/km? (Table 2}. The inventory
of Nyu Bay was found to be 2—3 times higher than
that in the Mikata Five Lakes. The 2*%-249Py inven-
tory on the ground surface of the 30°—40°N area
is reported to be 67422 MBq/km? [28]. Cumulative
déposition of 23%240Py at Tokyo (36°N,140°E) on the
Pacific coast was measured to be about 44 MBq/km?
at the end of 1976 by Miyake et al. [30]. The average
integrated deposit of 23%:249Py in Japan is estimated
to be 55—65 MBq/km? by the analysis of surface soils
{0 —~about 20 cm depth) {29]. The average deposition
{100—110 MBq/km?) in the area facing the Sea of
Japan was found to be 3 times higher than that (37—
44 MBq/km?) on the Pacific coast. The difference has
been shown to be caused mainly by meteorological
and topographical differences between the Sea of
Japan coast and the Pacific coast [30].

The inventory of 239:249Py estimated by the core
sample from Lake Suigetsu (109 MBq/km?) agreed
well with the average values of ground surface soils in
the coastal area facing the Sea of Japan, while the
corresponding values for other lakes and Nyu Bay are
1.5 to 3 times higher than those of surface soils. The
highest value, that in Nyu Bay, may be caused by the
migration of the fine particulate fraction containing a
relatively large amount of 23%24%Py from the shallow
mouth area to the central area [31].

As shown in Fig. 1 and Table 1, small rivers flow
into Lakes Mikata and Kugushi with high sedimen-

ratio

hActivity
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Fig. 4. Depth profiles of 237Npy339-240py, 238py23%.34%pPy and
241 A j239240Py activity ratios in sediment cores from the
Mikata Five Lakes and Nyu Bay.

tation rates. The high inventory of 2*%24%Pu in these
lakes may be explained by the inflow of surface soil
containing large amounts of Pu. Howeveér, conclusions
based on comparison between delivery estimated and
inventories observed in a limited number of tores from
the Mikata Five Lakes are not conclusive, because
horizontal advection can cause significant variations
of inventory within the lake,
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Table 3. Activity ratios of 241Puf23%-24%py and 241 A 239.240Py i core samples from Lakes Kugushi, Suigetsu, Suga and Hiruga

Depth - Aée of 241py 41Am 24 Am?
Mid- 239,240p; 239.240py 2dipme
{gfem?) point |
stratum Measured®  Decay col- Measured® Ingrowth?
lected®
Lake Kugushi; water depth 2.5 m; 9 August 1988
0—1.5 Jun. 1985 39402 13.83 0.32+0.03 0.33 1.0
1.5=-26 Mar, 1980 41402 14.4 0.3840.04 0.36 1.0
2637 Sep. 1975 39402 13.8 0.34+0.04 0.33 1.0
3.7-49 Jan. 1971 36102 12.7 0.3440.04 0.30 09
49-641 Mar. 1966 35401 124 0.27+0.04 0.29 1.1
6.1—8.0 Qct. 1959 32402 129 - 0.48£0.05
Lake Suigetsu; water depth 30 m; 18 November 1986
0-0.2 Mar. 1984 47401 15.2 0.4540.05 0.35 0.8
02-0.5 May 1977 4440.1 14.3 028+0.02 0.33 1.2 .
0.5—0.9 Jan. 1968 3.54+0.1 114 0.28+0.02 0.27 1.0
09-13 Mar. 1957 33401 13.6 0.25+0.02
1.3-21
Lake Suga; water depth 11 m; 18 November 1986
0-04 Aug. 1982 45+02 14.4 0324002 0.34 1.1
0.4-09 Feb. 1973 37404 12.0 0.28+0.02 0.28 1.0
09—13 Jul. 1963 3.6+0.1 11.6 0.34+0.02 0.27 0.8
1.3—-19 Nov, 1952 33401 16.1 0.3240.02
1.9-25 Feb. 1940 32101 154 0.27+0.03
25-37
Lake Hiruga; water depth 40 m; 18 November 1986
0-0.5 May 1982 4.140.2 134 0274002 0.31 1.2
0.5—0.8 Feb. 1975 38401 122 03140.03 0.28 0
08~-12 Oct. 1968 34401 11.0 0.334£0.03 0.26 0.8
1.2—-16 May 1961 33401 10.8 0.404-0.03
1.6—20 Mar. 1954 324041 - 154 0.344+0.02
20--30 :

* Decay corrected to collection date,

b 241py was decay corrected to July 1, 1942, for all sediment stratum deposited after this date assuming that the primary contribution
of **1Pu (o the sediment was from the October 31, 1961, to December 25, 1962, USSR nuclear tests. All deposition prior to July
1, 1962, was decay corrected to the mid-point of each level, as stated by Koide er al. [13].

241 Am at collection date was calcuiated from measured 2*! Am by substracting ingrowth “*! Am from ?*!Pu at the time of collection

10 the time of the americium and plutonium separation.

4 Ingrowth **' Am was calculated to the time of collection from the 2*!Pu [column 4] assuming that the *'Pu at July 1, 1962 [column
4}, is a mixture of which 32% is decay corrected to November 1, 1955, mid-point from November 1, 1952, to November 1, 1958,
and the remainder is decay corrected to July 1, 1962, as stated by Koide et a/. [13].

4.3.23%Py and 241py

The 238Pu/239:240py activity ratios in the core samples
from the Mikata Five Lakes and Nyu Bay were mostly
0.03 —0.05 independent of the depth of the core (Fig. 4
and Appendix II). This value agrees with the expected
value of 0.037 based on the cumulative ***-24°Py and
238py activities deposited in 30—40°N [28]. After the
release of ***Pu (0.6 PBq) due to the reentry accident
of SNAP-9A in April 1964 [28], Mamuro et al. [32]
reported an extremely high 238Pu/?3924%Py ratio of
0.26 in rainwater in Osaka, Japan, collected in 1968.
However, the high 238Pu/23%:240py; value due to the
SNAP-9A accident could not be observed in the sedi-
ment cores studied in the present work. The inventory
of 23%Pu estimated by the core sample is shown in

Table 2. The 2*%Pu/23°-24%Py inventory ratio was
evaluated to be 0.034 —0.043.

The activity ratio of 24'Puf?3%-24°Py ranges from
3.5 to 4.5 depending on the date of sampling (Appen-
dix II). This value agreed well with the 3.5—4.0 value
estimated from surface soil samples of the same period
[29]. When observed 2#'Pu activity is decay-corrected
to July 1, 1962, as pointed out by Koide er al. [13],
the 24Py ?39-240Py activity ratio in sediment samples
deposited after 1962 can be estimated to be 11—15
with a mean value of 13, as shown in Table 3. It has
been pointed out that the 241Puf?3%:249%py activity
ratio in the fallout of the atomic bomb tests during
1952 —1958 was significantly higher than the average
value of 12— 14 (decay corrected to July 1, 1962) (33,
34]. Koide et al. [33] have reported that the 24'Pyf

- 107 -



92 ) M. Yamamoto, Y. Yamauchi, K. Chatani, S. Igarashi, K. Komura and K. Ueno

73%:240py ratio of the ice-sheet of the polar region
corresponding to 1952 —1958 had the very high ratio
of 26 + 3. Such a high value was not observed in the
decp layer corresponding to the period before 1962.

4.4. Depth profile of 23"Np and inventory

No data has been reported as yet for global fallout
*"Np in an aquatic environment. 23?Np js produced
b}’ 233U(n,2n)23"U - 237Np or 235U(n,y)(n, )237U
— **7Np neutron reactions on uranium isotopes by
atomic bombing or by alpha-decay of 2*1Am. Efurd
et al. [4] have reported that the mean 23"Np/2*°Pu
atom ratio of global fallout is 0.740.2 on the basis
of'mass-spectrometric measurements of surface soils
down to 20—30 cm in depth. This value corresponds
to the 2¥Np/*3240Py  activity ratio of
(48£1.4)x107% using the commonly accepted
atomic ratio of 0.18 for global fallout 24°Pu/?3%py
[35). Recently, we have obtained the 237Np/239:240py
ratio of (2.9 —4.0) x 1073 for the surface soils of 20 cm
depth [26], which agrees with the average ratio of
- (2.740.4) x 1073 for lichen samples reported by Holm
2. ’

*3TNp concentration in the core samples from the
Mikata Five Lakes and Nyu Bay was measured to
range from 1.5 to 17.2 mBq/kg (Fig. 2 and Appendix
I). The highest value was obtained for the 7—10 cm
layer of the core from Lake Suga. The concentration
of 2*"Np is extremely low compared with that of
23%.240py. The 237Np/?3%:240pPy activity ratios for the
core samples from Lakes Mikata, Suga and Kugushi
and from Nyu Bay were rather constant independent
of the depth of the core, although the tendency of
this ratio to decrease with an increase in depth was
abserved for the core samples from Lakes Suigetsu'and
Hiruga (Appendix IT). The **"Np/?39-24%py inventory
ratio calculated from depth profiles was 2.9 x 10~3 for
Lake Mikata 1.5 x 1073 for Lake Kugushi and (1.0—
1.1) x 107> for Lakes Hiruga, Suigetsu and Suga and
for Nyu Bay (Table 2). The value for Lake Mikata is
close to the (2.9—4.0)x 1073 value for surface soils
mentioned above [26}. However, the other four lakes
and Nyu Bay give 2 or 3 times lower values than that
of the surface soil, indicating that fallout Np in these
aquatic environments may be more soluble than Pu
isotopes. The rather high value for Lake Mikata may
be explained by the contribution of soil components
supplied by rivers.

4.5. Depth profile of **!Am and inventory

Since most of **! Am is ingfowth component from its
precursor 241Pu, 24! Am activity varies with the time
elapsed after deposition.

The depth profile of **! Am was apparently similar
to that of 239249Py for all core samples (Fig. 2). The
1L Am[#39:240py activity ratio was found to be in the
narrow range of 0.3—0.4 (Appendix II), independent

of the depth of the core, and the 24! Am/?39.240py,
inventory ratio calculated from their depth profiles
was 0.29—0.35 (Table 2).

The ?**Am/?39-24%Py activity ratio of integrated
global fallout was estimated to be 0.22 in 1974 on the
basis of soil data [35]. We have shown that this ratio
in surface soil was about 0.30 in 1984 and will reach
its maximum value of 0.41 in 2030, assuming that there
are no atmospheric nuclear weapons tests in future
[29]. The 24! Am/?39-24%Py activity ratio of the core
samples is expected to be 0.32—0.34 at the time of
collection (1986~ 1988). The 21 Am/?3%-24%Py inven-
tory ratio (average 0.33+0.02) calculated for core
samples is in excellent agreement with the value of soil
samples. .

Referring to the approach by Koide er al. [13],
the %' Am grown from 24'Pu well explains observed
241 Am activity (Table 3). This fact indicates that most
Pu and 2#*Am grown from 2*'Pu are retained in the
sediment.

4.6. 137Cs

The 239-240pyu/137Cs activity ratios for the core
samples from Lake Mikata showed a rather constant
value of 0.027—10.028 to the depth of 27 cm. However,
a tendency of this ratio to increase with depth was
observed for the core samples from Lakes Suigetsu,
Suga, Kugushi and Hiruga (Appendix II). The in-
crease of the 239-24%Py[137Cs activity ratio can be ex-
plained mostly by the decay of short-lived '37Cs
trapped at an carly stage. However, faster diffusion of
137Cs may be partly responsible for the observed depth
profile [8].

It was found that the inventory ratio of *3%-24%py/
137Cs differs greatly depending on the depositional
circumstance mainly on the salinity of the water. This
value is 0.027 for Lake Mikata with its fresh water,
0.12—0.19 for Lakes Suigetsu, Suga and Kugushi with
brackish water and 0.28—0.38 for Lake Hiruga and
Nyu Bay with sea water (Table 2). Such a tendency
has already been pointed out in the previous paper

{36].

S. Conclusion

Gobal fallout 23'Np, Pu isotopes (33%Pu, 23924%Py
and 24'Py), 2*Am and **?Cs have been measured in
the sediment cores from the Mikata Five Lakes and
Nyu Bay in order to investigate their depth profiles
and inventories under different environmental circum-
stances. The results of the present study are sum-
marized as follows:

(1) Concentrations of fallout 2*"Np in sediment cores
ranged from 1.5 to 17.2 mBq/kg. The depth profile of
237Np is relatively similar to that of 239>*°Pu. From
the comparison of #*"Np/2*:240Py inventory ratios
observed in sediment core with that in surface soils,
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Np may be considered to be more soluble than Pu in
the aquatic environment.

(2) The inventory of 23%-24%Py in the core from Lake
Suigetsu (109 MBq/km?) is almost the same as that in
ground surface soils in the coastal area facing the Sea
of Japan. However, this value (135—347 MBq/km?)
obtained for other lakes and for Nyu Bay is 1.5 to 3
times higher than that of surface soils. The 238Pu/
23%.240py inventory ratio was 0.034—0.043, which
agrees well with the value of 0.037 estimated from

cumulative activity of fallout Pu. The *#1py/239.240py; *

inventory ratio was found to be 3.6—4.0 at the time
of sampling (1986 — 1988). This value is also in accord
with the corresponding value for surface soils.

(3) The depth profile of 2**Am was rather similar
to that of 23%:249py, The 24! Am/33924%Py inventory
ratio of 0.33 +0.02 on average at the time of collection
(1986—1988) is in excellent agreement with the value
©0f0.32--0.34 for surface soil of the same period. Most
of the **'Am found in core sample can well be ex-
plained by the ingrowth of parent 2**Pu by assuming
both the USA nuclear tests during the late 1950s as a
substantial source of this nuclide and the immobiliza-
tion of Pu and Am in the sediment, as stated by Koide
et al [13]. ’

(4) The 23%2%0py/!137Cs inventory ratio increased
* with an increase in salinity of the water.
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Appendix L. Concentrations of 23"Np, 239240py 2*1Am_ 137Cs and excess 2'°Pb measured in core samples from Mikata Five Lakes

and Nyu Bay
Deptt in core Concentration (Bg/kg - dry}
237Np Excess 21996
(CI'II) (g/cﬂlz) (X 1000) 239.240Pu 241Am 137Cs
Lake Mikata; water depth 2 m; 9 August 1988
0— 70 0- 19 44408 1.834+0.08 0.56+0.06 64.8+£1.0 297+ 9
7.0—-120 19— 37 52410 1.724+0.08 0.574:0.06 64.6+1.1 23+ 7
120-17.0 37— 55 5.041.2 1.7940.09 0.48+0.03 67.6+0.8 3074+ 9
17.0-220 . 55— 17 52413 2.00+0.09 0.5840.06 721412 284+ 8
220270 77— 98 5.6+1.3 1.6440.06 0.604-0.06 58.5+0.9 204+ 7
27.0—-29.0 9.8—109 29+1.0 0.43+0.03 0.271+0.04 247407 1154+ 7
Lake Suigetsu; water depth 30 m; 18 November 1986 )
0— 235 0— 0.2 1.7+2.6 2.74+0.15 1.2440.12 382413 13184115
25— 55 0.2~ 05 9.1£29 7.16 £0.36 2.02+0.14 56.611.4 1049+ 92
55— 85 0.5— 09 14.14+3.8 15.97+0.88 4534026 64117 946+ 83
8.5—1135 09— 1.3 2.2+1.0 3.601+0.20 0.50+0.04 10.5+0.7 928+ 82
11.5—225 13— 2.1 — = —% — 1.6+04 5624 5t
Lake Suga; water depth 11 m; 18 November 1986
0— 49 0— 04 10.34+0.8 5714026 1.83£0.11 49.6+2.0 1216-F108 .
40— 70 04— 09 6.8+1.0 11.04 +£0.46 3.12+0.21 66.7+2.4 920+ 82
7.0—100 05— 1.3 17.2+1.2 12.1540.49 4.10+0.19 50.3+1.6 8044 73
10.0—130 13- 19 43413 5.15+0.23 1.6640.10 21.8+0.9 5N+ 53
13.0-1640 19— 25 14413 1.4440.11 0.39+0.03 6.1+0.6 380+ 37
16.0—-235 25— 3.7 —** —*= —* —* 231+ 24
Lake Kugushi; water depth 2.5 m; ¢ August 1988
0— 55 0— 1.5 2.640.8 1.36+0.05 0.43+0.04 20.3+0.6 538+ 10
5.5— 835 15— 26 22409 1.83+0.08 0.70+0.06 228407 4464+ 9
85—115 26— 3.7 50407 2.60+0.20 0.88+0.08 24.6+0.7 4094+ 9
11.5—-14.5 37— 49 6.8+1.0 4,04+0.30 1.39+0.10 30.6+0.8 347+ 8
14.5—=1735 49—~ 4.1 5.3+10 4.62+021 1.27+0.17 21.7+0.6 290+ 8§
17.5-225 61— 8.0 1.5+0.3 1.38+0.07 *0.67+0.06 T4+0.4 184+ 9
Lake Hiruga; water depth 40 m; 18 November 1986
0— 3.5 0— 0.5 7.1+2.3 3.56+0.19 0.98+0.07 16.2+0.6 . 528+ 47
35— 65 0.5— 0.3 142432 8894037 2.80+0.24 327404 515+ 47
65— 95 08— 1.2 147439 18.07+0.74 6.01-+0.42 36.94+0.9 4924 45
9.5—1235 1.2— 1.6 85429 9.4440.41 18140.21 13.940.7 4414+ 41
12.5~-155 1.6— 2.0 —* 1.11+0.04 0.37+0.02 3.0+04 3894+ 36
15.5-230 20— 3.0 — — — 1.4+0.4 269+ 27
Nyu Bay; water depth about 15 m; 29 February 1988
0— 440 0— 17 43+1.1 3444016 1.3340.07 132404 640+ 16
40— 80 1.7— 30 4.3+1.2 4,284+0.28 1.61+£0.16 15.2+0.5 621+ 18
8.0—120 3.0—- 45 31413 3.93£0.25 1.50+0.09 17.0£0.6 5854 13
12.0-169 45— 5.9 6.612.6 5.834-0.28 1.78+0.09 21.5+G.7 5124 15
16.0—2046 59— 714 3.2+1.2 5.30+0.23 1.84+£0.07 13.1£0.5 414+ 12
20.0—-240 74— 89 1.5+0.6 0.69+0.05 0.194+0.01 2.7+0.3 282+ 8
24.0-280 8.9—10.5 — 0.134+0.01 0.061-0.02 0.7+0.1 1694+ 7
28.0-32.0 10.5—12.4 i — —* —* 95+ 6
32.0-36.0 124—14.8 — = — — —= 354+ 6
36.0—-40.0 14.8—16.7 — — — —* a2+ .4
40.0—-520 16.7—25.4 — — % — —* 33+ 4

All data were decay corrected to collection date. The *4!Am at collection date was calculated from measured 4 Am by subtracting
ingrowth ***Am from 24!Pu at the time of collection to the time of the americium and plutonium separation. Errors cited are counting
CITOrS. - :

* not detectable ©  ** not measured.
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Appeud.ix IL AC(iVily ratios of 231NpI239.240Pu, ZSBPuIZBQ.ZGGPu. 241?11!239'240Pu, 2‘“Am[139'24°Pu and 239.240Pull31cs measured
In core samples from Mikata Five Lakes and Nyu Bay ’

Depth in core Activity ratio (Bg/Bq)
(cm) . (glc"l2) 231Np ZJBPu 241Pu 24 IAm 239.240Pu
~239'24°Pu[x 100) 239.140Pu 239.2‘0Pu 239.240Pu lS?CS
Lake Mikata; water depth 2 m; 9 August 1988 ;
0— 70 0— 1.9 0.24+0.05 0.0504-0.005 3.5+03 0.31+0.04 0.028+0.001
7.0-12.0 19— 3.7 0.3010.06 0.048 +:0.005 4.0+0.3 0334004 0.02740.001
12.0-17.0 3.7— 535 0.28 +0.07 0.039 +0.006 38104 0.27+£0.02 0.027 £0.001
17.0-220 55— 17 0.2640.06 0.039-+0.604 37403 0.294+0.03 0.028 +0.001
20-270 7.7— 9.8 0.344-0.08 0.04140.003 34402 0.3640.04 0.028 +0.001
27.0-29.0 9.8—10.9 0.68+0.24 0.047+0.009 3.1+0.7 0.62 10.10 0.01740.001
Lake Suigetsu; water depth 30 m; 18 November 1986
60— 235 00— 02 0.28+0.10 0.059 £0.010 4.740.1 0.451+005 0.07 +0.01
25— 53 02— 0.5 0.134+0.04 0.065+0.007 44401 0.2840.02 0.13 +0.01
5.5~ 8.5 05— 09 0.0940.02 0.033+0.006 3.5+0.1 0.28+£0.02 0.25 +0.02
8.5—11.5 0.9— 1.3 0.06+0.03 0.03840.006 3.3+0.1 0.2540.02 0.34 +£0.03
11.5-22.5 13- 21
Lake Suga; water depth 11 m; 18 November 1986
00— 490 0— 04 0.18 +£0.06 0.069 +-0.007 4.540.2 0.321£0.02 0.12 +0.01
40— 7.0 04— 09 0.06+0.02 0.042 £ 0.004 3.7+0.1 0.28+0.02 0.17 +0.01
7.0-10.0 09— 1.3 0.1410.04 0.03340.003 3.640.1 034002 0.24 +0.01
10.0-13.0 1.3— 1.9 0.08+0.03 0.04240.005 33401 0.32+0.02 . 0.24 40.01
13.0—-16.0 1.9— 25 0.1010.05 0.038 £0.008 3.2+0.1 0.27+£0.03 024 +0.03
16.0—-23.5 25— 37
Lake Kugushi; water depth 2.5 m; 9 August 1988
0— 5.5 0— 15 0.19+0.06 0.048 +-0.004 3.9+02 0.3240.03 0.07 +0.01
55— 85 15— 2.6 0.12+£0.05 0.043+0.004 41402 0.38+0.04 0.08 +£0.01
8.5-11.5 26— 37 0.194-0.03 0.028 £0.004 39402 0.3¢ +0.04 0.11 £0.01
11.5-1435 37— 49 0.171+0.03 0041 +0.004 3.6%02. 0.341+0.04 0.13 +0.01
145-175 49— 6.1 0.114£002 0.031 £0.003 35401 0.27+0.04 0.21 +0.01
17.5=-225 6.1~ 8.0 0.11+0.02 0.0354-0.005 32402 0.48£0.05 0.19 +0.01
Lake Hiruga: water depth 40 m; 18 November 1986
0— 35 0— 0.5 0.2040.07 0.059 £0.007 41402 0.2740.02 022 +0.01
35— 6.5 0.5— 0.8 0.164:0.04 0.049 +0.004 3.8140.1 0.31+0.03 0.27 +£0.01
6.5~ 9.5 08— 12 0.08 +0.02 0.034 £0.003 34401 0.33+0.03 0.49 10.02
9.5-—-125 12— 16 0.08+0.03 0.028 +0.004 33401 0.4040.03 0.68 +0.05
125—15.5 1.6— 2.0 : 0.036 +:0.005 324041 0.34+0.02 0.37 £0.05
15.5-230 2.0~ 30
Nyu Bay: water depth about 15 m; 29 February 1988
0-— 4.0 00— 1.7 0.12+0.03 0.041 £0.005 4.040.1 0.39+0.03 0.26 £0.01
40— 8.0 1.7— 3.0 0.1040.03 0.036+0.004 40401 0.38+0.04 0.28 +0.02
8.0—-120 30— 435 0.0840.03 0.0314:0.006 4.5+0.1 0.384-0.03 0.23 +0.02
12.0-160 45— 59 0.11+0.05 0.034+0.004 39401 0.31+0.02 027 +£0.02
16.0—20.0 59— 74 0.06+0.02 0.031 +0.003 3.7+0.2 0.35+£0.02 0.40 +0.02
20.0-24.0 74— 89 0.214+0.09 0.032 4:0.008 5.7+14 0.284-0.03 0.26 +0.03
24.0--28.0 8.9—-10.5 0.042 +0.005 020 +£0.04
28.0—32.0 10.5—-124
32.0-36.0 12.4—~14.8
36.0~-40.0 14.8—16.7
40,0520 16.7-254

All data were decay corrected to collection date. The 2*! Am at collection date was calculated from measured 2*'Am by substcacting
ingrowth #4* Am from 24!Pu at the time of collection to the time of the americium and plutonium separation. Errors cited are co unting
errors,
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