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Lead-210 dating method was applied to the sediment cores collected in Ago Bay, Mie prefec-
ture, Japan where the seawater and bottom sediments have been contaminated due to the ac-
tive pearl cultivation carried out for more than 100 years. A contamination with pearl cultiva-
tion was observed on the vertical distribution of the organic carbon (OC) and nitrogen (N), and
the OC/N ratio suggesting marine plankton was a major source as the organic contaminants. A
surface mixed layer (SML) was observed on the excess *°Pb vertical distribution and the under-
lying part, below the SML, was divided into two layers with different sedimentation rates, sug-
gesting the change of sedimentary condition in the late 1960s. The transition of the sedimenta-
tion rate is supposed to occur in connection with the change of pearl-production activity in Ago
Bay. The surface mixed layer of ¥’Cs has expanded to the deeper layer than that of the excess
*Pb and the inventory of *’Cs was significantly smaller compared to that of the excess *“Pb.
These facts suggest different behavior of *°Pb and ’Cs in the marine environment after they
were transferred from the freshwater environment as soil-particle associated radionuclides.

Key words: *°Pb dating, sediment, "'Cs, Ago Bay, pearl cultivation, radionuclides
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Lewis et al., 2002) , #}¥ (Cochran, 1985), i (4
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Fig.1 Sampling locations of the sediments in Ago Bay.
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Fig. 2 Profiles of porosity, organic carbon (OC), ni-
trogen (N) and OC/N ratio at Takonobori.
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Fig. 3 Profiles of the porosity, organic carbon (OC),
nitrogen (N) and OC/N ratios at Tategami.
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Fig.4 Profiles of “K, *Pb, **Ac and *“Bi activities
at Takonobori.
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~5lecm) THEEFRODONS (p<0.001), Zh
SO, HERW~ M) v 7 ADOFERES
Th5THR TR LM R SICHEERTwL I ER
5, HEREW~ MY v 7 20ELE L 25T L9 L HEiRE
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Fig.5 Profiles of “K, *Pb, **Ac and *“Bi activities

at Tategami.
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Fig. 7 Profiles of excess *’Pb and “'Cs activities at

Tategami.
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Vo VAITIIHFICE S 4 em fHEEZEICLT, LEo
HEREHEAVNS S FRIEKRE VW, Wil b#Eod
LEHCHERGEE O ZLE B 7253 X ) ZHERRED
BALDTH Z 5722 & /R L T 5, Table 10 3 fE#
B, ERNERRBRAGRE EHERDIE =% K8
L, “Pb DSELED A EZR L TEHRLAEZLDOT
Hbo KA L DRI VAEWRE 2T Tn
L5613, excess ™Pb A REDIHE D A D LR D72
HEAR U VLB R EI S 7 B0 —REMIITIZIRERIT &AW
WENEARwoT, b LHERE (1) 2WEWGE 0%
BEZFCwaET, e (1) »WgEE22Tn
BWETH L% 51F, VoL HERE (1) o
AR (1) XD RELMHICARLZEIEER
v, ARG OEEDHETO—D & LT¥Cs D
ANRESHW ST AEAY (Nittrouer et al., 1983/
1984), Table 10 ¥ 3 & #£ B & HE F% H) RI504F
(1954~20044F) % RE L TR 5N 5 i KA
B, 3 /K1) 5926 cm, A2l em & 7% 5, Fig.
6L Fig. 7# b &, “Csid % a2 /K T36cm F
T, VIT32ecm FTRALTWVWSEZ bbb,
Nittrouer et al., 1983/1984) O AR O FFHAli T
X, “'Cs H™°Pb b HEREWHh OR T B ICH & T
WTH UZE (H URA/RE 2L /EL T
5o HE- T, ¥Cs & excess *Pb DEEREEOK X

Table 1 Thickness of the surface mixed layer and
the underlying layers (I) and (II) for excess
*'Pb and the surface mixed layer for "'Cs.
The estimated sedimentation rates of the
layers (I) and (II), and the inventories of
excess ’Pb and ""Cs are summarized.

Takonobori Tategami
ZIOPb
Surface mixed layer (cm) 0-12 0-6
(g/em?) 0-7.6 0-2.4
Layer (I) (cm) 12-23 6-14 cm
(g/em?) 7.6-16.0 2.4-6.8
Sedimentation rate (g/cm?/y)  0.23 £ 0.02 0.12 £ 0.02
Layer (II) (cm) 23-30 14-31
(g/em?) 16.0-21.9 6.8-18.6
Sedimentation rate (g/cmz/y) 0.13 £0.02 0.24 £ 0.03
Inventory (kBg/m?) 28.5+0.2 11.0 £ 0.1
1370
Surface mixed layer (cm) 0-21 0-10
(g/cm?) 0-14.4 0-4.4
Inventory (Bq/m?) 691+ 13 704 + 12

SWEELICZZETTHSE, LIL, a3 /K
D¥Cs 1, FIB0O~21cm AIFIFH URET, WL
IZ2Pb D0~12cm & ) EFEABIIEM L THEL
TWb, VADOYCsIZOWTH, EHFTOERED
HAARIED D DBEREO~10em BEBRAE L Bb
N, *Pb DKBIRAEEO~6cm X ) KE v, HEEE
DOHEREWIZDOWTIE, 2Pb £¥Cs DEFI R - T
WhHEEZDIZ) VU TH S,

PRE T O NP L, DAEOMBON
BTHEIN TV L HRHHE L MEETH D, HHE
DHERAEIZOWT, A (1983) XL B, 5w
7 EOMIFIZ0.5 glem®y TZ OAiiE K T130.2~0.4
glem®y & & L, E M T 2 (1999) 130.22~0.27
glem’y £ LTWwWb, AWPIEIZOWT, Kim et al
(2007) 120.5 g/em?y, HEHEIE A (2005) 130.11 g/em™y
(0.24 cm/y), K] (2004) 1X°F3¥)T0.58 cm/y & L
TWwh, KREIZOWT, Yasuhara and Yamazaki
(2005) 130.52 cm/y & #ti5 LT b,
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5.2 excess?'Pb &'7Cs DERE
*Pb @ 4E [ FET & 1%, REAT T226~240 Bg/m’/y
2006), HA4ET160~380
Bo/m*y (Tsunogai et al., 1985), ik T176~182
Bo/m*y (Hirose et al., 2004), % T234 Bg/mYy

(Hirose et al., 2004) Th 5., FRBBDIIBIT 5
20Ph O 4E ] B T %200 Bg/m¥%y & § 5 & ERE T
6.4kBg/m*s B D b b, ¥ 3/ K D excess
WPl £ A & 1328.5+0.2 kBg/m?, . il 1311.0+0.1
kBom*TH 5 Z &b, A o -ERHEDLT~
4.5 D™Pb HFFE L T 5, Kato et al. (2003) (2
£ % &, K1L200 m O MBE TRPITERL T
%% Ra H & A B3 5 Pb O i JiE 2%)%’\@ BT 1
128 Bg/m’y TH ), KEAH»HOMHKEOFFEHFOK
EETHbh, KiFE20m OIEE T, KPIBERFL
T 5*Ra 7 5 OHERFEW~D*Pb D% 5-1%, KAk
TEROMIZLRETH WV EHTE S, Licds> T, &
EBHEREY O excess 2Pb 1ZJE B0 Bl S X
TebDORRIMBAEEDTWDLLEVZ D,

Katsuragi (1983) 13*Sr ®4FHIRE F 213 H A il

1244, KEFEMICA R W E 2 WAL TW5H, 1958
AE H1980LE B S M 72™Sr 4E R BE T & %, 2004
EBRAEPRPMHIEST 5 &, “Sr&EMEIE, AT
1,028 Bg/m?, 1l & T978 Bg/m?, % i T934 Bg/m?,
KB T677 Bg/m®, [ T933 Bg/m’L % %5, IR
BRI H B 2 &SR E KO Sr BFE =%
BHL, BTWHO®Cs &*Sr I 7 B e ke
16z Vw2 L, FEREELIZEIT 5YCs FRE T
1,170~1,617 Bg/m’t R Atd b b, ¥ 2/ K1) D
WCs fRAE 213691 + 13 Bg/m?, 374113704 + 12 Bg/m®
T, MbHOFERIIEI R WD, RED Sh-EK
w;wEDWLNITA LB FFEESEAD bh-ER =
L 0% ho72"Pb LIIMEINTH %, Cs ”Pb &
[ RR IS K ER 25 L s e & Hr TR o3 & L CHE RIS
A EINTZEEZOLNEDT, “Cs b RED LN
EEBOLT~4AEVNEEBICHRA L EHEES N
b0 HenT, #aXK)D¥Cs FERIT, WAL
L S D & D10~13%, 3 1326~35% L 7
%o WEETHYCs OfFfERIEIP % {, Yamada and
Nagaya (2000) (Z'Csff f£ & % 366~509 Bq/m’

(20044F 12 3 Ml IE § % & 253~352 Bg/m?) & #}t
L, 19634EICHIET Hi1Zo &) LAz — 27 I3
LTWwhv, EHEHIFA (1999) &, HEEHED O
Y0s fA4E & % 550 Bg/m? & 449 Bg/m?® (20044F (2 28

(Momoshima et al.,

WMilE%§ % &, Zh #1427 Bg/m*L 382 Bg/m?)
LA L, *Pb il X AR ECs IRES AT O K &
FToTWBERYCs ¥ —27 & —HMBROSNLRE &R
SN VBN D > 72,

5.3 “Cs DRED

WCHBRZZE I, a3/ K ROV E D Cs

035’3(&:. 1% excess ™Pb & ) I E TILAT- T
Wb, L, REEARETOREDY M) H&mm
RPN LR T RECLIVEL TS ETER51E
MEHEORERABOEIIIFACICRLEEZONS
DT, "Cs & excess Pb IZBITAEKBRESREDOIEE
DENIE, Cs L VIFEME TR SEL AN =X
AN THWBEZEEZRIBL TV A,

CslIf I4 MRARXT F A4 R ORI 8W A
ORI AT A MR EN S 25, Kt o
FEPIEABWCEDLNS &, FROEEY A Lo
BB 5, GO TT Y 2RI E HCs D

R~ OWAE B IXRD T H20°, — T, SR
Il % B o 72 H B3 Cs 1/ L CIRNE 1Y 72 WG ¥

A MELTH<, COIRFEYWEAY A T, KR
NH, % EDA & v LM W& 21759 DT,
MERMOARWIZHL SIS N TV A Cs 1d, FFRIL
HEHTAPOYCs LN HFHIMELTVWDB I LIRS

(ngol et al., 2002), *"Cs i&, FEID 5 e IZm)I

DR TREOCBERSE L GEIENS, DHET
ai, W OWNFE O, YCs DR & AT
DL, 0.14~0.87 (F1130.64) T, WIZ &L ) KE
DMLz 23T TEIENLHEKE MY
% (Matsunaga et al., 1991), "'Cs % W35 L 7zk T
AR HITN S &, WREOEIMI X R 55
D¥'Cs OEBEWAREZ B HEHH00 522127 5 LK
T8% W ERL L, W EWE I HMIZETTH L
MG S Twb (Ciffroy et al., 2003) » 33 F- i
JE DY Cs DT ORERTIE, R4 T4 b
EREEYCs REICIXIEOHANBE SN DA, K
BN 2474 NeDHBEPRONEL 2
D, ARMERLCsiREOHBBEONS X I 12
%% (Kimet al., 2006) . JEEEHERY O'Cs A0 R
PTPHEEINZMEE /NS VEEIL, BE,SMEIN
T2RF 0 H¥Cs MR FICHER L 2720 TH B EFE
Abhb,

BUER > 20, OB S & HER
MO EFTRATEZLEDMOEN TS (Santschi

et al., 1983;Cochran 1985; Holby and Evans,
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1996) o MEARHIZIZEAFCs BT Y, T OHSTE
BB S 504 L, SRR - & HEEH %29 %,
SRR T & AP O EAERNE SRR TR I NS
A%, Cs OB BIIMOEIE A 4 » L5 L/
< (Ciffroy et al., 2003), CsIBERTICET T
WA WILE TH 5o HIBRAK L EE Lok
TR W 2 EOME RAEHIC X ) e 5 2 &
5 (Rutgers van der Loeff, 1981;Riedl and Ott,
1982), BREEOE VRS IEHEBKT 2 BB LS
Ll b MBUKOBENI G TIHCHfFshs LY
WHNOBRAZ L1257,

54 HESIhIHEE EEBEERE

Table 11278 L 72 excess *Pb YRGS EH» S HEE L
7-MERERE (1) EHEREE (1) OBER4EZ Fig. 6L Fig.
TR, Hefkhg (1) &HEREE (D) oz, ¥
a7 R AS19654E, AIA19684E & 2 D, 196041
DBPICHRREN B L2 Ll b, WEBTOD
BRREIIIE O RICIEE - 724, REWRIEE R
TeDXE KPR EEE TH Do WRFHERL TV
BLERAERN L, MR, R4 IGEE TR L, 19554E L
B, A XS B L 720 19564F 1T 22 il 78 1%
88,0005 |2 F THY X HLIR LY (LB IHIRRRIZ &2 1),
ZIUHED £ O¥EDTI &R I N7z, VTR O
PATTZL 2 B N1966IFE I I A & 72 B LRSI ~
T8, WA X B A REVH T R W5 i,
PO, JuHZe IR o I RIC L Y, 19674 %
BIZRMOARRIC A Db, 197550 515 & 12 [H]
BLERD, LEREOHRDL DY, BIEIXTN Vi

DEFERTHER L T\wW5b, Fig SICZHE OB
AEROHERZ/RT (S HE EKELIKES,
2007), ZHIEOEBRFEIL, FTEBEUNO A » BT
B, WERBRZETUIT bR TWDEA, EORIITEE
BEA8OWHI R Z HOT WS I N5, Fig SIZREE
BT 2 EREEHEHOHBEZRL TVDL EER THE
HAZABVTH S ) o 19604 D ] 2 & AF i B 13
BMICBELZ b2 5b,

BRI & 0 MAYE KL 5 iR oA
WEFBINT 5, 1966~6TEDO T A (HH - &1,
1967) 12X % &, WKLD0.5~35cm EOEHEYE
X, ZMEETIE30~40 mg/g TH - 7275, EHRE(LD
ATV B TIE50~60mg/g & EWETH -
7oo W OE R, BEEHN DMK AE W HTE
W7 d o, BEHED X 5 RAKPEEWOLHALE, D,
HHET SN TS BB AR b o THET
SN L DWARROWTF R EICLBET A
MR E V. FHIWICIE, WK TEEE0~0.5 cm o
AW EFICHRT B2 RTAS, EOMDE
BIRELFEFIALETH D, VI T VRN
oHLIE, BEHIELDSHEA TV A O A D [TI2AE
BLTW5S,

Za /)R &Moo OC/N ik, HEREY b oAk
MoOFRRBIZEETS V7 Vo THHIEERLT
W5 (Keil et al., 1994) . J&IH OH B O HLAGIRIZ
F& L CEGEMYHES (FEEEE T4 2511
HET) ICHBEICETT 57 32X 54 okt et
EMOEREETH Y, THSIZIEETHMEY ZDMbolE

60 ™ 30
50 ¢ 25
.
S 40 B % 20
g M Y ... =
5 ., i ) \ =~
2 30 o . ] .. o 15 §
£ «® % W2 2
20 | ' _ % 0 £
\ oo f ) ‘.
10 fee %0 0 s
0 OO A L 0
1950 1960 1970 1980 1990 2000
Year
Fig. 8 The changes of the annual pearl production (bars) and the

percentage of produce among fishery (closed circles) in Mie

prefecture.
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X O REND, T aAxH AL Ofk L %2 5iEKp
OHBIZZZ7u0n 74 VP EENTWED, ZOru
74 VDO—FIET AXY T DIENTT 2 F 74 F >
DRI EDL > THR SN 5, HRE WK O 7 = F
T4 F DAL, BREMDSEA RIERIZERE W
(M - 410, 1968; KFIMHIZ A, 1986), 7 2 ¥ 4
AR OB R E 7 24 7 o4 F o ED> SN
5, BRI aY A4 ok DAt oK
BOABYOERIED LN, ThosEF#EEIhTw
BT AN RERHERONEEYOEKLEZONS

(M - #7170, 1969). #H - 11 (1965) &, X
FALAEA TV 55T d 2 AR O I E L oK
WOMWEIZET 57 ax 44 Ol o0& % 4/
59 Y EREL D, 512, HoMNEDIE, HEi2ks
TELOMBIEHL L LT, HEMICHOER L [H
LLHWT, TRHDEREHIRICETITL0T, H
KEBOABYHFERESNL L LTV, 20OL)
2, HIRFEHOBA ZIEEE T, KROMEREEIC
oW AEFRBHOBEOREVI LD DR 5o

7)) R LV THBREICEAEALNTZD
X, WIFNB1960FERDEFTH ), HERFEHAE
bE—I ORI NERE LB LZRHTLH 5,
Z 2T, HERGHEEE DAL & BRI & OBIFRIZOWT
HARBHZEIWZT D, B)Oa—TORIIEVIEDOTR W ifE
WTHEMNIT X BT TR R 722 & h
5, WERED Y a2/ KA TIE, 19654 EH 5 it
YitSi g &, BIRFEMAMTOND L) 1T hoTz. K
WEME DR BRI E A B &, 19644E 70 5 D 104E
DENZERIIZW L DD OHEENRE SN, %D
INKR GG DSRE L -2 e 2%bh b, —T7, MAEL
A2 S BERIEFEAEANAT DN C W iR TH 5, L
ML, KEFHIEKERC 201, BEEMICE 8%
BRIEAK BB O & B & v ) lkete (8
H - &1, 1967) %5, 196040 I IE LD
IR 2 IREN R SN2 D ETH D, o
T, YA TIZ19654E LIEICIZEHRAROHEDL H Y,
BB RESBD L LB IR 0D,
53 /K, AT OBEIRIEHABE OHERS (L HERE AL
DEALIZIZIZTHIN L TWBE EF R b,

Kk (2005) X, a3/ K ETMOKEGESm DAL
BICET 4 AV Ty T 224RMERE L CkBEY
ZHILL 72 20044E5H ~20054E3 H (2l 52 %610 32
L CTW525, koS THRIZ, ¥3 /K1) T04
~17.8 g/m¥d, VA T1l.4~5.4gm¥d D FEPH TEH

L, ZHRIEY 27 RV OHBPRKREVHER LT, &
NoORFREZEMOHERGEE I I|E T2 L, a7/
K1) T0.01~0.65 g/m*/y, V. i%0.05~0.20 g/cm’y,
L7, excess Pb 2 HLRO - FIHEREKILI I
SOMDOFHANICH 5o LRI L O 2 AR IKFE
&, ¥ 3 /K" T25~1,718.7 mg/m®*d, 3ffT52.2
~147 mg/m’/d T, WM TBE LA 25, Juv
ZIROWH TS v 7 b B I OBIROWAK (QBCH»
S S N L HEW) AL BRI N T 5,

e L72"Pb #RRAEROFREL LT, HRWT O
Y D@D S BRI O B 2 Tz BRI E
AEH R BRI L 72 B4R, MUBAIclRIRHR RSO
TEBENLT, lem MICHBEE FRE L2EYOE
AL L L7z, BEICEy L BEbhsTay
A (HERFEMH) LA 59 F A A4 (BMEONA
AW OEFOMBIRNEAL L, F3 /7 K)TIET
IXHA1322em L Y FEVWETHIHL Twi, 22cem
J& 1Z Table 10 i 3 B 7> £ 1965~ 19704F & Hf: 58 X
N, ZOMRCTHERBMIPEE - 2EREITIET—-HL
TWwWb, A% F A 5 A1322em RO ETHETH
WL, 2em RO TIZIZEAEHH L0 o722
ENBd, HEREMEOMEIRR I NG, —T, L
MTIF1950ER T TRROT I A4 PERLTW
J27e®, TaAVYHA OBITHEIILRST, 279 %4
HANWZDWTIZ30 em X D &V g TIHBBEEIZE -
7225, SHREDEVEIZHBEDONZ, AFFF AT
A DBHARIZBA L & EN519204EM% (K4, 2002)
JOWSPICHWEBIZHOHBELTwAZ RS, ¥
IR DX IHEE SN HERER & 0 —Fid Ak
Noz,

6. ¥ & &

RAFOQEBRIRHIC L ) BREHERET L T b =K
HLIE R EHER 12D W T, 2Ph HEREAEACHI 2 31 &
LWREBRBOMRN 2 1T% o 720 PREDHYEHTD
B EHIER - S & TG S T Wil o B
ey a R THRMLHRDa T &2, £lirbl
cm MBS TYIWT L, Ge F3EMAMR & CTRUM RE M E %
Tl olze R EARIKFRITR EEIROKE %
BT, IR BEBEWPTHHM%ERL, EHEIZ X
LIREHRDRO 5Nz, OC/N i, HEWhoH
BYoELREEETS V7 b THHLT ERRL
Tz, excess 2Pb O Ai l21, MATREANIT T —
HRBRAEFRD SNz, BOFITALE LigKOH
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A DEBENRRENEEZ HNL 5 2 R Rk,
BHREEOVHRE L D RELREBREETH > 72
FIGREE LR L, excess 2°Pb HEEHEE D@D 52
DORFIZbIF o, ZOBRITY T/ KY HT19654F
B, MAIAS19684EHEHEE Sz ¥ T3/ K O
TR, 19604F A4 LRI L, —A,
SO HERE R IE L, 19604F A1 DL IZ I A ICHE U
Tz, WS CHERREICEB (LD - oL ifEE S
519604E LR, HEIFEEROMMEAREZ - T
WA Z EHNS, HEREBREOEAL L RIMIGTE & ORI
AIRIBEND, WCs 12 ITITHGBED T — 4 E B IR
BREPRD L NTD, KEREEITCs DT ex-
cess ™Pb L ) K&, LDBEHFETCsIIMEL T
Wi, F72, BEBRT 7 -V Ty MK BBREH DS
WRE - 72% 2 b BH19544F X ) W HERE g £ T¥Cs
DRADRD LNz, WM OYCs FAER I, T
HEINLZEHENI0~13% (¥ 2/ KY)) L26~35
% (Lt THY, KI5 O¥Cs IEHER W & B
L7z HEm 3z,

51 A X #&
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