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Characteristics of dissolved barium and silicate distributions
in the semi-closed estuaries of Japan

Tomomi NAKAMURA, Hiromichi SOEJIMA and Yoshihisa KATO

Abstract

Dissolved barium and silicate in seawaters from the semi-closed area, Ise Bay and the Seto-Inland Sea with
Osaka Bay and Hiroshima Bay, were measured and the distributions of these lithogeneous constituents were
compared with bay to bay.

In Ise Bay, the steep thermohaline front at the mouth of the bay was formed on April in 2003 and 2005. In the
inside of the front, the seawaters were in low-salinity and high-barium, and the relation between barium and salinity
showed that the distribution of barium was conservative. In Osaka Bay, observed on April in 2003, barium concentra-
tions gradually decreased from the Port of Kobe to Tomogashima Channel. Although silicate was depleted in the
central area of the bay, the distribution of barium was conservative from the view of the concentration change versus
salinity. In Hiroshima Bay, observed on Nov. in 2001, the barium concentrations in this bay were rather higher than
that in the estuary of Ohta River. This findings imply that there exist the other riverine barium input in this bay. In
the Seto-Inland Sea, the relationship of the low salinity-high barium in the eastern area and vice versa in the western
area were found out. Although the higher concentration of barium were obtained in the seawaters of Harima-Nada
with longer residence time, the high co-relationship between barium concentration and salinity in the whole area
indicate that the barium distribution is controlled by the mixing between the inland and the open seawaters.
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WA DY Y LDOSHE, —MINICHRERICHEPIL T
KETREMEL, FEECHE» > THINT 5. #EEAPO
N) Y AR, WEARIERICH o TRIEEL D b KR
OEEEARFTEY (Broecker and Peng, 1982). %72,
Dehairs et al. (1980) 1%, '@ FHICELLG (barite)
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and Edmond, 1972). Z15 DL, EEICBT 549
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52, EMEEROFROIEROHERY T FESADE
BETHEEL TWL 2PN TWwS (Revelle ef al.,
1955).
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DX 3 7 WiE, AbFB X CAYETE 28 L CHE % 72 ¥
EAE SO RS 2 LI, MBI 2 WEiER
WSS 272 DI EETH S,

AW T, WARPOBEENY 7 AL X U7 A BIEDS
FHEFN, 1) LHEN LRI 51 2 BB RO,
2) ERWIEE & CEEIRA L OME, O 250w ThRE
L7,

2. B B

AW TIE, BIROEHRD 72912, 200040 & 20054E1C
U CHEERFEAEOEEE (BO-00-18, BO-01-
20, BO-01-28, BO-03-01, BO-03-02, BO-05-02) %* ¥
LT, AR ZERLE: (Fig.])., BB ICEWT
1%, 200043 X U20014E0 9 H I BRI 2 H v o AT 3 %
BEII0HE T, =R F VEKEE% F W TERE I HE KR
ZEHLL 7z (Table 1), B TIE, 200343 X V20054
D 4 HIFEE D & BEHEHRIC 0 TRBADETIRE %2

B L 72, KBRETIX, 20034 4 HICkEHKE L BNICB
W CREAK R TAEVEHEL U 72, WEF UG TlE, 20014E11H
DRI B\ THRFAKE D & BERAEICIK T 5 £ TOXRE
ARE, BEEE X OEMNEO KK 2 BRE L 72,
Z D20014F- O Tlx, BEREED S REEE - T
5 I CHIERAK B 1T o 7z (Table 1), EEASEN, it
TR E LTHRIE (—5m) »ofkAs LT oh
Tk 2B L 72 (Table 2). ¥#/KEFHE, 100ml K1Y 7
Oy CBRERICOIRL, ERECE LR kB, K
JEK (—5m) DOAER X OES L, KR —EHY
7T 7 eEARIS T,
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Table 1 Sampling log of vertical seawater in BO-00-18 and BO-01-20, 28

cruises.

. . Sampling Latitude  Longitude Sampling
Cruise  Station Date N E Site
BO-00-18 St. 1 8-Sep-00 34°51.66" 138°22.29 Suruga Bay
St. 2 8-Sep-00 34°49.47 138°26.93"
St. 3 8-Sep-00 34°48.31" 138°32.17
St. 4 7-Sep-00 34°48.17 138°37.28’
St. 5 7-Sep-00 34°48.01" 138°42.05
BO-01-20 Stn.1  6-Sep-01 34°51.20" 138°21.80" Suruga Bay
Stn. 2 6-Sep-01 34°49.97 138°26.50
Stn. 3 6-Sep-01 34°48.47" 138°31.09
Stn. 4 5-Sep-01 34°49.24" 138°37.38’
Stn. 5 5-Sep-01 34°48.06" 138°42.27
BO-01-28 Stn.1 16-Nov-01  31°29.71" 135°14.95"  Shiono Misaka
Stn. 2 16-Nov-01  31°59.73" 135°15.28’
Stn. 3 20-Nov-01  32°30.29" 135°15.14
Stn. 4 20-Nov-01 33 0.19" 135°15.64
Stn. 5 20-Nov-01  33°30.52" 135°15.13"

Table 2 Sampling log and sampling number of surface seawater.

. Sampling Samplig Sampling
Cruise Period Number Site
BO-01-28 2001/11/15-2001/11/21 41 Seto Inland Sea
Ensyuu-nada
Kuroshio
BO-03-01 2003/4/16-2003/4/22 8 Ise Bay
BO-03-02 2003/4/25-2003/5/1 14 Osaka Bay
BO-05-02 2005/4/25-2005/5/1 63 Ise Bay
Kuroshio

VENIEL FHws R Tw 3 (Klinkhammer and Chan,
1990). AW TIE, ICP FHmEEsr ICP-AES) %
HWT, NV LARERT D HEEKRRF L7z, ICP-AES
HBEIANV YL L CEBRE TH 570, MK ZEE
SFHERICHEZEL THIET 2 2 L bE[EETH S (Sugiyama
et al., 1984). LU s, MWMEOIETH 22T /Ny
7779y REL Ry, FUEELEZHELL IV, g
(2000) 1%, HEZEBR L HikE U CEEBRRE 2 B TG
WU RE R LEVEEBEE 2 BFE U Tz, AWIFETIE, EARICI
i (2000) DAHERZFESTNY VLA EER LT,

3.2 750K

SHEITIC DI T, NV TARETENTNWT TV
HWKOFEL RS, 207 T 7gKE Bt~ > >
BB QIEES S 9 225D, FE 1 ml/min. 12 TE
[BYEk 2 S T L7,

N ADBIE X, WAKEE25ml ZHWT 1% v H
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W 0.5ml Zfnz, #EEEW (CH;,COOH-CH;COONa)
T pHA.0 ICFREEL 72, Rz, 0.8% W~ > A VA
v AYEWE % 0.5ml ANz, 80°C DIEIEMEIC 3 KRS L 7.
Z 0%, BOLSEERITO B~ 7 v OB EREL,
5ml DB CERT % 72 0 IZHIER (60°C, 6hour)
TR ZFEFES V1o, WM, %2 0. INHE — 1%
WEE LA EVEW 5 ml I L, ICP-AES#EIZ TN ¥
L (W, 455.403nm) RESE LTz, iz, FE LTS
YRR VG TEEEDONY 7 AERERT 2 TED, Bk
AR R CEMER AT THREREIFER L, S515, =X
S & L CEEAK (BO-99-22; KN2SW) & X UESE
7K (BO-98-22; KN3DW) DNV 7 2 SEEREICHIE L 72.
BB, REKBLUVERBKEACTIOHEICL 28
LEMNER (Ba @#h0ft 10,20ug/1) 2Kz (Table 3) &
A, READEEIZT.301ug/L THILZEIZX99.8+
1.2%, ¥EEARTIZ20.2+0.1ug/L THEULEKIX 99.34+1.8
% ERIFTH- .
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Table 3 Concentration and recovery of barium determined by MnO, co-precipitation

method.
Surface Water (KN2SW)
ng/L +10ug/L  Recovery %  +20ug/L  Recovery %
7.4 17.3 99.9 27.3 100.0
7.3 17.3 100.1 27.3 100.2
7.2 17.3 99.7 27.1 99.1
Average 7.3 17.3 99.9 27.2 99.8
Deep Water (KN3DW)
ng/L +10xg/L  Recovery %  +20ug/L  Recovery %
20.2 30.2 99.9 40.2 100.3
20.2 30.1 99.5 39.9 98.5
20.1 30.0 98.5 40.0 99.3
Average 20.2 30.1 99.3 40.0 99.4

4. BREEZE

4.1 FERBIZBITZRBEROEH

BN RERTT 2 R O8NS, KRB, EREBL I,
D OEDORFEN 2 E REEDIIE & 7% - T BN
Ths., FEBIE, BEFCKHIORENNRAL, 4+
PR - THEBNIAWE O 2F> Tnwb, FEABICBT
LRBEKOKE, S, TABEB XN Y LAOREE I
K 2 A G % Fig. 2 1I2R L7z, BO-03-01 XfidEic B
J 520034 4 HOKiEB X U5 0 AKFESA (Fig. 2d,
Fig.2c) # R 2% &, FEABNOWEK & HAEKIE, FREY
AGEM 2 BRI L CARRIZR 3°C, AT 3PSU %
fELTwa, #Il (1990) 12Xk 2L, ¥ETIR2 ODRK DK
BTS2 L, FrN) U IRROWNE L 7 v B
FUEWC & 0¥ ECIREPOR A E L 5. Z O EIPOR
i, VR E 2k 7oy b EIRENTW S, FEIKE
T ENR - BESOME AR KRR - BRSO EIK
BeDBERICBE Y o> FBEL, BHIZB W TRER L
SR LIz, 7ury b EERE LT, BALAEOHAK
DEERZKEB L ES»ORD D L, BEIZIZEALE
Lz nwZ E3borolz, 70> s OMHEITAED 3°Ch
BAETDDIZ, BENPELLEVLORESESHEL TW
57D TH5., FHABIE (N-7) B w»w THE 21
PSU R, EESOREARDSHL TnE, i,
ARE=ZN CRE, BRI, 821 & EoWMI»NTHAL
THENOEKREZELLLFHIRT 2720 T, oA LR
PR U OMK EIRE LRI T 5. 7o,
EFEOFBEEILERTRAEAL SHAR» S TLHBDH D,
REZ) 6 4G S - BERFEYE T ET xS h
3, Lo T, NV (Fig.2a) 8L U007 4 B
(Fig. 2b) DREEIX, EOEH & BRI > T
7o, HEEE (N-8) OFhe DR, EESERLE
Mg (N-7) CHBEL CERE T/, 2D Ehns,
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HEBEBICIAREEN ERBR BN 7 AT 4 O
FErbseFEzonD, £iz, BHREE (N-5) 2805
N7 LABLOT A BEORE IR K2 HEMEZR LT,
FOABROESB L OB EIEDOZ0 S LD KL %
o7z, I, BNV UL, G A BEEERRF LW
JIZKDS, ¥R EBEE D 20 BRI £ THRILL TE 72k
KIN—LTHBEHEZOND, %72, 2006FEOFEZFICE
J 2 R DA E 20034 £ FIKT 5 &, BIEICIZB I
THRES L5 (Fig.2d) Rk, o7, 2% D,
20054E12 1%, FHEBIKEMNT2003FIC R on-8dE 7 o>
FERHBTIENTE R o7, ZOBME 7 v MEK
1%, 20044 8 H» 520055FE10H D 142 » H bt 7- 2l
DRIEATIZ X D, FEAEH» S EIMNEIHE < IR OUFHEER
BRREL B LI EEZ NS, FEBICBT 5
GENYTAB LT A BEOHBEG% Fig. 31cRL
7z, Zhs OB S, FEBEOKREKL, KEZ)k
EDOFNIAK & &t BERIOHEA L DREGIC L > TERKS
N2eFEzZo605, SSHIPEBBRE BV, AIHRL
1B OEAK EEINER R & DREHETUC & - THK
DHENRRESN TR EFEZONS,

4.2 HFRNES LUKRBIZHIT2REKOEEH
20014E11 H 21, BO-01-28 Xfji#g 12 3 1F 2 ¥l o
T, N, HEE YRS & BRI BV T —EBIC
bleoT, MHREKOFEAKES—EYY) /7T 71085
KiEB L I OWTDO T —F R E1T-> 12, HEF NG
Z, AN, MWEB & SN B £ 7 EEKEE 3Im O
BT, 00EBI VPSR DII> w5 (Fig. 4). %
7z, Ak oM, BEIOFERZT 5 ETHEk, 1B
Fa¥Ee 3 & D E/KIE, &SI EEROBERLZ T 5
BEMEE D 4 ¥EBE CIThb 5., KB % BO-01-28
R, S S ALHKE & 8 T e & v A
L, E#KEs o BEEsIc R 2178 E, 2HESTOH
BeEMmLL., 20X 5 1l TRVWER TR ERES © i
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Figure. 2 Horizontal distributions of barium, silicate, salinity and temperature in Ise Bay.
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FHg 2B L 7 137 <, NHgO#k &SR (FE I 4V a OISR S Lo 728, AR S 4 EtIc

Hu) L DRGSO ICHEBEBERENEONS Z &
BHIRE L7, F72, 20034E 4 H (BO-03-02) 12 XY
W B8, KRB W T O REASE 2T 5 2 &
BTXTz,

KB B 5 RE KO T A B, NV VLA, 7o
a7 4 )va, B L OKBOEE T b AKFES A R
Fig. 512/ L7z, AKIRBICBWTIE, (H/KE LB
i % L4y (Fig.5d) T 8PSU, Ki& (Fig.5e) Tl
2°C ERELZEALLT, LT, KERED» S REFAEIC
DT TAENKE S EH L GAE, KEKE (0-8)
Tholz. T, LHEAEN (0-9, 10, 11) & FHEHk
(0-12, 13, 14) %3 2% &, KiEEDS54m (Fig. 5e) 8
THFE L oTz, 20X D ITKERESDNEE T 5K T
X, FEBEOESCRESN O EFRERIC 7 o> s 235
ELTWDEHEZ LN, BT L ICRBEKRDSROR %
HxZbDIZLTwE, KEBICBT 2N 7V ABXLU0T
A BREOREIFEE (7 O-1) Tedbicm<kD,
N AD5E (Fig. 5a) 13 A28 B 7K [ h > Tk
BT 2. 74 BEEE (Fig. 5b) 1%, KREHHRE (O
-5) THHEL, [FMLS CIHEEE b FiciE L7z, 20
KT raa 7 4 v alBE»0.8ug/l 2L, KSR
D2 EU EDRBREEIN RSN Z 7T 7 h i
BINENTWE I NS5, %7, BHIEOKRE X
I CTHREMRETH - 72, BO (K23 E7KiE; 0-8)
D7 vy MRIZBWTE 7 A BERENE <, fifkE
ABEZELLBEAY TS, 7ur b T, WEEERT %)
RRHY, MZTr ABREPHET 270N EF 2
>3, FigbczRbE, KBEKERATIXZZ7an 7
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M»o>TrZun 7 4)valBELNEind 2 Em %R L k.
U7edo T, KRB & OFHEE D & ik & L7z 88
HRPWZ T 77 P IV IATFN TS EHERENS,

W ey v AOMEIER (Fig. 6b) » 5, N) w7 Al
AT U TR DR S 2R Ui, KRS & feFkE I

BU 5 EUFEROEES IPLRLR D, KRETIIEEROZ
g <, ALPKE TIRINEROREN R HTWw5, F
7z, B A BB OMEBEER (Fig.6a) »51%, 7o
07 4 v a OEEIIMBE - 2B (0-4, 5, 6) T,
FEREMRE D b Fic 7oy b3, 74 BiESkRES R
JeZERRLTWS, S512, BOE (0-9) THESH
7o A L, BURERRE D & a7 oy S,
Kz, 2001115 0F#El (BO-01-28) 1B % EEHE
KD 7 A B, NV A, HHB X OUKEORE IS
% IK¥5r4i % Fig, T 12 LTz,
ZOBHTESNIRBEARKOET—21F, HidLizLS
WCHEFNYEZ T T, mINEER L OCREIRAbEENT
W5, WFNEBIZOWTHER R T HH1IC, FRBEEREKD
R b7 B MO ERK E Bk 2 g LT, 2
5 OKENIC B 5K (Fig. 7d), 71 B (Fig. 7b) B
FUNY v 4 (Fig.7a) OSf# KT 2 &, mMN#ED
HEAZEFAKL VIERT, 7ABREB XU 7 AR
BMETho T, WOOAFETOVWTHHLLRTAS
&, BRI A OEMNECIHEIE S DMK TH 5, &
PNEED G I TR 72 & OIS TRA L, FEE
BRI & b % < ORERIFYE YEEE S IR AR E TER
LTwa eFzohd, ZORERAKL, Bz T
JR AL T3, BlE (2005) DRI H 2 EHKRES
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L 7uva7 4 v alREOSME» 51X, Bl EiEE
L CHREKRENEKREDBKGEN TR EEETBIE > & &
B25,

Rz, WAANEICB T 2ESB L OKEOSM (Fig.
7 RHEZ L, RERExRER SN (FES; 32.327,
KR, 19.3°C) & BEIRAK (CE¥3E4; 33.754, iy
Kl 24.0°C) OAEICHHEREWOSR S e, JEF g
BT DS, HEMEE 2 BEICHITEL, WEHNTH
W, L L, 7ABEB XU v AREE IR TE L,
P CIRWEA 2R, 72, LEE (S-19~S-27) 13,
BT A BBES LU v ADRERE 2R U, 8%
KB (S-30) LACHKE (S-12) KB 3KES X UHE
3%, ERTEES 2R T, MR X 5 £20014E11H
20 BT O B X, PUE D & W 5 0 CIER I e
LTWC, WAREICITEBRAKOBOEESROND, %
7z, TNETNO¥ER R T 2 £, BHBRAKEDIZ D HEF
A & D EAKE, FESTHY, BEIRAKOEEN LD
EThBH, WD (1981) 10X B &, WHEANUE TR S H
L 7o OBI R IIEY - ER TH D, B L EH O
Tz (£IRE) 2% £ 40-80cm B & OF 100-220cm
TH2BERRTHE, B (1996) 1%, M, B O IEIES 1
W5, B LEBICE W CEEEHEN 2 10ecm/sec. LT
B bR RHLE. 20X RIERTCRIEL S DH
BYIRRBEEOARMPIRE W E, EADPHE LT WD
W2, ERWCEBMBRAMBFEL LT 0D I ERERHLT
Vw3,

WP NI B U 2 DR 2 D Tw 2 K E R R D
1 DS E V2 5, JEF NI T RARR 23123
MALTHEY, FEROKSLEEZRM) N, HH)I,
RN ZE) FHEFNEETCERLTWwS, Lichi>
T, HEIHEEDSTMEL 0%, F7z, KEBAKENED
7 OHERICEE I NLPT, BRIGEDIFEICEE
EHENREWEEZ SN,

NY Y NERER, FEENYE (RFTER» S 77D T
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Figure.8 Relation between salinity and silicate (a), and barium (b) in Seto Inland Sea.
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Figure. 9 Relation between barium and silicate in Seto Inland Sea.
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