View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Xiamen University Institutional Repository

A5 mAS: 10384 NRS =R

2285, 21120051403164 UDC

B r3

[ e VAN &

RN R IR BB RS FEMR
The Study on the Oceanography of the Yellow Sea and the

East China Sea Traced by Radium Isotopes
RS-

I HL: FEL K
X #a
+ Ak % Ak FNF
WX IR A H: 2008 5 08 A
X AR : 2008 £ 10 A
FaFT a8 200 F A

ERMERTR: BoLT MRR

oo AN ZE HIRA

K& R GR

B HER

2008E 10 A


https://core.ac.uk/display/41393986?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

BXEFEFAILIREEE A

AN EAZ WAL A NAE FINHR TR, M58 IR T
Ko RNAEWRLGIEF S HAAN NGk O @R RIWE TR, 1)
AE SO DATE 2 5 AU W], IR SRV (TR A2
ARFESRE GRAT) )

Tk, AR SO JRTTRAARFE R R 20O TG (4D i

FURR, AT ( ) B () R = v,
£ ( ) B SE . G AERL EAG 5 WS PR SR

UGEA D o7 NI S A0 BK, AR AT IETA AR, ] AAM R il A5
. D

PN (B4 -
F H H



BIRFFAIRCEAERE A A

ANFRETTR AR YE Crp e N RN [ 22 07 2% 8 47 5K it
V) SERLE Or BRI I RS2 218 3C, JF 1) T2 A1 T B F R e MR AT
AL CRFRARTURCI L TR0, FRVFSA AR SCREAN TR
(EYSE L S VINE I NIV R PNE 2 b VA S8 IVNE N Y
(12 SN U/ e 3 VA PN €8 SR VA V6 JE i X T vz O = S VA B R U AN IR
GG RS, SR ED S AR Bl sl H ey sUs R 2 A 18 3

=S VAT S

C N D LRI TRF O Z 5o A% 8 R 20018 3,
T 2011 4 11 1 Hfis, s e il ] Bk Ao

( ) 2. AR, EH BB

G FELL EANAR S NET “ v 7 BUIH BRI R IR A1 3
Mg B E TR IR E LR i e D A AR 30, R TR R
SE ALV S A IT AR S SRR IR ANIHE 1, BOA
AR S, BIiE M BRI D

v
psi
H>
pain

F
>
4
% B



m
!

£

e R - X S USSR 6
e R 3= 3 o L v SRR F SO UU 7
1 AR AT 2 TR T e 8
2 BRI BT S I T oot 9
2.1 W EREE AR R 3B B AT I T e 10
2.2 MR IR R AT IR AT R I TT e 11
2.3 MBI R B T B 12
2.4 WFIEIEITE TV oot 14
2.5 ] I ZK AR ) AN PRI AE BT e 15
2.6 JKARAEE B I T IV B0 e 15
2.7 HUFZKEIANTT T IS oo 17
2.8 R AL RAL VIR ERAL 2 o TR AEARSE L g — SR T AR AT J8i 3 4 (1
T ettt s 19
e T I = Sl 8 = b SO OO U PU PR PPPPPO 21
L R T 28 B R TTV0 et 21
2 BRI ZEEIE BEMIERTE oo 22
2.1 00 BETETZ oo 22
2.2 S RTNERIE oo 23
2.3 B U B e 24
24 Y BETETE et 24
2.5 VAR ERAERETL oo 25
2.6 JTTTEVE ottt 25
2.7 BT TTIEIETELIR oo 26



EMY Ra FAEEEFTRIIR ..o 27
R BB IR I crrireee et e e e e e eee 28
-y eI X T = | s g SR 28
gk~ Sl - B OO OSSO PSPPRSRR 29
LR TR 3 Ly AP PP P PP PPPPTPPPRRRRN 29
B BRI R R e 31
<Rk SR -y b S PP P PSRN 32
- = R i 1= S 33
2 e R TN 1 = SR USUOUPPPPPPPPPPON 35
I 22 RAIHITI L oottt 35
2 BRI IEIIERE oo 36
3 HEAKT Z2ORa R T FETE B oo 37
4 PERATEIZERZIE oo 37
5 T R T B e 38
6 JTETEIIME .o e 39
7 WL G HIIE LI e 39
8 AT LM IEEIE oo 40
- R TN 1 =R SUUR 41
1 Z2ORA IR oo 41
2 HFEAKF PR BRI EETE BT B oo 41
3 P2ORAPI IR ZNE oo 41
A T PR ZE T B e 43
- o e TN 1 OO PPPPPPPPPON 43
1 22 R T R e 43
L REE T HT AR oottt 43
1.2 B AIRTE ITETE oo 44
13 ZRJERII B oottt 44
14 BRI oo 44
1.5 WARFE S TRPEICIREM . ooooceo e 44



2 PRADME I BLIRZIPE oo 45
3 HEAKH 22 Ra I E T B e 45
G IR ETR ZE BT oo 46
5 P TR LM IAEIE oo 46
E=ZE HENMEBERMURREKERSM . oot 47
R v (N Uy - I L B USSP 47
1 AEFEHE 7 PRa T I T et 47
2 BIEHEMIUZRIE 22 Ra BT 7K et et 47
3 TR P RATTE LT oo 48
4 JEBTHE 2 RA TP oo 49
A1 ZRJE I AT coe ettt s st 49
B2 TE T AT AN coveveeeeeeeeee et 51
5 FIREIEANZRIT 20 RA TEI 2 oo 52
5.0 2R TK P RA NN oot 52
5.2 FE B A oottt 57
-famte R LT U = B O U UPPRUPRRRRRRN 57
1 JEBEE 2R (7 KT e 57
2 BIEHERUZRIE ORI B IR K oo 57
3 B TUHR Z2Ra WL ELBR oo 58
4 JEBEHE P2RA I N0 oo 62
A1 ZRE T AT e 62
B2 TE T AT covevereeveeee et 64
5 B PEIEANZRIT 2ORa FEI 20 oo 65
5.1 R 2T TORA I3 oo 65
5.2 BB A oottt 68
R R PN L = U B SRR 7
1 BB 225 Ra (3 IR T oo 71
2 BIEHERUZRIE 28R BT 7K e 71
3 BT 225Ra T IE L oo 71

il



4 JEBEIE 225RA I oo 75
B R I AN ettt 75
B2 T T I AM oot 77
5 FFEANAIT 225Ra M1 700 oo 78
5.1 ZRJETK P2 RA 1M oo 78
5.2 T T 1M ettt 83
B A B B i i iiireeeeeeeeeeeeeeeeeeeeeeeeeee e a——————————————————————aaaaaartt ettt araees 83

E—F EBINZRE IS o vveeeeeeeeeeeee e e eeeeeirreeeeeses s e ierareeeeeeeseereaeeens 84
L T M et st 84
2 TKB e 85
3 RJEUR ERIIATHEIL covoeeoeeeeeeee e 86

2 pte SO (- 2 LA 9 R UPPPPPRRRN 88
1 dbsEifE =t Ra [RIAZ G REZTALM E, EOG M S TR C AR . 88
1.1 JBwHE = Ra [AA7 38 EEIG FEAOZE T 2R e 88
1.2 JESHE =R Ra A7 2 B I e 88
1.3 BT =R Ra A ZIE L L 89
1.4 Jb3aiE = A Ra [FA7 28 TR L S EREE IR R e, 89
2 dbEOE A Ra [RIAL 2R (K40 A0 5 T8 7R ARSI R 89
2.1 s 2K = Fh Ra AL Z M ATRFAE 0T o) 89
2.2 EhERT AL 2 Ra A2 Ra IV A TE B .. 91
2.3 ABTEIEE B2 WA BT L cvoveeeceeeee e 92
3 b TR R A7 2 1K B0 A 5 TR 7R I A R 94
3.1 JETEE Ra T B AL 0T oo 94
3.2 JEHETE BRI HURE o 94
3.3 JbiifE =Rl Ra A Z M TE HY HUE ... 96
3.4 TOEA K XIS TR ERIHIIZ oo 96
3.5 BEHREA KT EIU T oo 98

F=T BEBNMEEERIEEIESE ... 98

iv



H =

1 PRI AURIE Ra A7 OIS EERTT AR iy TERE R e 98
1.1 PRI Ra AT B ZE TR oo 98
1.2 BRI ARG = F Ra AL BRI R e 99
1.3 FASAARIE =R Ra AL ZETEFE s 99
2 PP AR A Ra [RA7 38 HUTE S 3R IR R 100
3 PRI R IG JEK =T Ra [ 287040 SO R Z IR e 103
3.1 FEOERIZRIGR WK = Ra (A7 28 AR oot 104
3.2 WRVEIIRIEN Ra AT 2 oo 105
3.3 PEHVEDKARIR LI RA AT 2R oo 106
3.4 R BRI ZRUE T B IRAR IR oot 107
3.5 PR ZRIE K TR B BB e 108
3.5.1 22 RA I ELLE Tt 108
3.5.2 225 RA KT EELE T 109
4 FEHR AN ARG AR RO 2 1 T A S TR 22 T R e, 110
4.1 FEHIRERIZRIE Ra T8 AR E T oo 110
4.2 AT RIEIE IR T HUR AL s 110
4.3 P BRI B0 = F Ra [F7 28 I LA B AL oo, 113
4.4 503,505, S07 Wrlhl Ra [FJA7 Z A MM oo 114
4.5 WHTH R LI IV B e 116
4.6 FEUFA KA BB TR RIS oo 117
5 R IR 3 20 A Ak S ST AR ) 2R AARASE B IR TR e 118
5.1 JH #°Ra il 2*Ra 45 B 88 R AU A S B TA] o 118
5.2 By Ra A1 72 Ra Jy 0 E A R BRI AN A It B K R A BRI TR e 119
- T - U UUSU 124
1 RATATEZE I oot 124
2 T B ZR B oo 124
R == i == SO OO U SUU U USURERURRUON 124
4 PETRIIHEEZE T oo 125



B B TR o eeueeererreenernerneeneeneeneensesensnneesansnnsnnsnnsrneeenssnsnsnesnnns 139
> -2 150
S T 151

vi



Contents

Contents

Chinese ADStract......ccceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiiieieeiiinseccinnsnen 1
D 17 D3 (T N 0 1] 3 U 3
Chapter 1 General introduction........ccooiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnnns 6
Section 1 The Yellow Sea and the East China Sea..........ccccivviiieiiiiiiiiininnnnen 6
Section 2 Radium isotopes in marine enViroNMeNt......coeveevieeiieiierincineriieraecneenns 7

1 Sources and sinks of radium isotopes in marine enVIiromMent..........c...oceveeereveerreveennnen. 8

2 Applications of radium isotopes in marine eNViromMent..........cceivvereerereereeneerneneennes 9

2.1 Contents and distributions of radium 1SOtOPES......c.ceerrvirerireeeiiieeeiieeeiie e 10

2.2 Geochemical behavior of radium 1SOTOPES. .. .cciiiiuierieiiieiieeie et 11

2.3 Calculation of eddy diffussion coefficients...........ccceevuvieriieeiiiieiieeee e 12

2.4 Study on mMaterial fIUXES.....c.eeveiieriieiiiiiie ettt ettt es 14

2.5 Estimation of the outflow speed of river Water...........ccceeeiveeiiiieeniie e 15

2.6 Calculation of the residence time of the sea water mass. .........ccceeeveeveerienieniennnn 15

2.7 Application for submarine groundwater discharge...........cccceecvveevciieencieeeniiecriee e 17

2.8 Radium isotopes as tracers for sediment geochemistry, marine chronology and

$€a-atmoSPhere EXChaN@e.........ccooiiiiiiie e eaaee e 19
Section 3 Measurement methods of radium isotopes.......cccccevvinneinnnnene. 21
1 Enrichment methods of radium isotopes of seawater............cccuveerieeenieeenieeeiee e 21
2 Analysis methods of radium 1SOtOPES. .. ..cccueeruieriiierieeiieie ettt 22
2.1 Alpha-spectrometry method..........ccooiiiiiiiieiiiece e 22
2.2 Emanation-scintillation method.............cocoiiiniiiiiiiiiieeeeen 23

2.3 Beta counting method for 22 Ra.............oiieiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseesen 24

2.4 Gammer-spectrometry method...........coooiiiiiiiiiiiiiiiiececeee e 24
2.5 Liquid scintillation method............ccooviiiiiiiiiiiie et 25
2.6 Mass-spectrometry method...........coooiiiiiiiiiiiiiiiieieeee e 25
2.7 Method COmMPATISON....ccuuiiieeiieeeiiireeitieeeiieeeesteeeesreeeeereeessssaeeessseeesssseeesssseeesssseees 26
Section 4 ReVIEW...cuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiitiiietiisteiesteistctestcssscsssscsscnnces 27



Contents

Section 5 Studies of radium isotopes in the Yellow sea and the East China Sea...... 29
Section 6 Objectives and contents of this study......ccccevieieiiiiiiiiiiiieiiiiieiienae. 29
Chapter 2 MethodS......ccceeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiieieinneeee 29
Section 1  Sampling Stations.......ccviieiiiiiiiiiniiiiiiieiirieiieeteirsiestcenscssssenscsnses 29
Section 2 Main instruments and chemical reagents..........cccoeveeieiiiiieiiiinncnnnnn. 31
Section 3 Sampling methods......cccvvviiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiineiieeieinecoecsonnnn 32
Section 4 Adjustment of Rn-Th analyzer........c.ccccevviiiiiiiiiiiiiiiiiiiiniiiiiiicineian. 33
Section 5 22*Ra determination...........ceeeeeervunnnneereeesnnneeeeeesassnsneiesecsesnsnnneenes 35
1 ?**Ra determination PrOCEAUIE. ............o..ov.eveeveeeeeeeeereeeeeeeeetisieses e eeti v seeeseeseesseenesees 35

2 Selection of carrier gas flOW Tate.......cc.eeeviieeiiieeiie e ie e e saee e 36

3 Calculation of ***Ra actiVity in SEAWALET..............cocceoiveoviimeeeereereeeeseseessesessean. 37

4 Efficiency CaliDration.........cccveeiiiiiiiieieiiiieeee it e ettt e e e aee e e e e e eva e e e eaes 37

5 EIror CalCUlation.....cccuiiiiiiiiieiiiiiee it 38

6  Method 1epeatability.......cciiiiiiiiiieiiiiiiie e e e e ee e 39

7 Comparison of siphonage method and double pillar method...........cccceevveriiennenn. 39

8 COITECt OF PTR AECAY. ...t e s 40
Section 6 2R deterMination. ........uueeeerrrrunnneeereersnneeeeeeerssssnieeeeeesssssnnneeess 41
1 ?*°Ra determination PrOCEAULE. .............vueveeeeeeeeeeeeeeeeeeeeeeeeeeeeereeeeeeeeeeeseeseseeseseeeeen. 41

2 Calculation of ?°Ra activity in SCAWALET...........ccooooooeoeoreereerererereeeseesseennn. 41

3 Determination of system effiCIENCY.......ccceviieiriiiiiiiiie e 41
4 Error calCulation.......coouiiiiiiiiiiiiiie e 43
Section 7 *2*Ra determination...........cceeevevvunneeeeeerereeeeeeeeresssneeeeeeeessnsnnneenns 43
1 7R deterMmination............o.ovuoveveeeeeeeeeeeeeeeeeeeee s 43
1.1 **®Ra determination ProCeAUIE.............o.veveeveeeeeeeeeeeseeeeeeeeeeeseeeeeeseeeeeseeeesessseeeens. 43
1.2 Selection of carrier gas flOW Tate..........ccceeeiieiieriiieiieeie et 44
1.3 Background measuremMent............ccccueeeriieeriiieerieeesieeesieeesireeeeaeeesereesssseeesneessneeennes 44
1.4 Determination Of SAMPIES.......ccceeiiiiiiiiiiiiiiiiieeiteeieeee ettt 44
1.5 Influence of sample aCIdity.......cceeeviiieiiieiiiiecie e e e 44

2 Determination of method effiCiency..........coccivviiiiiieiiiiiiiiiee e 45



Contents

3 Calculation of **®Ra aCtiVity in SCAWALET...........o.eveveeeeeeeeeeeeeeereeeseeeeeseeseeeeeeeeseeenenn. 45
4 Error caleulation......o..ueeiiiiiiiiie e 46
5 Calibration Of 25 TH AECaAY........eveveeeeeeeeeeeeeeeeeeeeee e eeeeee e s e s 46

Chapter 3 Methods Chapter 3 Contents and distributions of radium

isotopes in the Yellow sea and the East China Sea.........c..cccoivviiinninnnnnn. 47
Section 1 Contents and distributions of 22*Ra..........ccevvveeeeeeeerrrennnniinneeiensonnn 47

1 Contents of ***Ra in the northern Yellow Sea..........oowoveeveeueeeeiiriorieeereiieeeeeeseene. 47

2 Contents of **Ra in southern Yellow Sea and the East China sea........................ 47

3 Comparisons of “**Ra iN SOIME SEA ATCAS..........eeeeeveveriiisieieresoeesieeeesesesseseeeeeenan. 48

4  Distributions of ***Ra in the northern Yellow Sea...........coowioeevereeeeeeeereeeererreeenens. 49

4.1 Horizontal diStriDUTIONS. ......eeitieiiiiiiieiieeiieee ettt et 49

4.2 Vertical diStriDULIONS. .....ccueiiiriiiiiiieiiec ettt 51

5 Distributions of ***Ra in southern Yellow Sea and the East China sea.52

5.1 Horizontal diStribUtiONS........c.ciuvivuiiiiirieniieieeieteeie ettt 52
5.2 Vertical diStribDULIONS.........ooiiiiiiiiiiiii et 57
Section 2 Contents and distributions of 22 Ra........ceeeeerrrveeeeeerrrenniieeeeeereennnnnn 57
1 Contents of *°Ra in the northern YEllow Sea..........oov.oveeveeeeveeeeeeeeeeeeeeereeeseeseene. 57
2 Contents of “*°Ra in southern Yellow Sea and the East China sea...................... 57
3 Comparisons of “°Ra in different Sea areas............o.oveveeveeeeeeeeeeereesesesreseseeseseesennn. 58
4  Distribution of **°Ra in the northern YEllow Sea...........oowweveveeeereeeeeeeeeeeeeeresreseeens 62
4.1 Horizontal diStriDULIONS. ...c..ceitieiiiiiiieiieeiee ettt 62
4.2 Vertical diStriDULIONS........cevviiiiiiriiiiieiieeteeee sttt 64

5 Distributions of *?°Ra in southern Yellow Sea and the East China sea.65

5.1 Horizontal diStribULIONS. ......cccuevieriiiiiinieiiiieciieieee ettt 65
5.2 Vertical diStriDULIONS.........ooiiiiiiiiiiiiieee et 68
Section 3 Contents and distributions of *Ra........ccceeeeirriieerrrvnnieeeeeerennnnnnn 71
1 Contents of **Ra in the northern Yellow Sea...........coooevovveeeeeeereeeereseeeeeeessenns 71

228

2  Contents of ““*Ra in the sorthern Yellow Sea and the East China sea..................71

3 Comparisons of **®Ra in different Sea areas............occooeooeeeeeeeeeeveeennn. 71

il



Contents

4 Distributions of ***Ra in the northern Yellow Sea..........cocooveevreereeermeemreereeenene. 75
4.1 Horizontal diStribUtiONS........cocueiviiiniiiniiiniiinieeieeieeeeeeee e 75
4.2 Vertical diStrIDULIONS. ...ccueiiiiiiiiiie ittt et 77
5 Distributions of ***Ra in southern Yellow Sea and the East China sea..78
5.1 Horizontal diStribULIONS..........oiiuiiiiiiiiiiiiieiiete ettt 78
5.2 Vertical diStrTDULIONS. .......coueiiiriiiriiiieeieiteeieeter et s 83
Section 4  SUIMIMATY...uiiiieeiiiieiiiieiiiineietnatessssssesssossssssssssssssssssscssssssssnssons 83

Chapter 4 Oceanography of the Yellow Sea and the East China Sea traced

Dy radium iSOtOPEeS....cceueiiieiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiicinnciestcinccinscsnenns 84
Section 1 Hydrology of the Yellow Sea and the East China Sea..........cccoceveinnnnaenn 84

I S@a CUITENES. . .etiiieieeiie ettt et e et e e et e e e aeeeee s 84

2 WALET INIASS.cuitieuitieiiiee ettt ettt ettt e ettt e ettt e st e ettt e ettt e et e e et e e sttt e e bteeebbeeesareee e 85

3 Salinity and temperature distribution of surface water............cccceeeveeeiieencieeenneeennee. 86
Section 2 Radium isotope oceanography of the northern Yellow Sea.................... 88

1 Seasonal variation of radium isotopes, Inventories, activity ratios relationships

between radium isotopes and Salinity..........ccccccviiiiiiiiiiiiiiiiiiiiiee e 88
1.1 Seasonal variation of radium 1SOTOPES.......eeervreeriieeiiieeiieeeiee e e e e eeeeeaeee e 88
1.2 Inventories of radium isotopes in the northern Yellow Sea........cccccoceeviniinennnnnn. 88
1.3 Activity tatio Of radium 1SOtOPES.....ccuvieerieeeieiieeiiee e e eieeeereeeereeeeaeeeeereeeeaaeeeeeeas 89
1.4 Relationship between radium isotopes and salinity...........ccceeeveevierciieniennieenneennen. 89

2 Horizontal distributions of radium isotopes in the northern Yellow Sea and the

2.3 Horizontal eddy diffusion coefficients of section B2...........cccccocevviiiiniininiencnnns 92
3 Vertical distributions of radium isotopes in the northern Yellow Sea and the relative
OCEANOZIAPNY PIOCESSES. ... nturieriieaiieniieeteeseeeenseessaeesseessseenseessseasseesssessseessseesseassseenseens 94

3.1 Vertical distribution characteristis of radium 1SOtOPES........cccveveuveeeiiveercrieerieeeeneenn 94

iv



Contents

3.2 Eddy diffusion coefficients of the northern Yellow Sea..........cccoeevvieeeiieenciieennnn. 94
3.3 Vertical fluxes of radilm 1SOTOPES.....c.eeeeuieriieiiiieriieeiiecie ettt ettt et 96
3.4 Nutrient transport of the Northern Yellow Sea Cold Water Mass...........cccccvveeneen. 98
3.5 Upper boundry of the Northern Yellow Sea Cold Water Mass..........c.cccevuverereennnnn. 98

Section 3 Radium isotope oceanography of southern Yellow Sea and the East China

N s 1
1 Seasonal variation, Inventories, and activity ratios of radium isotopes.................... 98
1.1 Seasonal variations of radium 1SOTOPES......cceeevureruieriieiiieriieiiieiie it eieesiee e e 98
1.2 Inventories Of radilum ISOLOPES......cccciieiiuieeriiieeeiieeeiie e st e ieiaeeiaeeeirreeeereeeneaeeeenes 99
1.3 Activity ratios Of raditm 1SOTOPES.....ccueervieriieriieeieeniieiiiieieecteerereeteesieeebeeseneeeeens 99
2 Relationships between radium isotopes, salinity and turbidity............ccceeeevieerneennn. 100

3 Horizontal distributions of radium isotopes in the surface water of southern Yellow

Sea and the East China Sea as well as the relative oceanography

PRETIOMICIION. ...ttt ettt ettt e st e e st e eteesaaeesseeesseenseessbeenseessseenseenaseenne 103
3.1 Analysis of radium isotope distribution in surface water............cccceeevveeevveeerneennns 104
3.2 Radium isotopes in coastal CUITENt ZONE.........cceeeuierieeiiienieeiieeie e eiee e 105
3.3 Radium isotopes in Kuroshio area...........ccceeeveeeeiiinciiiciiiecieccee e 106

3.4 Main water of southern Yellow Sea and the East China Sea........................107

3.5 Horizontal eddy diffusion coefficients of southern Yellow Sea and the

East CRING SCa. ..ottt 108
3.5.1 Results obtained from 22*Ra data .......oovveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeen, 108
3.5.2 Results obtained from 22 Ra data..........ooveveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e, 109

4 Vertical distributions of radium isotopes in southern Yellow Sea and the East China
Sea as well as the relative oceanography phenomenon............cccccceveeviiiiinennnn. 110
4.1 Vertical distribution charaCteristis...........ceoeerieeiiierieiiienie e 110

4.2 Vertical Eddy diffusion coefficients of southern Yellow Sea and the East China

T 110
4.3 Vertical fluxes of radium 1SOtOPES.........eeuiimimiiiiiiieiieeieeie ettt 113
4.4 Radium isotopes contours of section S03, SO5 and SO7.........ccccvvevvveeriieeenieeenen. 114
4.5 Speed of coastal upwelling off Zhejiang.........ccceevveeviiiiiiiiiiiiiieieeeeeee, 116

v



Contents

4.6 Nutrient transport of southern Yellow Sea Cold Water Mass.........cccceeeuveennnee. 117

5 Residence times of southern Yellow Sea and the East China Sea calculated by radium

1T 01 0] o 15T 118
5.1 Residence time calculated by the 2°Ra data..........o.covoeeeveveeeereeeeeeeeeeeeeeereenne 118
5.2 Residence time calculated by the *°Ra and ***Ra data..........cccocooeoerverreeereeenns 119
(O] F: 10175 QTN 1111111 F: 1 o) U 124
1.1 The distributions of Radium 1SOtOPES........cccuveriieriieriieiieeiieieecie e 124
1.2 Studies on the eddy diffusion coefficients...........cccceovuieeiiieeiiiieniiiciee e, 124
1.3 Inventories and fIUXES........cccccuieiieriieiiienie ettt sttt e 124
1.4 Relative OcCeano@raphy........ccccveeeiuiieiiiiieiiireeiieeeieeeiieeesiaieesieeesveeesveeesseeensseesnns 125
Attached tables....cccoiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiceieenaees 127
References. cooviiiiniiiiiiiiiiiiiiiiiiiiiiiiiieiiniinecneretiecsacecsennnsssnsccccnns 139
APPENAIXES..uuntiiiiiiniiiiiinnnteeesieeirsiosesosssssssssssssssssessssscssssssssssss 150
AcCKNOWIedgements......covveieiriiiniiiiriiiiiiinnnttieiiinsrticeisnssstccssennsnees 151

vi



) 1-1 I AT I 6
B 2-1a dBBEHE ARG L B o 29
) 2-1b BRI R IR T o 30
B 2-2  RBEE B R 32
K 2-3 nd/mp SRR RN 34
Bl 2-4  BIESFRAEREM I TEEOR ng ISR 35
2-5 PMRa R B R R 36
B 2-6  SEIEASTRE S BB R BE e 37
<] 2-7  RUREVERMTIRE P A 45 R LR oo 40
B 2-8 22Ra MR B R e, 43
F 2-9 SN AR S R B R 44
B 3-1 JEBIATRIZEK 2 Ra A0, 50
[ 32 C1 A C5 WITRIZZK P Ra (AT, 50
B 3-3 B2 W2 K 2 Ra (200 oo 51
3-4 JEEEHEETE 22Ra M0 LA e 51
Bl 3-5 JEBEIAZ P2 Ra MUTEEL 0., 51
K 3-6 HFERHEAAERIZK P Ra B AT oo 53
B 3-7 AFTRWHBEMARREK Ra M. 54
3-8 R HG ARSI 2 J2 /K P 22 Ra LT BB B R BE B AR, 55
Bl 3-9  BERIRIZARIE 2*Ra FUTEEL AN 0., 56
3-10 AHW5EE Nozaki et al (1991) FA U7 *°Ra HiGEMMA L. ..o, 61
B 3-11 JEHEATRIZK Ra 0 H ., 62
3-12 dbBEHE A TR IE KR AT o 63
Kl 3-13 C1 A1 C5 WITHRIZIK 2 Ra I oo 64
K3-14 HZB2WIHRZ K 2 Ra I N oo 64
Bl 3-15 dE3EHE R ZE 22°Ra BUTEEL Ao, 64
3-16 JLIEHFATE 2Ra HITE 200 oo 65
B 3-17 FERIZRAEETE 2Ra MK, 66

vi



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

