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Behavior of Chemical Elements and Biological Activity in Seawater
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The concordant variation between chemical elements and biological activity in seawater is reviewed in
this paper. The flux of the biogenic components in seawater is highly linked up with the flux of the
lithogenic materials or vise versa, indicating that suspended clays. fine fractions and chemical elements
are efficiently scavenged through the water column by sinking organic aggregates.

Most of chemical elements in seawater are formed as complexation. suggesting that the biological
activity in seawater plays an important role in becoming a complex form of chemical elements.
Therefore, it is necessary to study the form of chemical elements and their behavior with respect to
biological activity. Understanding the linkage between the biological activity and the behavior of
chemical elements in seawater is the first step to explore oceanic environmental change including
material cycles in sea water.
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Table 1. Average concentrations of chemical ele-
ments in seawater (The Open Univ., 1989)

Elements Concentration{ppm ome possible dissolvad species

chionne(C1) 1.95x10 cI-

sodium(Na) 1.07710° Na*

magnesium(Mg) 1.290x10° Mg

sulphur(S} 9.05x10° S07. NaSO,”

calcum(Ca) 41200 ca’*

potasium{K) 3 80x107 K*

bromine(Br) 67 B~

carbon(C) 28 HCO,™. COy". CO,

nitrogen{N) 15 N, pas, NO; ™, NH,~

strontium(Sr) 8 St

_A‘_gl

NS YEUS

oxygen(O} 6 O; gas

boron(8) a4 B(OH);. B(IOH), ™, H,80,”
silicon(S1} 2 Si(OH),

fluorine(F) 1.3 F~. MgF*
asgon(Ar) 0.43 Ar gas

Wtheumn(Li) 0.18 X

rubidium(Ab) 0.12 Rb*
phosphorus{P) 6x1072 HPG™. PO, HPO,”
iodine(1) 6x1072 10,7, 17
barum{Ba} 2107 Ba™
molybdenum(Mo)  1x1072 Mo0,*”
arsenic(As} 3.7x1073 HASO,>™, HpASO,~
uranium{u) 3.2x107? U0AC0O,),"
vanadium(V} 3.2¢107 HVO,™, HVO,?”
titarmum{T1) 1x107? Ti(OH},

2nelZn) 5x107* ZnOK*, Zn?*, ZnCO,
rickel{N1) 4.8x107* Ni?*, NiCO,, NiCI*
aluminium{Al) 4x10™* AQH),”
caesium(Cs) ax107* Cs*

cheanium(Cr) ax10™ CilOH), €O
antimony(Sb) 2.4x107* Sb{OH)g™
krypton(Kr) 2x107* Kr gas
selenium(Se) 107! Se0y!", Se0,2"
neon{Ne) 1.2x107* Ne gas
manganese{Mn) 1x107* Mn?* MnCI*
cadmium(Cd) 1x107 Cdcl,

copper(Cu) 1x107 CuCO;. CuOH®, Cu®*
tungsten{Ww) 1x107* wo,>

won(Fe) 5.5x107% Fe(OH),*, Fe(OH),~
xenon{Xa) 5x107% Xe gas
2irconium(Zr) 3x107° ZK{OH),
bismuth(Bi} 2x107° Bi0", Bi(OH),"
niobium(Nb) 1x107* Nb(OH)g~
Thalium(T} tx107® o

thorium(Th} 1x107% Th{OH),
hafnium{H1) 7x107® HI{OH)s
helium(He) 6.8x107 Ha pas
berylium(Be) 5.6x107% BeOH*
germanium{Ge) 5x107° Ge{OH),, HyGeO,”
gold(Au) a0~ AuCl,”
thenium(Re} ax107* Re0,”

cobali(Co) 0™ Co®*
lanthanum(La) x107® La{OH),
neodymium(Nd) 3x107¢ Nd(OH),

lead(Pb) 20107 PBCO;. PBICO,),7"
sitver{Ag) 2x107° AgCly”
tantalum(Ta) 2x10°8 Ta(OHls
galum(Ga) 2107¢ GalOH).~
ytirium(Y) 1.3x107¢ Y(OH),
mercury(Hg) 1x107% HqCI.", HgCl,
cerium(Ce) 1x107¢ Ce(OH)y
dysprosium{Dy) 9107’ Dy(OH),
erbium(Er) 8x1077 Er{OH),
ytierbium(Yb) 8x10”’ Yb{OH)y
gadolinium(Gd) ™07’ Gd{OH},
praseodymium(Pr)  6x1077 Pr{OH),
scandium(Sc) 6x10”7 Sc{OH)y

un(Sn) x10”" SnO(0OH)y™
holmium(Ho) 2x107’ Ho(OH)y
tutetium(Lu) 2x1077 Lu(OH)
thutium(Tm) 2107’ Tm(OH),
indium(In) 1x1077 In(OH),*
tesbium({Tb) 1x107 TB(OH),
palladium(Pd} 5x107° Pd**, PdCI®
samarium(Sm) s5x107 Sm{OH),
tellurium{Te) 1x10°" TelOH)e
europum(Eu) 1x107® EulOH),
radium{RAa) o Ra®"
pratactinium(Pa) sx10™" not known
cadon(Rn) 6x10°'° Rn gas
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AEEsT FARERY A FH=u =
EAth o] R2RYEe 4 FEE JFes
3 EF9E 929, conservative(2=3), non-
conservative(B]2£3) 283 scanvanging
element(FHRLL)E R 7153t Table 2). 8
F 5 AN AEETOIY FhitLo dafA
S92 Wslg Holx A7} non- conservative
element(F|BEH )2 FHoJHo) o)d] yrala,
conservative element(2 &34 94): =9 w3l
7t 38 E= g wEx gx 39 &
fell o8 Wdle 94E 2DPHThe Open
University. 1989). Table 2o} AolA & b). c)ol
&3 gago] A d& F=7 gEe U
Bdtt, £ HE85d 22% #AS AAE
non-conservative element & I AEd wa

biolimiting element(J EAFP2) 9} bio-
intermediate element(FHE AEAF )=
A& 7tk o9k ol ()Y (e)=

conservative element €} recycled element®) %37t
Y23F(d)., 23X recycled  element$d
scavenged element?) £33 WA E(e)oz A
¥8 4 AHThe Open University, 1989). Table
2 ol BejA Az go] PO’ NO' S AEAS
42, Cd'. Ba' §& 373 4E Aggasz
E5EHY, 5 Fo UM 9JFE Zange
¢ 84 QA 2A gL ¢ 5 U o
59 YEAIEL:, 7Y QYEATLLTY 2
Zole MrES AN PEREA A% 5=
Ao o & £ A

Table 2. Summary classification of element in
seawater (The Open Univ., 1989)
Ngervgliv n d il 0 ven: m
[] Mg Cu | Pr Tb Al Mn
Br Mo As Oy La Pt Tm B Po
Cl Na 8s Er Lu Aa v Ce Sn
Cs AL Be Eu N Sc Yb Co Te
F S [ Fe Nd Se Zn Hg T
K T Ca Gd NI S
L u Cd Ge P Sm
Cr Ho P9 Sr
2 X

T A HYBFY ¥Ee IPY Avzyy
AT@Fe FALE dotsied FeA8d E=,
A28l He) glold ATr@Fsle 3
A2 ALRE 4 U7l dE) F2AE) AE
o Al Ti €% 22 Fagda: AY¥AHA 4
7199 942 3FSE=u(Goldberg  and
Arrhenius, 1958: Moorby, 1983). °l& €4E A
Aol wat ki FE9 Aol YA gE g4
o vaHE o 474 FFAFIY dFo2 e
Y49 7|AEE goste A} dd. 28 9
g aeolian dust(FHR) Hele 57149 B2
9 W7 & 534 /A ¥ gz gugm
Red, olEe Ax A4Fy AL E 2NE
d 95ty o3 FE U HAHHE Foz9 7)
A%E H7F & 5 AtHJule et al. 1997).

A Fo A T4 FUY = 4Y
XA dAMe o ¢2ix7] gL HEo) @
g. I8, #4535 nEdas B, 3% 45
23 e Rolol A Z8% BAE /AT ¢
98+ Ak & AFFY BE 2P oigsl
A e Wgo]l 477 wWEd, a§ wgdl
o £, A, 423 @737 @A ¢
obd & Qe ] H7) dEot 6go), Fa
P42 HNE + Qe A58 Ay, S
Aoe] Y, AE35e8 539 T2 ARqME=
ugeLe 7ig®rt ada & £ Aok

A Fol A eiFday AES 94 &
Q82 A2z #3 75sit & d$ S
EAste nFdLe AP BAE AR =
Aol @etEl, HEE2 vggld 44 1
(scavenging) 5+ 420l U7l BRI HFGEL
g4 ¥lgo] Aok & £ o £ HY
HELS ZAF n|ZELE 5339 4E9 =
8 Agasta oA 71359 #F3E AXNE
T8HPE B27) Q2o JEJAEY B, 5
%9 #HFA AN wFP4 H4YPo] Wy
7HsAde) Ak

dH, B N9 IFIFTFY A, B2 8y
E)E2 AAEEY JHYdMxE E F Uxo],
G5 a2 £330 B39 4344 Oge ¢
T Atk ojH P FFEL vy x7} FL
E BT 25 XU FBIH24 QoA



HTE S0 HED YRS

Ao FFEH7E 1, YEFHANNTE 37
st AP M A &E, T8 FFS AA &
g3l7) JRo) FRPAEFAE dE2A 2 BES
B £4d w2 24 d=2dz & ¢ UG
(Fig. D.

Z%eh, ol YLAFE EEAA L9
& e =), o2 842 4EEEHY 2
BAZ AFEIAHAESEY 4% AFFHY £
v]), 3 AUgelM e g9 g &3,
WEezReq FFE oEHT add B2 F
71, #7198l EEE dA 4G 5 9@ A&
Aol wE So) nFgdse WFage] Etx
Al ET old] watd, AYq M At 2
& WEaqo] glon, 2 o)F(convection), &
AHdiffusion) 59 E€lF, 2l §71E £
o 9@ sl o] 1 FL&H/ 4]l ok
29 Hud) w2d, Cu, Zn CdY dJ¥EX:
A4, A4EHe) FXG g gshA EFsa U
&o] ¢eiA BEREFH ZF AN ASE Al
Abst . 1oH Forstner and Wittmann, 1981).

HE olEHL Y 2R

#4E vigddshs dvtzos {718 57
Foz A A F¥A Uk °lE £
¥ §718e 2 47 FEH EAEY
RE AE Y1, FEAGF F71YH} FIgel
Z&ste] EAEe Az A NFFEEeL 3
FAME HolF4EYPA(Cu, Fe, Ni, Zn 5)= &

phosphate, PO}~ (107 mal I")

oitrate, NO; (10~* mal1™)

o ZolM B2 EAMARY {71l AA
3 ZAE gYFdEe ARl R, gA8
o} os) 38 H I (Sugimura et al.. 1987a).

Table 3. Classification of dissolved elements by
Florence

Physico—chemical Approximate

Possible examples

form diameter{nm)
Retained by
Particulate 0.45—um filter >450
Simpie hydraled 2
metal ions CdH,0)6 08
Simple inorganic PBIH,0,)Cl 1
complexes
Simples organic Cu—glycinate 1-2
complexes
Stabie inorganic PbS, ZnCO, 1-2
complexes
Stable organic Cu-fulvate 2-4
complexes
Adsorbed on Cu?* —Fe,0,,
norganic collods 10-500
inorg ! Pb** - MnO,
20 _ .
Adsqrbed on Cu' humid 10-500
organic colloids acid
Adsorbed on mixed  Cy?*—humid
organic/inorgnaic acid/Fe, 05 10-500

colloids

F23 =HoUe vFYLAE BERSGE A2 0
@3 ol EAFY shdolt HAZAY AF
Ao} =9, Florence(1986)°] 4% ¥ /& ol
EHeg E& 4 UAKHTable 3. Kenji and
Eiichiro. 1989). 18y}, olaid EH+ od7AA
U 2 Ekd Joixe z=FAAeg Fogd 3
Ve FEEA AL grldA9 AR(PL &Y
et AAE olax £ AE 9, #71%

slica, Sig, (10 mali~)

K 1 2 3 o 10 220 30 4 0 30 6 9% 12
1 1 I B T I T T T T 1
1000 - - -
g 2000 - -
Sawo— = -
4000 = -
5000 L L
® ) ©

Fig. 1. Typical concentration-depth profiles for a)phosphate, b)nitrate, c)silica. All concentration are
in molar terms (after The Open University, 1989).

-191 -



g daide HJ5dy, n2:y S o
g EfZAolvt dHolete) Mo ol27)7x] thek
& ZAAHOl FAA Ur] dFoltt a2y, H4
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oy mFHAY fluxE Bristed YA dig
3] FaArEolof ¥t} (Salomons and Forstner.
1984).
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3P E F718H% §7189) 34, £
BezAe f71E% %718 uiFdie A7
9 FYoEAN 2 AFH BHAL B 9@
FAY, 89993y, gy & & 5 Uk
E@ 77189 BAME vjFer) o) 77
&oles 7179 FAYFFE o8N BEA
4g ol g3 FFdEe Bgol A Y,
F718o1d #7198 vigdss FS A2 Va3
AHESE e ZEFEUT AUHRY £y
ol £ ZolMe TAHA F3L P AN
< 993 @712 @

D|2HAA0 WESHE HA

TF NEESdLt AE(5E] HE Y=
)9 4Zo vAE T2 ¥ H 2
A ZAHE O R olF@ AT 23 FAFe
2 540 A v5949% AEATY dvag
A o9 3" 2 F Ae AG 2o
P25 AU 944 YFFo) opd fa
o AAME BEZN TS IS ¢ ¢ A
oo oY F¥2 F2. YE pH FH 22
2R 2ATE PA FAET L) B
A (Fig. 2). 8. F&£54d £28H &
AFe e AL 5929 A 57t old 2

A ) ESSENTIAL (e.g. Cu, Zn)

DEFICICNRT | OPT{MAL { TOXIC | LETHAL

! i 1

1 I [

! |

1 1

= i { f

> | | {

Fa I 1 I

(c) 1 1 1

[&] { | |

- i { i

o 1 1 |

4 1 1 |

vt 1 ! |

> 1 { v'
J i ¥ e

A pyron-esscnTIAL (Cd,Pb)

TOLERABLE : TOXIC : LETHAL

1 1

o S 1

o

I |

= 1 ]

(o] ] |

< i ]

o i t

[a) { i

] { I

wt t |

> I |
1 .

METAL CONCEHTRATION

Fig. 2. Deficiency and oversupply of essential(a)

and nonessential(b) trace elements(after
Forster and Wittmann, 1981).

Table 4. The chemical composition of plankton
(in micrograms of element per gram
of dry weight of plankton)*

Eiement Phytoplankton Zooplankton

Silicon 58,000

Sodium 110000 68000

Potassium 12000 11000

Magnesium 14000 8500

Calcium 6100 15000

Strontium 320 15000

Barium 110 25

Aluminium 200 23

iron 650 96

Manganese 9 4

Titanium <30

Chromium <4

Copper 8.5 14

Nickel 4 6

Zinc 54 120

Sitver 0.4 0.1

Cadmium 2 2

Lead 8 2

Mercury 0.2 0.1

+This table contains average values (The open Univ., 1989)

B4 (activity-29 83 5x)g0l gAY 2&
S0 M HzEA B2 AT Ho Q= A
2 Fol(IDelt. H(Iole AL AEEZFH
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age dad dig UAXN pCu=9%0
pCu=1159 Atelel d: pCu7t 85 olstellAE
Aol A AtH(Hirose. 1988, 1989). A g
29 =5 BHEYY FusipdA et A
Y, faElsol(ID9 vE7 Yold Bt Y
(pCu=139(Coale and Bruland. 1988). EZ
Schenck(1983)2] Aol 23hH, dinoflagellate®
A% pCu7t 129 123 Atolel g ol B2 &
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AF ol AME #7139 ¥gol FAFH
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Bon A7 go] TFIAEY =ML 94E
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of QlojA ol Fxe m|FAaTL o] BEE=H
WP 3FP Bae glod, 5FAS7 83
2A7AA) FEAQA FAAA ) diF P A7
Bae gt a8y, BE AEEFIEY AW
o 22 49 mFPL7E FHFHA Jen, oy
@ AL vFdae AEEETY EEY @
AE FeFsteE AMdoler & ¢ Uk

A vnd =/t 52 Bld F n@
A28 ER&3 Aok FAl F7g Fde
Ngolt 2 &l 2 &) A} ARAIE]
ZAQs At o4 2 xAE nHHED
A, d4F viFdde FIIMFAE TP} &
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29 AYPES] @57 BAH dHAe AF
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A7z @t

i rju
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ArE BERVIES  FHO2F FA
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4 do 2 JFEINEL A3 F8F 2844
2(FEIE BE3 A7l ZHEAY AV
BasittE Ada |FHc Y AA s
of AAA wFHLe] {7IAAA 2 #dol
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¢} Pbr HAZHEIZAAME dPE /7189 oA
AEAME 50-60%7F F7IHE WE9. Al Ni
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9 #71E-2FAe Helrt Padd FFEHD U
o3 A€ A3, d¢ FAANA AF 23
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Zoht, EFIEL Aol ofd §EHY HE
ol gsA e dyF £23IL2 ALY 0SwNEE
utol] ZA51A etk £ LGHCA BEH
9] wrg2 F3 =¥ ez FHA Uk =
A, EFaEe oldFdees Y HY FFol
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Fig. 3. Vertical distribution of Cd, Co, Mo, and
V., salinity, water temperature and the
content of dissolved oxygen in the
western North Pacific water. Open
triangles indicate total dissolved, weak
black areas indicate neutral and basic
organo-metallic compound and corss

marks area indicates acid organo-

metallic compound (after Sugimura et
al., 1987a).
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Fig. 4. Correlation between the fluxes of
organic carbon and mostly abiogenic
aluminum into a sediment trap at a
depth of 3200 m in the Sargasso Sea.
Carbon and aluminum analyses were
made on the (37-um fraction (after
sieving) of material collected in the
trap (after Deuser et al., 1983).

o AN #7187 ®E consolidation( F3H=
£)8 B oMY 7Nx4EQN] AEF
HEg wgs ArhJickells et al. 1984:
Deuser et al. 1983: Honjo et al.. 1982).

Fig. 4ol4 BE AAY {71849 fluxe A
H dE719oz AZEE 941 AT FE
A@8AE 2Ack Deuser et al.(1983) olzd
A4 £959 v|Fdie AA 2F 48
oz AR AN Ax, HAEFY
5719 489 fluxe 71849 fluxs}t 23
3 A ALE ¢ F Uk EBR HA5Fd &

-19 -

ol
_\:__l
0=
o
[
ot

oFgies 2 ARAIL 423 A7l fE
&8 AZske AR Aol A FA4EHA
A+ dAck getA, EEE S 2sA @
APPz7E HHE For 23 FFHHE
A3 & Qe Az dE fAdL ok
euser et al, 1983). WA AT HARFE o]
sted o)A, J2ln HAEFY friesd
WRE Yristrl gfM e A frlesE ¥
T2 e AE714994E FFse x¥o) Ua
g otk ozt d&E71Y HEAEAN WG fluxl
FANE A= e 977 dast & 5 Ao

Y olo £ 2 re

o B

ogge

i

WE A% 3F A7

ol g3 22 ITIAL ASAAY AFl R
iAol AEAHY BFFE= g ATVIZET
9 sigolete PP ATE B 18
2o Age 1HEY AN AFPPZAFE 2
A o 7S 2 JFEL EE AF
Z9 MFd4d AF 2T JEAY o} §x
#HP Q7 M FLY 37FE999S ¢ + %
o, ol g AT ATFEPAFE oldlde
q & a9 FEold € £ Atk

3 uFdae #18F Fr180le ¥
7HA 9] getyo] FEHIL ULl B3] LA
2 Aok AR, {7180 WP Yz E o
#1801t 2718} FER QA 222
7189 A I F718 oo EAde

FUER EARERA F25A g T2
AR e} 725 F&sHA 2 MY L4
E #7199 ¥z =243 Qo] 484U
FHRE 2R AEHD Y. 2EH LR 9]
AP AL AFFo B nFdie) 8EY,
A Eol P A7 o3 viFdist JERE
o] BAE FPded 2 AZE H V&L
T8 gex gdok

AT 2471e9 @A @A AT Fd
2o QAT AF7L gws] JPHL QU &
A, A48 A5 Fole FAAA ¥ 20F¥
227 2AJGD 428 F 9len, o) 22
Agg WIPTd, ¥ ATFYILE AdEH

41 i

A|

o))



)

T A ¢4, d-F o2

BE3te] BA @ A7 H

AR 58
A% Ex
1oz Adsojol & A 2ok dgoz o)
7} £s°ﬂ *}%—%‘_C}l g 2 AAYES
8 € davt Ak & AAFe wFdast
A5 U]%*%_é‘:—l BE AE a8 4
Holl o]¥A BAH AeAd dF A7 B
8 Zog. ol2@ Ao NPE o fFAL
9 AF 23 427 FA W A7 |
32 Zojng. ARz Y&d F siA9 AT
BRE vigen AL A FFEAS FAAA
gtdagt YEEES #A. zdx AFaAY
9] e 2R oF & Aol

o o b

o
L
)
A

—
Fay
A

le:

Ab A}

£ =24 ot 4 e ARE 7 Ay
S AR BAR TEUFH o)Ew Bae)
A UG FIAFATLY 2AA s
AFRGT AFATLe Zed ALY AR
Qe ZQANE RS e =ag,

#uEH

Berger. W.H., V.S Smetacek and G. Wefer, 1989.
Ocean productivity and paleoproductivity-an
overview. Productivity of the ocean: Present
and Past., eds.. Berger. W.H et al., pp. 1-34.

Boyle. E.A. 1988. Cadmium: chemical tracer of
deep-water paleoceanography. Paleoceanography.
3. 471-489.

Coale. K. H and K. W., Bruland, 1988. Copper
complexation in the Northeast Pacific. Limnol.
Oceanography, 33, 1084-1101.

W.G., P.G. Brewer. T.D Jickell and

R.F. Commeau, 1983. Biological control of

Deuser.

the removal of abiogenic particles from the
surface ocean. Science, 219, 388-391.
Dymond. J.. E. Suess and M. Lyle. 1992. Barium

in deep-sea sediment: a. geochemical proxy

for paleoproductivity. Paleoceanography, 7,
163-181.
Elderfield. H. 1990

paleoproductivity

Tracers of  ocean
and paleochemistry: an
. 163-181.

in marine coastal

introduction. Paleoceanography, 7
Glover. H.E. 1977. Iron
waters: seasonal variation and its apparent
correlation with a dinoflagellate bloom.

Limnol. Oceanogr.. 23(3). 534-537.

Goda, S and H. Yamazaki, 1989. Molybdenum
spaciation in sea water: implication for
biological activity. Kaiyo Monthly, 21,
136-143 (in Japanese)

Goldberg. E.D and G.0.S Arrhenius. 1958.
Chemistry of Pacific pelagic sediments.
Geochemica et Cosmochemica Acta, 13.

153-212.

Francois. R., S. Honjo. S.J. Manganini and G.E.
Razizza, 1995. Biogenic barium fluxes to the
deep sea: Implication for paleoproductivity
reconstruction. Global biogeochemical cycle,
9(2), 289-303.

Froelich, P. N.. G.P. Klinkhammer. M.L. Bender.
N.A. Luedtke, G.R. Heath, D. Cullen. P.
Dauphin, D. Hammond, B. Hartman and V.
Maynard. 1979. Early oxidation of organic

matter in pelagic sediments of the eastern

equatorial  Atlantic:  suboxic  diagenesis.
Geochemica et Cosmochemica Acta, 43,
1075-1090.

Forstner, U and G.T.W. Wittmann., 1981. Metal
pollution in the aquatic environment. Springer-
Verlag.. 486.

Hirose, K., 1983. Metal-organic ligand interaction
in seawater: multimetal complexation model
for metal titration. Mar.. Chem.. 25, 39-48.

Hirose. K.
elements and impact on marine animal in
seawater. Kaiyou Monthly, 21(3). 144-151.(in
Japanese)

Honjo. S.
biogenic and lithogenic particulate flux at

1989. Chemical form of trace metal

1982. Seasonality and interaction of

-196 -



dTE EEHA0l HEX HEUS

the Panama Basin. Science, 218, 883-884.
Hyun. S and JS. Youn. 1997. Marine
environmental changes and paleoproduction
during the last glacial and interglacial
period. J. Korean Earth Science Society. 18.
238-248(in Korean with English abstract).
Hyun, S. 1997
paleoproductivity reconstruction in Northwest

Geochemical study for

Pacific and North Atlantic Ocean. Doctoral
thesis. Univ. of Tokyo.

Tkehara, M. 1997. Late pleistocene Southern
ocean paleoceanography based on organic
and isotope geochemistry. Doctoral thesis.
Univ. of Tokyo.

Ittekkot, V. 1993. The abiotically driven
biological pump in the ocean and short-term
fluctuations in atmospheric CO: contents.
Global and Planetary Change. 8, 17-25.

dickells, T.D.. W.G. Deuser and A.H. Knap.
1984. The sedimentation rates of trace
elements in the Sargasso sea measured by
sediment trap. Deep-Sea Research, 31(10).
1178-1984.

Jule. X.. . Yoshio.. K. Hisac. Y. Shusaku., K.
Yoichi., L. Tungsheng and A. Zhiheng., 1997.
Eolian quartz flux to lake Biwa of central
Japan over the past 145000 years.
International  Symposium on  Quaternary
Environmental Change in the Asia and
Western Pacific Region, Univ. of Tokyo,
Japan. p. 33.

Kenji. I and N. Eiichiro. 1989. Determination of
chemical form of trace elements in sea
water. Kaiyou Monthly, 225. 165-172 (in
Japanese).

Lea, D and E. Boyle. 1989. Barium content of
benthic foraminifera controlled by bottom
water composition. Nature, 338, 751-753.

Matsunaga., K and K. Igarashi. 1982. Heavey
metals and organic complex. Marine Science
Monthly, 9, 268-291 (in Jpanese).

Muller, P.J andn E. Suess. 1979. Productivity,

-197 -

sedimentation rate, and sedimentary organic
matter in the ocean. 1. Organic carbon
preservation. Deep-Sea Research. 26, 1347-
1362.

Moorby. S.A. 1983. The geochemistry of
transitional sediments recorved from the
Galspagos hydrothermal mounds field during
DSDP Leg 70- implications for mound
formation. Earth and Planetary Science
Letter, 62, 367-376.

Ohkouchi. N., K. Kawarura and A. Taira, 1997.
Fluctuation of terrestrial and marine
biomakers in the western tropical during the
last 23000 years. Paleoceanography. 12(4),
623-630.

Prahl. F.G and L.A. Muehlhausen. 1989. Lipid
biomarkers as  geochemical tools for
paleoceanographic study. Productivity of the
ocean: Present and Past.. eds. Berger, W.H
et al, 271-289.

Salomons, W and U. Forstner, 1984. Metals in
the Hydrocycle, Springer-Verlag, pp. 349.
Sarnthein, M.. K. Winn, J.P. Duplessy and M.R.

Fontugune, 1988. Global variations of surface
ocean productivity in low- and mid-
latitudes: influences on CQ; reservoirs of the
deep ocean and atmosphere during the last

21.000 years. Paleoceanography. 3. 361-399.

Sarnthein, M., K.W. Zahn, 1987. Paleoproductivity
of ocean upwelling and the effect on
atmospheric CO: and climatic during
deglaciaation time. Abrupt climatic change:
evidence and implications. NATO ASI series
C.V. 216, 311-337.

Schenck. R. C.. 1983. Copper deficiency and
toxicity in Gonyaulax tamarensis (Lebour),
Mar. Biol. Letter, 5, 13-19.

Schmitz, B.. 1987. Barium. -equatorial high
productivity, and the Northward wandering
of the Indean continents. Paleoceanography.
2, 63-77.

Shackleton, N.J and N.D. Opdyke. 1973. Oxygen



isotope and paleomagnetic stratigraphy of
equatorial Pacific Core V28-238: oxygen
isotope temperatures and ice volume on a
10° year and 10° year scale. Quat. Res. 3,
39-55.

Stein, R.. 1990. Organic carbon content/
sedimentation rate relationship and its
palecenvironmental significance for marine
sediments. Geo-Marine Letter, 10, 37-44.

Sugimura. Y.. Y. Suzuki and Y. Miyake, 1978a.
Chemical forms of minor matallic elements
in the ocean. J. of Oceanogr. Soc. Japan, 34.

-198 -

93-96.

Sugimura, Y.. Y. Suzuki and Y. Miyake. 1978b.
The dissolved organic iron in seawater.
Deep-Sea Research, 25, 306-314.

Ocean chemistry and Deep-Sea Sediments. The
open University. eds Bearman. G. 1989, p.
134.

Wefer, G.. E. Suess. W. Balzer, G. Libezeir. P.J.
Muller, C.A. Ungerer andn W. Zenk, 1982.
Fluxes of biogenic components from sediment
trap development in circumpolar water of
the Drake Passage. Nature, 299, 145-147.



	서론
	화학원소의 분류와 농도, 분포
	결론 및 금후의 연구과제
	사사
	<참고문헌>



