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SUMMARY

I. Title
A study on the Strategy for the Development of Deep Seabed Mineral

Resources : Environmental Impacts

II. Objectives and Significance
1. The aims of study are to acquire data on natural environments and to
seek a solution minimizing the environmental impacts anticipated by deep-sea
mining. These aims are also prerequisite for mining contract when United

Nations Law of the Sea becomes effective in the near future.

2. Environmental survey and understanding the undisturbed natural system
provide important information to set up environmentally safe deep-sea mining

methods, also to minimize the impacts.

3. Despite the numerous efforts made by several countries for
environmental studies, there exist no concrete criteria for impact analysis

yet, This study can contribute many useful data for that matter,.

4. Proposed deep-sea mining areas are characterized by less wvariable
environment than near shore, however, quite sensitive to small disturbances.
Therefore subtle impacts can result in drastic environmental change, It is

necessary to develop new instruments to trace minute changes in the



environmental variables such as dissolved oxygen in seawater.

II. Contents and Scope

This is a second year study, focused on i) the upper ocean processes as of
first year, ii) the characteristics of deep-sea sediments that are supposed to
subject most heavy impacts by deep-sea mining, and iii) the developing new
techniques, including new instruments, to trace minute changes in the stable

environment.

V. Results and Recommandation

1. The study area is characterized by oligotrophic ocean, showing very low
nutrient concentrations in the surface waters, and supporting only limited
number of autotrophic algae (chlorophyll-a)., The concentration of nutrient
increases with depth below the thermocline, reaching the values reported

previously by others,

2. The depth profiles of nutrient concentrations in the pore water of

sediment exhibit extensive bioturbation through out, Measured nutrient
concentrations fall within the range of those of MANOP Site S close to the

study area, however, profiles are different each other.

3. Nutrient concentrations of sediment pore water measured in two cores

showed nearly constant values within measured column depth regardless of the

squeezer type: whole core squeezer and Reeburg squeezer,



4. The concentrations of the rare earth elements (REE) in the sediment
show good correlation with primary productivity of overlying waters: higher
the primary productivity, stronger the negative Ce anomalies, The formation

of micro-manganese nodules is found to be affected by hydrothermal fluids.

5. An automatic titration kit for a precise measurement of dissolved

oxygen based on an electrochemical technique was developed successfully.
Sensitivity is improved ca., b x the previous starch method and titration time

is reduced drastically.

6. The results of water content and the concentration of nutrients are so
different from previously known for deep-sea sediment that using the

conventional early diagenesis model may lead to a wrong interpretation.

Therefore efforts are being made to develop a new early diagenesis model.
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Attt 1990dT) 241 212, AshA BYol ME BRL wAo] JF AZE
SRizAE SAsT en, od Ak ABoE Hold 1990dciels BAe
Ach7t | Zolth. R, 19909 WolA 2000dch Rof oA HH, AlehA
2 AW Aol s ¥ Aos AT Ay, TsEe Puy B
7122 ABo] YR o Balth

AME A7HA S & AdiA B AUS AT BANE A7 (o8}
BAA7)E BYe] NTe) BT A BPol WE 39 BAAY Wy} e
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n]=%8] A= AdA| oA 243}7] (collector unit)7} Tl ©E =AY o
B A5 AEA ] oHY F¥E v|X= 7o FAHEE FiL QTh v=E A
2}% 37 (mining operation)o] 52t &7|50l vlX= F¥E AL B7HRE v}
1 g8 FAY uyt 2oy AEX QA HY IFES ARV viESs HHE
A4 we] AMA AMA BEo] oi3] P =S XA FIRIAL Ut 19899
2¥oll A 3ol ZAA efHS A 10.8 Kn2e] WAL plough-harrow A7 &
AE A7 ¥, RBE ol AEAL, ¢BFHLE AFH B (recolonize)
St & AlBEE 8 AHE ¥ttt o] Y& DISCOL (Disturbance and
recolonization experiment)= AMA X2 ti4E A3A FUE ¢ VR
HAGY AEHolHd Algelrt &L 1990do] R BVAYY FAIYS
AABHECL. o] Alde) dHE2 n|=e FF dFAIEY FElE 43R AUrh
YEZe] ATE EF Y APl FHEE £ gom, nFFL Ao
F31 gt 9E2 AHA BY JPde] wE EF Y} ES71FviAA
dojuh= BZ Y B7HE Y BEE 75317 #% A¥E 43315 Ut} o]
A7 AYLS AA n=e] ¥ VI AlGe] dFelrh EI U2 1994 ~
1996'd0d] EfE S Clarion-Clipperton X|HolA AJH S o 22 Qlt}l. o]
Al A% 193, ARE, AF F 190 ZHAN d22t nES2 BEFY B 9

ZA] (monitoring)& ¥ U dFLSE oty

1.3. A3jA] HL] BHFE

AA A st it BHLY F R S A FES AdAE 2A,
2§31 (mining ship) 225 M4 wig, AL FH &gich



Adia BRFL e FHY VA= vy B, 3 8% 582 ofF
d3lA UA] drh. AAN MAZRs F AEYS A YA UdA ey F2
ciersl (F clddS w31), 2 9 Al o 32 Zeg d8x gl
EY AiA BE LS e ¢RE e R HIE ALY dojuA] U=
Reg A ol HHEL oif Lon (4 m/1000d), Ho| IFFE mF
oA AA BES 22 71 olyx]§ zHARQA (reproduction)e] ARS-Ric}.
wiebd oAl 873 H3E (aP)dx H3A QelAls IA VS Uesth BEIY
B7EE AR 53] FUE 7ol olf7t iR 7o olrh 237
(collector unit)7} Yt ©AE TAY ol A EH + co= AUFH RF7|7
ARz AR AMAdh= AE2 IE LA "rh £ AF7Y FHFA
A28 EAES FA4A HER O Z2} A7 AUt $8Hel Mt BES
FE3 0% F= ¢H3| ¥ES|A Hrlh

1.3.2. Sl ulja

DG ABINE YT LA o] AZA] 4 (mater jot)T FASHA T}
2 % WS Bl 249 st Bol 4 AR (slury) RehT shel
E30% g7 Ul edasl Edo] EYeiR M4t 292 wigo] Wr}. o
St QA BAF oY 2348 VST ook w4 sde 2EIE
Asstel Mot E34 U BUHY A8S A Wrh EQ o] s
E348T} WA AL (X34 55 4 (434) 5Eolsholy] wjie] =
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1.3.3. dgt 2X

ol Aglele FHE Msle FH wE BFIVEH I, A7)
(tailings)2} &% (slags) ui&oll ¥ BPFYPolr}.

o] AT FAHEE duht AR AP 2 BREFUY FxT oHit
AA71? Fel7F ol d gt EAet B F o iyt v|3fE Zxeldh= (serious
harm to the marine enviromment) $3¥ vt ¥ et el (significant adverse
changes)& F~rdh= o] a3l F2¥ Yolt},

He-E3 (onshore processing)oll #AH FAl= ¥z |4 5434 230N
A7 ole BRFIUL npisiz|eltt. o] FHelAN wHulEe] BAFAYS
o] 8] ZAlell &3 A TAZE HAle Ui, E FFOA uiEE= JRMS
4L d&¥ A Nrhe o We| AR 2R el AR 453 Qe
dEGe d771 ol& ¥ & 4+ A& AR J|vfHrh

718 228 FA= AsiAoAM dojvke FAloltt. BaEM = 277t BEO
HA] (reproduce)stil ZiMIEe] AY’§ (repopulate)dh= 2] Fol &E4&
Ul REF BB 1Y Arol FFsitl wepd o @S A7t "asich
vt 1990l kEgo] A A4 dFHo] nj=e] ¥R (AFFHA
3joFd L4 Robert Hessler2} Fred Spiess)?}t &Y &=} (FH-ZAc)& Hjalmer

Thiel )58 E&| Zlol 23pd H3lAo] tiyt BFF% B7h= FH 3 ojtt.

r

1.4. FA](non-thema)oflA| F4IiwH(central issue)® 24}

AAol= HPFHo| BAHAL W2l €07 wiio] FA| (non-thema) Frh=
RE A AP} viEc) oFe] Z5 oln] 108 Hol H3iA Fde 2T 173



o3+ (Deep Ocean Mining Environment Study, DOMES)E& 433lglon, 11 MHI}pELS
qA B3 Q7Y FRY 7| XANERAM ARge] Ha gl E 4709 AN 25
1970 ] FuHie] 1980dc) 27pr] BF Y BIRAGE £¥sIAch 28y
1981 d FAlo] AN 2§ 8HFYH B/ 4389 Frle HE 4£5& T3P
% Aojgict FE A 1F2 Aol o] HE 3ol Y genl
1990 dciioll= 4t thEd] XN |RPUAolzk= B xR B TAHE
CHRIL Ut (ol nlFe £ 7|gA7 BFHT FARAL 443t e R
Z igEa glet). %t ohvel A3 ANA FA el BF 15 ~ 20d ol
Ul Jo8 qARnE VRIS F7sh= o] QARM = A

1990 d0] n|FojlM= AtGAel AR AFIL olFoiAA AHdA OF
(o &&°] Ocean Minerals Compony, OMCO-group) A3)A F¢e] HUd s
ol Hell BFEBY BIirAYol HFALE oo 3y olF #dlAE= HIAA
BEFE AL 477t BUSA F3REojof Yrhed JNE ol 3a sloy njF
A FEE ol Aol WAy A g FUY Ao® Aydr

ER n]=2] R BHEAES o] Al thste Hzj7iA]= vl 3o of 7]
(National Oceanic and Atmospheric Administration, NOAA)ojjA] <813l & ¥4
ZAL Qo HEIIAL oU EX AU Y2 W XY 4R )7 diEl
BREAE AYsiA 2slA] U= % el

1}5}2}9} ARdA] i EES #AHAUA  (environmental awareness)o] A
ZAVAE AoloME 3z2FHD glemg 2] FHARL el FaL
2be] dH| &g FHAY Aos uWHch ¥x YB3} njFe FFATE
T3 glem EX njIF2 ZgtAdr JFHFAFE s Qrh ¥ K
DISCOL |-7AtY 2Rl H. Thiel2 VREANE FY FF2HEL it Hroj
REESISL gley & U Aol FFAA A T4+ ¥ede wn



Qciil A3yt v} ot} (Berge et al., 1991).

1.5. A3 AH3A ¥Ygol mE £ VF7|£2 Hay

2N &2 s TAE 1994 ~ 1996d0] A AFY ALz gl
A R Qe YAy J)le NEE et 8 ~ 10d0] £QFER 73
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PR AR BY AL vhe AV olon Fi) HA o) iy dY, F
2§38 7] (collector unit)Z} BFo] HAIL JfAEE AP e HE o= =
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TREI JYLET 2 ~ 3d Yo BHIY Feol= WS I AR AeE
Z|ch€ct.

BZBR iyt AL BRL HF{ES F7|We] A AFHolix tiHEY
AFAE E3tAAMT 7hedicl. nj=2 JHde VRG-S BRIV cislo
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o7t gl = il AR A|EAF A7 AAA ¥HL] BHIY ol BY!
FAX BEYo] © Zojr},

A Y FAoy VaRe] Py 2] (Law of the Sea Convention)= A 3)A]
HARA SEIR] vt VA FUHo|LE AKFHY k¥o] FH|9NUF
(Preparatory Commission)®} -3¢ 3jAl=+ (Office for Ocean Affairs and Low of

the Sea)oijAl AEE it}
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1.6. & AR A2 4

€ A3 A 2 Ao, AdMA FAdE ¥ VFRAY A7
WRE U A 1Py dF Ao IA% EF Y A2 F3] H3A
ol 2% VFIPol 78 & A2E s HiAY HF HYsL A
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A2 oA 3 714 o A1 B4 o] 24]

2.1. A} A Y

A ZAE fIT B A A7 X db] 2AE AAIBIATE ov] A}
A9 efg ey steto] Ftpel Feleld - FEIHE Y MY A4FERAZ B
13x0lA 16X, A% 144504 139%0] o|Ex X|Ho|t}. o] 2|g uUjollA 1991d
392} 4o 3 3570 Aol (Fig. 1) Bt w2 Aol HAE A8E
2133t e o F 1074Y BFHoAM EFY FYEFH MHEEHIE 9
224 EXE dolHI] T ARE Az, = 8/ BHAME
T ARE, 7] BREAA A 34 ARE 223 3lHT} (Table 1),

2.2. A& A3 R AA2] Y
2.2.1. 3 35 A& M3 U HA

2} A Aujcl, 41 §o) cocko] Wil bucket-& o]-83}] F&2] 34F 24y ¥
A AEAAAM 1 18 34E 20 un netE FHAY ¥ ol& 1.2 uno} 0.22
pm Nuclepore filter paper& U&HOE ¥ pressure filter setd o]-&3}o
q43lgct. olE X SE2YL FHE& fld &A ¥F R3S,
A48 M4 BYE 242 #%1 20ml polyethylene viale] ®ol Fi] W%
K33t

20 um neto]] 3 ATRE retE ¥FSY AU M4E nete] ol e
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Fig. 1. A map showinf the location of sampling stations.
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Table 1. Sampling index for the study of Environmental impact for deep
sea mining

St, # BOX CORE PORE WATER SURFACE WATER BOTTOM WATER
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2% ARE Bojulo] 0.22 um Nuclepore filter paper® ojZ}slo] FHA|
J% Bl '

2.2.2. I3 AR 203 9 AAe

% 15 BEoA 23 box core AR F 8/ FHAM FIFF AERE
a133tdct. FF ANE AT HHE AR WD 13em?] 7 ol B
box coreol] 4=2 08 w3 o] WF7|7} ¥ glove box (Jung et al., 1990)
LjollA 1 Uiz] 5 cn ZHH 28 RAIRE 223l olF YAHBo Hol BB (&
4° C) JiollA 30F 3 1500 rpme B {4 FEBIAL ©]& 0.45 um membrane
filter2 AR F FA| W5 H33|dr).

3t AA 202} 300]A = modified Reeburg squeezer (Cho and Hong, 1991)%}
whole core squeezer (Bender et al., 1987)& ©|&3%l JFI4 AlRE
2§2]3}2cl. Modified Reeburg squeezer& ©|&%t 75 foll= HFoljA ¢F 25 cm
Zol7kA] 1 em UA] 5 cn NPT ARFE 23HIHLT FAlo] HEFoA
dojih= F342] HHE 2B AHAMEZ] $3le| whole-core squeezers
ol®3}o] 3.5 cm Zole] core2¥E TI4E 2)2I5tgcr}).  whole-core
squeezer& ©|-8%Y FF AR 23 ZHol= coretfd] USTI AMHE
T3 R FE AL sct

2.2.3. 814 34 Al 23 & A

Box coreZ E|HEEZ 23T 157§ FAH S, box core ol 3|A 347}
2j2xjo] ek 778 BHAA A M4F A2 BIAUCE Box core EAHES



A 2]3}7] Aol box core U2 EHHE ¢l = 3iA 3j4E 50 ml FAPIE
o]-83lo] Mol ¥, 0.45 um membrane filter paper§ ©o]83lo| o3l

o]& 20 ml polyethylene vialol ©o} FA| B B #s}C],

2.3. A|E B uhy

B3 34+ U siA A e, T3¢ F3] FLEF 42 Technicon-11
autoanalyzer& |3l M3t FI| T ARY FHRoe ARE
AR &R HMst] A3}l

2.3.2. €28y

AFEPIAEE AN AYA|FE 90 % acetond]] YL PULoN FESHSE
‘&3MdA ¥ olg HH E£rI%lH HF5UE fluorometerE &HF3IAACE o] &
YUY+ spectrometer® SABIA fluorometer?] factorF F¥h=tj o]LRF}Ar}.

2.4, ofu] A} A3}

2.4.1. ¥% 3¢ =3 J¢

BAA Fa Ao dUHoE AMEF = WYL Continuous-line bucket(CLB)

dredge®t Airlift hydraulic(AL) systemRltl] o]& F ¥hH BF 2} Arele] 3)ok



B82S M3, 7R SHolM ol7|X] 2 FAIAHQ 2EL N
gt} ol§ EAFo s VehH Fig. 29 i

ol UF O o7|H 4 e oY VL Ao n|AE Aol ule}
AA 2Z7IRE £/ 5 ol A, A W 2 JY #3348 BF 2
7, EFMeY ARolr). olF EFMeY WS F2 A FE 2
Autoll A RESE 7t 89 EFLE WHR et vehn, ekl
BUER B5S UYL T3 Ex AT 53 old mE A4
%, ESTE REHE AQY FY ¥wed Foltl 53], EFTE AEHe
H& S0 o F=2UQ HIE ek JUERE EZUY A3 73,
549 B Hyo wel 58 dap B vE2jole] "Fol HHSHA =L
olof 2]3} AejAe] FFo] AH JFs/d ul-% &CTl (Schneider and Thiel,
1988). W7t ohljel, 2R A AHIF €S AT HIESE EF 49
BHHOZAN dojuls YA EF sxY FUIE opEHE EFHIAE o
o] Folle] nj3f2}, olE Q¥ Bl FIIE AFE EYIATY YA BAHY A3,
NAZHE RIS TIPSR 3 ¥ ix &8 FI7L EHHE W
A AY w50 AeEER EAths FYEFE T LE FFT UYWAY
o BF o] FFQHe ol ulE ¥F EHIAE F W EF, AAY
AT F4 FFOT FF3A o™ 4 e 35 U4AEY B8 & 2
o2 & 4 qlrh

whebA, A B gl wE A} EFO| ¥R I AEE WS
M= Y o]HY A HelgE T do] FAETE FaodlH ofF 13
AA #HY Y i QY EF s £ F9E 2ABIAL

O

= L) ofu] RA} RS ejH ¥ FerE (Pacific subtropical gyre)ol &3]
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Fig. 2. Schematic diagram of input and output of hydraulic mining

system (from Curtis, 1982).
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olo] ejatmos W

o) 4l (oligotrophic)e] MALE UalA glrh. mhetAl,
2 d

F XY FF ol TR JUEFY ==
of A€t

2 dF 2 FojAe FHato|2e] FEE
0.1 uM, ikl 0.1 ~ 0.5 uM, H4to]&2 0.1 - 1.7 uMe] X BHE

b W Aoz

0.3 ~ 2.9 uM, ofAAlo]2-2 0.06 ~

wolt} (Table 2).

Table 2. Nutrient concentrations of the surface water in the study

area (units in uM)

Phosphate

STN # Nitrate Nitrite Silicate

1 0.90 0.08 0.33 1.5

5 0.35 0.09 0.15 1.5

7 1.75 0.10 0.44 1.7

14 1.53 0.10 0. 56 1.4

17 0.78 0.09 0.38 1.2

20 1.01 0.08 0. 41 1.5

25 1.64 0.10 0. 44 1.2

27 0.38 0.06 0.09 0.1

31 2.96 0.09 0. 47 1.2

33 1.43 0.10 0.24 0.4

35 1.77 0.08 0.53 8.8
duti o AT efFY FAWE HEF Mol Tl T AHe
si4o] 84 A0S sl FHY JUdo] By g Zos UAA gk

&+ AT 29 FYUF T 3= B LY sxol w3 Hile|e Bl



o 6ull, U4itolo] Bpole= of 3ull, tHatol2 el o 8l 71 A
S £X HHE REQAch Y, &332 BUAYE iy M= Aol
AAb0| 2, itol2o] BT 1710 o|3} ¥ =& Hlch Iy, git3es
NG A= A Ue B3 T ES o w0k vt X
HelE HArt (Table 3).

O

14

Table 3. Comparison of surface water nutrient concentrations among
various areas

Nitrate Nitrite  Phosphate Silicate Sources

KODOS 91 0.3-2.9 0.06-0.1 0.1- 0.5 0.1-1.7 this study
Yellow Sea 0,1-0.5 0.1-0.3 0.1-0.2 0.1-1.2 Chung et. al, 1991
Bransfield 12-40 - 2.0-2.9 52-83 Hong et. al, 1991
Eq. Pacific 7-15 - 0.3-1.3 5-10 Yang, 1992

£ A7 A9y JUde) $+HEEE Fig. 3o TABATE BE QPdFol
thsl A% MIEE FUOE 8o 54 YPoE P4F tht wolE AL
Bolth VA7) @ojd ARSE oY LEE Mol olfol TN ¢ 4t
YA glo® £ A7 Adel oyt AMstnz BANA A, A7)
ANRTH 498 22 4o ol 88 FUY 4 U& Ao AmU}

H3 32| FAEE & L-ad] Y Table 4o Ve BRE AAojA]
HH/A-a2] F2 0.1 ug/l o3l ¢ W2 Zhe Blclh g&4-a F 20 um
o|Ae] A7|& 73 net planktond B H Mo 2% o|dlo|m, 1.2 um o]A} 20

pum ©]8t2] nanoplanktonZ} 1.2 um ©]31¢] picoplanktono] chi-F& X}x|¥icl,
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Fig. 3. Distribution of nutrients concentration in the surface waters,
slicate, phosphate, nitrite and nitrate from top to bottom,
respectively.



Nanoplankton?} picoplankton®] &2 A&l H]=3}AL} nanoplanktono] T W&
& AR|sIaL gt mield, & d+ ;WYY 7| BARE vf§- ATIIF A=

AEETIEN ) o]FofR &

¢ T Art

Table 4. Phytoplankton size - Chlorophyll-a distribution in the surface
water in the study area (units in ug/l)

STN #

14
17
20
29
27

35

{20 pm

<0.01 (2.1)
<0.01 (2.1)

< 0.01 (1.3)
< 0.01 (1.2)
< 0.01 (2.0)
< 0.01 (1.5)
< 0.01 (1.3)
<0.01 (1.5)
< 0.01 (1.3)

1.2 - 20 um

0.03 (58.3)
0.03 (58.3)
0.06 (74.7)
0.04 (49.4)
0.06 (65.9)
0.05 (95.9)
0.03 (41.8)
0.05 (61.8)
0.04 (56.7)
0.06 (73.7)

2.4.2. 3|A A 47 d+ TH |4

> 1.2 um

0.02 (39.6)
0.02 (39.6}
0.02 (25.3)
0.04 (49.4)
0.03 (32.9)

<0.01 ( 2.0)

0.04 (56.7)
0.03 (36.8)
0.03 (41.8)
0.02 (25.0)

Total

0.05
0.05
0.08
0.08
0.09
0.05
0.07
0.08
0.07
0.08

HIA FE A A VFLE opH 4 Ue ¥E 13 YF A 9
A A 5ol VL vl FE AN, HAZYLE AR HYEY
270 o2 H3A efAL 32, HAEE Y LR FIG R/E,
AR 23 oM of7|El= 3|A AW 43¢ benthic plume 5-& & 4 3lth.

o]

%

7] (NOAA)oJA 438%} Programmatic Environmental
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Statement (PEIS)oll 2J3] HEx|o{ H3A Fdel &%t Ads F F3,
2137 (collector track) 28] AMAMEE F3R ¥}2], benthic plumeo] 2&j%¥}
A B Eo] iy}t blanketing T surface discharge particleo] 2]%} 1x} AdAbe]
4ol 37) qlo] HAYR F¥E v|A= ALE e} (US Department of
Commerce, 1981).

HIA e FE ALE AU BPol HIAZLE YAE AAIIA HH,
53] oj2{Y UL IA U A U 458 A FEE MePT] 3iME
WY o]d JelE AP 22 W=EA] Hay Ajjeln], izl £ G oM E
olF #3ld F 7] BHA A ME 2Bl ol FYEHR XS
ZALSH T,

Table 5. Nutrient concentrations of the near bottom water in the
study area (units in uM)

STN # Nitrate Nitrite Phosphate Silicate
5 17.65 0.18 1.83 15.2
20 38.95 0.18 12,27 19.3
24 2.28 0.22 1,31 24.6
26 11.52 0.11 4.94 98. 7
28 14.24 0.11 9. 58 113.0
30 19. 42 0.15 5. 37 89.3
33 0.83 0.15 0. 56 16. 4
34 4,29 0.17 1.86 19.2

=] A 59 4 BHE FUYERY ==& Table 50] LER2AC
Axrbo]22] o= 1 ~ 39 uM, ofAAto] 22 0.1 ~ 0.2 uM, Qlito]2-2 0.6



~ 12 uM, |22 15 ~ 113 uMe X Heg HUch & dF 299
FLER TEE EF s €l i d¥EF7 A wel € 5=
ajol@ HolAl, M|y Ao ThE @zl oy BE Wele} vy e
Reic} (Table 6),

Table 6. Comparison of bottom water nutrients concentrations among
various area (units in uM)

Nitrate Phosphate Silicate Sources

KODOS 91 1-39 0.6-12 15-113 this study

Atlantic 18-30 - 20-100 Broecker and Peng, 1982
Weddell Sea 28 2.13  90-115 VWeiss et, al, 1979
Pacific(14° N) ~ 35 > 2.5 > 40 Wyrtki & Kilonsky, 1984

Gty o R A MA iYLy 4 VL Fig. 4ol Ve vle}l o] Hrjrote
F3olM Z|Wste] iy GolAd dFIt BFLR &3t LnAle d3iictrd
@ 8 ool i BZE ¥, A=Y, iR PolN L £5EHo] T
SUAGLE 7l ZeR chedsid EHY 4 Sl oY YL B3l
HSOEREY AKHoER FYERY TR Us ASFY FYEF v=:
tirg, A=, EiBPY £o=2 woX|Al Hrh wetr, Weddell Sead] A%
s8] FUER AR YW UMY AFeot 2 A3 A AF 539
CraRE wlaEE, & dF x99 JUYdHF s=I vl w2 EXE
HojolRict, FAZL s Aoz} A3l EE VFW AR 3 Y $=
PRI 2 A A= tHE G3olu tiedel vis| wlxsiAL Thd: B2

_41_
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TE TX HHE Er} (Table 6).

A M 438 FYEFY +BAY EXE Fig. 50 ZA|stc)
Asto] 23} opaato] 28] Aol UNE YRor BHFoR 7t 8 1 %I}
s, Qito]2} FAlo|22 89 14° § $HLE HROE ¥ +5 7}
Yolx|= ©X& K4t} (Fig. 5).

Hawaii2l Tahiti§ ol MY FYEFY +3HU £XE B, EFoAM:
AT E FHOE 7 &2 B Holi, A% e o B¢l 10° &
FHLE HHOE Hal Wolr|ls EX YAE HUr} (Fig. 6). & dFolA
Lehd A olet RABHA M d®A 84 o 13° oMYE $lx7}t 71
=5 FA w=27} Fadhe £X FEIE EUArh

2.4.3. A EHHE2 33+ Y

QN MR uis} Yol siMel =28 FE AYE HAY wol, 1 s&
o] mlal AEe] Aol gloul, ¥ HAE (sjA-shd AATIN 50 cn
Aol)g 23 AAIL, ol matolels] A AW sh4Bollt siA HETFol
B Qg 0y 4 AUtk meld, 1 2 AR TRLE AN BIS
A% B BAL 91N NSA Lo Aol ole skl A HAS
54e ZAl tj223 uagoss folsiA Y 4 gtk mepy =
AL g oM N HAE 2340 JPd BE B4 Totsta o)
B2 #E xlge] ARAle] Wik Bole] ol olF, T M7 W
RS- o] g@og 94, s o)A VA 1A (base line) FXE 913
B4E 2348 A3, 28t

HAE 3349 7 FPY GUARY Yold HEs} N AW 34y
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Fig. 5. Distribution of nutrients concentration near bottom waters,
slicate, phosphate, nitrite and nitrate from top to bottom,

respectively.
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'Fig. 6. Meridional sections of mean distributions of phosphate (P),
nitrate (N) and slicate (S1) in M between Hawaii and Tahiti for
12 months from April, 1979 (from Wyrtki and Kilonsky, 1984).



dEF =5 & Table 7o) Uehfct. EZ, Z AMoMe] 432 £X§ Fis.

70llA4] Fig. 140 TA]3}cl,

1) dito]&

ALto] 22 B AE I3 Y && A4 3748 ¥ 7148 yeeloprt 74
HA f7]1& Aol ey AUHAE o] &3t Wioln, WU EAHEF I3+
Lje] 8 Al4yt 3AFA] W43 dol A= Pl & Abbol 23 AhH
71 ALE ¥ T34 UR ZFEHe= H4o|t] (Table 8). weld, HA=
T34 e Aato]2e] X PelE L FHEY AH-HY JelE AdF5H 4
oitt.

Rt EjAgo] & it EX= A ¥ (oxic envrinment)o]zhd,
HAE U R7iEe] SEHTAM Hiol2o] BPHEER EFF T35 9
Hilol o] BXE= o7t F71el wel Fritke BA¥E Holn, HNE
B Eo] && AtAU AT Adbo]o] AkAR  o]&F = suboxic
#7ZolehA, EAE U R7]=°] S3E off Ailo|Lo] o] EE FloJo] uje}
Arto] 22| x7t At FelE VERAA "l

B8 5 BA 7Y BFF, EF 5 ~ 10 cn 7] Hibo|22] wxI &0 W
(Fig. 7: Fig. 8), A 7olM: 10 cn o] olsloA= 4R HEF Hr)
(Fig. 8). 281}, 12¢2J¢) A& (33 14. B4 20, 33 24, ¥A 28, FA 30,
A 3)olMe ool wpE HAlo]22] FX Fyo] Ro|r| 45, LAY oA
SAME QAS Relt) (Figs. 9, 10, 11, 12, 13, 14).

B o3 2|2 DSDP (Deep Sea Drilling Project)L} MANOP (Manganese Nodule
Project) & FAAQA A Algel &3 HIHE IFFol oy WS =287}
UFH 2gee, durzlos RFE Ald = Ailo|2 o|Ro] [7|E Al



Table 7. Nutrient concentrations of the sediment pore waters in the

St. #

St. 9

St.7

St. 14

study area (units in uM)

Depth(sm)

U I T T T I
N O

)
L0 0N & W = == 00O Wb -

a—
mm;a-wmv-ecramm-nmwc

&0

10-13
13-16
16-20
20-25
25-30

mm.n-z;.:m»—*o
=t 00 OF oia O DN =

10-13
13-16
16-20

20-25

Nitrate

06. 22
48. 65
45. 32
36. 72
48. 61
25. 68

76.77
635. 02
51. 94
62. 81
50. 85
ol. 81
49. 80
50. 58
o1, 94
49,77
43,73
48. 65
92. 86
46. 51
43, 28
43.21
46. 44
43.28
50. 55
44. 23
45. 05
47,53
51. 91

Nitrite

ittt R N RN R RN N RN NNy R N X
BN W O W OT 0D W B9 DD DD o DD BN DD DD LoD DN DY b b

Phosphate

Silicate

118.0
134. 4
121.3
164.0
137.7
104.9
134.4
154. 2
121.3
173.9
180, 4
101.6
118.0
167, 3
164.0
141.0
114.7
144.3
183.7
226. 5

233.0
213.3
196.9
285. 6
226.5
206.7
233.0
285. 6
288.9



Table 7. (Continued).

St. #

St. 20

St. 24

St. 28

Depth(sm) Nitrate

hrh  fpmnd
PRAEPR QTP O IneE o
et Q0 O i WD = DO e = (D ) O WD
W 3 W

66. 96
63. 49
85. 50
51,94
73. 68
60. 64
73.65
67.19
73. 38
65. 97
48. 61
74.73
63. 80
73.48
57. 38
63. 93
69. 37
78. 06
78.03
68.18
69. 33
68. 21

Nitrite

CO OO Lo,
0o 8BS — DD RS W WRNWWNINWMND MDA & WNWWOUIN NN NDN W
N A N S e IS S8y _BRICsSScons iRl ans

— 4

P HTLETTTTTRA

Phosphate

11.09
7.03
7.6l
4.13

13.12
4.13
7.03
5. 87

14. 86
5.00
3.55
7.03
5. 58
5.29

15. 44
6.16
5. 598
8.48
6.74
5. 58
5.87
7.32

PONNENNENNDON
— O DD e N D = D O W PO
C= DO~ TWwROWLNS

Silicate

127.9
124.6
150.9
108.1
180. 4
108. 1
160, 7
114.7
127.9
101.6
104. 9
104.9
104.9
118.0
92.3
124. 6
108.1
183.7
170. 6
190. 3
98.3
118.0
256. 0
160. 7
118.0
118.0
114.7
147.6
164.0
88. 4
118.0
177.2
101.6
111.4
85. 1
167.3
157.4
164. 0
131.1




Table 7. (Continued).

St. #

St, 34

Depth(sm)

0-
]1-
? -
3-
4-
6~
8-

—— 00 ON & W N -

0
10-13
13-16
16-20
20-25
25-30

Nitrate

68. 46
40. 02
34. 20
28. 41
45. 60
45. 56
06. 99
ol.28
34.03
39.71
51.18
45. 56

Nitrite

i i O b b QO W DD ON

S e
> o1 en
Y b N N R O O W

Phosphate

8. 48
9.29
2.97
9. 64
3. 84
10. 22
7.32
2.68
3.595
14.28
5. 87
4.13

Silicate

160, 7
164.0
190. 3
242.9
183.7
233.0
203. 4
269. 2
173.9
210.0
164.0
167.3
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Fig. 7. Vertical profiles of nutrients concentration in sediment pore
water (Station 5).
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water (Station 24).
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oy A2 2ARI= oxic VYR suboxic BHFLE ABA it} wighA,
AR 5 AA 7, = AR 14oM Uepd Ailo]o] 3] FX QA2 TRt
A2z € 4= Urh

Table 8. Stoichiometry of organic matter oxidation reactions

Oxygen reduction
13802 + Cio6H2630110N16P + 18HCO3- = 124C02 + 16NO3~ + HPOs4~ + 140H20

Nitrate reduction
94 4NO3- +C1oe6H2630110N16P = 13.6C02 +92.4HCO3- +55.2Ny +HPO4- +84. 8Hz0

Mn4* reduction
236Mn02 +Cio6H2630110N16P +364C02 +104H20 = 470HCO3- +8N2 +236Mn2* +HPO4-

Fe3* reduction
212Fe203 +CypeH2630110N16P +740C02 +316H20 => 846HCO3~ +16NH3 +424Fel* +HPO4-

Sul fate reduction
535042~ +Cy1o6H2630110N16P = 39002 +67HCO3- +16NH4* +53HS- +HPO4~ +39H20

oln] WEH ARE 3 £ A7 A4 7MY QALY MNP site S (11° N,
140° )2 EAE F34Y FYEFH =X (Jahnke et, al, 1982)& Fig. 159]
Uehiglch. £ d7old 339 8o 5 BX H9E 40 ~ 60 uME &
A7 N2} ujRsAT, 423 X ot 2lo]HE HITH MANOP site S
Bt A4t 2L (nitrification)o] doji} FHAlo| &2 FE71 Zolo wie}
Z7PMe e Hole diel, £ @72 Aik: Zolo] mE ikl FEe
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=317l ALl glol YA oM EANE FElE HRlch ol otz FEA
¥ BE 23 2o Y BER ARHD, E 43 9o BE 2
g2 ojn] EY ul 9ol ([I3oFB+4, 1991a) EJE, box core 2|3 Ao
ol ¥t HE AT ALY EAE JUoEE Y 4 qUgirt

2) obditol

olgito] 2L HE FHolAM 1 uM o3l sk HUHE Holn, Hiloj2
nlZix| 2 oo FHAM UARY UL FHoE FAlE Exdy, HH
20, BH 30 X FA MojM EFolAH w2 olHAlo|22] w7t YetTt (Figs.
7 ~ 14).

MANOP site Soljx E]Ha JI48 oldilo|2 HA| thFiE 1 uM o|3}e]
T Zlojo wel dBIALU, EFoIA HriglE Hole 43 oXEF Kt}
(Fig. 15).

Qatol e Table 8o UEht nie} Zol HAE ulel $71E0] Als@A
HHE 334 U2 42, TIUCL webd, A (systen)7h B4 AEl (steady
state)oln] AE 2T H8ol gg AT HIE FIE dolMe kol
443 23t Polvt 37l wheh 7RI P& Rololith ERE, HAE
el 7ol 24 WAEI diolen Beslel A FES FYHY 4 At
Bel ol2hR, olHT AHE BB VHOE Asle] Yolo] We} ekl HE}
Zashe AEE QUtt

HAE T4 Ul Qiolee] HEE 2.7 ~ 19.2 uMe] UHE Holn|
4AQ BE ke 3 248 AL A Aol Zolo] whel Hyto] Uy



X Hel§ Bt (Figs. 7 ~ 14). 53], 10 cn o]4e] ZoloA F4te]| Fol
A velbd, 10 co o3l 4 ~ 8 uM B AR & AT
ol BXF Rol: AL EF 10 awrAoM HY BE 23t FHEo %
Reg # 4 lrt.

Ju, B UoMes EFoIM o 15 uME HUigE EHoledl, B3R 249
ThE 4Ydf AR (Falel2, opiilell, wilol&)E njFo] Kol ot
X el 7] 79380l APRRES Bl At AR HMIPrio=
o] o] qlrh BH 249 £X 94| tlE FHE nAIRZ FE A
oj3f ito] o] X Hej7l ZA Ml ¥ 5 Sttt

) Aol
FAOIRE TIAE 100 ~ 200 uMe] RE HUAE Tk T, AW 14
Afols BAE A Lolold 200 uM ol¥e] we =& R} (Fig. 9).
Folee] 43 EX: ThE GUdfsh ol Lolol whE FYA glol
cAE QBT e FHOE Byl Uy ek Uehdch (Figs. 7 ~ 14).
Fiol2e) BE @i 4E AT AR due W AoE Hyurt

2.4.4. 3iA E|3ge] FHilo]Z UYL &F

HAE 355 U Hibolke] =7} 2olo met LI &, FHilo|Ro]
#71& At ey AR 2Agse 2or FYE= BH 5o A 7oA
ojln] &2 Ailo]2 Y RY (Berner, 1980)& &3l EHAZZ KYH
wr7l&ol o€ wie] HUAlo|Z YL (Ntrate reduction rate)& A4t 3igicl.

Bernerol] 2|3} AME FHilo]2 B EY (Berner, 1980)2 ®7IA| 7H8&



AAE skt olF 7HE& AR,

1) Aato]22] HYL YA} vk (first order kinetics)o|t}.

2) E|AE U BE 27 282 gich

3) 922} 1§ (denitrification) o192] WML o] &3} FAY WL

A E JoA doitr] Tl

4) Aito] 2] F2 (adsorption)Z dojutx| =Tl
' 5) |3 ES] ¢& (compaction) Ex FF4Y EF (water flow) 52 $ich

6) Hito]-22] Ho] Uolth= Al (system)2 FWEl (steady state)o|t}.

5 67}x]o|tt.

olg¥ P& EBEF UFUCIL P FHAE IS A o] |
2g Heps] dgsiy ozt

Aito| 28 3] FE wX& Ao wE L2 5 HYHE LY
ol3, olj¥t Azte] wiE W= ALbol o] ¥t (diffusion) B3 2}
w2 o] (advection) P A4ito] 2] B HNHg WO T EA|Y 4 it}

aC 92C aC
= Ds - W —— - KC (1)
at axX2 aX

3ol 8250 g Aibol2e] 5 (umol/l)

Ds: ZAito]-22] x4t A4 (160 cm?/yr: Li and Gregory, 1974)
¥ 4& (co/yr)

K: Aito]Ze] YL (yr 1)

t: AT (yr)

X: B3HE2] 2ol (cm)

@

=

2 Uepd 4 olon}, Ds

= AL VW — & o]f, KCe Aol
X



RS Uthls ¥olth ol F ojfel Aito]22] ukg 319 R3F7} gog
ol Qe olfie= EFd wE olFet File|2o UL Tl At ul}
HAE 339 Y Fito|e sx7t 7431| giEoltl

UM AHito]Z2] #Y HkZo] doluhs AE BAYEIRE 713G R R A3
w2 Aito| 29| & Hike= ¢A =3 ulehA,

aC
= 0 o] Hr}.
ot
ojuf 4 (1)
32C aC
Ds -§———-KC=0 (2)
G aX

E EJY 4 2k

olz|¥t el EAFY o7} FE3] oA uwl, ilo]2o] AP
BHEo] ko2 sx7} 0o] Hrlz 7P¥std, 4 (2)Y AARAL

' X =Xm 9u} Cn =Cp, X —o0 Juj C =0

o] ®r}. ol¥ FARAZ A (2)of tisl 3|E F314,

W-(W2+4KDs)1/2

C=Cm-eXP[[ —

J - (x - x:n)] (3)

= Ey¥ch
E A7 9L AHE HAgo] ujP WOrT (4 m/1000do|3}) A (3)¢]
&Dsell ¥IBl] W= BAY 4 ol FES Yt}
<, 4KDs » W2 BA W2 + 4KDs ~ 4KDsE he3}8} 4= qlct.
el Al (3)

K1/2

C=Cm-exp[[ ]-(X—-Xm)] (4)

Ds



LT i3t Hrl
2} BAolAM A (4)od Cozt Xog ciYUBla, Y TXE FEH P 3

UXTh= FAl8 A& F3lo] o]2%¥ K & FRUTL

o] ol el @2 K 2 B SoflA 1.25 yr-1, B 7olM 1.27 yr! &
Hohjaokolla] d& 0.75 yr-1(Berner, 1980) Hrh= tiid & Zh& Holxwh
E3jo] dot Bl HEoA AL 158 yr-! (Vanderborght et al., 1977)¢] H|3jM=
uf-$- 2}2 Zroltl.

Iy 2 47 AQY cffre] FHolM TR 76 Y 4E Aj!
2}g-2] TAo] VHUFAAU F2 IUEHEER & A7 AHollM ol 7Pl
AAx] = Bernerd] A4ilo|E VY RUE {3l Fo= Aol & ZeE

g -Xapai=2

2.4.5. Whole-core squeezerel] &i%t B3 & 34+ ¥3¥}

FaEe] 27 &4 AL A= FP v 343 JEe] BF9
Fem oVl FHIA doidrh. X EHAHEZ 3iA 34 Ale]2] benthic
fluxE AR Z-Fox A 3] sk BAE EHolMY s 7|&7]7}
o]2 ¥t fluxE 23k RULE 2E3loy o]F V37| H3iM = 3A 242
Mgt 2} B AE W 3972 5 gon ouollA ol¢ &&% 179 A
2j3 71 sl

T4 EHupe] dF7t AR ol AE7IA| F34-E FEUE AR
aio] A|xE|gict, 2 ctjEAQA oA UM EeYd (Lee and Kim, 1990:
Saager et al., 1990), 4%4] 2]3]7] (Han et al., 1989), 7}A Al 2j2]7]



(Reeburgh, 1967), WHEuM (Mayer, 1976: Hesslein, 1976) 5 T}slcl.
3 fleld AT WEES R TI4E 32U 4 dE BFo] 4
Axo] Bastd E3olM doju 7jatEe AlmEEd REwsih a8y
whole-core squeezer(Bender et al., 1987)+= 3lA 3|4& EBEIHE EF
ca7hAle) B34 ASE mAFOE ANY 4 = AL sNZ e,
BB E3oM YUt 7Fg Yol uol FRY PHE AZY 4
0l & AoT AMzZIEr) 3kAqt, whole-core squeezer: E|AE H2 4 cmir}
e 32| T34 AEE MUY 4 grhe B 7R Yt mely NG Q
Adol wet chEAT BN 27 &4 S oMzl Hsds
whole-core squeezer olojo] THE 34 3] Wdg Wesjor ¥ Rojrt
23y w4 HAE B3 4 cn o|Ul8 713 E& benthic fluxol] AT Fuut
Q31x} sH= Aol whole-core squeezerZto & 2EY AEE ¥ 4 U8
Aog yztErl. =Y, & d7e] Bho] A B AW el 2aY £
ol $AFQ Hjol thN3H: dlo] Gl3, AsiA Edo] Eajsts BB 2o
A 2" 4 Q= HABY Polst EFo| IVHEE HE 4 caollH
sjata W3} okabg mlelsie 2L uj$ Ze 8]

E A78 98l MY vhole-core squeezerd] RO E: HF el
7122 o2 Bender5o] &} squeezers}t EUBIAT & o U A5 93}
o}t 4HH Hefolt} (V2ejPATL, 1991b).

AR 28 core= U 75 m, 57 3 me] o}2Y Bl ¥ & B Yol
d7HEA DEOl AFRSHATE Core HAS] Zol: 10 caolt], o]& o3}
HHE ARE 5 cott B TIJ4E &3k}



1) +2Y 3354 Zol At ¥y

Whole-core squeezer& A ¥ TiE FHY IF=s A7 HFHY ZO
7Ix12] E|AHEE subsampledtAlL}, E|AE 7]Fe FA Zold HA|sA
B34S &3] AT whole-core squeezer®] Z-f-olt I o]Fo] UehlE
CRZ core HAollA pistong] YH O R FI4E a3 VER 2}H FF7
ol ZoloM F& HU=IFE ALtsiodol ) o] AL WHE HBIPR
chazt Yt

Whole-core squeezerofld ¥ 32| Zo| Alilol Woy A(EE 23T
core linerd] W7, 2AMHH F= 428 F3, BAHEE bulk density, F=F<
243 A, ¥ gaPolr). Core linerd] UFE 7.5 cmolil, A3¥ F34¢
3= njg] FAE ¢ polyethylene Hol| 334 A3 ¥ FA] EHAA
B@siciy ol& AEAME ®U F ] Jo oY AUFES Hol Ry
}arslgct Bl AES bulk density:= 1.2 g/cmd3 o B 3195, =4 23] A
H$rgS 1 on AHo2, F34 243 Fo 4HZ 0.5 cn AHLZ subsample
Sl 105°CollA 3X|2 o] AR F FAE SAslA ol& AR e FALt
H|alste] 3tgict

Zlo] AAE 3N E HAHES il iy syl Wagh, o /S
whole-core squeezer§ &3t F=71 M3HH Zo|7ix|8] 482 YA djth=
ZAolt}. ' Whole-core squeezer® F-37} 203H AA 202} FE 308 FEFofA
3.5 cn Zo7iAe] ¥4 WHHE Fig 168} Fig. 170 EA|sigch ol&
URT, T34 AN A F B8 AL QY R Btk H, T35
213 Fole o 30 ~ 35 x2 YPSIh WA, WA HEol BTl B

4 slct.
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Fig. 16. Vertical profiles of sediment water content at Station 20.
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Ziolo] whE AFR P2 7HPSoIM 2AHA I ARS

Va
100

Vow: E|3Jol XYE|o] o= I35 AT (8)
r : core liner®] ¥ vF3 ( = 3.75 cm)
d : 3371 Y "ol (cm)
p: EAE2] bilk density ( = 1.2 g/cm3)
Va: ¥ ZojolMe] BF o d
334 WEE 12 7PIsH, A (5)& Thewt ol EYY 4 Yok,

Wa
100
Vew: B3 o] X¥F0] U= T34 3] (ml)

9 Zo] (m)% MY 337 9 (Vew/mm)=

(5)

Wpw = zridp

(6)

Vpw = Zridp

pr ) Yz 1 (7)
z Zrép e
d 100 10

Vpw/mm =

g Fy@Hrl.

A (& o188l 334 AN A AN T VowmE 22 Vi, Veslz
Ui, AN T34 Fy] (V)&

V=Vi-~ Vs _ (8)
7} Hrl.
| Vow
71 A d = (9)
pr!mm
o|BE,



24" 35 ¥ Hole

Ve
V

d =

(10)

Ve @ 2§38 =Y 3 Y (8)
E ¥HrL

2) Whole-core squeezerol] 2j¥t E|3E IS+ Y

Whole-core squeezerol] 2]3} I=+=7} J3E BH 202 FH 308 FIF5 24
Zole}l BRAF %X Table 92} Table 100 Uehjch =3, S
R HollA whole-core squeezers AMS-3lo| B2 ZA22} 7§4¥ Reeburg¥ A&7
(modified Reeburg squeezer)& AH$-d}l ¥ HIE Fig. 182} Fig. 190f 242}
EA|SHATE

Reeburg squeczer® $¥F HA]B9} whole-core squeezer® $J3F HA|SE
SR box core Uil BIE QAR REolN AASAND, Frle) AR}
$H3] YUY o] opEE, FIEx] ol &yt A iEA] dAY =
gich. A 208 9, Yalo]& A&yt Aalo]2, olplilo), Filo]e]
e BEX ¥l A2 Reeburg squeezero] 2J3t x}g®¢} |y EX WIS
Beoich I3y, A 308 ZRols ato]2gto] F71A] ubHo] glojA] Aol
A2HE Holz U] Y4ES AL L FA3prt Y.

AA 20 : HHE2 Zo] ¢} 3.5 cm 7}A] whole-core squeezerd 0|83}
T340t AELen), Fre)2e] EXE= EF 1 m oM oF 60 uM HE
HeslH 45 uME AFE 78 4B =& FRIUTL

opdito] 22 FFolA o 4.7 uME 7P A EF Holm, Zol7t FIIsIEA



Table 9. Nutrient concentrations of the sediment pore waters extracted by
whole-core squeezer at Station 20. (units in uM)

T O o L b b

T A T AR Y el ettt hie ettt Y e

Depth(mm)  Nitate Nitrite Phophate Silicate Cum, Wt.(g)
1 60,54 4,68 4. 42 104.9 2.4
3 43. 38 1.62 5.00 124.6 6. 4
5 47.22 0.61 4,71 150.9 10.9
8 46, 27 0. 47 O, 87 144. 3 16. 4
10 45, 32 0.34 4.71 127.9 21.5
13 45. 39 0. 27 4.42 137.7 26.9
15 44, 37 0. 20 4,71 144.3 32.2
18 36. 76 0.20 3.5 150.9 37.2
20 45, 42 0.23 4.71 144. 3 42.5
23 44. 26 0.30 5.00 137.7 47.9
26 44, 33 0.23 5.29 193.6 4.8
- 28 46. 98 0. 84 5.00 196.9 60.0
31 47.15 0. 68 5.00 183.7 66. 3
34 55. 44 1.08 8.77 223.2 72.3



Table 10. Nutrient concentrations of the sediment pore waters extracted by
whole-core squeezer at Station 30. (units in uM)

SN NN INEIENEIIN R e N AT R e

N L N L P P N i bbbt s T S SN S S

Depth(mm) Nitate Nitrite Phophate Silicate  Cum. Wt.(g)
2 45.79 0.95 4,42 196.9 4.8
5 42. 39 - 4,42 226.5 9.5
7 44, 57 - 3.84 203. 4 13.1
g9 45. 65 - 5.29 210.0 17.6
11 43. 96 0. 61 4,71 216.6 21.7
13 45, 05 0. 61 .00 223.2 26.3
16 46.10 0.64 4,42 226.5 31.6
18 44. 06 0. 51 4.71 236. 3 36. 1
21 47. 56 0. 27 . 87 256. 0 4]1.1
24 43. 28 0.20 4.71 216. 6 46.9
26 43. 28 0.20 4.71 272.5 92.2
29 43. 28 0.20 4.42 223.2 96. 7
31 44. 33 0.23 4.71 226.5 61.3
33 44, 37 0.20 4,71 246. 2 65. 6
35 45. 35 0.30 4.42 239.6 69.9
38 43. 25 0.23 4. 42 216.6 74.5
39 45. 42 0.23 4 71 259. 3 77.2
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Fig. 18. Vertical profiles of nutrient concentration at Station 20 (O:
result from whole-core squeezer, x : result from modified
Reeburgh squeezer).
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Fig. 19. Vertical profiles of nutrient concentration at Station 30 (O:
result from whole-core squeezer, x : result from modified

Reeburgh squeezer).
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Hx} tasle] BAE Zlo] ¢ 2 cnollM FH4AT) EQchr} o] FIRke EEE
Xith Reeburg squeezerg ©o]-&¥t 7578 ARoJM= EH¥E EF 0 ~ 1 cm
ol ot 0.4 uME e o] 1 ~ 3 coollM ¢} 0.6 uME F7I5lAch) HAE
3ol8] F7lo wel thr| A4t FEE Kol ol BAo| whole-core
squeezerolA] "W o] A Uehdr}, Whole-core squeezer ZA2te] HAE & (0
~ 1 m)8| & A3l HEFolM F¥ ofile|2Y HA EF Hol:=
2ol 1.5 co7jr| 8] opito]&2] FHIUZ ¢ 0.5 uME Reeburg squeezerof 2]}t
0 ~ 1 cn®] 0.44 uMz} A YA} whely opdito] 8] 734, Reeburg
squeezer?] A= AAMZ doju= 28 UE FAHLE Ll ¥
gitt. 18]y}, whole-core squeezer?] Z-foll= o]t VA B iyt
o) uf-9- ztotl Ao} 2 Wito] Rt sk AE RAFTIYE 4 Ach

Aitol 28| A= EHAE EZM Zo] 44 cmoll o|lF wizix] Zridhe
¥4tg Rol Whol, whole-core squeezer®] Hzk= Zolo] wel Ae Yy
X5 Hrl

el Az HA] FHA| Pl EFE FARF EXE Hojn, Zojo
wE H3TE AY Qo] dBY BEFE RAIYTL

B3 30 : FHibo]2e] Zojo miE & X FFH 203} vppriAlE
Zojoll wiE WHHIE AY Qo] YA EXF Mol oY X Yee
QU4tol 2] H-polx npit7ix|olct,

ot tto| 2] F¥olle EFoM ¢ 1 uME Fcrlg Roln o7t F7igtel
w2t Zasictzt BAE Zo] ¢ 2 ceollM REl= o 0.2 uME AL AP
& FR|R

T+ito]28 Ffol= HH 202K= ] Reeburg squeezer?] Zz}e} ¥3-g



AA3liE 2 E X CHHTE YA U, oF 100 uM BEL xolE
Rch o]y ool thdliM s BAREM = HHS| ¢ = qUch

2.4.7. H3A A MY oF AL EAE F HEF U2 ¥L 54

ERYL (REE)v F7]&FJoA JQAPHE 578] LaollA 712] Luzlx] 1574
HAZ JAPHIT SIS UFY ¢of A=} A7t Fap 2A9A|5L o] AxHEE
ERE ulge] 55, 5P shello] &3} 7FrolA Ql7| wigel ¥ Hido] AFo=
Hitshes B¥E Ho&Eth. REEY] ole|¥t 432 F3ht &8apgol dxpzhe
THE ATAFIA Ho, welr oy FAE o8] AHA EHFoA Y
EFU4Y dFc EHARTS o¥list=n HRR =& AF & Hojrt
228 BUARFoIAMLY FF+ F4 RE di+= 4/ (diagenesis)oE QI
o|E¥ALS RojF3 9ly (Elderfield and Sholkovitz, 1987: Sholkovitz et
al., 1989), 7IH¥ YALU4SF olo wel ¢ & s=FE HoAFI QUrh
A2 A BojA8] REEo] ti3t @& (Shimizu and Masuda, 1977: Rangin et
al.,1981: Matsumoto et al., 1885; Toyoda et al., 1990)2 Ce ©]|%}x] (anomaly)E
B8l et Ce HARAL & + AU F2 AAAlojt). Ced AHHT o)A
REE(II) hydroxides®t}l © E84¢l Ce(N)hydroxideE Al3}Elo] CRE
REE( I Jhydroxides HU} T wiE KEE di4For AAHCE mlepd A7
METE 24 Ce o]3AF XolA Hcrh W, offFe] A3 Hietae 939 Ce
ol A& Utehidl o2yt B2 dTEFEY Ce(NV) A AAZIZE
uteddh= olc), Wtte] HERUAL (REE)o] cfi¥t '80dch oA x]3}atA Q]
A5 REEV} 32458 2 a2 Arisjo{cia A2ttt (Goldberg et

al., 1963: Glasby, 1973; Piper, 1974). &L }, Elderfield et al, (1981)



HAax e Ggiciziel U EBAES v|ad JEoEHN  3I7HY
N ERUA(IREE)= A4 2MRol 2§t o]Fo] Wklzle] BERULL o] &
AL = AoT AEJScl HbHo| Ce2 FB AR 3|4 (overlying

seawater | 2HE Al [Wdl= AT UEGICL
1)23 9 =9

EFH4L  (REE)Y TXES4g0  oishxd =¥ 292 SEEi¥Y
Zele)e-2eHE 2Er] Alo] KODS-90 2|22 1974 box coreoll | 2907 X3 E
HARE ZoHE 233l RE HUTSHY HYE ZAPINAT (Y4,
1991a). ZAPRIYS F2 AHAY HAYYLE o|Fo|x gith

REES] 433 £X SAL FFAE (FEF 1 cm)vle 7IELE 39 35
REE®] o] w&45F =8 Ce ©o|4dA| (negative anomaly)?} ®A UER}H
ANHoz Exo] ¢t EAL North American Shale Composite (NASC)ol Tisj
BAY ol uisl e HERUL (LREE)S} £AL HERLL (HREE)7} 23t
EHR ¥4 (MREE)o] v3] HrizoE FYH YIS B om o] L LaE u|E%
e 24Y44EF 1 A= f A Vet (Table 11, Fig.20, 21).
Agyog= AA 12, 14, 18, 19, 31, 32, 36, 37, 400lH Sm 7|E L8 Yuj
NASC ctiu] 3ulf =] w2 k& Bdor BH 12, 14, 18, 190] 3j={4to] 3|
= AMdS A& slal= 22| S Holx] Qdatct

23 EX SYP2 M4}, REE §3, 2< 3 9@ 4o 4203 He| ulg)
35 7% EwHch 1). EHAYE Zold wel M4k, S45URE, REE o] widr)
UL, PRt Zojo] mel HAshe FE) (Type A). 2). HAE SHE-FY AAto]
B0l vls)] ozt ol Fil, F&§Eo| sH-FolA wX|T Zolo wkE REEY 7}
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Table 11.Concentrations of Rare Earth Elements in KODOS90 Surface Sediments. (unit : ppm)

—-—r———— = —— . —_—_——_— — .

- ——— e m— " EFm—— = = = . -_—

——m—E -t — = = =

L AL

~Station  La ~ Ce Pr Nd Sm | Gd D Ho  Er Tm Yo Lu
1 30.97 60.00 11.90 20.62 11.77 3.27 12.80 12.26 2.49 6.78 0.92 6.11 0.89
3 11.55 27.44 4.90 8.59 5.86 1.70 7.05 7.09 1.55 4.19 0.61 3.90 0.60
5 17.08 40.76 7.11 12.02 7.62 2.07 8.45 8.61 1.80 5.07 0.73 4.92 6.73
12 62.82 63.65 22.35 37.76 22.53 6.10 24.77 23.76 4.93 13.52 1.87 12.39 1.85
14 39.82 59.20 15.74 28.69 17.81 5.06 20.90 20.42 4.11 11.30 1.63 10.47 1.54
18 48.19 63.36 18.11 32.01 20.06 5.85 22.61 20.74 4.22 11.60 157 10.24 1.55
19 83.69 72.90 29.23 52.10 30.93 8.48 34.21 32.44 6.65 17.81 2.51 16.20 2.38
23 35.17 56.12 13.41 22.25 13.86 4.03 14.92 14.49 2.88 7.97 1.06 6.93 1.03
25 31.77 54.82 11.80 20.79 12.81 4.23 15.44 13.68 2.87 7.58 1.03 6.79 1.00
27 14.90 33.84 6.43 11.62 7.35 2.16 8.67 8.59 1.83 5.14 0.71 4.71 0.70
29 19.81 37.73 8.31 14.86 9.60 2.92 11.10 10.44 2.19 6.03 0.82 5.57 0.82
30 32.99 41.40 12.12 20.61 13.25 3.56 14.68 15.04 3.13 8.84 1.19 8.07 1.20
31 56.12 61.37 21.89 39.12 24.51 6.67 26.97 27.47 5.83 16.06 2.33 14.94 236
32 41.97 51.69 16.40 29.28 18.12 5.15 20.14 19.70 3.99 11.05 1.55 10.31 1.53
34 18.16 38.77 7.13 14.29 9.32 3.00 10.47 10.18 2.17 5.91 0.85 5.49 0.84
36 50.85 59.01 20.71 37.71 23.08 6.34 25.68 24.22 5.03 13.96 1.91 12.66 1.89
37 39.02 51.24 15.08 26.12 16.08 431 16.97 16.25 3.32 8.84 1.26 7.91 1.17
38 21.69 43.83 8.72 14.70 9.15 2.50 9.70 8.76 1.76 5.03 0.66 4.42 0.62
40 52.57 57.86 18.48 31.83 18.73 4.85 20.00 17.47 3.55 9.54 137 8.99 1.30
MIN 11.55 27.44 4.90 8.59 5.86 1.70 7.05 7.09 1.55 4.19 0.61 3.90 0.60
MAX 83.69 72.90 29.23 52.10 30.93 8.48 34.21 12.44 6.65 17.81 2.51 16.20 2.38
AVG 37.32 5132 14.23 25.00 15.39 4.33 17.13 16.40 3.38 9.27 1.29 8.47 1.26
STD 18.22 11.75 6.30 11.22 6.62 1.77 7.25 6.93 1.43 3.86 055 354 054
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Fig. 21. Ce anomalies in KODOS90 surface sediments.
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g g4 H3TE Type A%t RAIRE el (Type B). 3). HAEB Ao u|3)
-3 BAEe] MAlo] ojFn, 2<% U RES Yalo]l won, YUgak
NEZOINE PASTIE SEBoldE Th 27 ¥ Paske Wel (Type
C)olth, IRu] Type Co| 3HEE|HS-2 REE o] ¥, Ced HAY J2| o]4x]
(negative anomaly)& UERJAT} (Table 12, Fig.22). XA 12 ¢} AAH 19=
PN Holth= Hel2 A 12= ¥ slolM &2 REEE Rolthr}
Zolol wie} tha ZAsh= AR Ryt o] FAL BolsHAE AE3ol o5
Mkl ElAEo] goioln 1 EBoME %] UVE Wolxn U4 A
60vEEZ W3 silte] Yato] o 5062 A3 S ulSS ARsla glch o|RE
o] 3] calcareoustt E-Wol wWol Mol 917l W He2 W) Yy
calcareous oozeol= UYut¥os J& T RES] §Po] wom o|RE A
22E7) wRolth BE 19& A A Fol AAA 24 % REY] YaYo] wor
§i4ake Type Co} o] Lolof ulel AYCH} thA] F7khe Pakg BRoon
3R Ceo] &2 ol A& Uehiic}.

HAEZL] Ce oA 2% o Uxigel M Ai=igich  Addy
(1979)2} White et al. (1985)2 HAthA %2 red clays of|x{&] oFe] Ce o]ANX]E
Ruslgdoem Wang et al. (1986)2 calcareous oozeolA 8] 28] Ce oJAAE
Bastgct. 22l 39 YSUEY ANHNBS ced] &< oAl 3
FAAX|o{RIT} (Ikeda and Masuda, 1981: Matsumoto et al. 1985). Toyoda et al.
(1990) 32 efH} BN Ceo] 2] o|Alxe] HE2} REES HE: ¢
(P)2] sxof vlsidin Fx AL EHABoIy ZE 22 Ce oJAAE MUtk
APl gAsiTh A $x7t §& ofF Z4H (fish bone debris)old REES]
HB Ced] 2 oA TIE o xtEe YsiME Ea¥ up Ut}
(Arrhenius et al., 1957: Bernat, 1975: Elderfield and Pagett, 1986). o]



Table 12. Variation of each properties with sediment depth

o] [
w o ]
w0 [+ [
weo[olo[o[0

Type A : ﬂ’ﬂa §°l°!l meh AN, SR RE §1Y W)
03 et Zolof what 7148 h: B ( St.1, St.5,
Gt. 18 St 23 Gt.27 St.32 St.38 St.40)

Tive B : 5435 St Al o0l Hlal 57 g, 3
S3%0| S5O wAT, Zojo] Wi REY 3 Y
"%‘-"z{ 43171 Type AS% AREH B (St.3, t.25, St.3),
ot.Jl

Type C 5]&] AEZ0] 3] 6}-‘?—%—5] 2! 51“)‘01 %, 3
&1l R Hheo] Hom l'=""0I STodA Bastl
s Al Th) _6_7}3& LY 7U~ Bl 635}] St.14, §t.34
5t.%, 5t.37
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Fig. 22. REE concentrations in KODOS90 sediment samples normalized to
concentrations in North American Shale composite.
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Ao M Ced] o427} Rzt BA=AE & U A3 Yol r] $]3lq Ce
ol 2] B EF A% Uehd 4 UE X Ce/Ce* = 5 Cen/(4Lan + Sma) -
Cen, Lan, S NASCOl &3} HZHEY 42 - & TIE U2 52} wizs) Rar}
3 AR (N=290)& tige® OyE 18 £ Az Ced] oldAE& REEY & W
Mn/Fe 33t BABAZL U= R2E ekt (Fig. 23, 24). Laste] AABA M=
Fig. 239] spHi&olla wlE Holx Q= BH 12, 19, 329 U&ES AU B¢
In(La)2} In(Ce/Ce®) 2] 442 A (2 = 0.82)7F A Uehdon,

Ce/Ce* = 2,912 X La-0.-4982] @AM O 2 FHHC] (Fig. 25).

In(Mn/Fe)2} 1In(Ce/Ce*)2] J[ANME r2= 0.465 B TAZ} U Aog
UElstt} (Fig.24). ol 348 EFolMY dxpdite] w&4& A FolM
R71EHT) ®mobA §838o] FBHA dojui AAAHLE REEY VL
wolxn EF Ced] &8 oA} A Uehdtle Z& wilEch HAE
ol Mol o2yt w2 REES] 2t Ce &o] oldA7t EHABUolM ciE oW
A& 23 EYF Autex]E dohlz] ¢13) REES] w27 2 oM W
T4& Bole smectite?} FEHUPE Auidh= ujMYickziof cidjy E4E&
st A HMolM JA=A7|7H 1 um o]3}R] smectitem T3] & H>} (Fig. 26)
smectite ol REE ©¥{do] AA] ¥AHEY RE = % H5J& o=
UG Ue A28 UElilrh &, REEY BXE7F ¥3 CeZl R &8 oA &
Xel 40 cm |4 smectite HA| S REE wxoll ¥ &2 Ce o|AXE
Leldigitt. 2|3 Mn/Fed] Ztoll 9lojAl 1 cm, 20 cm oA 0.002 QI i) 40
cn FollA= 0.0082 4ufjo]l 3idsh= £X& R Tt (Table 13), o] dpgd &lgo)
ZU4F REEQ] 3ol wolithe A& AlApl F9ch = Eujols REEZ}
Sg2tgol o] zEESE= ZHPolA smectiteo] FF FAxoj zleow
AAAcE  HAFUS oMUdTAE E4% P} (Fig. 27)o  o3pdA
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Ce Anomaly
In KODOS90 Sediments
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0.1

La(ppm)

Fig. 23. Relations between Ce anomalies and La contents in KODOS90
sediments.
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Ce Anomaly
in KODOS90 Sediments.
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Fig. 24, Relations between Ce anomalies and Mn/Fe ratios in KODOS90
sediments.
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Fig. 25. Relations between Ce anomalies and La contents in KODOS90
sediments except station 12, 19 and 32.
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Fig. 26. REE concentrations in smectites (< lum) of KODOS90 sediments.
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Table 13. Metal contents in smectite (< 1 um) and micronodules in KODOS90 sediments

Sediment composition{S$t.9034, <1um}

Fe(%) |Mn(ppm)
1cm 8.4 1390
-
40cm |

Fe{%)
Mn{%)}
Cul%)

Ni(%)
Co{%)

Mr)/Fg
Cu + Ni{%)
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Fig. 27. REE concentrations in micronodules of KODOS90 sediments.



smectite®i= @] 7% Ced] 42 oJAXNE REul o]RE Elderfield et al.
(1981)2] wyzictzjolMe] e (Fig. 28)2 wlay o Hcid L Fo
XYL Aokch el oMol Euol 4o oldx & RAEd
olx|Fol 2] u|MWULtY] F’do] hydrothermal fluide} FTAHrk= A&
Al A= Zlo|r}. Elderfield et al. (1987)2 hydrothermal fluid¢| X7} Eu?l
2] ojAdx|e} wiggicia Bastgict,

2)d =

ol FUIIA o]z w2 REE ©T WU Ced] &4 o= 54 w2
YXPEAHY U dapEitabg FolM B3| 44L& Wl $RI ARF (diatom),
WAFEF  (radioralian) T3 TAFECL £304 w2 FULE TUY Y
|718E°] MAHLE FFEHE HYFUA LY 84382 doA HHE
REEE A|EXA7= YoM smectite2] nAgictz]oll {2fxjo] REES Hx&
Z7A171A "t ey ol ¥ A Sl Ce2 BeFolA Ce(N) hydroxide?]
HelZ oMYAt S A2 FAo] dojuin uMgzictz]e] P
hydrothermal fluid2} ARCE 2|3 o]x]Fo) M2l Cel] o)Aatx] BE = Ce/Ce* =
2.912 X La™0.4982] HAA o2 HHHCL
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Fig. 28. REE concentrations and Mn/Fe ratios in ferromanganese nodule

(Elderfield et al., 1981).






A% &7 7] % Y e

3.1. B3RP L A BA Y

U] & AtAE AN whH Vinklerd 22 194]17] Fubo] A QhE]o]
o9 e AFE JIF Gt whHoE wWolge :glth o] Wi &&
AtA7t 737 3tollA M2+ &} Mn(111) hydroxide® HAE|o] 4t47t 1AW ¥ W2
pHoll A TIA] Mn3+ o] 228 &Ql F o|Zo] I-§ [:2 AMA|Z] T thiosulfate®
129] & &3 P §E4LY P& dUohde YYoltt

Thiosulfate® HEY wl FWHNME $e] 4 WM kol FHog
vl olufjo] ol& &Yl Y| UolRI| $13loq AAYLE WY (starch)
ARSBIRIRE, 22 oAM= FUAS FYH Y e AR hjeR
Stobuict, HEAQN PHE AU & o] 83l A FH Y A HIHE BB}
FUEE Yol Wrdolx, A7 2 Y Tl dolihe AH, ¥
Hhge]  ANAH  HPEL ol83e Aotk oY Agysix] Y
Hx(sensitivity)= starch& A|A|YLR ANESN= -7 10 pequiv/l, 7|2
ol 0.02 wequiv/l, A& o83 FYH Yol 0.015 uequiv/l
(Grasshoff, 1981)% H7|¥¥ 3y E= FYA vPhHo| starchF X|A|G2 2 AME3h=
Yjol uwls) of 50u) ojite] AEE Ho WX u Y ARE AFY Ao
Z1chEct B3 2A] B3 42 AF (JGOFS)S 222 MAN Ao E 3}t
E= A1 S ARSI QU (JGOFS, 1990).

FHA upYo]l AN vpde wid AL FAMAY, Y wPPS
21 & o] 8322 A1 FU2 photodioded HIAY Fu|zt YRl 7]7]9
Ax7} ofelE Whd, AZ|HAY S AF AYYR ARFSY B Rol:=
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Ayt ZE72 FHE 7718 g0l AT Aot Mol =k uE
At meN B dPoNE 8244 3He Fude AASE uo
A7\t e =Uln, ol§ #lsiel Way sZ1E Ay, Asigen,
U A G ol 8sle} xHERBIAAT)

1) &% e

Winklertd] 734g97] JlollA] manganese(ll) hydroxide&} %2 £F Al47}
7281 A AYs1 Mn2* & Mn3* 2 AA)F|H A manganese(111) hydroxide® XA ¥ o]
52 8EAALE ILBAIUN oo k& ATl pH 2.50]3l% Ww AAE AW
Mn3+o] Mn2*E BVUEI FAlo] iodide °]2E iodineS® AMA|ZIT) A3
iodine® thiosulfate® X3l NYPHo T K& 1140 & dohle Wyolrt.
olg A& ¥} kgAML R Yepld thEa} 2l

Mn2* + 2 OH- = Mn(OH);

2 Mn(OH)2 + % 0z + H20 = 2 Mn(OH)3 |
2Mn(OH)3 + 2 1- + 6 H =2 Mne* + Iz + 6 Ha0
I, + I- = I3

I3~ + 2 S2032- = 3 I~ + S40¢2-

Uit o T HFAY FUHAAM LIS HI U= EYo] FASE nix=d
ol& &0 FYI| H7|$]AM starchE R|r| e} 2 ARMERIT]L Starch= 129} Yhid
Retdolxil 271 fle B-folle MZAE HA] Qo Bepy foo] FAo|d uj
ol§ FUHLET Rty Iy, EYY WEAHE £Oo 5 HUopdla AljlY
8 ZA=EJt e $A KIER ZAs] 71713 Py SR AR M
HE7} do2| A}

A7y FUdd AR WPHoEE= ‘dead-stop’ B & AME{iTl. Dead-stop
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Qo] ARSE= AFE 2 FHYE 71 2714 ¥F AF (double platinum
electrode)olm, o]R&] AA|HQ RAEE Fig. 29o] UEepiSct. o] HFef ¢
100mVe] A}E 7BEF= 757, ¥F (cathode)oll A=

Is- =1 + 12

Iz +2e =2 1I-

2] Ykgo] qoju} depolaizeX]il &= (anode)old= #& Fikol 23
depolarize®t}. F AFo] EF depolarized®|SlE& F-7olvt A= F3 AR
AR

2 Sp032- = S4062- + 2 €

o] YhgoRE FFE depolarizer]H 4 Qivh webdd Aol AFEI] A
iodined] X7l w& Zfols AFE B WS ARI TEAEIL Yo
APHol] w2} iodine?] H=7t EAFA weld AFE FI TEE AR
ol & = FUHAME oW BRI ALJBEA] QAIECE Yl 9L 3F
EF 43¢ =2 AHojErid, AR HAE &Y iodine w8 ZH4e
Hlgj3tA Hr) wietd Aol AREWAM AR HdE B AGE I3
e AFU] 00] E=- W2 HRUNA T o]t WA Ye=- HE ot 1
wj7tx] H ol AHSE thiosulfate?| FI|E Lople Yol && A4 §F&
Y ANy FUH @A Yolct (Fis. 30).

2) 7171 38
U4 gt uel o] dead-stop AFE HM = Aol LAY APJE AR
o] Yol F= F33} AFo] AT HYE Aol F7IHT FAYY, W F3E
SN == AHE SBY 5+ U AL e} (Fig. 31).

E a7odE HYe A5 EHEZ AFss AE B (TAUSSEL EBX3)&
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Fig. 29. Schematic diagram of the titrator for dissolved oxygen
determination.
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Fig. 30. Typical dead-stop titration curve of iodine with thiosulfate
solution.
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A3t BAYN AR FPPNE BF JUY 94 Z87) (operational
amplifier)& AMSSl] Aztsiglct. 1 3E& Fig 3200 Uehdlch Fig
3201M 2] Ro& RABI] AFo] el AU 233, o|& HHAFH7] (voltage
follover) Ujoll E2tAA Aol Pel Hilo] Aldgle] YA AL FAAA
ZeN RiE B3l T2 AFE FUYLH olF A NS Y of=
ReQFEL AtajolE FFshe=tl R Uelo] A9 Y& B AYY A
AT ¥ olES AYXNE Ul ol 83l 28, 33y,

% AF Aol 22E ARE ie} 3, ol R B3 =L AR} YL Ry
odge] A Aol ohoe] Aol we} iRs7t ek ol & Re,Rs,Ree] 2ol el
Aeis] ZE/sled AFYol Wshs WUy AYXE YWl UHE R E E
T AFE SAurd HE weld R Pne] el AYS RiE
100Q22 ¢ 2% Suvol Hapsid dal 28] Uy, Us, U Y Aeto] 44 uix)
49 4Vt Bl AU AA 2FS1E AHgsioRict,

B ARoME olF ¢ltld RE dit 2HJ1§ 4 Agto] 230uvoln 4742
dxb ZE7)7} SIS chipol URE OP-400GE AMESIETh TR R AUV
A 2B E #1319 10 turn potentiometersd, 1 £|8| A3 LW 1x FY A3S

AHE-5}51CE,

3) 7171 HA
B dyed AR 7718 BELE AT AL A 73 ol Uy
st o] AU Y AEE N4E A U3, 1.62 aM potassius
iodate B4 AMgSlgCt. 12 olfE 34 ARE AMY A, TS 2 - B
5 £ AAE EUY - o AEF csteg ¥RIPI AY BINsslm,
g F2 82 Al FHS YA AFY updPo] AAE Y FFsN= Ao
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Fig. 32. Circuit diagram of dead-stop DO titration system.
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ot ]2} iodided] °}& FFBlA o|F 4tLo FEE ISP wizolr). wiepA,
Potassium Iodate -82& o|-&%} 7]7]¢ A= A& A7} Siclal IetHC).

3 ARE AMSSh= T4 F4Y A& RIS 3l 300 ml o] BOD
ol SRTE §2 ¥, Al £ alkaline iodide £, 3 g3} U7 AL
2z 1wl B 9 A AL the, o] £ FYE) 25 nl A 50 ml Fo| 4z
gelado] U ¥, 7)o 1.62 M potassium iodate € 3.00 mlS $3, W
ASE Y13 magnetic stirrer& o|&3lq URY FEB AMojFHAM, 2.7 mM
Sodium thiosulfate 2o 2 ARl FHAo] AMElE= Zol X-Y plotterd
o|-§8l HYo] 4£RH thiosulfate B2 & XFoll, &Y ol T2+ IRE
Y&ol plotdly o]}t Y FHoTRE HFIel 00 He H (U)X
FHohjaici.

2 o] 150mVe] M-S ZolF, Y4BT S AlRE Ao FEA ARFY
23, BY9& I3 TEE ARIE & 20 urolM FE HPRE Y= <L B
&ol&7] A|2Ble, Aol @t Yol A 0 uAd TW3tgct (Fig. 33).
22}, Fig. 33 (a)ollA K= vlg} Zo], HF 4139 FAZ (noise)o] HIIA
LIERSITE o] &S o 2 Hz8] FUE e 2ALE oy =Y Y
(source)= F7|Foll B SAZk= of 60 Hz] &3, THAlo AMg3k= AE
g #H, I2olM FE Fejdhs LT AZHcL ol I ol Hr}
L A3 271 %A 2 Hz8 cut-off frequency& U+ low pass filter&
€9, &2 2doM R HdEE 31ch. Low pass filter?] ¥EX:= Fig. 349
EAIcCh ol A Fig. 33 (b)oll R uie} o] Ayt FEo ol
A A= ATk,

Low pass filter& A%t HeljollA ¢ir AF¥ vl & o A AE &
¥ Z3= Table 140 UeRhgich of @3} starcha AAUY2E ALY 79

~— 125 -



— 971 —

Current (uA)

N
-

O

O

(a)

0.5 1 1.5 2 2.5
Vol of thiosulfate (ml)

Fig. 33. Dead-stop titration curve without low-pass filter (a), and
with 2 Hz cut-off-frequency low-pass filter (b).



— L[{] —

Current (uA)

N
-

O

0

Fig. 33. Continued.

(b)

0.5 1 1.5 >
Vol of thiosulfate (ml)

2.5



— BLL —

Fig. 34. Circuit diagram of 2Hz cut-off-frequency low-pass filter.



ARE thiosulfate 8 HF 2.37 + 0.05 mlE ¢} 2 x2] AUTEF R v,
713 ubde] ZHPols= 249 : 0.02 nlE ¢ 0.6 %2 FYUEF Mo,
AP xolA 3] o]ty & Rarh o|E3oTE= MY ¥PHo| starch&
A g AR A9 Hcl 5ufe =S PAAE Rojof AR, E AN
FUHE B¥sR= ol X-Y plottero] 2% AR JHo=2HE 2 ZoE,
Rt Aol 4AE¥H  thiosulfate &2 ¢ AR THY KA

QJolEQITHY, & U YW AUETo} R F /YT 4 A& Fo

Table 14. Experimental result for the comparison of
dead-stop titration with starch method

Method Added Vol.! S.D.2 n3 precision

Dead-Stop 2.49 0.016 7 0.63
Starch 2.37 0.048 10 2.00

| Average volume of the thiosulfate solution added at the end point.
2 1 Standard deviation
3 Number of trials

4) 71718] 2ps-3}

7171 24& 33 Sk AXe AR7t Ze B B HYY BSHYES
WA Exe A7IRE A713 2R v, EEF vAsty I7IE Yehis
Holglsl ¥ 4 gt} (Malmstadt et. al, 1981), o|@A Ea], Iy NS
A7 AFE wpto] = AXE transducerzd} Y} U}, AJ| A
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e ARRE ARfole AEIT e AU HEE ol&3fEE EMA9
Veplls A7l AZIY AR H3 wiglM  transducer?t WRIRR] QYT
J322 A7 4 P2 THet HY AE WY Sl e &
Ars} strle] 71 Boljt B4 Wielzt ¥ 4 vk (9} 2 d, 1989).

A71Y LE A2 FHEF FAE JIUE AWE o83l 2HEHE
?13ME= PGS AlRo Yol HAI AR €Y o ZTEE= ARE =
BE FAlel ALY AZIpoof ¥Urh FHYUS A MUY HE
interfaceQl RS-232CE AHAJEHEE o]F o|&3ldln, Yo Z=E= FHF=
Y AR interfaced AME3lA ¢lojEST A FX|8 =23 ITFE
Fig. 350 TA]3}qic}.

A2 interface= HAIEo] 2, A4 89 digital A1 EF analog AIE
B} DAC (AD667, Analog Device), cell® HE]2] analog AlZE Ao
QlAr)Z 4 9= digital I L vpro] F= ADC (AD574A, Burr-Brown), 1|3l
digital 2122 UYL Y UY&Y A2} PPI (PPI 82554, Intel)B F2
T3Eo] o, o] HExE Fig. 360 =AIsHt. $1¢] ADC W DACE BF 12
bite] A8 AW HHES ZL UXT AREY Aals) (IBM-XT)7} 8 bite] E3is-g
TR BE left-justified B§2]2] 2 byte 2} 8 YA & ARE-3tgT) (4 2} W,
1989).

He2} interfaced A|oJ3}7] $I¥t softwares= Microsoft QuickBASIC 4,53
ARE-3to ZHd31olt). QuickBASICE: ¢io]8] —-/do] BASICH I2& T3l Qlo]
Aol wi$AYU chEI7t g3, 2] Y = A 22} compiling,
debugging® "% A BE + U 7 ohjz}, PASCALY] block FZRE 71|
910 software®] 2}gdo] Ha|sl} (Microsoft, 1987). QuickBASICS] 7} 2 AL

kA ¢l BASIC ¢1o]7} interpreterg] = wlg] A¥ fileg whgo] o]F A=A
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A3h= compilerghz Foltl XEZ, AAZY JEYE Aok dde
Assembler U C &doj7} 7P ZAFHOIARE o|& <dol& software] 2ol
QuickBASIColl ulBto] ofaj9¢m, QuickBASICE AiIE B o FH77Y
Aol F vy A" + UA =l ULBEE o]lg AMEIISCL

2 dFollM 2R softwared] £MEE Fig. 370 EABIGLH, o] HNE
5 I +F3}3ich

2 dold 2P 8E Atk A softwared] F& AMEW, 4 A&
AHojdh= H4t712] serial port& 2| ¥sIal, HAY Pelg X7] YR resetr]]
¥ 2743 A% Aol wo7IA Brh HF el Eol7bdH, 4 #EY
syringe§ 37 &L & ZUANE AHEAIA &0 AREALL] 2| At]2 43}
¥, Ao " AEE MUY filed] o]FE ALRAA Ea o]F Fu|¥
Chg, oM 3P A& Y= S5 AMRAZE Z33HFE olF EUE 2 Ho
AlAIEGL, Aol AREE FU¢ AU AT AFoE Yo ARSH AY Y
F |2} Jufe] MFRLE Aol ol& | BH fileoll ASCIIZ A Y3IA| Hcl.

Fileof AAE 28 YL electric spread sheet (of]: LOTUS, Quattro, Excel
T)E o€l Attt FUHE 3L

5) 2Fs-38 71718 BE

AFSEE 71718 A7 413t el B viel FUY WHoE AES
Btadct. AFHE JI7IR FE S HE IHY dBEAQ] olE Fig. 389
EAIStct.  Thiosulfate §<o] ZPR|HA £ o] Z=E= HFZlo] A%
&olEm thiosulfate €0 ¢} 1.8 ml 7}12}A ol¥e] ARFIL 2 uAS YAY
& AR o2yt AP JFHoz FE AR = F-E4 thiosulfate
Szt ARk Aol VAR HAARsY (least square method) 28 3131, o]
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Fig. 37. Flow chart of the program for operating the automated
dissolved oxgyen titrator.
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Fig. 38. Dead-stop titration curve using the automated dissolved oxygen
titrator.



203 QPSR AFZ] 2FoIME thiosulfate §o] $uE FuHow
2334t

6) 3F A W ® AY

A2 2 5HE 7171 BAPAl] AEol 7R3 thiosulfate-§2e] HI|9} A&
fojo] TaE A{RUTE HAEA TIE softwared o83l FUARE A3
ol ErE £ A2 & AAtsla, Heel ol 2 U 47 RE
o] 35} B AlAe] 3w}, BHR7) AbA Au]EF (Apparent Oxygen Utilization
2 AOU)E AABHA Bl U, Bl 717] s3] dES HUULE 4
HA717} ¢l & ARE FE Ay FUHY EEU4LY 55 W Yoo meiA=
|2 At4e] X3% 5o ALE s T program ® WHA|H AY ol

3.2. A3A F=F HY ¢£AEXE BQ Y

A3 HABolq 71 QUHos mol: 334 3 mY (27] 438
2%)& tffo] Bernerdl] &3l A=l (Berner, 1971) Bdoj. 1 7|XF F3
o2 dAxkEe] &3 48, EHUso] 3rp (Lasaga and Holland, 1976:
Vanderborght et al., 1977; Berner, 1980).

olg|} RYUEFZ EHHEF2 FFEo] Zoldl uigl Ry or AT
Rz BE Y 2Eo] 3, B el (steady state)ezh= 7123 1AL
sl olct, dubo R Mol EFES et EHFol vl B30 33
g, AE 23 LT AL ¢ ZAo® 8A qlr). gy, B dF xoe
Aol B T WA AE 2 ABES P A8 HHBo] u]3)
Ateks] ZHEEin (I YA, 1991a), 53] FHAES] 4323 Ex okgjeo
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AHo wel 2 ol tIEXY, Ui FHoM FAY ME t)E At
B EE FEHc (B F 1991). ol TR HAEY A|FHEH Aol
o VP HF3I]) Yo dojis I EX Aol Akl A HAEY
2Rz Bute] gdoltt (B &, 1991).

2 A YoM ol T2 HAEL ol I Vehn JI|, 4P
dutyes zo] 1 m o3}y A3 =HAHFolH vehhs zolol wel Lidh=
Hel7l ohyzel, 43X Ao 7IRl= AAdIchZ} T 7= P44 vepdch O
A AA 202 78 AvEE (Fig. 39), HAE FZFM 5 cn Zo| 7A]&
L3-8 (porosity)o] 0,85 oA 0.84% LB} 2 o)3te] ZoloA= tiA]
Z718}d 20 cm ©]|3} 40 cm Zol7IR|= ¢ 0.9 T w2 L& Rt} (Fig. 39).
ERE, AE 249 FRolx olet F2 YAl Uehed daRel 718k dolvt
A 20Rch= tiAd 22 o 7 om (Fig. 40)olx, A 342] ZHfol: ¢} 15 cmol
o|=t} (Fig. 41).

ol2¥t ¥} vladly I+ e FUERe 43 EXE AnEd, 33
24¢t Y 4 BT ggo| SN AolE FHLE I A8} oA EX
IAre] xlolg BT} (Figs. 40, 41).

J 8%, J7|&EY 27| /438 RHEE ol&3le & aF XYY T34 ¥
olsfRichA ol A xid YAzhe AR AelE Ry oy, EX oyl
AE ECiE A 3 £ BHY e G Y/ BYIH
S Bt e &GS 2AUY = orl wlely, 8 AF oM A T34
MY g F AAUATL FAJAAE 33ty f13lq AR Bl Jfiol
o|foj=jo} 3, ¥z} suFof alch
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'DEAD-STOP END POINT DISSOLVED OXYGEN TITRATION PROGRAM
'"USING TACUSSEL EBX3 ELECTRONIC MICRO BURETTE
'VERSION 1.0

'FILENAME = DO.BAS
'PROGRAMED BY D.-J. KANG
'JUNE, 1992

AT TR mrr rmamer uf! T phaem o chm ™ T TTTTETTTITTTTTITTTITITIM IATM T T AMmTmGT TTTTMA L YTE T WEEHE D B D e T (HTTTLTIIT T | T barHHHHHHE DAY nemm T T atirmia (IR TN T pryr r rT CTTIIT SITTIIIIIT FTIT ITIT DT IO T T T b T T I T I L TITL U TIT AT T H T TT AT TTLE L e Hrre T T T L T T T T T T LTI T T T I T U TR ITITIIILLETLN P £ rrdderbEH el a8

DECLARE SUB InitScr ()

DECLARE SUB LineFeed (n AS INTEGER)
DECLARE SUB ChoosePort ()
DECLARE SUB Refill

DECLARE SUB ResetEBX ()
DECLARE SUB SetSpeed ()

DECLARE SUB Delay (n AS INTEGER)
DECLARE SUB Titration ()

DECLARE SUB DataFile ()

DECLARE SUB PistonStop ()
DECLARE SUB TipPosition ()
DECLLARE SUB ReadVol ()

DECLARE SUB ReadCurrent ()
DECLARE SUB WantToRefill
DECLARE SUB SetZero ()

DIM SHARED P AS INTEGER
DIM SHARED current AS SINGLE

CLS
CLOSE #1
CLOSE #2

InitScr 'Display the initial screen and warning commend
LineFeed (25)

ChoosePort  'Choose the serial port COM1 or COM2
IF P = 1 THEN OPEN "COMI1:2400,E,7,2" FOR RANDOM AS #2
IF P =2 THEN OPEN "COM2:2400,E,7,2" FOR RANDOM AS #2
ResetEBX 'Reset the burette
DO
WantToRefill, 'Refill or Set zero
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DataFile 'Input the data filename and path
SetSpeed 'Set the dispensing speed
TipPosition 'Set the stopcock toward dispensing tip
Titration 'Begin titration
PistonStop  'Stop titration
CLOSE #1
LineFeed (28)
INPUT “Do you want to quit? (Y/N) ", quit$
LOOP WHILE UCASE$(quit$) = "N"

BEEP

LineFeed (25)
CLS

LOCATE 7, 20: PRINT "Program terminated..."
END

SUB ChoosePort
REM Select the serial port to control the burette
DO
LineFeed (25)
INPUT "Select the Serial Port: COM1=1, COM2=2 " P
IF P = 1 THEN Port$ = "COMI1"
[F P = 2THEN Port$ = "COM2"
LineFeed (20)
PRINT "Confirm ...... "+ PRINT
PRINT "Serial Port = "; Port$
LineFeed (4)
INPUT "Are You Sure? (Y/N)": ¢f$
LLOOP WHILE UCASE$(cf$) = "N"
END SUB

SUB DataFile
REM Input the data file name with path
LineFeed (25)
INPUT “Input the data file name with path...", file$
OPEN file$ FOR OUTPUT AS #1
END SUBRB

SUB Delay (n AS INTEGER)
REM Dalay time
FORi=0TOn
NEXT i

END SUB

SUB InitScr
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CLS

REM Display initial screen
LOCATE 7, 20: PRINT "Dissolved Oxygen Titration Program”
PRINT TAB(18); "Dead-Stop End Point Dectection System"
PRINT TAB(20); " using TACUSSEL EBX3 Micro Burette"”
PRINT TAB(20); *  Controlled by IBM-PC"
PRINT TAB(20); " Programed by D.-J. KANG"
PRINT
PRINT TAB(28); " Version 1.0"
LOCATE 20, 20: INPUT "Press <Enter> to continue...", z$

REM Warning Commend

LineFeed (25)
BEEP
LOCATE 7, 33: PRINT "WARNING 11"
PRINT : PRINT
PRINT TAB(17); "ALL CHARACTER INPUT MUST BE CAPITAL LETTER"
LOCATE 20, 20: INPUT "Press <Enter> to continue...”, z$

END SUB

SUB LineFeed (n AS INTEGER)
REM Scroll the screen
FOR1=1TOn
PRINT
NEXT i

END SUB

SUB PistonStop
REM Stop the motion of piston
PRINT #2, "> AP"

END SUB

SUB ReadCurrent
REM Read the current through ADC
OUT &H320, &HO

current = ((INP(&H320) + INP(&H321) \ 256) / 256) * 10 - 5
END SUB

SUB ReadVol
REM Read the volume added
DIM vol AS SINGLE
DIM voll AS SINGLE
DIM ex AS INTEGER

PRINT #2, "< VV"
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INPUT #2, volume$
ReadCurrent 'Read the current from ADC
REM Translate the volume in character to value

volumel$ = MID$(volume$, 5, 5)
voll = VAL(volumel$)
exp$ = MID$(volume$, 11, 2)
ex = VAL(exp$)
vol = (voll * 10 " ex) * 1000
PRINT #1, vol, current 'Write volume and current to data file
END SUB

SUB Refill
REM Set the stopcock toward the flask to refill syringe
LineFeed (25)
PRINT TAB(20); "Now Refill the Titrant..."
PRINT TAB(20); "Stopcock to Flask (Green)..."

DO
PRINT #2, "> RF”
INPUT #2, S2%
LOCATE 25, 55: PRINT $2§;
Delay (200)
LOOP WHILE S2% <> ">RF"
LineFeed (4)
LOCATE 25, 2: INPUT "Press < Enter> when ready...", ready$

REM Refill the syringe
LineFeed (25): PRINT TAB(20); "Rehll ..."
DO
PRINT #2, ">RR"
INPUT #2, S3%
LOCATE 25, 55: PRINT S38%;
Delay (200)
LOOP WHILE S3% <> ">RR"
LineFeed (4)
LOCATE 25, 2: INPUT "Press <Enter> when ready...", ready$
LineFeed (25)
END SUB

SUB ResetEBX
REM Initial reset the burette
LineFeed (25): PRINT TAB(20); "Now Reset the Burette...”
PRINT TAB(20); "Please Press the 'RAZ’ Botton"
DO
PRINT #2, "> RZ"
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INPUT #2, S1$
I.LOCATE 25, 55: PRINT S18%;
Delay (200)
LOOP WHILE S1$ <> ">RZ"
LLOCATE 25, 2: INPUT "Press <Enter> when ready...", ready$
LineFeed (25)
END SUB

SUB SetSpeed
REM Set the dispensing speed
LineFeed (25)
DO
INPUT "Input the dispensing speed (HEX: 00 to FF)", sp$
speed$ = ">VA " + sp$ + "H"
LineFeed (6)
PRINT "Dispensing speed ="; speed$
INPUT "Are you sure? (Y/N)", sure$
LOOP WHILE UCASE$(sure$) = "N"
DO
PRINT #2, speed$
INPUT #2, S4%
LOCATE 25, 55: PRINT $S4%;
Delay (200)
LOOP WHILE S48 <> ">VA"
END SUB

SUB SetZero
REM Set the volume to zero
LineFeed (25): PRINT TAB(20); "Now Set the Volume to Zero..."
DO
PRINT #2, "> RZ"
INPUT #2, S1$
LOCATE 25, 55: PRINT S18$;
Delay (200)
L.OOP WHILE S18§ <> ">RZ"
LOCATE 25, 2: INPUT "Press <Enter> when ready...", ready$
LineFeed (25)
END SUB

SUB TipPosition
REM Set the position of stopcock toward the dispensing tip
LineFeed (25)
PRINT TAB(20); "Stopcock to Dispensing Tip (Red)..."
DO
PRINT #2, ">RA"
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INPUT #2, §S5%
LOCATE 25, 55: PRINT S5§;
Delay (200)
LOOP WHILE S5% <> ">RA"
LineFeed (4)
LOCATE 25, 2: INPUT "Press <Enter> when ready...", ready$
END SUB

SUB Titration
REM Begin titration
LineFeed (25)
PRINT "Now titration on going..."

DO
PRINT #2, ">TI"
INPUT #2, S6%
LOCATE 25, 55: PRINT S6%;
Delay (200)

LOOP WHILE S6% <> ">TI"

DO
ReadVol 'Read the volume added
LOCATE 20, 20: PRINT "Press any key to quit..."
IF INKEY$ < > "" THEN EXIT SUB
Delay (50)

LOOP

END SUB

SUB WantToRefil]

REM Ask to want to refill or not

LineFeed (25)

LLOCATE 7, 20: INPUT "Do you want to refill? (Y/N) ", Refil$

IF Refil$ = "Y" THEN Refill ELSE SetZero 'Set the volume to zero
END SUB
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