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SUMMARY

I. Title

A study on the oceanographic atlas in the adjacent seas to Korea
- Southwest of the East Sea (First year) -

. Significance and objectives of the study

1. Understanding of the spatial distributions of the physical oceanographic
parameters, their variations in time, and the underlying dynamics in the
southwestern part of the East Sea is crucial for the marine industries,

environmental protection and military defense, etc..

2. The objectives of chemical study are to describe the distribution of chemical
water qualities, the condition of pollution, and primary production in order
to provide necessary data for the utilization and management of living and
non-living resources and for the conservation of marine environment in the
East Sea.

3. The main objective of biological oceanographic study is to investigate and
understand marine biota and their distribution patterns in the East Sea.
The results on the biota and the distribution patterns will be nessesary
not only to exploit marine resources effectively but also to preserve

marine environment through the biological diversity in Korean waters.

4. The geological purpose of this study is to obtain systematic and fundamental
datasets about the geological oceanographic environments on the basis of the
investigation of geological oceanography and geophysics. The ultimate
goal for achieving these datasets is to establish the oceanographic atlas
of the East Sea of Korea. Especially in this year, the result of the



investiagation of suspended sediments (SS) can be used for understanding
transportation and diffusion of polluted materials discharged from
the industrial complex along the coasts of the South Sea.

IM. Scopes of the study

1. Physical oceanography
a. T-S characteristics
b. Vertical distributions of water characteristics
c. Horizontal distributions of temperaure, salinity, and density

b. Water movements

2. Chemical oceanography
a. Distributions of dissolved oxygen, pH, dissolved nutrients
and phytoplankton pigments (chlorophyll-a)
b. Distributions of heavy metals
c. Development of dissolved CO2 measurement techniques

3. Biological oceanography
a. Marine bacteria
b. Phytoplankton
c. Zooplankton
d. Fish eggs and larvae

e. Commercial species

4, Geological oceanography
a. Charateristics of horizontal and vertical distribution patterns of
the suspended sediments
b. Technical development of suspended sediments used by the transmissometer



IV. Results of the study

1. Physical Oceanography
a. Water mass analysis with T,S data gathered in November, 1994
b. Vertical distributions of temperature, salinity, and density
c. Horizontal distributions of temperature, salinity, and density
d. Current measured by ADCP in November, 1994

2. Chemical oceanography
a. Distributions of dissolved oxygen, pH, dissolved nutrients and
phytoplankton pigments in the East Sea.
b. Distributions of heavy metals in the East Sea.
c. Development of dissolved COz measurement techniques,
state-of-the—art report

3. Biological oceanography
a. Marine bacteria

The total bacterial number, the bacterial biomass and the saprophytic
bacterial number were markedly decreased with water depth down
to 100 m and then remained almost constant. The heterotrophic
activity of bacteria was highest at 30m depth. The ratio of saprophytic
bacterial number to the total bacterial number was less then 1% in
all stations.

_ b. Phytoplankton
The abundance of phytoplankton showed a great variation depending
on the depth and station in November, 1994. However, higher abund-
ances were generally found in the coastal waters of the study area in

which the dominant species was a diatom.

c. Zooplankton

Zooplankton was investigated at 24 stations in the East Sea in



November of 1994, The abundances of zooplankton in the survey
area ranged from 79 to 602 indiv./m>. Copepods were the most
dominant group, making up 64.0% of the total zooplankton
abundance. Foraminiferans, ostracods and appendicularians were also

dominant taxa.

d. Fish eggs and larvae
Larval fish collected in the study area consisted of 11 order, 32 family,
43 species in which fish eggs of one species were included. The
dominant species were Maurolicus muelleri, and Engraulis jponicus.
M. muelleri were the dominant species among fish eggs and larvae.
E. pponicus was the dominant species of larval fish. M. muelleri was
99% and 59% of the total abundance of fish eggs and larvae,
respectively and E. japonicus was 28% of the total abundance of
larval fish.

e. Commercial species of coastal area

Environmental characteristics : The surface distributions of water
temperature, salinity, and dissolved oxygen were investigated in the
coastal area of Kangwon province in September and November, 1994. .

Commercial fisheries species : The commercial fisheries species
were investigated in 26 fishing villages of Kangwon province.
Among 31 species of commercial fisheries, fish were 15 species,
mollusca 2 species, urochodata 2 species, echinozoa 2 species, and
seaweeds 4 species. The commercial fisheries species mainly harvested
at the fishing villages were Anthocidarias crassipina, Pleuronectidae,
and Sichopus japonicus.

Fish eggs and larvae : The distribution of fish eggs and larvae were
investigated in 9 stations of the coastal area of Kangwon province
in September and November, 1994. The 6 species of fish eggs and
larvae were found in the study area, of which 4 species were found in

September and 2 species November. The dominant fish eggs and



larvae were anchovy(Engraulis jponicus), composing 99.1 and 98.4%
respectively of the total abundance of fish eggs and larvae.

Commercial shell fisheries : The standing stocks of some commercial
shell fishery species like Gomphia equilatera, Mactra antiquta and
Spisula bernarida were preliminarily estimated by using the commercial
dredge along the shallower coastal region in Kwagwon province,
Korea during the early spring season.

The habitat of M. antiquta was separated from that of G. equilatera
which was distributed in the shallower coastal area.

The density of Mactra antiquta, which is more preferably harvested,
were in the range of 3.7 indiv./m? to 4.2 indiv./m® in the northern
coastal area (from Konghyonjin-ri to Munam-1i), but its density was
as low as 04 indiv./m® in southern coastal area, for example in the
common fishery ground of Kisamun-ri. The biomass of M. antiquta
showed a similar trend as shown in the density distribution;. mean
biomass of northern coastal area was 147 g/mz, but in the southem
coasts, as low as 235 g/m’.

The density of Gomphia equilatera, a rather smaller bivalve species
than M. antiquta, was in the range from 1.1 indiv./m’ to 3.7 indiv./m”
The density of Spisula bernarida was estimated 0.2 indiv./m®

4. Geological oceanography
a. The concentrations of surface suspended sediments in the East Sea
of Korea measured in November of 1994 gradually decrease from 1.0
mg/1 of the coasts to 0.4 mg/] of the open sea. On the other
hand, the concentrations of the suspended sediments collected in the
sea of the continental slope show higher values, ie., 0.6 mg/ to 0.8
mg/] than the adjacent seas.

b. The vertical distribution of suspended sediment concentrations in the

coastal areas is different from that in the open seas because these

two areas contain different water masses each other. In the coastal



areas, the suspended sediment concentrations from the surface to 50m
in water depth are composed of 1.0 mg/l, indicating the watermass

of relatively high temperature and low salinity. Below 50m in water
depth, the concentartions of suspended sediments decrease as 0.8 mg/l,
showing the watermass of relatively low temperature and high salinity.
In the case of the open seas, 0.4 mg/l with the watermass of
relatively high temperature and high salinity of suspended sediment
concentrations occurs in the surface to about 150 m in water depth.
On the other hand, the watermass of relatively low temperature and low
salinity of 1.0 mg/l appears below aboout 150m in water depth of the
open seas. The concentrations of suspended sediments in the coastal
areas is constant regardless of water depth, while the open seas
comprise the gradual increase of suspended sediment concentrations

with the increase of water depth.

. The continuous and cosequential measurements of suspended sediment
concentrations using by Transmissometer show the similar results from
the simultaneous measurements of temperature and salinity. From the
first year study on the concentrations of the suspended sediments, the
range of measured suspended sediment concentrations is from 0.1 mg/l to

1.0 mg/l. This range shows the following experimental equation:
log(Y) = -0.055957 * X + 8.2533
where, Y is the voltage measured from the Transmissometer and X is

the value of suspended sediment concentrations collected from the

filtering of the seawater.



V. Suggestions

1. Mean conditions of water charateristics and movement can be meaningful

whenever their variabilities are considered together.

2. The detailed survey on the chemical parameters such as dissolved
oxygen, pH, dissolved nutrients, phytoplankton pigments(chlorophyll-a)
and heavy metals will provide the useful information on the utilization of
biological resources and the environmental conservation of the East Sea.

3. We expect the marine organisms inhabited in the East Sea could be
diverse and their distribution patterns complex depending on
heterogeneous enviromental factors such as water masses, currents and
bottom sediments. It is important to identify and classify exactly the
marine organisms before the further studies of marine environment and

resources start.

4., The survey of suspended sediment concentrations in the East Sea of Korea
can be used for the indispensable data to tracking of the transportation
and diffusion phenomena of polluted materials discharged from the coast
of the South Sea. Also it can be used for the basic datasets for

defining the characteristics of water mass.
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Table I-1. Location of oceanographic stations observed during November 9-25, 1994

LOCATION :
LINE | STATION o GpEmN) LONGITUDE(E) =#At | DEPTHM)
o1 03 36° 30.00° 129° 30,00 1109 06:46 %3
o4 36° 30.00" 129° 45.00" 1109 0813 120
05 36° 30.00" 130° 00,00’ 1109 09:45 929
06 36° 30.00" 130° 15.00" 1109 13:14 1985
o7 36° 30,00’ ©130° 30,00 1109 15:47 1900
08 36° 30,00’ 131° 00,00’ 1110 04:10 1950
09 36° 3000 131° 30.00" 1110 11:19 1899
10 36° 30.00" 132° 00.00" 1110 1815 1650
1 36° 30.00" 132° 30.00" 1110 22:27 1106
02 03 37° 00.00" 129° 30.00" 1122 13:00 119
Y 37° 00.00" 199° 45.00° 1122 11:00 309
05 37° 00.00" 130° 00.00" 1113 03:08 1486
06 37° 00.00° 130° 15.00" 1113 00:30 1902
o7 37° 00,00’ 130° 30.00" 1112 1854 2149
08 37° 00,00’ 131° 00,00’ 1112 11:49 2101
09 37° 00,00’ 131° 30,00’ 1112 0817 1554
10 37° 00,00’ 132° 00.00" 1141 1827 1700
1 37° 00.00' 132° 30.00" 1111 14:49 1006
12 37° 00.00" 133° 00.00" 1141 08:35 297
03 02 37° 30.00° 129° 15.00° 11/23 11:50 130
03 37° 30,00’ 129° 30,00’ 1123 1356 400
04 37° 30.00' 129° 45.00° 11/23 1628 749
05 37° 30,00 130° 00.00" 1103 1822 1400
06 37° 30,00’ 130° 15.00" 1123 23:32 1407
o7 37° 30,00" 130° 30.00" 1124 01:42 1100
08 37° 30.00" 131° 00.00" 1124 09:17 1186
09 37° 30,00’ 131° 30.00" 1124 1357 2950
10 37° 30,00’ 132° 00.00" 1124 20:6 2001
1 37° 30,00 132° 30.00" 11/25 00:44 808
12 37° 30.00° 133° 00.00" 11/25 05:30 350
04 01 38° 00,00’ 129° 00.00" 1116 13:41 1050
% 38° 00.00" 129° 15.00" 1116 20:14 1024
03 38° 00.00" 129° 30.00" 1116 22:24 1089
o4 38° 00.00" 129° 45.00° 1147 03:37 1399
05 38° 00.00" 130° 00.00" 1117 05:44 1389
06 38° 00,00’ 130° 15.00" 1147 16:17 1915
o7 38° 00.00" 130° 30.00" 1117 2055 1799
08 38° 00.00" 131° 00,00’ 1118 01:45 1207
09 38° 00.00" 131° 30.00" 1118 06:44 850
10 38° 00.00" 132° 00.00" 1118 09:24 1541
1 38° 00,00’ 132° 30,00’ 1118 2317 1890
12 38° 00.00° 132° 30.00° 1119 03:14 2300




Table I-2. Location of oceanographic stations observed during April 13-18, 1995

LOCATION - "
LINE|STATION { " TUDE(N) [LONGITUDE®)| = & [F4M) i -
A o1 35° 59,90’ 120° 006° | 0413 17:34| 130 |CIDIA/AEE=
02 36° 07,62 129° 5030' | 04/13 19:00| 820 |CTD
03 36° 1501’ 130° 0026 | 04/13 20:17| 1394 |CTDS|A/ AEFEZ
04 36° 22,67 130° 10.19' | 04/13 22:24| 1800 |CTD
B 01 36° 30,07’ 130° 2021’ | 04/13 23:33| 2000 |CTDs\A/AM=EZE
02 36° 3479’ 130° 2001’ | 04/14 O1:25| 2092 |CTD
03 36° 40,08’ 130° 1998’ | 04/14 02:16| 2137 |CTD
04 36° 44.86" 130° 1997' | 04/14 03:05| 2165 |CTD
05 36° 50,05 130° 2008 | 04/14 04:18| 2163 |CTD
06 36° 55,01 130° 2012" | 04714 09:57| 2100 |CTD
07 37° 00,04 130° 2021 | 04/14 1055| 2200 |CTD
08 37° 0482 130° 2008 | 04/14 11:559| 2165 |CTD
09 37° 1007 130° 2000 | 04/14 12:57| 2164 |CTD
10 37° 19.85' 130° 1986" | 04/17 01:35| 2000 |CTDS|A/Bs/AE2a
11 37° 2097’ 130° 2002 | 04/14 1613| 1610 |CTD
12 37° 35.15" 130° 2014' | 0414 17:25| 1612 |CTD
13 37° 39.97" 130° 2019' | 04/14 18:30| 1631 |CTDHAA/AEZEE
14 37° 4469 130° 2023’ | 04/14 20:25| 1625 |CTD
15 37° 4973 130° 2005' | 0414 21:24| 1716 |CTD
16 37° 50,02 130° 1987 | 0414 2252| 1929 |CTDS|A/A2=
17 38° 07.08" 130° 1996' | 04/15 10:02| 1475 |CTD
C 01 37° 26.73' 129° 2993' | 04/15 1848| 317 |CTD
02 37° 33.27" 120° 3984’ | 04/15 17:05| 1667 |CTD
03 37° 3097 120° 5001’ | 04/15 15:20| 1628 |CTD
04 37° 46,68’ 130° 0024' | 04/15 1348| 1322 |CTD
05 37° 53.48' 130° 10.19' | 04/15 12:15| 1600 |CTD
D o1 37° 2042 120° 1985 | 04/16 11:02| 85 |CTD#A
02 37° 1981’ 120° 2997 | 04/16 11:56| 132 |CTD
03 37° 1988’ 120° 3495' | 04/16 12:30| 215 |CTD&|A/8 8/ 452
04 37° 2007’ 120° 3098’ | 04/16 16:13| 360 |CTD
05 37° 20,09’ 120° 4499' | 04/16 17:04| 517 |CTDHA/DO/AEEE
06 37° 19.98’ 120° 5022 | 04/16 1808| 700 |CTD
o7 37° 20,00 120° 5514' | 04/16 1855| 1110 |CTD/AEEZ
08 37° 2014’ 130° 0030° | 04/16 20:00| 1640 |CTD
09 37° 20,08’ 130° 1040' | 04/16 20:12| 1156 |CTD3A/3H8
10 37° 20.24' 130° 3050° | 04/17 09:11| 1985 |CTD
11 37° 1997 130° 4014’ | 0417 10:13| 2175 |CTD
12 37° 19.97" 130° 4512 | 0417 11:00| 2065 |CTD
13 37° 19.95' 130° 4992' | 04/17 11:45| 2163 |CTDS|A/DO/AEFES
14 37° 1098’ 130° 5489 | 04/17 13:25| 2100 |CTD
15 37° 1083’ 130° 5997' | 04/17 14:26| 2200 |CTD
16 37° 19,98’ 131° 1003' | 04/17 15:44| 2200 |CTD#hA/848t/ =20
E 01 36° 30.00" 130° 2087 | 04/18 04:40| 2034 |CTD
02 36° 4987 130° 4013’ | 04/18 02:42| 2112 |CTD
03 36° 50.85' 130° 4988’ | 04/18 O1:25| 2120 |CTD
04 37° 09.92" 130° 59.94' | 04/17 2358| 2104 |CTD
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# 1

Slqlg

HigE & 93 1,007,600 km’, BF 44 1684 m, AW 54 4049 m & &
2 1,693,800 km’] ## (marginal sea)2A (A 5, 1991), Aol 150 m |53l
& (Korea Strait), 271733 (Tsugaru Strait), 22| (Soya Strait) 2
B2 (Tartar Strait)S 3 247 53, SeidY, L3289 déil
o] A}t FHY HAAANH L T4 ofvtE HH (Yamato Rise)S FA oz &
off &4 3500 m 7} @& YEEX] (Japan Basin)7} WA #AH gloey, Iz
S 2F otE ¥ FAZ 4 2000 mE ¥E €% ¥4 (Ullung Basin)9
ofulE {4 (Yamato Basin)E°] FAHo] vt S5E8AE= EZos £Ex59
S5 Aol E FEte BEZY AE EX9 JdFHY o Fi 9 ol EHd 3
AA P T A%4+3 (Fukuoka, 1957) 2 A2+3 (Kim et al, 1991)] o
B Eil=

T e qddMAE FH O AASY BREW ¢ (wind-driven
circulation) @ & ¢ G& 3ol Ao Yk ol (Kim and Chung, 1989), o)
3 ¥ (Korea Strait)s & 39 FYd dfAE sl dojdd (A,
1991). “415&5“"8'9‘ T3 SR AYEe e FE V19 A=A ne,
Age) HArE BuTE f4ds FTEAL (BE)Y. FEALE giw TR

Ay fFAIA S et EF5Jsitr 4 Fa4 AFE dgedA d77 43
01 thubdF (Tsushima Current)E FAst= Aoz gz on (Lie and Cho,
11994), o] dirhdF7E @Y E T a2, nQY HrE FAR wEIH. o
E32de FAFY T dFEL 7‘1%—4 Azt A PSS E3
= Fddd (A, 1986). FM= W HE 39°- 40°N o &A= =
(polar front) & 71FSZ 9% d+Y (warm-water region)d 5%
(cold-water region)o.2 Y& 4 Jod], 49 459 e T2 }
Foll o &=t dvpdFo P 71Ee] AT (Uda, 1934, Kawabe, 1982;
Yoon, 1982)°l ¢J&td, dgfPE T3l FHE FYE dubdFE Eolv Aoz
ﬂ%ﬁ?}% me} SA5E (F8dR), 4R s dE AFASS

o A

>°H1°

e

rJ

rl
2 of
2o
18 ™

z Mo
fn

oA ARe
% HEAAL AOE wafln. BAL UMold B2t FRURS dedY
2 BE i 24RAY ABAGNA BA FANL aRAN G

FAF (F 0% 2IFHPE FI HHEYez whx  YZhcH(Moriyasu,
1972). 83, dRE AP E8 2exadfe 99, UYHAE iR



A Agddd. HHHY ofdd +¥ (subtropical gyre)e] AAA
(western-boundary current)¥] F2A|L.9 E2HE= dE FF ddg @

dojdrt. Hurlburt' et al. (1992)& F&HE T3 o]FX = olgd o]
B¢y daed AP TS AFeAT) oY= Moriyasu (1972)=
ol thalel]l HEIRES $#8/T (meandering)S F338l9 1, Kim and Chung
(1984), Kim and Legeckis (1986)= 198139 A$ I IHF7F A gL
Biste] ExAde Ui ARES "L AAFHL, FAcTAN Awsie
F e AFAAM dojue &59 FoAE AAHSAL

Uda (1934)9] 3|&F 22X 959, BARE dvldFol 23 ¢go)
o8 KKl AlMEe} ¢ F T FaLS u YuHF 2 B
(North Korea Cold Current)E FA3t= WHAAl W& &8 (cyclonic

circulation)o] €A&-& & F AT

% o
rS‘J oX,
o 2

Faol ¥E3lE ¢ Moriyasu (1972)¢] 9&td FAldE ¥Zo2XE A
F7HA A WA E 28 & Aot ALY FFF (surface water)E 0|
YU dEoZHEY S8 deAFE S B3 ®BHEE sl fdd o8 3
AE, dutz oz oF3 AAH F24F AFY HA4-E Bt BEF ot

o] 5% (intermediate water)t BHIR F%9 I dvbdid o)
EWEE 12 e 29 drbdFFE, 281 WFdME ¥ £E24LFE B
T A2 A5t FH LA+ (East Sea Proper Water)= 3 < o
FEE AAste £ 1C v #JHoz FAF ¢z FYsda, v+9
o T aLArSt T3 Aol YdEhgE 2 1T - 4T, 283 §344& 39
Foz EAHE o€ B#E FYsYrh Kim and Chung (1984) o] &
SH%% 5 (East Sea Intermediate Water)2 B339 1, 5 FEFE &2
AYS'd B ofye ‘dE HxFoE SAAYAL RusAvh Kim et al

(19DL FAFTTr7t LAt A 3 5579 ZelA FAH], €58
‘?-

A WA 4T Feobr Loz WAURS AL 7 5 AWDe FHF
FHE 99 A2FS 2Y B oy, By ALBED, AW, AN, F
Aol B2k BF 2 Ad okl goldl Mt %A UEde wdrh  Cho

1 AOU (Apparent Oxygen Utilization) = ¥£3} £& A% - #2329 &

iy
rﬂ):‘

AT



a
2 o

rir

4w

3, £BE By gEoz Bt FAFETAN /QsE T g}

1A AE AAA

XN oo

2 AT S$EENE TYSHE B (36 0N - 38N, Fae - 133°
B) slele] AdY mokst 2 WAREE Sebstn, SA0 BE BELE &
P, WERE S 9987 Az AMe 9% AzARE Assd o
Aol gt 1994del= 119 9UF-E 1149 259 44 & ) &8 2 &
#i)olA CTD ¢ ADCPE |83t Kifl « B4 2 WHBHNS AT (Fig.
I-1). 449 gFe 9% 30 DAols, AR FE 13°E AEA=
15 ZH40s, 1 $Ro8t AR 30 Aoz ARt

£ 28 HE R oWhE

CTD (Conductivity-temperature-depth) &A= EG & GAFY] Model Mark V
E AMR3Ig oD, CTD AEE 3MAAIY AEWs o838t vl 1 m tho2 H

T Atk P CTD 345: 4 1 ms'8 FA #4833
FATAE FAM 25 AFHY Q1= CTD (Mark Vol 93 #3338 948
&9 AF=E HFs7] AHM, F 2070 AF (20m F3 300m )M CTD #
Z% FAd Mg AFHsAT  AFE e AU 2L HddTa9
Autosal 974l (Guild Line Model 8410)2 & ZA3F F Y FAdA #=
® CTD @& nlusdot (Fig. I-2). CTDO 93 #5" &g 71&9
HE (C1FA 5, 199X o] HubAH oz Autosaldl] 93 #FH dE
dl3] = Jetston], &% xole] HA P 0.0342A4 71E9 97 A A
BSE GE zole HTA (00399 A Xt

i

AREEAAM Y HFFFS 253 FFE 2S94 {F454Q ADCP
(Acoustic Doppler Current Proﬁler)% ol g3t S5}t AlE"E ADCP
(RD-VMO0150)= 153.6 kHz® &3& o]&3td HFo2HE F4 oF 350 m 714
o HFHEFE A F Aot BEA, 2AE Y 4o 350m Bot 7] W&
o bottom-tracking mode ™4 none-tracking mode & o]€3tatt. =, ADCP
A= BREES Ao mEBEEE XSt Jor=z, GPS  (Global
Positioning System)& ©]-&3t A& =& AT HFAHAES F3idh. ADCP

—47—



E CTD AAANA®RY ofe} S wel Muto] o]Fdl: Fox 4
o]Fojg o}, Ay o]FAle ADCP #EA2E Ayl Ao BoAd
g=ol e o] BAHO Huto] AX g AU CTD AAHAAY =
ol &3t #FZ TH 1 (3°30'N) 2 EE 2 B'N)Y SEEmAME
ADCPe #FEFCE UAstAq JfFHFo] o|Fo|XA X3ttt ADCPol 2%
HFASFS 54 (first-bin depth) 17m%-& v 8m 7+7A (bin-depth interval) .2
329m Zol7tA] F 4070 FAAAN FPHAE 4 AFAM HFEEE T4
d2 18 HFoR Jad ADCP AEE Mol AXs e ¢ oA HFd
Zo.2 Ak At

fo Jpr
R
o N o o
PR

s

£ 38 BW AR
1 T-S diagram$ °|§% KHAH

Fig. 1-3& E& CTD B4 R 4 AMM #359 A8E T-S diagram’dol
FEANE Zoltt. Diagramiel EAIE A= AN 2 AFAZE Uiy, %219
AR = 2 A wEREAMSY g Jebdth 19943 7HSE 2ARE QA
#59 s 54L& 2 0°- 21°C, 92 335 - 346, 9=(0:) 240 - 274 ¥
Aol EE2FT. ZANY Uj9] 3 (water mass)E IA RKEK, HERKK, X
BHEXK R REEAEKE FEE &

dEHNET C 3449 dvbdFFe 2 HYE 10° - 18T olf, 1 ot
HdEHES (3405 - 341Des ERAAYN FHFSS (East Sea Intermediate
Water)7} 131, 53254 (East Sea Proper Water)= S EZ25 v|3) A
(0.1° - 1°C), 12 (~34.D)°]t}.

BT dHFLE 12«19 A5 AL« AQY A5z FEHY, A
T A F 2FeE vEs Udo AA 139 29 9 ded Yyeiges
T T 18" C ooz A 37 49 &) £Xd= EF3F (~157)
F Fewe BAth A 19 4y AA (0103, 0104)0A A A F
o

L
7HE @ dE# (~3350] #FHUT



2. \BKe EESM
2-1. & 1 (36°30'N @49, Fig.l1-4)

<, 98, 959 FAFA W= £4 200 m oJHAM FEHAD, F e
aﬂ o dFEEE Ffste FHLRTY EIdHU BAHL £201° C - 1.0
c, HE 341 - 342 BX (oy) 273 - 274 0.2 1 WEHS 7} v$ 2op 54
500 m LIgdA FiiE € FEERO] ST & EH FHE Roly 1 #
BHEE 9 100 km WA, o] basin TR ¢33 A £ s
FAol ¥ AggddM e AR KBERO ¢4 50 m & FAo2 935}
B A geME AdAoR Z& FA (~100 mo X}t AR TS
A AelN FFo2FE 50 mTAZA R, A 0105, 0106, 01079 &
A dA=2RYY AdAHoZ 1L (£ > 20°0), g (4% >341)9 %7}
F3hr},

fE o fo i

BEZ5ozRE 4 200 m7Ax Y JEETXE 24T 4L 2t gnpd
T2 NFHE 98 344 o4 199 Haee 8H HAL A} A AHY F
A 50 m - 150 m Atole]l £x 3ot 1dY #(core)o] olFLE UEIGE AL
dsd s §3 A2 AU dvidFo £X9 d@d X stk G 340 o]
&9 Age e Add A 0103, 0104 2 281 A 0108-01119) 50 m
o]Mel] ¥E3n, AA 0107914 AEY )59 o] =4 60 m F-ol wEM
T Aol 578 witt. divpdHRegd dEHNE RoezE: JdEiaF
341ez2 ERAXNYRA = TAFTET7/ £2E FAFEFY #2 2 “QE‘%‘-?—IE—
Z}z} 15 - 4° C, 272 274 (o @92 Uehdt 48345 YogEs 285
EAWsy F3 L BHLFFI P

r lr rlr

2-2. S 2 (37°N &4, Fig. I-5)

R 104% fAs Sed 2 SURAEC] B39 FeHe uolw, Sa
441 100 m W] 300 m Apolol A FEA 44 300 m olddE F& 1° C
algh AE 341-342 o WIIE ZE FARA4I PEQG 4R SU=4
o) A4 52FE VIANBoE 45t A 3N4E AF AA gl u]
A A, WAES 57t et oldge WERTE Al 2P FFFI}
EAES PG, Hol AFY ADCP) 9@ AEETE oE HwaY A

JR

mlm
n)ll f
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A 02059 B2 o 19 AA 0105-01078) F oA}t o] 2 20° Col4,
AE 343 o4 nL, nEY 7t dEved dEFHS 99 1dMRY i
Z7hsigich dE 340 "¢e] HHY sge AAH 02069 ®3F, AR 02079 50
m & 2 AF 02089 FFo AXNF HAFEY EFol FEIh

G 344 o9 S T ALY AF 0203, 02045 AT A HHY
44 50 m - 150 m Alold] EE3ct HZo) AHez 19y 47t JdERY
= AR 02087 sl AU 0211, 021201 1P Ao FAS eFe kA
o AA 0205-0207 2 0209, 021091 M= F7¢1 345 o9 d&8de AA 59
10914 veEtgda glo] @3 1A 9 vtz iz 98 dvidirt €2
UHojde &gt ol AN 4F EFS -9 14T ¢ 16T 524
Abol7d A 0205, 0206 R 0209, 0210914 B} AAE vl3] d=mGo Y
Velga glo] 29 FAGRGME Jerdr. d=2Rge 1247t YEhE
AXE g9 & (> 3450 YEIYE AX¢ AR A= G

gy 341 wlggl GEHAZLS AE 02108 AYF A AFd A YEg,
e 3419 FTHRANL dAgdoz dAHY ALY AR 0203d4A4 = 4
50 m HE AZ7A 341 "% syt Ex3. AEHL2Fol YEUE 4L
AA 3L AYsA 150 m - 300 mel9, AP 0206904 o FHERY oF
100 m AE o Z& FAd vdehdrh AE 02063 FEFHaFo] YeR &
AA 0210004 2TCe] S&Ho] & AAd v3 A& F4d Yeiyi o] A
9 ARoe dzxmoke ngy do] Yepus Aol FrFrh

q

2

2-3. %4 3 (37°30'N @4, Fig. I-6)

& BAol], ¢3EE A7

25 olF 1Y AFF 53

o 47k derel A4 0302

Zo] A 0308-0310 ¢ 50 m o]Hd] Uehdth drldEzRE B

slete me SAsE FRURY EAE GEY vuS A} v
kel of

Aoz FAAY. o] WS EEHSLE FL 18
e ® 13 2014 BEE o

ke s AH 03129 70
m Zolw kgt melth AR 341 Flwel PYEHLZES A AP WA U,



2-4. T 4 (38°N @4, Fig. I-7)

FoAgA e 19 O 344) FEIFTHL O MBI W] 24
" A AR 04049 £33 FH 69 50 m Foll Rolm, F nh9 ¥ Aojof=
340 wke] Ag7t vehdo, A 040694 THOEE @E 340 "wh +2 16
C wwe] 237 FHASHA Yehve, 53] A3 04079 50 m Felle 2AMS
g T M g2 ¥ (< 335) sgvt BFHUAY dAY dvidFee A
0410-0412¢] 50 m - 100 m FollA F%e] & 3Rt FHsHA epde

A 0404, 04058 AR $2%%F okl $4) 100 m - 200 m AelolE S
e, d=rh RAE Fol veded, oE o) AYdl EAsts Aoz nad
(A 5, 1999) ¢4 2880 (warm eddy)®2 5F€oh 2850 ¥ Y

s

233 5L 2 6" - 8C, & 341 - 342, WX (o4 265 - 270 EX F3
F%% %) Uehdth, ADCP A o *%Eom AAYFoR B3 Y-S
Rt

£FE7L Ushte 29 £2%35 4Pt A%H 5B o [u
22 38, 19 FHEFFI Ushel, 2850 FI¥ FFol= A9 o
7} gt 28Ee] BRNE $AMES] SEAx FUE Rolw S
QUEAA wY oleld FEHe A Ao AARAN e sdo] A5E
o8 el R FAAX WAL &+ vk

drzszez SAAAAE FAFESE A AR A PETaR 9ol
19049 712 SERAYIAE delo) AA AT EF7} deig,

bl

3. Kig, #y, HES KFSH

Fig. I-8 - Fig.I-11< 4 10 m, 50 m, 100 m, 200 m A9 £, J¥,
dxe] FHEXE Ui, 71&3E 729 FEEX S4S "?}%?‘iﬁ’qu =%
T 55 ddd dgFon £Lo] @ vt XS F WEH Atold 1
2o A4t BEHT 44 100 m 9 200 mol M= Y5y} 13ES AAZ =
2 zZgA Jelygn, 38N, 130°E #29 44 200 moll= FAEZAAM AFE &
FA 288019 EAZ Qe FHRY L F2& ZE HF/ EXFH. T
TAGE Y Y AHFY drH Alolol] FHHow Fj £
Jed, F4lo] HojAFE F2AME B 9§ YE ‘&t}.
37°N - 37° 30'N AloldlE EZ9 Y FFe dsirt ¢



T27 4ol 131° - 132° 30’'E Atolel] Uehdn, 132° 30'ES] TFol= Wae b
S0 F2 4AS B A7 £xAT

T 344 ol 199 gt 131°E-—E— ﬂﬁli TE UF

oz d¥-= FHIFE %‘*6"3}04 37° 30'N 7+A] B3, £ 131° 30E &

RAFE 1 39 JEEXE 344 °]"1'°‘ Ayt G

4 2gE0l9 AT YeEide 1%"] Aol MZFd Yetdr) 10 m FA ‘5

i 338 "l A dere 3% 5FE A9y 274 EAME o) =

A deguy, G5 K8E01Y ARt 36° 30'N @49 g5 Agg 3?4791

o2 Uedt 5% EAXEH $F, 181 dAZCZE 10 m 29 50 m

Z9 gl o @or 335 ujgte] H4x EFS TTE EMFY F AAHA

AZHAY. 50 m £9 AYESFE F& v Rgow L2 FEI YxBoZ
I FFE v

o

B

GREET PEFES fAGS T AEURE T2 S o 2
4Ee & F Utk THE HEY A9 "ET-"]Q} BAALA Y2l U=

T AEA ZA =4 Jehde, 2223 93 FHHE AFRES O
AFTL ADCPO| 93 #5d siFE£xe Az dA)six »101 FAbe e 4
}FE AN¥HF TF (geostrophic balance)& °lEE FFE + it

4. HRIE

Fig. 1-12& ADCPol 93 #33 37°30'N ©@adAMe F-A, F-2ug
FEEXoth FH 03068 71FEoE MEo2ZE 9 50 kme £& Z1

o] 60 cm/s °|4¢l B3HF7F Uyehuy, EZo 2= AAF (030602 HE &
A 89 AFE)7EA AW 50 cm/sQ) FEFRIF UdEbdh -5l 10 cm/s 03
& E2o2RE $4 o 100 m 7Axelr ang F4o] Be RoAE é;—o
10 cm/s vl e2 oFsit}. 3 EFFS} FFF/ TUE JEdE Y9
agel vt 2BU= mgor yERd HYo2H ot FFUFIY A}sy
(meandering)®} | #o] = 3. 5% FEHAAAME % 10 cm/s U]‘?l'
o) wlekg BEFIL $A5HA dehdol A 03119 0312¢) % 75 m FoIA &

o] tta MA YeEtdEH (> 20 cm/s), oS R FAGHAA 9%311"“11
g #o] Yehd X} X}k F4e] 150 mrt @ EollE 10 cm/s BEFF
b dehde ol e o d9e W drAaze sy e

o
= (

il Jp lg

—_—



Fig. I-132 ADCPd| o3 #3¥ @il 4049 F-A, JF-Husre] s28
Eo|tt. FH 04058 7|E02 MEAE 2FgFI 52 lr: ‘a“%}vﬂ vebdoh A
B 0405= WEF N DR EAste G4 28509 FAR HFHo| o
HE £FSol7t AARFEe2 FHYS AR HUH$5e F2%425 ol
agsol PR AN Ustue SRS Adfsol BFR Hdad b)e)
10 cm/s A= o WEt o] 28Tl JFFL FEAZ0] o]FoW HyFA
300 m7kA] vepdrt. @FAL 29 AA 0402, 04039 EZE 30 cm/s ©
e BEF7F vehun], 7bg k) A 0401¢) 100 m o] A= 10 cm/s ¥
o) FERIE Ueidth 9% 39 £85 Es e mEist A% uhwd),
T 49 AY 04089 FHoZE AMEEIF $ASA Yetuym glo] MutFoz
STE B55F A ¥ ¢3S w4 1FdS & 5 Yk

Fig. I-14% 44 499 m, 97 m, 153 m, 201 m, 249 m oM 9] sjore
Bhdth ANHO2 $4 200 m AXE $EE £E BL S33E 13E £ 7
TR AFAE BT AAVT E8ol TAL FHO2E FhAe
WA W) ege] AV LIE AZY AAYFY AFene
o %4, detenrHg ot o B9 2eln e 2eEela &
BAAR G £BE F HYo] BEE YiHe
S8 oot Agael BT Ao
& ¢ 10 km - 20 km HE3te] Bk v,
d, P9 FUE TE, LTE HEHe W57,
A48, FVRFY F)9 324 FuE olug WA Zy) PRl %
AP ez o8] 2AATn T 5 S

FAEYE U A= 4y %g];ﬂ B4 2 7194 wa 471Xz FEEHEE 1,
AEANNRE  EEFF, thvbdFSE (0m - 150m), FHFES (100m - 300m)
2 E a5 (300m olshH7t £HPos B¥sy gt EE4E 7 28 A4
°ﬂ el $& AEY EA Wt okzky g2 yehiiEd, s dordd 9

g &, ilsﬂ By 4 2oz oA FEE F ok



drhdfse B 4 % YSFFARH 1 ola 4o AH X,
e BAZ BHolH BEOZ 4% 1@ Ho| N2 HolHg RAY, o
BH2zoe BAANAE BAFISE S5 9% @ ARL AdaE 4 9
o) Yehivl, $247F dehte $49 Mss 3345 4% BYe AEyz
% Aud ¥ stk ADCPARS 5@ AA 394k F545 4% 580 A
Mo vkt HHRE GEUAT A 40HE 439 58F 2 UYL
Bgth EARsTE 4 300molat Ao AHAL A s

o] AEFY AAT FEE B BIAY EelA AT 38 N A
Qo2 RE o 100 km Bolxl A 52943 ofg Zo| o 100
AARF @Y 2§87t BEAUT. 28T s e fe
goos £850l9 g AP xol 1P TR FL 9 ®

2 yehted §F 28809 EL %7&94 q5ta BAY BE AT} B
ok 2ANYY HEEBe LTE AR W AAYYY £33 £5%
Z9 gigoz ved ‘9}*17511%‘?}«1 &) ADCPY| 93 #ZHY%
FFe AL YEFE YA Bk,

. 5 5
o2l
i
1)
r
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East Sea (Nov. 1994)
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Fig. I-3. T-S diagrams (a) at all the 42 CTD stations, (b) at the stations
of the line 01(36 ° 30'N), (c) at the stations of the line: 02 (37 "N,
(d) at the stations of the line 03 (37 ° 30'N), and (e) at the stations

of the line 04 (38 ° N) during November 9~25, 1994
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Fig. 1I-3. Continued 2




Temperature (°C)

East Sea (Line 03)

i 1 ! |

25 U ST SO DOU S SN SR SO S B

T T T T T T

T T T T T T T T T l T T T l 1 ‘ T
33.4 33.6 33.8 34.0 34.2 34.4 34.6
Salinity (psu)
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Fig. I-4. Vertical distributions of (a) temperature, (b) salinity, and
(c) density on the line 01 (36 ° 30'N) during November

9~25, 1994 en
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Fig. II-5. Vertical distributions of (a) temperature, (b) salinity, and
(c) density on the line 02 (37 ° N) during November 9~25, 1994
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Fig. II-6. Vertical distributions of (a) temperature, (b) salinity, and (c) density on the 1
03 (37 ° 30'N) during November 9~25, 1994
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Fig. II-7. Vertical distributions of (a) temperature, (b) salinity, and (c) density on the line
04 (38N) during November 9~25, 1994
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Fig. II-12. Vertical distributions of (a) NS components and (b) EW components of
currents measured by ADCP on the line 03 (37 * 30'N) during November

9~25, 1994
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Fig. 11-13. Vertical distributions of (a) NS components and (b) EW components of
currents measured by ADCP on the line 04 (38 ° N) during November

9~25, 1994
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Fig. 1I-14. Horizontal distributions of currents at (a) 49m, (b) 97m, (c) 153m, (d) 201m,
and at (e) 249m depths during November 9~25, 1994
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w10 R

Rigls FES GRU7E K#REKe] FHTE2 S/t HAS de %
Jae, 2 —fe Lexasz wAY, yris ALAS BELE fthkstx
ATHE &, 1991). 28 AF It Jlrpoldl = AR Fote 2 UER
7F Aok Kegigke] Meeg 3 dubdie AZERAS FFFAE gt ik
L3t BE FEREEH, 3= &l Je drd 2 2 AXE &
g Bhata o drbdFY olFel A& Z+ B2 FFAE YFgo ¢F4
T 9r9S BEskeH, a9 gy BAS 7 100mEe K\
200m 39 KEH/HEZ FHA 29 HFEES ¢ 7 Ao EFFgdAe BKY
EFRo 2 fAMEG KoY, drddM e ko]l dojy 12 Yetdg. &
T ME 400m 7tFe FA7A HEoE Hel o] I KBEAA BT £F
T ol PAL e RATT.

RigitHe wAE 2 B KK, 53 ALEY BE R FkdId KK
o] U7t o] #37t ALAF[FE HHEL dAFF2AAs dFAF JIF
ZAME e FAL T L PES FE HIHFE FAEES
A BTt ZLE AR FHIT. 28y FAEE dddM s KES=
HE Feet sFHIE HKED, LT olFdME AFFE I A
e

olelzro] Faldle B At 4FE olFo ofsta e, olT
Fo 9Fo2 FTHHNG S BAHERRE, 2KE 2 MESEE XTI LBKER
ol Wse 2 oz Jqddd. Bk LB RHEHET BHEWEERS A
A 2 RE BERESREHEE AT 7124 A8E ATt EEY TEoIo
KgAK LBH RS Sty Aste] —RAEBRENT BKY BHERER
E(DO)T pHE #HEe] LBK RES BEBRFsHy] AT 7EAHY FE55S WEs)
At BEEFEME ZMHE-ZHRNOs-N), DZMRE-ZHRNO2-N), HRE-4%
(PO4-P), BEMREE-FER([SI(OH)4-SilE WS —REEXEY HEESZIEY BHE
o $REF7F 9 ERERBEY SRS ZASIAY. BT HSEFIAEY XS
Be s dod Aa 222YS WESA \BEY £ED LEJ 7z A=
b =% stk WS METRKY SHE EE}Y] Astd Jt=E(Cd), T8
(Cw), UAND), &(Pb), o}¥(Zn) 9 FFES KEANA HESIA



w8 EE R M

1 3RHRE R REH®

LSS % wARRE 19943 1199 ERBAANAE S99 247)
AAe 0, 10, 20, 30, 50, 75, 100, 150, 200, 300, 500, 1,000mlA] 514 Niskin #%
Keg 12707} ¥-35 Rosette Al2®& ARE3tY x5ttt DO, pH R E&H
FIES % A8E 7 AP A FAdA, FREY AlSE 200m KEZLA], &
&8 Ak EZAAT BASAG

BHEBRFRES DOY 1F#S F3td 74 AA HRAKst Winklerikel <
ate] MR EolA BEstgdc. pHE 100m! Zddad f7)d #wAKE wol pH
meter2 BIE s+ o}

ZBEHE QTes 9% A MBEAM JFHZE AMESY FIAREH
(Whatman GF/F, &7 47mm)E 39 H#AT ¥ BES 18ml i dd §7]
of ol -20TCAAN ®iE RET T APAE AN WESNAD HEZZIE
BRE T 1-208 £EHEY 22 iz Hfd ¥ KESKE ¢Fve &
d2 A -20CoANM BE RET F AFAE $AA FHEA

BB TS A kFE A vE BoE AXHE 1Uso] ZEddddE
Tygon tubingg AFE3sled PVC wtdle] wigx F7E& do] w7t AR A
7] 98 £ & 1~2 xE2 gE o 4355 (Boyle et al. 1981). #HREE
R Boz AAT 1S ZdEdyd dx, UX7 X =S g
d ggeos ¥ F LA A RESE AFHE FAAN = °:, 7
2] Beo2 MA3F pore size 0.4um(Z7ZA 47mm)? Nuclepore EIEEHKZ EBT
T BRUHS 2A4sdd.

2. oA B3

7}. Automatic Titrator : Metrohm Herisau Co. Multidosimet E 115
1}, Flow Injection Analyzer

t}, UV-VIS Spectrophotometer : Milton Roy Spectronic-3000

2}. pH Meter : Orion Model 920

v}, Atomic Absorption Spectrophotometer : Varian Model 875

v}, Carbon Rod Atomizer : Varian CRA-90



3. D ¥k

7). BHEBRE

gy REE B T 2u2 Winkler Hol 95t $AE7HID) &7
qdZEH 2o=3 BELAL W1, F TEON BERKE BTN T 24
A gEREZ SAT RAMd AL Jletd BmEEoz wEo] o @ ks o
U= Q08 AFAAIVE AFE-StY 0.02N-x] 2.3 2 At (sodium thiosulfate)
2 HEES F EE2NLFS AN

Y. pH
REE 22X 25:3TAA 1N AR AT F, AYANZ REE HoFH
A xR Ao| 7H53 pH meterS AHEst] fit LA BIESIAT

o BEM SEREE

¥rEtE (dissolved or filtered) 9 % 9-S Parsons et al. (1984)e 27, ¥ A|
7 W% 7S E Flow Injection AnalyzerE A48t ZAsJEd 4 A
2 g3 2

D). ob2 A -2 4 (NO2-N)

2¥le] sulfanilamide €93 N-(1-naphtyl)-ethylenediamine € %-& 7}3l4
ol AMAE HRAA RFESAT olFAHol BMUBEFAA WFS Alotwl
(sulfaniamide)® w¥+-g-3te] A7]E= toldl 3§Ed WSl & 7tetq AEY
(coupling) A1 A A7) deotx3E 9] KEs MEDH.

2). A2 g9-AA(NOs-N)

HEE Cd-column 9 SEBAIA olZAYHoz BILAIZ F olFE ¥4
o} & Wy ow WAAAY, #kde Alde] F& FEE

o A

olAE, datoz AR ML odF FATEsdd ¥o FIE 4 F, 7%
A S5 A feAdHd A

3). 214tE-A(PO4-P)
Ammonium molybdate, potasium antimonyl tartrate®} 34t¢] R&HES &
Kol 7183 ascorbic acid® Bt BEAZT JAFLS AL AFOA &



B RESS o Znaaratds 4t ol A4S ascorbicAto.®
Zuotd W FEOZ FES e, QEE oo HESNN o] AsH B
o

4). T2t E - A[Si(OH)4-Si]

ARl B¥%  ammonium molybdateE 7}8te] =@M silicomolybdate
complex& W& ¥ oxalic acid®} ascorbic acid®] BLAEL 7lsle BEmoz
FEAZAT. FAES pH 1.2-159 ¥HdA EB ity vleste] Fae] 2y
BAAAEAE T o] FFGA Ay gﬁﬁ—‘: TAL S s v s,

I FAAE 7Meid FEos BEAS oRAL HESY KES =9 <4
At

g 2229,

BK 289 HE BEEREZE o459 YA FYE(Whatman GF/F)E &3}

o Ao AAH *] 90% olMlES 7kshaL, 20A17F Bt WA ®HE)
o EHIE ARE ‘r‘Ehlﬂ?l % UV-VIS Spectrophotometer® HE¥ES REst
Atk BIEE = 480, 510, 630, 647, 6649} 750nmN A 1cm cellS AHg-3te] WiE st
Rot. F22Y-a % Parsons et al. (1984)9 A HEs A}

v, ELB
BwWAKHe BELES Cd, Cu Ni Pb, Zn9 5442 ZEA}O]—‘E&——H] 222
(clean bench)ell Al A]8& DDTC-APDC-Freon %tz o 2 4= HES

=

X

S ML ¥, NEE JRAFTFEBINE ol &std ST 7 929 =3
F49%S Cd 228.8nm, Cu 324.7 nm, Ni 232.0nm Pb 283.3nm, Zn 213.9nm ©|

£



B30 BR Y 2R

1 HHERKE

B HRAA Jed BHEBRES 366~6.24ml/10) A (Fig. I-1~12). &
BoAME 574~494mi/l, 10mFAME 506~583mi/l, 20mZoA 515~
5.92mi/l, 30mZFANA 414~5.86mi/l, 50mEANA 4.03~599mi/, 75mZEANA 350
~6.10mi/1, 100mZFo A 4.03~6.23mi/1, 150m%3N A 3.69~6.19ml/1, 200m%Z A
4.09~6.30ml/1, 300m3-9llAx 548~6.34mi/l, 500m3olA 526~6.03ml/1, 1,000m
TolM 536~564mi/l, 1,500m3oA 509~552mi/1 °|tt. FEAME AH
0210914 4.94mi/12 7V vtau, BEshel] 7l7he R AEdA viad vA
B o n, 042k A FZoAM wmd @A dehdth 10mEME 2358 04
g AEZAAN =A YeEhY L glon, 20mF oA E 03803 04819 At
A =A ez Aok ol B4 200m KEZA JeEhusd, oA B
oA HieHE A MRV BET 29 ¥EOR Y744

BREBRFEY S432 018kdAA 50~150m, 0281 oA 50~200m, 0324319
A 75~100m, 04810l A 50~100mZFo A Yetudi gled, Kol 43 2
oA = KEH A —Hst Atk wHd £5E R 5 AHAME
BHEBRFZY S5 Bolx] g

2. pH

B ERARANAN el pHE S = 7.80~8470] Atk (Fig. 1MI-13~24). KE
#MELE B, #EAME 826~847, 10mZAAE 818~847, 20mZ A 817~
8.47, 30mZ oA 8.09~8.46, 50mZEl| A 893~8.45 75mZ A 7.94~8.43, 100m
FollA 7.70~843, 150mZlA 7.95~8.28, 200mZo|A 7.87~8.19, 300mZol A
7.83~8.05, 500m%&olA 7.81~793, 1,000mZclA 7.81~7.89, 1,500mZol*] 7.80
~7.85 olAtt. /A= BEANM 7174 FFAA %7 ¥ YdeEpd e, A
A 0401914 82602 71 wton, 048lAd M= 8442 AASHA byttt
0123t 02819 #WE 7H7hE T AAE AT A 840 oo
2 Yebgta, 0481¢19] UM% 8408t A YEbdth £33 10mEAAE
012kl #} 0224%1¢] Aol F BHFE A A7, 03207 0484209 & Gl
A=A JdEtRt 20mF 30mFAA T o9 vlxd S Holn, 1 o]}



of FANME FAT AFS RolA Iyt

A 0203, 0401 AAF APAME K& 50~100m 7HA= AL #brt
g, oA HHe BELMAE —HIO. AH 0203, 0401914 pHE
EESMT o9 RESMS 2ol RKEAA FE AL KEAA ZA ¥is
3 e AA 02030 M= REANA 835 10mZFolA 818, 20m3-<A 817, 30m
ZoA 809, 50mFANA 79322 FAld wet WsFo] g A Hste A
3, 2 KR tE AFEG @A vEnt. o MM KERES] KigsE
= ZA veses, AP 040IAAME HEE @S Bola 3oy, hES
uet #brt ZA Jehvda .

dutd o2 @RS FAFAAM pH7E P8 @A vdeEuEd, oA HEY
o e 9ste] EKIF AuHI, AR oldswart B sEHe], H7L
HRE 7] W Eolth B AN 01EAd e BHERFEY S23AM pH7Y 2
A Dolxz e, dE AT BEREKY S23F9 ofdFdM pH7t =
A BojAa 3l

3. B ERHER

olAAG : olAAIAY BEE 015~077eME 923 1199 i =
AAQ 0.07~2.73uM Rt Rh(Fig. MI-25~36). FE ~50m31A 0.06~0.77
uM, 75mZ A 0.09~0.38uM, 100m o}ste] FAdAE 015~0.25uM=E E 3
A 50m Z7HA Ae dAE, 100m LT KEANM A vH|&F BEE Ho
3 Joh AR 020504 REBAA 50mE7A] 2 KENA B} o7 g
0.77uM 2 #H—3tA Vel 129l9] £ AF 2 KRAME 06uM AT
2 Yehgth ol2Ade AAY Breoly fEYoldA FAFoE mMbHETS
Z7 BAEAM, AEEFAEY B dolg o AESZIEAA HitET
B Al YL SHAES @] IA dolus Mol ok, AEAoE 4
EZFIE #BEc] dolus AVIZ ofEz2 B Jed ez Azdd.
E3 olAANGE AAG o] i FRYolrt A sE FLYF ¥R
ol BE BEES Holud, E RAMAZE 71z Aol FEET A7)}
opm 2 E83) ¥4 veldEs F& HolA &t

AN - AN EETE 046~1291uME UERGTH(Fig. 11-37~48). R/E
X E 046~397uM= BN 7+ 7M7be AR 040104 39TuME 7H8 =
A veEbgon, 199 B 7t7tel e AN uM HEe s vEwgt A
A 0307 ME 187uME v AP dlse nmF Ei, AEdME AR

—100—



0309, 0311& BpAtstie 1uMeldt2 YebdEd, A 031194 50m KE7HA
o BEZF & HAHA vgd A4 delvdn ok 10mFAE 044~4.34uM
2 KEAAS o] BEthol 27 BAHANAM =A Jebgz, JA AAE 0307 A
18luM= F91¢ HAd vlatd =A Yerda Qo 20~50mZ 72 9] BES A
T X3 10mFTo BESMASY 2ol A d 7M. AFAA =A YEhon,
500, 1,000m KoM= 012t 028hdelA 03241} 04ehdolA Bk 7
U ERSET

Ak ¢ QA BEE 001~251M2 YEGTH(Fig. 1-49~60). X&)
AE 0.01~059%uM, 10m &4 A 001~0.46uM, 10m3)4 0.01~0.46pM, 30mZ
oAl 0.01~1.13uM, 100mZelA 0.29~1.46uM, 200mZo| A 0.64~1.53uM, 500m
2o A 073~187uM, 1,000m=dA 0.78~1.96uM, 1,500mZolA 093~251uM=
KERo| o] A2 FaH oz Folx|a Yot KB BEHHE =W, F
Argel BEZE 7P =39 AR 040104 059uME 7 Eshal, o2 A AF A
= 030uM LTE velgoh 10m3AAE AR 040144 046uM=Z M =11,
AA] REd S BAEQA 020344 041pMoleny, tE AAAME 0.30uM
olat2 uvelsith $H, A 03039 FED AF 0207, 0208, 02109 &2 Kol
AE 01uM LATY v e FEE B ol AFFZ EEAME A
o] AEZHFIEL MES 4R Aoz Boly I o9 AAH RFNHE
A QAE Y nrF 3~10 ¢ 12 HAHo] FIRERE fFHss Aoz BQ
=

TFAE 0 FAYY ®EE 093~73.88%uMAdl AA 0408¢] 300 A lA
7388uM=Z 73 A JeEbGtH(Fig. NI-61~72). B = 0.93~9.80uM, 10m
o4 1.01~807uM, 20/ A 0.96~13.67uM, 30mZF ) A 0.95~11.56uM, 50mZ
o)A 1.27~13.80uM, 100Z2ms) A 3.75~16.12uM, 200mZl A 6.92~19.95uM, 500
Zmol| A 1556~34.84uM, 1,000mZ )X 21.45~44.96uM, 1,500mZolAx 247~
50.02uM 2 Kol @o] AFE FolAa glou, JAFAIAR FHHNA = &=
t} EEAY HFE BB 0401914 9.80uME 7H3 =k, Ad 0203914 5.16
pMol i, 1 o]&e AAHNE H&d 4ME BATh 10mF A= A3 04019
A 807TuM=Z 7VF ¥, 0203904 647uMolA 1 oo FHAAE i
7WAe ARF JFe] FEYO] v 929 1199 Kegiggke] xApl A9
FAE e EE 1.45~62.80uM ©]Art.
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4. 22 29-q

B OAEAN E2229-¢9 %2 0.01~1.65ug/l0lAH(Fig. 1-73~81). &
Bl A 0.42~1.65ug/l, 10mZo A 0.34~1.24ug/l, 20mZ o)A 0.17~1.19ug/1, 30m
oA 011~1.22ug/l, 50mZFANA  009~082ug/l, 75mZEANA  0.03~0.42ug/l,
100mZl A 0.03~0.35ug/!, 150mZlA 0.01~0.08ug/l, 200mZ) A 0.03~0.21u
g/IZ2 eIt RENMSY 4/E 2, AH 0401014 1.65ug/l12 7VF =1,
wEd 77t B89 AFS BASE lug/!l BTE JEYT 10mEdAax
B 7t7hE AA-ANA lug/l BEE Yebda, 1 o]9e] AANME 1ug/l B
TE Yehirh

—o 2 WA F2299 F& Yol LS, F2%Fo HRH
EEo2 REQ JIF f#tihe] gg Ades RKEAA d4de] srzrns
AEEFIEC] F%F WiEoZ BB RR, o HigdAM F=22do] Hux
£ Jehli e, ®EAKRC Uizd o2t F2Fo] BMEIAE oS HYx
E Yehdls @48 ot B A E $£2%F0] 9A3] BRIAAE
FA G, KEAMY FFgol I A Fornz HYAE YgUEs F3
Bolx ¥ L& KFEAAM % ¥3, kFo] Zo AFE HA wose &
< Rolx gtk 22 AAY 929 11¥9 k#Emks FHENME <0.01~181u
g/l °1A 3L, o] HAE HUXE Jehls KBS Bolx kth(3B &, 1993).

]

o fo g2

5. E¢B

19949 11€el AARS BF 5T JI=F BEE= 0005~0010ug/12 A4
7re] BESMEyY viaAd ZAA Jelgo, $£9 ILEIE SEREGEE 0203,
040D A¥giRe] deFmRAA A A YeElden, EHEEmAA gAz g
BEES Uit &9, BBBREZAA mitimes dydgz ke #EE Ye
Wi gled, oA di% FEXAE v HES By Vg A2 o
2 kB ##S JEHl e Aoz HAtk(Fig. 1I-82).

T B®ES 006~0.18ug/IZ VeI, BEHRES AA 0203, 04013 &
HEgAA i 22 468 BYoH, 79 S4hdME 7125 vrixz
BEAORZAA mitrmes dyee e BES Yl AAA] Hmss

< Jt=F3 vlxsta, A2 MR E=080)%E ¥|23 A JdeEbH(Fig.
-83). o]2¥ BfE FEEEEY HEAHNE vdebd v ok % 1987, 1988,
1989).
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UAe REHEE 009~027ug/I2 Yeixton, ke 7171 =W oo A
H 02037 3% o A 0308M & BEE Ry, )AL BEL HARE
o o] Biol A Aoz AAAT olF HHL AW A= uLd EE
ZmE BRActH(Fig. 11-84).

Wl BEHES 0011~0037ug/I9 0.0, AWAA Hfs @EREINA =
S5, AR EA A, 2 e B4 Jdehdth Eibhmes: ¥ w9
RESAE RYoY, 1 BEE JI=F8 799 449 9a RERT =&
BEE HAHFig. 11-85).

olde] REHES 0.05~036ug/[2 A2 BMEERT BERBEZ) 4L
wigE T dtoy, £ HEglol B 448 B Fig. 111-86).

2 HAAAM JEd 345 BETS AdHos e R 924 1199 HE
B Jt=F 0.005~0.017ug/l, T8 0.05~059%ug/l, & 0.022~0.068ug/l, 18 3L
old 0.11~080ug/IRthe ?kon, 19943 1¥ HEEEKRY sl=83 73, od
o] BEHES 0.004~0.009ug/!, 0.05~0.23ug/l, 0.04~0.34ug/I} ¥]=5}x]gt Fe)
REHETY 0.028~0.06%ug/lRtt @A GERGTHE % 1993, 1994). dbAZERES]A
o] 7t=4, T8, UAR ofd9] EE<A 0.00016ug/!, 0.032ug/l, 0.123ug/l, 0.00464
g/[(Bruland 1980)¢} wlwshd AR B3 K#oln], T9e wf$ =gttt dhi
o Ft=&, T8, YA ®ESQ 0.020ug/l, 0.226ug/l, 0.319ug/I(Kremling 1985)}%
1= 33=
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2% XK

WA &, 1993 BEEE ROBEERE FRAR-XBEKRQCREE)
WA $®EE BSPG 00185-601-3.

EME £ 1994 BEEE REBEEEE FRHR-KBEKCREE)
HWHEWEAT #4532 BSPN 00227-733-3.

& F. 1991. tiviERiRe] E AW LB i 2 HiES BK BER
KOSEF 870616.

WS & 1987 REIMEE REBWHEARE (FRHE-HEEBEHEAL)

WBHEHER #EE BSPG 00046-163-7.

B & 1988 BEIME KEEEERE FRHE-EECREE) BHEWHEA
#wEE BSPG 00062-200-7.

AERE % 1980 BEEE KeBEFERE FRAR-BRECREE) BHEHRA
#wEE BSPG 00091-251-7.

Boyle, E. A, S. S. Huested and S. P. Jones. 1981. On teh distribution of
copper, nickel, and cadmium in the surface waters of the North
Atlantic and North Pacific Ocean. J. Geophy. Res. 86 : 8048-8066.

Bruland, K. W. 1980. Oceanographic distributions of cadmium, zinc, nickel and
copper in the North Pacific. Earth Planet. Sci. Lett. 47 : 176-198.

Kremling, K. 1985. The distribution of cadmium, copper, nickel, manganese and
aluminium in surface waters of the open Atlantic and European shelf
area. Deep Sea'Res. 32 : 531-555.

Parsons, T. R, Y. Maita and C. M. Lalli. 1984, A manual of chemical and
biological methods for seawater analysis. Pergamon Press, Oxford,

U. K.
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£ 18 & R

HEAE Zoks B T A A4 AEAY A2 TR A
ATk FG3 Y HEXAIE WAL, AEY TFAE, 554 ZTYIE, oS-
A2 g PFo2 S o] F MAEL FAFF L AAF, £ (colony) WA
AT, AT F59% €4 2AAY. 2831 JESSaE, FESY3E 1
Zal ol R Azteld] AN E T2, HEF L EId B AL 29
I ALY AdFAE Fo FAYE TR, EE 283 AEFL 2AEY o

4G T Astel @ B Aol 52 AU

£ 28 HAE R omHE

FA A FHEARE 19949 1180 FHFTFHGANA F 240 ARE e
2 UAE, HEETIE, TEEZIE, AT 2 ARXE g4z Qu(Fig.
IV-1), 223 dYAE AdRAe FUE FHALE ddez 1adE dMe
Aol FEA7EA] BASHAL 19943 94 FE 19959 397tA] 267) o|&AE
ot EEXZAE & US AR AELE A% @FRAE AAEA o] F b
FALLE A A2 5749 oj&A AGS Fstd 19953 39| ZAbsIITh
agla ofd 2 Xztel= 9 AAANA 19943 993} 1194 =AY tHFig.
IV-2).

2. A48 R Uy

7t v AE

1) MEMEs 2 ME4#EE(Total bacterial number and bacterial biomass)

MRS R MEERE BES AT Aee dFA acidic Lugol’s iodine
(HAFTFE 1 %oz 335t AFHAZ 293 & AODC(Acridine Orange Direct
Count, Fry, 1988)w el we} ¥ 3337 (Epifluorescence microscope, Carl
Zeiss)3toll A STt

MEAERES ANS 98t RZMERS 44 REoz 7H4sd J3E 4
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3to] AMES 489 & 24 £57 Eolde FH2 HAse 9528
THEE B2 U] AXlstE Wyel uel RUMES ASS, AREES o
o] AR Foz Urol AT T 979 Zimmermann(1977)¢) ¢
factorg& &3l WA MEES AN T fEEEY  Kogure®t
Koike(1987)ell ¢J3f 2tZ¥€ conversion factord] 020 g-C/cm®e H&ale] HE

£RRES Al

A 0
tt He g

ne

2) 1B &R MEAE(Saprophytic bacterial number)
ZoBell agar medium 2216e& W2 3t 44§ colony? & Ao 2R3}
At AL f4d Tdek 1 ~ 20 ml B9 ABE 02 um pore sized] =y
Aol FEH3t] 20T A 1497 wigs & A5t

3) MHEEHEEEEIEH: (Heterotrophic activity of bacteria) .

Ao FEHILEAH] ANERJA F718 oJB8EE FASY) 93+9 glucosed)
W& turnover rates 73 tHGocke, 1977).

200 pym mesh size®] FAHZ AlAAAF AJEE A2 3709 100 m! bottle
o) 50 mi4 B3 005uCi(HFFE 364nM)e) U-D-[Cl-glucoseE o] ¢ 34]
F Ee A eigstUnk.  old bottle sutdlE vlE 1 mi¢) formaling ¥
blank® 3&}¢ ).

#go] ¥ ASE 1 ml9 formalin® 2 W82 Z9AI7l F pore size 0.2 4
me 72 (Nuclepore, ¢ = 25 mm)E AMEald AFsgnt. 534 o)
14C02 o gy wa9 14C-glucose T Az IN g4k 200 ulE A 7}%}01 pH

€ 3 ol3t2 "ol=d F 4A17F < VEAA scintillation vialel] TE] Wo] &=
200 ul®] 2-ethanolamine® EF3ct AL L Wodmx s AR 14002 9]
radioactivty 9} @ o}& MC-glucosed] radioactivity 2 8€ AAFstg o).

i

1},

s EH3E

HEEFIE EAE stdME 19949 119 53 SR = U =
Ao A 4o wel 0, 30, 50, 100, 500m £9] oo A Rosette sampler*‘—z o]-&
& g S00miA & A4 Aok AHP A8E Acid Lugol’s solution® & 31
At AdFVE 32 WS A49g F APAE gusiyh AP YoM e
NBE 4A7T FAAA 150~200miZ 5% A7) the Sedwick-Rafter Chamber
¢ Palmer-Maloney Slide& ©]€3te] 38@w] 7 (Axiophot-TI)atel| A A 43191

o,

> 4

My
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FAEY A2 19949 1199l 2470 AFANA F7AA 60cm, FE 250

EE AEetd 15~2 knot 9 £x2 A FF& ddoE FAANR
< S AFEYHES Ast] Tav|E #FA(General Oceanics, INC.)& -2
e, AP FEL dFNA 6% FHATXTE2LUoR uAHFAY. nHD Al
B2 $3Fo] 100704 o] HEE (UNESCO,1979) ¥&7](Folsom splitter) 2
238l Bogorov AFHAAN Z EFTHEE ASE T HAA ) M52
gabstd o

aak

gt & % X|=}o]

ozt ¥ Azto] AFL 19949 11¥0] ZAEG(F3 FAR)Q 2470 A - oA
FFAZ 60cm, FE 5054me EAYEE ALEStY 15~20 knot 58 A
& ez do FAAAEGAT

AFRAS 9dte By Ed #%FA(General Oceanics, Inc)& F&3e
o ARE FELE FFNAN FAEXETHEHTFTE %2 AT F AFd=2
&7 HF-EruF(WILD MR)o.2 oj&a} x|xtoj& Faho] FAsIA

ol&t I xzlo] FAHAE AH(1977), ©] T(1981), 7 5(1986), Russell(1976),
Okiyama(1988), Moser et al.(1984), Leis and Trnski(1989) & &t}

vl AAALRE

) AL ES FTA

A% At ojE&ANA AdAos AYHE HEALY FEG FE XA
3l7] 95t QRAANAN FERAZR & 26719 o|&A(Fig. IV-2)E A4 L= 1994
d 9YRE 19959 397X AR WESY AERA B @7 XALE stk #
Fo AS FH¢Y BYLE YA ojgHu e F& dAFEe HE, S
3, WEZI, AE, 78] SolXw B dAFME HNG A A FE A2
&1 JE FEEE, BN, 4F2ME PR 259 F¥A Y, EEFA
A eol AEH)S FAEIAH A9 3F S AL Urx AAFE, oF, I
SE2S £ FHL A8 oule] A} ARE oL MY Mre FA
r2gA(PFFEE 15%)ez nAFsAch oF9 Ae FA FAL HOQ9),
Nakabo(1993), Masuda et al.(1984) 5& 333}%] ).
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2) & ¢ Rzt
BoM ojgyl xxloje] BRI ZALE AN DY 970 A (Fig. 2)olA 1994

W 993 1196 AAHAG. @ XAtoje AHL FFAZ 60cm, TEH 3304

m ¢! BUEZHN EZ AFsAh UEY dqFARS 7 &, dFEEE 15 ~
20 knotAEZ FAAZACH, AF EAHE g5td UE ?J——r“’ﬂ %A (General
Oceanic, Inc.)& ¥ #F34rt. AYE FEL dFAA FAH XT=ETIFHITFE
7%)0.2 AT TS APA2 A A% AuF(WILD MR 2.2 oj&di} A zto
2 zEhjo SAYUY. ofd 2 Ao} FAHAE HA1977), o] (198D, A F
(1986), Russell(1976), Okiyama(1988), Moser et al.(1984)8 13ttt

aglm A Y 8748 oty ¢t & df g 8L g
AZ2A71(U-1008 °]&3std A5

3 & HF AEF A

Z2Ab A ¢ 1RhdEdE ZEE SR w9
N)lA gezE 7IAHEE (38 000 N)dl oj2= 570
Aol AR o2 AP FAHA.

zA Wy HF ARVIE oWEe] AAE o Agsta Sle BHE
gt ARre 271 979 Zel7t 8em, ¥°17F 40cmelth. BEE
HAE $o2 wa ¥ F e 20cmZol 7HAEE o Scm A o.2 wds
9lar, AW W2 2cmx2cmeolth Wt o] AF7|E Holx 15ecm ol
A2 ste HF% 2717t semel 3 HE AFHE F2 AE 5 UA=EF Ho Stk
olgl g Ao MATY A¥ AL & F AdE vHo] Ut

AFAE 2xE 2 dF 48 AEE BojA A¥ols 200mB =7}
22 sg. a2y AEE oA A7)s ojFe] FRA g JAFAZ= 50
~100m=z =AUt

APe 7 TR 20 AF EE I ARES AR 2ASA

2

olEA TF(38 25
A V-2)

X & (Fig. IV-2)o| A ogujx=

2
ke d

mH rl
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B I3E MR HE EE
1. wlAE

7t fEMEN Y MELERE

19943 11€ 5 F3F5HY FATT € ATAAFY FHEEE Fig. V-3
~ Fig. IV-128} 2t} EZ2FdAe FATFE 567 ~ 302 x 10° cells/(FF
149 x 10° cellsHZ HRA 712 £¥XE nFoy FZo 2t 01 linedlA
AgHoes e B¥E 29t 30 m 59 E¥E 713 ~ 206 x 10° cells/l
(BT 124 x 10° cells/HQ.27 01 line?} 02 line®] S| oljA] & Zoj|x vlmA
o ByE ngoy ¥ZdAe rlarixz Hud nE 2¥E By 100 m
F29 1“ 236 ~ 169 x 10° cellsA(BF 856 x 10° cellsH)S] X2 4 lined
2, 03 lined] {44 7M71E ZAM FdF o2 & EXE B23on Adgie=
AA7ve] M7 =ZA JeEbgth 500 m $%¢ 2¥E 103 ~ 1960 x 10°
cells/I(A T 133 x 10° cells/HE ] EA veltoy ozldoes & & B
2l 020714 ¢ amgeo x 10° cells/)e A 915t FF 437 x 10° cellsI 2 100
m %9 Hulkdy E¥Z ngon 500m Rr} F4le] @& 0212(280 m),
0303(400 m)2] oa@oﬂfﬂ AgFog o BIE Bk 0207 AHY =&
AT4E 500 m £2 FAdAN #BR2A Agse FFEALS dod od a9l
o] YPHA Aoz BT AZFAAMY EMFFE 158 ~ 719 x 10° cells/N(F
F 307 x 10° cellsMHE 59 ol %< 0208, 0408 3} 0105 0401 AA
A AgHoE B BIXE HYgoy AMNFHCZE FFY 27 % T *S
2E¥E 9. 4l o0& £ i ¥39A4 £4 100 m 7= A% %
Astgoy 4 500 m olFl = ALY dASA FAHE AL B 5 Ut
0] 30 m °olF ZAs7]l AR F4] 100 m 7HA FE38] ZasHI 4]
200 m °|¥F HIIM—*. AdAF EXE Hole AR Hud & o FATTFE T4
200 m o] FHE gASA F& EXE R ZoE -rZé%lt}. BAiFoz FA
3 MEABRES 02 ~ 2645 ug-C/l 2 MMEHS 5494 HELold 465

Q

923 11499 Fa G R I d was)
H 3 fARRE WS Eﬁio‘% 215°ﬂ’\1“ 1/3

EE HYAHF F, 1994). o422 dH= FIHT 35 59
of Bls) F4de] HolFe wep AFe MTFEETL ol til a2 94lel sl
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T RAeZ A"y, E3 uZFE(Ferguson and Palumbo, 1979; Palumbo and
Ferguson, 1978 Wright, 1978, Wilson and Stevenson, 1980), % <*(Goulder,
1977), 5-3&j(Saltzman, 1980), 28 3}l (Zimmermann, 1977)9] coastal®} estuarine 3|
Ao MMER ¥ F& HME Rolxm oy BB F4 ¥ %) A(Carlucci
and Williams, 1978)¢] MEERC vAes o0 ¥ AIYXYol 93
(Fuhrman et al., 1980), Sargasso Sea(Johnson and Sieburth, 1979; Liebezeit et
al, 1980), %A A ¥ ) F 5 (Ferguson and Palumbo, 1979)¢] &3} §-A}3
HAE et gl

. Colony 4 BB
FAd we TEYINFF] EI¥E Fig. IV-13 ~ Fig. IV-17 3 zt}
3, 30 m F%F, 100 m 7%, 500 m 5, AFFAN B¥E 747 45 ~ 756
(3T 276) x 10° CFUA, 40 ~ 372(FF 124) x 10° CFU/, 18 ~ 168(ATF 67) x
103 CFUA, 4 ~176(8 T 45) x 10° CFU/, 10 ~ 102(3# 38) x 10° CFU/9] &
Bgom FATF 299 npRsiN 2 $4l0) PolWe) wet HR gast
53] FAFS) v 4 10 m AR Fa7t FEHA
B FAd e Zol7t FEeXA @e Aoz yeygt F&%
FATTY EE7F F71E T JAFAQA 4TS Pol UREA WEElE A
_,.]
=

lr

e
ox
oSL'
mlo
fo
41
9

3
3
2
o
4o

Ao} A A9 7189 d¥-£o] 4 100 m ol
I AFORE ALEHE do] BA (LS AANSY FEHIYAT
FHEIE B F£4d @Age] 01 line dA e 2E¥XE wgon M
line?} FHF-EANA =2 X E 2. AAHA BX9 AgL FATFS &
Abgt 733&‘-"- B2 9922 Colony ARMEHKS o 929 1199 thds)
d F2(F F, 1993049 EXo vx3 UFd = Ao Yehgon FAE
& Z‘—Zl'tﬂ(Lee et. al, 190)9 ®lsiX = @1 RA7W(G F, 1990), G54 374
HARQE 5, 1991) T4 H3A = vz AY *e /S BA.
MR e v&e Add waEk 0.001(3F 0207 £4 500m) ~ 0.38(A
H 0408 BF) % 2 A AAHNM 1 % vwjke] gL vH&S By I3 R &
718 LEE/t B2 BdgH gy A4S nin. FAd e HFES Y B35
30 m %, 100 m %, 500 m %, A3AA Zz} 0174, 0.105, 0.091, 0.115,
0103 % 2 AdAoz & £X& B EZFS Adstm A4 @Al fAF
g v &S B

o o
).
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ok AT RS
“C-glucose®] M&&Z ZAT ATFLAYRAHY F4d g2 B3

Fig.
IV-18 ~ Fig. IV-229} 2ot HFNAe] AFEL 01 lined|lq Aijzez e
TEE HHer 02, 03 lined] SAd 717t AP 85 @5 & BY
& 24t 30 m F£FAME 01 line? 02, 03 lined] SA oA A A Z4°ﬂ"1 e
HEES Yo 03038 HFET KA 7l7he AN vady e AR S
2]tk 100 m o] F FEFAME FFLE R FHNY Aolx X e Ao

2 vehgth “C-glucoses] A#ge] +ALIE B FZo|A 0031 ~ 0448
(B 0173) %/h, 30 m %, 100 m %, 500 m £, 2NN 27 0025 ~
0.462(8 T 0.194) %/h, 0.008 ~ 0.168(F T 0.040) %/h, 0.001 ~ 0.050(FF 0.017)
%/, 0001 ~ 0.031(FF 0012) %/h & £XE B FAFF, TEIAENTF
—‘?‘—5’;9]— TARGE %S RYoy ¢ F @fe €8 4 30 m A FFdAR
O g2 JAE8ES 2o 30 m T34 ATE8Ao FFAAMETG ¢ & o
= ure}w 92 1199 “C-glucose?] A&& 7} HT3 BW 30 m $2NAE
AAoZ & HAFEE Yoy EFH AFANAMY AEE2 sy T
A(F 5, 1993)0) vla @2 AoE Yeigon Ar|we duie I A(F F,
1990)3 Hl=% £#¢ Aoz yehdrh 8 THH YCo, = FEH ANE A
o 3FLS EZ 30m 3 100 m %, 500 m $%, A&50A 7 16,
20, 47, 91, 116 % 2 F4lo] ZojFd we} Frlste Aoz Yehyg &fm“’&
47 v d3E BYh ol Ade 4 l ol ozt A&
A% AR 227t JhHoz 2 v &L FA5] B Aoz A}g%q.

2. &

il

CEE]

FAZIZHE QS AETHIE GEFLET T, dgdEz A43s] A
o] A Yeylrt EZ9 A$E B FF2FE 3~3Blcells/ml(FBF 72cells/ml)
o] Yoz B¥szn o 9=z = (Fig. IV-23) X4 71712 AA 01049
01058 FAHoz t& #HAd vs) 433 L= YelY= AgS Holxm 2o
o 1 9o AL A9 uxF BEIERFFL HY. E3] Chaetoceros - sp.,
Nitzschia sp. Eucampia zodiacus 5°l B €3¢ XA 010571 718 2 @S
Rolix o} HARZF ¢+ (Fig. [V-24) 7~166cells/ml(HF 44cells/ml)<]
BEZ A §Xo 77pE 0203 3PS AR & FHFd vl vjuF &
#E Bolx r} 30 mFANA FF2FY AS+= (Fig. IV-25) 5~423cells/ml(38 T
48cells/ml)e] WHE Hola glor EFH wA/IAIZ 0106 AP S T2 o
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& Mg nlsf 43l =& FEE Holx Yt EI} £ FHELE X2
A FAHE FEE FAH Y. dA AHPEZEFE (Fig. IV-26) 7~58cells/ml
(BT 20cells/ml) 3 GE x| o] FRF} w72 01056 AP L FA o2
o oy g HgAe Aoyt a2¥8A AX g AL HF RIEE BAF

th 50 mFE 30 mTH A9 FAE EXE Holx g, #2FY A$E 6
662cells/ml(B# 158cells/ml) o]on A 30 maxw AR 01055 FA o=
g2 g vs FdHo2 A4 Yelgt (Fig IV-27). £3 £8EEX 30 m

=3 ¥|%sl Nitzschia sp.8¢ Chaetoceros sp.7} o+ &3 OPﬁi‘:} b of] A
EXH= 4~40cells/ml(B T 35cells/mD 2] WHAZ F2Fo vla] 2oz FHo

o Y EXE §XF AFE Ui =& ¥ F T HFo]lE HolXE gu ¢
t} (Fig. IV-28).

T 100 m3Y AT FETFY ST oA A9 gaArE Ak

=

Hol=d F2F+= (Fig. IV-29) 3~5lcells/ml(BTF 24cells/m))e] £¥XE S Z
o AT AP AHETH gF E/) AFEANA v L ¥ A2 de A
& EY AWEREZXFE vREIAEZ ul$ 2}e Y 4~15cells/mli(BTF
10cells/mD] £XE Holx glovy 9 F33 BXEHLE AY e Ao
o} (Fig. IV-30). 500me52.2 W7 E 100mE#d 2 BEXIFAo] 24 =X
g & F7t Y. FR2F B 6~62cells/mi(F T 23cells/ml)o] HYE B
oli leor HHMEE 100mFH vIANAZ FRE 54L& ®Bolx A= &
(fig. 31). BHUEZHF JA vl R gL 2o 4~15cells/ml(BT 6cells/ml)o]
o FHAdEE A EE AHAAA vz} EAYLES Holm Yt (Fig.
IvV-32).

3. FEETYIE

ZAZIZ T 28 TEEHIAEL foraminiferans, radiolarians, hydrozoans,
chaetognaths, ostracods, copepods, amphipods, isopods, mysids, euphausids,
appendicualrians, thaliacians®} 7]€} #A(larvae) T2 EFHAUT (Table
IV—l)

EEHIEY FdFL BT 61 AA/m® gen, A Add A FAB
7‘}°]x—‘:‘ A BolA dtth. copepoditeE EFT LZAFE A FTEZHIES
64.0%E A3t 71 At SEE EFT ol (Fig. IV-33).

L7Zv5% F copepodite7} WH-E-S XX }9&"““ Oithona sp.®} Oncaea sp.7} $-
et @33tk foraminiferas AX FETHAEY 129%E x5t 22447
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tgoz Est £AY ERToE2A RAEG Y 5F9] oA EHFo] v
© Egtoy Syl dadgeMe FdFe wWif F2 AFS EITh
ostracods9} appendicualrians®] &8 &2 77z} 829 52%E2 $Hstd FAF &
F7 o)At} ostracodst A A FelA FdFo| HlxdAoY U ALHl
A EdFo] thAa o™ appendicularianstE AN Ho] FHAA EF@Fo] o
A e AgS Brh chaetognaths & A AAAA FAsAoY Wi¢ ¥ &
dAZFS 2y (Fig. IV-34).

4. o]& F o]

E zAA 288 olFE oF 1%, XAlo] 115 323 39% 43F o= F 43
Zo|Qrt. o] FoA o]Fe BEo|(Maurolicus muelleri) ¥F%o] FAHIUIL,
o] £ T A olFd FAZY V%E A AT BT E ZAMNA EF
3 Aol F $HFL PFol Axlejz HA EFEFY 8B87%HU, BA
(Engraulis japonicus) 27.9%, ¥<%ElF(Callionymidae spp.) 18%, W=S°l#F
(Gobiidae spp.) 1.6%, Benthosema pterotum 15% 2.7 # 4% o|€j9 Ato|=
TF 1.0% vlgtolrt.

Box ode 2] AAFES AT 270 AMANA 26~9980 (HT 1,377
ind/10m’Zd3sdth. 44 o F= Fadn 55 AR Al agn
L2xo IRFHA F2 E¥FIY (Fig. IV-35).

ARz BE A} AN 10~2840 AA/10m® E@Po0] A¥Y BE

e}

UrEbit.

z9 oA AdEO|(Maurolicus muelleri) °1&3} X|zpo] 83l H3A
(Engraulis jpponicus) XAole] ¥3% %4L Fig. IV-36, IV-38, IV-39% 2th
Wz BEo|(Maurolicus mueller)?l&e 270 AARE A3 227) BHAA 26~
9980 (FF 1,377) ind/10m*E 835t AFo] & F2 FIHUF 3= A
B erte] an £EE] FEHH F2 EXE dFo] Xael= 274
AL A 2271 AAAA 8~2098 MA/10m® EBeATE. AT A=
ojgte] BxgAu= 2 285 dAR 9 TRIAANN EdF] ¥4 YE
Jou Sty 5= ERifdeME FdFel ®luEy Wt 93
(Engraulis japonicus) AZolx 127) BAA 9~2,468 AA/10m*E @3kt &
A 0109614 Wx) xx}o)9) F@Fo] 7HF Egoy BX ztoles &£5E MY
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2 AFE HYgd F2 B3 (Fig. 1V-39).

019943 999 EF F2L 284~255 CHoy HF £ 246(+
0.8) c%lt}. T ZA G Y E& AXE AA 7, 8, 99A nmA XA wk
AAMA 2= A —E—Eﬁ}% Ao2 Jehgth 19949 11¥€9 428 108~
137 THon HAF £ 124(208) CTHTh 28 AA 794 718 F;A W
H| 3 993 o] |3 zi_ Vel (Fig. IV-40).

GE ;19949 9€9 EE: PEL 310~322 %Hon AF RS 31.8(stds
04) %A, &2 A 394 A YebgdA T 219943 99)3 Zo] A3
o2 A EFste AoZ Yeiyth 19943 11¥9] ¥F 8L 331~338
%Rom BFE AEE 333(202) %At 23xn TF 8L AA oA v
A wdAT F2(19448 119)7} 2ol AMNHoz FUdA et (Fig.
IV-40).

S&AA 19943 999 ¥F 8£&EAAE 75~88 mgAgen HF 79(+
0.3) mg/IAth && AaE AR 8 HluA A JeldAw AAHoz FY
A EEsch 19943 1199 ¥3 §342E 54~84 mg/Iflen] AT 7.2(+
1.2)mg/1¥ el 19943 1199 342 = AH 13 604 w$¢ BAl Jehgx| v
o] 7 AA o] HAAME v FI3A YeElgo) (Fig. IV-40).

b A44EY 74

26702} o]EAE HEoE FEAEY ol8EF g H?‘} AP A "“ﬁﬂ
o= 01333\—: FEAEL olF 15 £7/7, QAFE 2 E7T, A4S E 1 &
T, 9% 5, A2F 4857 5 F 31 £53F] Uk 7 01%73]01]"1
o] g &= ~r°r%§ 9 F/ Ft AT 1 E5TAAN BAE 12 /) EFToE
B 8/ EF o] UtHTable IV-2). o] & FEAE F 71’ B oJ&A ¢4
odsl= F E.E}"é A(Anthocidarias crassipina)2 EE o|&A|dA oj¥L 3}
I ok I gFog Bo| Aq¥HE FFHE 7 F(Pleuronectidae)(197] o) &
A, #NAHSichopus japonicus)(187) ol&A), HE(Haliotis discus)® g
(Paralichthys olivaceus)(157]  ©]&#A), BFZ/N(Mactra antiquta), 53
(Spisula bernarida) =18 iL W ¥ (Undaria pinnatifida)(147) o1&#) %ol At} o]
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€ F8AE FoE HAE(Haliotis discus)3® Z7}2)u](Patinopecten yessoensis)=
. 53] AvlE B9 "golz o] fHy) wEd HEL A3
GAlukE Aoz o gstA] &gt

AF-E9 FEAES A¢Y TFAFAA o5 Yot o] &

AENER

TEAEE 50149 A 7124 wg o) dHE A A=Y FF/ we o
2. A ‘i’i°l e 2 g% FY A¢ oYHE FEAEY TRHAE #3F
270, WE, SUxA, 7], g, 271eu] ol i, dwte s FTAE oA
€ U, tAleh AE BeggdA Fol ok

B Al (Anthocidarias crassipina)= 7V & 267 o|&A A o Fstm
o0 (Table IV-2), o] F& JR& £29] ¢hito] Y& £, HAH gz
a5 fAE 7)1 Hol ¢Aoz FAHA A FHAA ol F=m QU

71210 F(Pleuronectidae) =  197] & Al AdFHoz olfHu glod
(Table IV-2), o] £FT2 B4, AE Fo| ojgs= X3 g Ao =
gz FAHAE ZAAM o¥EH3 Ju. o] ¥R/ E7MA|(Kareius bicoloratus),
F7}A48)(Limanda herzensteini)& Y53 Awbd 7lzxiuj 7] ujAdojz2A ol
T TERlo] oREd o 45 MuA'ge o]lgoE wvExm . ol A
TAF FAME 22Pd X0 AAIE o Ao},

a8 & FAMA 28 o/ THe YA eE ofYHE F& X
o A (Clupe pallasi), WF(Gadus macrocephalus), "8 €j(Theragra
chalcogramma), %°1(Mugil sp.), I %2X(Chirolophis jponicus), %v]&
(Hypoptychus dybowskii), Sebastes flammeus, 5 A E2HS. vulpes), S. minor,
S. steindachneri, F x| vl(Hexagrammos otakii), QG so)(Pleurogrammus
azonus), B3 (Alcichthys alcicornis), 523 (Hemilepidotus gilberti), 27}
€ 317|(Podothecus  sachi), S A|(Aptocylus ventricosus), ‘dX|(Paralichthys
olivaceus), & 7}Av|(Kareius bicoloratus), A2 7}Am|(Limanda puctatissima),
Z7V2 e (Limanda  herzensteini), 7YA95(Limanda sp.), 5°(Takifigu sp.) &
22% 9] o F7t FAHAH.

o & H A A}

2 ZAA AZE o@dFg XAols EF 67) EFTOE o HXH
(Engraulis pponicus), £ %5 (Callionymidae), ®¥%o|(Maurolicus muelleri), 71
2oL mFA ofde 4 ERTo] EEUN. ARl BXA|, Sartella cristata,
Z e F(Callionymidae), ¥5 ] (Gobiidae), ¥ %82 F(Chilolophis saitone) =
2% 57 E/To] &8s g & AN B - oFE HX o
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Foz AMA 2@F9 90.1%Ah 28a AR FoAM 7 FHT FL o B
Zo) dx XAol2 AA EdFY 984% AT

oj@e] £8Y BIE Fig IV-417 2tk 99| ojde 978l BE FAL A
Aol @At ol AL WY 7 ~ 80,789 ind./1,000m’ (BF 14,171
+25802)QAt}. ol&e AA 5olA FEF] MR BRI, BAH 3, 4, 8AA ERL
U AR o Fd 28 AP Yehdx @stvh 1194 o3 271 A A
A 28sgon AA 49 59 FEFE 22 203, 880 ind./1,000m’ % T}

xAtele] 2@F BIEE  Fig IV-413 2t} 999 xxtol&= AA 58 A9
3 8 AANA Yo EFF WYE 21 ~ 2830 ind./1,000m* (BF 911
+992)th Azl AAE 3, 4, 79 3/ AAAAM vnF A @A 29
T 1196 HAo= ) AR Fdstgen AR 19 59 FAFS 747 7,
59 ind./1,000m>1 c}.

E ZAA 38 Fo] 71E B8 22 WX 9 oFdg AaloE o] F2 9Y9
o Z2HsPgon o] 59 EFYAL Fig IV-429 2k 94 o2 FAH 58
Aeet 8/ AA-AA 153 ~ 80,787 ind./1,000m* (BT 14,171 +25802)& A5t At}
o]@&e AA 3 4,89 3/ AHANA ¥R A £HAE B AP #HE FR
3 2y A Jehtx &t xztolE oj@d o] A 58 AT 84 AA
M 16 ~ 2,824 ind./1,000m* (B 904+991) Zd3aAch AAolE AW 3, 4, 7
oA wlmA EA Vel ol EXFET vRsA

2. & A7 BEF A
uobe] ot Y 27 AFANM FFoz: Z+Z4 200m¥ AFsATh
5m< AAZ ojrrt e ALY e thBo] EEFa 4] 5meldA RAE |
ZM7F F2 BExaach 432N dES ARG Mot ME g2
sl A F2 HES A oM 9 o] s Eojrt Mgt B
H% gro] z23E] 7t ZobA (Y 10cmABE) WFERMY Hzto] 711 AEo)
Byl LAs AAE AY7] SHAE Holx WcmAEY] ATFAE 7}
g AMgstorde & & Utk AFBAY HFELL 64THT.
T A ARAA AR F AEFS 4 BkeolAan FTE BEZFS
147g/m® °1th (Fig. IV-43). |

ZAAT dd HY : TIEAIFAME 3/ AHE MRS ZF FREE
100mAEY AHE ZUct 93 A9 4 i 4~TmZ oAt

24%;.‘ 1 $Ao] dmd:, WY HF2E BBo] 312AA, WF=A7 159
A, Ewdige] 8AA/ 285U AH 29 32 FHo] TmEA F2 WFE

) &v ‘W -3.1 N

oﬂ. 2
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A7E APHAE. AH 20ME WF2A7 18704, HF 3= PRz}
26774, Hqigtel 23/4A7E E@s BB MAYEE 377/44/m® Yz,
BFEEA FF AALEE 24703/m” Aok 2aOge) HAUTE 02705/m?
At

e A Y - BLEAE 1 ZEAN 209 AAINE SAle) AL
o ZA7t YU AFAYE S0mAL AYEAL s5mech AWY HB2
FFEM7E 242t 22070 A, 14070 A3, HELS ZhzH 6070A 9 35AA QAT |
249 FF AAYEE 427038/m® Y2, RE-E LIAA /M ok

AALE A Y FAbE A WEREAT AFYH YR 3xHA A 200m
A AgEAt. B F4o] & Fo) ¥t QoA UsBEom sty
Aol olisivh 7 A2 AFY WFZNY YEFL Z7} 16ke, 18kg,
19kg oA 1, /MASFE 74z A7TAA, 616704, 650/MA At AMAoz ygre
557R A EFHat] HFzre MAE R Filo] FEYS BT FFEzA)e H
F HYAEE 36/0A/m° Y3, BF BEFL 1039¢/m®> 4o}

Z1AEE A A VAR E ol&AY FFFAME 27 A GA =A}
HAAG. FE fEo] MAsE 4 5m P24 200m AFHY o, hr &
REFS 247} 34kgst 18kgolth WF=ME Ztzt Tkgd lkgd 238 AT
3, AAsE 747 627hA< 740U hEQ FF WEFS 1529¢/m’ 93,

FzME 235 g/m® 4t

aE)a 99 3% MubEQ HFe E¥xE ZAYE1990)9) A8 B A7
B8 Y5 ATAE AB2A Fig. IV-449} 2o] fjB-& 4] 10m olste] &
2 FAd 23 Jx, SUdEe £4 20m P24 F2 B¥xsa o g

ke

FZME ¥4 10-20m Alold) F2 EF3tx It}

L

R
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Fig. IV-40. Distribution of Salinity, Temperature and dissolved oxygen at 9 stations -
observed in September and November, 1994
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Fig. IV-41. Distribution of fish eggs and larvae in September and November, 1994
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A WiE 5% 220 mgstu diFAME, ZEa 4o A
2500 m AExd olz2x EFEAVF L= H etk WA o} S
e8] AFA FAE FHAHGo 449 AP FAANT At FAHo
AtHE B =&, 1992; o] &A 9] 2, 1992; ¢34 9] 2, 1994 ©|F-Al, 935, 1994).

T FAHL I EXAY ded 2HY AV 3lew, azﬂﬂ/“] &
25 e MEE g wEgEA (back -arc basin)¢] & F&o|n YZEA]
T A gHY A9 (subduction)d] 9 FAEFFoz APHUTO] RiuF
THEAE, 1994). o] A 2Xste HASSTS A8 ABH A37] 7] o]
FRE A47] HAFo2 FAH o, HAFALS AIHFHFEE Bole ¢
T E3H A, dFAEA], A3BEdo] dSH o2 wAd FHoln.

T A7 FHL ARG HFAAR A FEY S Wil AolH,

ol

T8 ZAEEL HFAA RN E AFEHAETS EFEHAE AANEEZYH H
AE JAEEY, HAGX, F3E FEFE, 55, "INE, AZTFH EAY
BA3 X FEFEorAAME AFEEYAH35kHz, ORE, Spaker), 3|AX#(F4]),
A A7) gatell 9% AR Fe] Bxe}t AAAE £4, X7 XY &4 Folth

olg]dt AFATE FFAHLE ATHAY Wid mE e WUIIEH FIHY

ATFE A% xR E 848 & US oY, o)F HY TAALY &&
2 AFEAS AT V2AREA EEE F e Aol

£ BaAE Fid A% 13de EEH"M AYRHHEY FFA, olF
A2 JAZALE Welax F4d #E HES EEE zAEH. olF
3 ZAbE FEi g M e FPFAoY %6ﬂ°ﬂ Me AAE FHol A9 flrk(e]
3)&, 1991, FHZE, 1993 FAGAS} ol¥A, 1994 24719 T, 1994). 28
19137 E +3¢ PHER X2 FHY ALS A8 P B dF
ZAUHY FHAE FHE FAREFHAEE T, 199D,

Sel WA S £ S8

9
@uo] gvl PAEAEY ATE £9 4UE IO §3Y = glo,
494 HAES FI% oIF % 4948w

—267—



B 28 HAE R oWk
1 A-8717]

- Rosette Sampler : #FEAE 44 d4 A3
- Millipore Filtering Kit : 35 3}
- Grifin 3/250 FC Oven : AZX&

- Transmissometer(Sea Tech) : T 8% =3
- Data Logger : 3|+ 8% 38 8=
- Notebook Computer & IBM PC 386 : A8 ¥4

2. A183AH

TAFMF-A W F-HE2(suspended sediments) AL 47193 943 11
o] FEFRA "2 E"E 0|83 F 4] AP BHER FEE EA
st7] fjetd 2 #FE(E%, 10 m, 50 m, 100 m, 200 m, 500 m, 1,000 m, 1,500
mE ¢ 2 19 HFE AFHSE BASAT. zEla 678 ARAM Al
Transmissometer (path length: 15 cm)E ©o]&38l9 FAd A&xor Romzn
TEE FASA

3. AEA

A

it

7 B

B XA M= EHiE EES mHR 24" 4709 ABREEHS MA-GA o
Aoz ZABIPOZ Mol 3L AF g HA At £ L JgEAE

=
2 a9 4AE skt o) Satelth

e b

D aZd=
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FREATE 542 19949 11€ 99 7§ 1149 23 744 154 5% 954
o 13/} HAMAM FFATE AASAUL, 21708 FHAA 74 FF3HE s

BgEd B4 9% dlA1 85 0104, 0106, 0110, 0206, 0209, 0211, 0302,
0304, 0310, 0312, 0404, 0406, 04097 8] EFFE Attt UmAl A=
Om, 10 m, 50 m, 100 m, 200 m, 500 m, 1,000 m, 1,500 m <4J<lA] Niskin 2}
717 $-2" Rosette Al2€& ALgste] sj4d F 20 ZAEA {7 AR}
At A+’ H+EY AF3AXE  Milipore Filtering  setol 4] Millipore
membrane filter paper (pore size: 0.45 um)E A&} &4 Aol = =
A 3 £ FYdHE stdon, &8s o] Hstd Z st A
SR/T —S— }%01"’4 ARt g AFHANA AFolE A ARAA F
& &4, mg/l 2 83

X

2) BAEZHINE ol &%

s
o
i
iy
off
K
o
ox

FAEZA7IE ol4F FAHER T FAWHEL FHE FHY
(transmissometer ; path length-15 cm), Data Logger$} BatteryS <3t
system& TE£3t3 o] HIIE HA FRES AFSAT. 28 RAHICAA

Egdoz sgd £Ysta FAHo2 A4 FHEHHAE v 34 S UG}
Art.

AP A= filteringd] & H-FEHAE =g Transmissometerdl] <] 3
FatH oz Ao e X-Y HFA plot st tivlstdct. 2Ea FBAAE
A #ANoE FE5 olyF tuldA Ao AFd FAE FH7)
o] ZHe & AN o|Fo|HAW, FAZRY o] Fo|A 2] GolA ThA7He
o FaaAd gL v AUtk

O

ol
N
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B3I BR Y BER
S

1994'd 11€ 9¢ ¥ 1149 239 744 T3 AR GollA 137] A- A=
EZFoE 283 210 AFAAME 4 £3E2 AFdid 24E2S 259
o] A& HIYoE JI&E £ += 119 T3 £33, £33 g2 B
T FEE FAEHEY (Table V-1).

ZAA G T drid R E3dFAFI AAd we f5Hoz 4

& AT, BHFZS BE A4 HE 44 e Ado2q AW B 54
o WE Be 4371 BABH Morigasy, 1972). ol AEA8o) g AY
49 ¥4 BE 44 9FL 2= Aoz A=aY

2 o
2

2

AAHQ] EHER FEE 01~15 mg/l A o} F & e B A FEHFig.
V-1~V-5). tigag el AR (}ZfFA T4, 1994, 7143, 1992) 593 8
49 stArlolE 5~15 mg/l 9 £ ¥R/HER =7 YeEluyE vhd) 11939 19
A= 01~7 mg/ & F& H{EF 58 249t

Z FAE FREZR TEE AVMEY, EF0ME 9% 36°~37°N ¢ A=
130°E <A 1.0 mg/ & HWXE Ro|ed o] 3= 12 AH(20 °C, 335 %)
o] EAL Rolny 40 m~50 m 7+AY FA7x) A k. 2 37°N o)
59 1 mg/l 9 BXE Bole RAAE 1 1PUA7 °C 342 %)) EAL wal
o St BYEA AR JMEA RHER FEE FAFes iy 53
o FAFAAE A2FE 04 mg/!l €& YeEldT Y% 37°~38°N Aloldl = 1
< LU0 °C, 342 %W)9 7t EFE FAs: vk 38°N o]4te] A doj M=
I AE16 °C, 337 Wm)o] FABY a8 SFEAE EYURE FH UgF
AP A= 1,000 m~1500 m 98] iAoz ¢ FHANE 06 mg/l o] £ ¥
g rHFig. V-1).

10 m 9 FAdAE EF3F A9 FAR £4& A9, R4Ed%5EE ¢
A M 08 mg/l ¢ HRXE Rojr, T3 FAFANA 02 mg/l o HAXE
B 2= 489 EXPEE EFH AY FARE FAE BedY. @2 3%
% 365°N oo 2%E A¥k F/HEZ Yo FAHJUTY (Fig. V-2).

50 m FAdAXE 43I FRHEZY HolE RAFET. At 1.0 mgNe]
QA E Hole AAWe] 433 Iz Mg on, 37°30'N ooz RE ZA
A FESZE 10 mg/l F-FERY £xXdo] &4 et At M= 40 m~
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50 m o FAANM F&EF W2FH nde Aer7H344%m) FAdt BEAAHD
THE olF: Utk A BN o|Fe2REHY AeEXHdME 1954343
)0l et I3 365N olFes FE Aw: HHEd Ao fA€Er
(Fig. V-3).

100 m FAANAME Ao 9= 80 m oSt FE AHH AR F=E
BoFo], dFfoM s 438 AR 37t FHH FAER v EXAE
A Frh A 365N oldAME A2nAB °C, 342 W) FH7F A F
o2 3e 08 mg/l olate] B{HEZol A8t 365N o|x9 A21dE °C,
343 %ol FHINME 08~10 mg/! & B2 & FAELE EFWUT 1
gu A FAFAME AsE FHEZE RAFAT Ao 02} & A=
FHERE REF7 = dohFig. V-4).

500 m AN E AgA L A 433 AR 2 10 mg/l o F

Edo] 2250, T3 FAFAME 1.0 mg/l 9o AgE FFEF A% Ye
5 " Aoz ALIAL °C, 342 w)e] AR £2
HAEg, o] #AE FHFTIFT £ AATE AYd a2ga 65N oF

A el 10 m, 50 m A #ZH A v"r%é! Ao 4%_}514 F1g V-5).

e das FgeHd, AUA 3
32 NGO °C, 335 %9 54 77t £4 40 m~50 m 74X ﬁ%‘ﬂfﬂ
4 80 m °l3tdlME= 08 mgd oldte F¥{HER FEE e ALIHG °C
342 %)9 FH7t wegth ae 3 37°N o] 59 EFE& FAdE 1 mg/l FRE
2 2 12 AAAT °C, 342 W) FH 7t x| gt

QAN E 04 mg o &R0 °C, 342 %)) 3 38°N o5 A4
o 04 mg/1 ¥HEZ =5 ASHHA6 °C, 337 W)Y -rs47} EEIT. o
FHE F4 100 m~200 m AA ofF EHAsH, 1.0 mgl & FAEE %
ZhE ALAH(<1 °C, 342 %)e] A7} 4 400 m o8t W vifﬁﬂ

mlm

rYHEA =
—6) :LE] FHA dAE FA= FHVE
3 guE ot 4@ £E3AT o] FUHLS FHE FHg] #
gxd 2% voltage o2 PEHo2 AESHyAR 4

o
oo
g



zgj ol o},

BHE FH7NE ol & £4L& § HHA Downward, Upward & 271 =}
EE 5% 4 JAT HE 2L XA AL APsigt sdEe mley o)
od A% Fio WALz A dE2A Y £ Qg B AFgNE HF )
7 olFd| Downward 9| A8 & Y533, 44202 Upward 9 AEE 3—456}

=l 2|7} vEtYY, AEX 9 v 289 &w Downward ¢ 271 F o] A
U e AR EJAHA.

0104 - e= EFNA F4 50 m 74A = ZLAFe $397}1 3690 mVe)
we FAS, JR FRERY FE/F =obA 4 90 m B2 E 3550 mV
#E Btk 100 m ojFdE ALude Fu7} 3655 mVE BEEdo] Zojlx
T FEE 2% FREEY F A9 sRAARY AgEE 0 m ~ 90 m
AX 7+ EA Jest (Fig. V-7).

0203 ARAME EFAM 4 50 m 7Hx] A oE RGEA Fx7)
o= A%E 2o, 60 m ~ 0 m 7+A7) v 2E A AFe 2LER
EXE E‘\’_‘:} 223 9A 112 m AFAME FFER FE7) Foldn, o] A
H2 0104 APA A48 dE FAU EFY 2L2u99 FH7 Yeigot 248
2 éltﬁ'lr‘:- -9 A2E9 100 m X FHAA “‘6 45 o 3ot (Fig. V-8).

0208 AHAME EFNAM 4 250 m AR FRERY ¥ = W37} A5
o Zash F7he] 4ol 2W wrEAH o= Jehdr) aga ¥ BaEdo F71
5}1‘\: BEe RAEH olgF A5 FAEZAH 9 FFS AT, g4 9

Wstggo] o T WFFRY dX st AFE RYFDL ¥39) 3800
mV #S 2= 93 FFEZY 312399 F3= F£4 500 m olsdl = <A
HQA A2ngde £AE FAFsEd o] 79 3400 mV #E& RAFE a¥:
EREAS T30
(Fig. V-9).

0305 AAAAME 0208 EF 2L S FAF0, AZd) 93 LHER
X BHEZAVE o8 ¥ RFERA FT7 2L BFE BAEY ol &
&2 ol & Aol GAMFAA 7|d=E T*H"]""’vﬁ-qt 0305 &3t 0208 A
dol A3 J4E & UE FHART B HTFFATY EAE AAEE R
£ Al599 (Fig. V-10).

0401 AAM= 0208 # 0305 AP A= 28 EFAA 3690 mV &S 2
T A2AEY A7 2Ly FAS Ty vy 01?'- Bz Frete AERE
Boled 359 AL FAREh 28y 239 EUARN £ 9 wEAHQA A

ro(' i
il

i:l N
4) rlo

T
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o S7HEEE YEA gt (Fig. V-11).

2 0410 FHAME 0401 A 2 PFoz Yehun, o] AE 0208
7 0305 AHERTHE +771 M AL ujsle Aoz wumg (Fig. V-12).

A9 AAE FHIA A2 —Ji PHEA FERY FAEZAYE o)
¢ 2 FENY FBBVAE W AL, o2 AL AYH= zAl)
Ao AYA SlE ARE #HS A Be AERE ISTE HoA o} g
L3 A}dolth Fig. V-132 x 9| filtering o] 93 2422 ¥ a5, y S
BAE FA7E o8 PHEZ $E AZE WY} AolY (Table V-2). H|=
AR o] FAEA Ragtie BHS JMAE AR U gen ge Ay
AE F5sit

log(Y) = -0.0559595%X + 8.25533
9 ABR

o
T
HHYd #RER =8 2

4
% agn 4 AQY $aed
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TGA, o8, 1994, SFe HAE
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43, 1992, FIEF o|¢ R HIGFFY FAo AT deRd, AT
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, 1992, 3t Fulo] Fo} e, TR A, V.27, 4, p324-331.

, AAAL A%E, 1994, T3 FANGAMY d5A 28Eold diste, &

28 Fsrs) =], V.29, 2, p.152-163.

#NE, 1994, B tEFuie wYRIA, AAFE 2 AFEI s,
M-S LS AL =E, p.235. '

o1FA, 935, 1994, &= HIEE A7 % T EALE, AT
3], V.29, 1, p.64-8L.

ol ZA|, 95, 1994, &= AFEY A7 %
3)#], V.29, 1, p.64-81.

olFA, AAE, $DE, 1992, Fd FW AN 2HF7]9] WEFETF,
=3 ¥ 8hE] R, V.27, 3, p.228-236.

o] 3| F, 1991, &= FWHA HAE XAFA JAD HAHFAEHR] BA,
Mgt N FeH AL =&, p29l.
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Table V-1. Results for the concentration of suspended material along the study station

. Detph | S.S. Depth | S.S. . |Depth | S.S. Depth | S.S.
Station (m) |(mg/1) Station (m). {(mg/1) Station (w) |(mg/1) Station (n) I(mg/1)
5 0.7
10 0.6
5 (0,75
o101 0201 0301 oor 30, [0
500 (0.6
: . 1000 |1.0
0102 0202 0302 0 [1.15 |04z J0 0.4
0o 0.9 o o8 o 0%
10 0.9 10 065 0104
0103 0203 (50 (1.0 (0303 |50 [1.4 [ 0403 :
100 (0.7
100 145 100 10 L.
120 [0.95 100 (1.4 R o4
o104 [0 145 |oz204 Jo 0.8 |0304 Jo |05 |o404 o (0.6
0o |iss 0o |07 o 0.7 0o 0.6
10 [0.75 1o o5 1o o.2s 10 o
5  [2.15 50 1.2 ) 5 .
0105 o0 025 {0205 figo i1 9% fieo o5 | %405 o0 (0.95
500 0.8 500 [0.95 500|145 500 0.7
920 1.3 1400 (0.7 1400 0.8 1390 [1.05
0106 |0 [0.95 |o0206 Jo__ |1.45 | 0306 |0 0.55 |0406 [0 J0.45
0 lo.55 0 [0.75 0 |0.65 o o
o 75 1o .75 10 [0.35 10 [0.65
: 1 5 (0.8 5 |2
007 1o 055 [9207 oo fo.i5 | %97 Jio o9 [ %97 |0 |09
500  (0.45 500 10,6 500 |13 500 0.6
1500 [1.3 2150 (0.7 1100 0,55 1800 0.6
o los. 0 |0.25 0 0.5 o Jo.3
hoBE | e BT B R | R R
0108 %00 -8 [9%8 oo foir | %% fioo o35 [ 0498 |ioo logs
%0 .8 500 |10 500 |09 500  |0.55
: 2170 [1.1 1300 |07 1200 (075
o .35 o los
o fozs 10 |03
65 5 (0.9
0109 [0 lo6e [0209 o o3 fos9 0. O3 losws o o5
500|005 500 |18
1000 (0.1 2100 (0.9
0 0.3 o o5
o o3 10 (0.5
5 1 50 Jo.75
oo o jo.6 fozmo [0, 7 foa0 jo fo.ss foao [ 107
500 [0, 45 500 (0.9
1700 [0.25 1550 [0.65
0o (0.7
% e 10 (055
our 5o 0.2 fozrr o fo.4 foaur [0 197 loan o o8
100, 159 500 |1.45
1100 10.35 1350 (0,95
0 0.15
10 075
0112 o212 150 0.3 |o3aiz jo  Jo.6 o042
: 100 0.1
280 |01
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Table V-2. Results for the data obtained by filtering method and by optical method
along the station

. . Optic Data Optic Data
Station Number Detph(m) Filter Data(mg/1) (Dawnward: nV) (Upward: oV)
0 0.90 3631 3564
10 0.90 3616 3548
0203 50 1.00 3711 3662
100 1.45 3674 3652
120 0.95 3598 3593
0 0.25 3756 3624
10 0.20 3768 3625
50 0. 40 3788 3641
0208 100 0.10 3810 3668
500 1.00 3667 3639
2170 1.10 3437 3436
0 0.70 3749 3614
10 0.25 3746 3620
50 0.85 3744 3626
0305 100 0.75 3684 3599
500 1.45 3684 3613
1400 0.80 3642 3509
0 0.70 3687 . 3513
10 0.60 3695 3529
50 0.75 3758 3579
0401 100 0.80 3737 3558
500 0.60 3626 3528
1000 1.00 3477 3462
0 0.75 3776 3595
10 0.50 3782 3610
50 0.75 3828 3625
0410 100 0.90 3826 3628
500 0.90 3602
1550 0.65 3304 3418
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Fig.V-13. Relationship between the data obtained by filtering method

and by optical method(Downward)
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Alrd A4

7o EA3te o]zt £57] € I ol IAR FAHE vFI]A
22k} o 29 LAFTHE dodn] 57 tFoer AF 2dge] T
71t a8y AA £33V d9HeR @Y REo]l sbsdr AL
oplug AZAHoT ofggdzst AYYHLRE nEHE AF2Y3b sHE
2% ZIAleltt. di7]Fol 2FR FUIEHOE AL Aol Hoby IFS
X = o|XEEse X E BY 47]F9 L 720 Gt ¢ IR d o) o}
AE 38,000 Gt Col wlsH o He olr) olg]gt ArAL & U2
o] Atsteta Ao <7he] WLyl dojuH AF Z[Fo] G WUt z2dE

+ 98e Atz Yok

2Ed URE H4UEY A8 oid 5 J7F E (10 g)o] W @9
B2 oML A U7z wEItT Stk o REIIFHEEEE  (1PCO),
Ao B3 (IPCC, 1992) o] 2 QAF+E 1987dXol= 5.7 £ 0.5 Gt C&
89-90 %ol 6.0 £ 0.5 Gt (& 7]z W& Aoz AL Ay ¥4
H23 TE oSt uivle]l JHFE Ao] oty WEFY o 60 %ol
A Fol= o] Aztekavte] di7jol FEy Jok ZHFoHE U A 40 %¢ 9F 2
Gt C& ool QA= AY7ZP?  o]AE YW3Ule Aol A APWHI} T+
A&t Ao F4 FA9 stz £k Aok

A g j7]zre] o] dstetse] ISR uigR Eojrle &2 mid 107
Gt C, vithollA] Wi7le Yot &2 105 Gt Cog A Q17te] w23}t 6 Gt C 5
rlell EABHA] k= 4 2 Gt & APty Aoy o]= Y "2 AT
vle] wle e oz AA FHE Fd FHIUE W2 ool I
(Fig. VI-1). oJ3te %2 U7]F9 oL E Z4st=d 7% $8%
AR79) g AEET Ao

dleFolA o]t Hdis 44y Aio= dEl 3 w3t {dEHT o
olgoz E3lsty] wlZe] Hol A3 AFHE viek Fo| omif HI
o3tk L AIAFIS o]F T QolA ofF AR ¥l 23t Uk W], 4,
UM 5 AT NYFGAEL @A 4o JEPHILE A5 g9
o|itzlet: AjAlY] Wi WY FUIFATEIALE FsE ey b
AFA o] JGOFS (Joint Global Ocean Flux Study)$} WOCE (World Ocean
Circulation Experiment)o]t}f. WOCEQ; JGOFS= '95¥ %o ZF5 o7 QA% o e]
ojitsttsl AFE FSHA B dAgoltt. o]istRAL o] RAHAR A F gl
e 98-S FYste A7 G AAFOA ZYT LS HS AL HAR
sk Qlch
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oo yFFMEY uithel dlslAE B Jalu AP ollF SeB ok
A7sh WUsA mY ol oYY AT AM AP AR ©
wleo Qo] At e stk dTddelAe e @
Hee grel Rolck

ss 8A2 Eusd gt AFA shtolAw 4ol wizH el
garEAel Z2uw e Rakg st dew A34st YHHE APIA
yrFe) ojastEast AT +48A EYht 2 e ofd duAL
QA TAT =Y F oldstwr WP WA AMA Aol viulste
olasigael ol el tlal Adel A7 B sbAs 3ok wEA ol
A7 Sejdet FHsAA oldss AT WAL R dox oz
s d7le) 7h5 g e Ak SHeIA AdssAch

The Global Carbon Cycle

. /_,/' Atmospheric Pool
Nl 720

Net destruction
of vegetation

Fig. VI-1. The present-day global carbon cycle. All pools expressed in units of 10*° gC,
and all annual fluxes in unit of 10" gC /yr, after Schlesinger (1991)
Biogeochemistry, p309.
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A G-t 7|7 o]itEero o]Fe] Wi AHAH S AT IFH HIL2
GEOSECS®] o] W Lamont-Dorherty Geological Observatory (%, Lamont-
Doherty Earth Observatory)®] Taro Takahashi ®tA}o] 9J3] AJ3E| Q1o
LAEL FHEE FNEHA Yol BHAE AT AFAHAA FAFHoR
5471 M3t @A gt SHRHo] EATL

90 o] ol2y WYFAAL AYer oY Ayt AL
A #sE 53] ujFe] AFAgo] AT (NSF) = HER AFE AYI}A
njFy @ AFAo] AFIH ZAke] s1&S AdolAl FAEA HAudk Iy
ol T wZe P ok 3 AFLAT WYY olisirso] BHAF A FQ
SAYHS EF HFREIIZ A Yol e AF RAp oy AFR]
T5LE ot kA EddA FA3HL At

Scripps Institution of Oceanography®] Andrew Dickson HRA}E 4o =
e oldslds A whHe &3l W2 =¥E =% FIAE 949 Oak
Ridge National Laboratory®] Carbon Dioxide Information Analysis CenterojA]
"Handbook of Methods of the Various Parameters of the Carbon Dioxide System
in Sea Water’ o] 2 /NA@o] RFH7] AFstdct. HUgE AUz T
o] Aslets: AFEe HH e Yoz HAIFIUlde UF WUt FERZA
B3 HY BFE BT AA g ojdstds dFE FATE =T
53E 73 U= =Y. AG7HA AEEe] 23U AREHIT e WHE
AF FHo 9= FYT o HUTE olul HuII oy o}F ALg3l7|o)
Helgh ¢ TE3hA EYon R A43iEo AA ol e ojAE
3= ARAE A JleS NI A3 oyl wjfE= WY Qe
WS WErt gl Zo] Aot

o] Ao EHL g o]isets FHTHE olddt=d] "4 FHQ
oj&siek: AAo wiAHSE FAH}E= 7IHE 7T 27 Fovh @R
A2 E R} ALEA dAdRolE 47HA oipis sk 257|049
2%F  (total dissoved inorganic carbon)E ZAH3I=  Z]He AR A
A=At §2FEIYLY FHE FHI= WHHL FYsA Ag8E 7]
(SOMMA) &  AFg-3l= 7oz ¥ oisidse] nvls] w]EZFH HIol 4dui
=7l wiFeldny.  I¥-dl A4 2 EF o2 7oA SOMAZE x| €slil
A+ coulometryfl= ] HH BFE4 7IHo] ALHIZ Qo] SerxT
coulometry’} A& EEZ[HO2 Ao AGE I4T AYA 2T ¢ Fi AH
2 dFo 77E Y3 Aol WISl wdel o=t B dAF:
AFAYE dF FH3te] SoMMAS] 3 7Y QJolT u]=9] University of
Miami2] Frank J. Millero X4 <AFA3} Scripps Institution of
Oceanography ] Ray F. Weiss X4 ¥74-& yhEsle] 359 pH, S<ZeYE
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(total alkalinity), €O, &%k (£0) & Yeiz] 37k JF4 w7 ot
7E€dRE A

ojst AFRIA AMEL G ojitdEs AAF AFY o]EH wjAel
W3 oF3 glen A 3ELE AN AFF vZkA 29E FFE MK
717190 s AAE AFI}T AUtk AELE AF7HA SEveteiAY A
g} ool dAIE FRATE dFY Ak FH Amne A+ A
W 2o Rus us ARAAAM FPF AAE BEdE gow FH F3A
Ase) AAPe dav 1} TEAYEHY Hry| A A=HAES vE
e Eoh 22ln AdHd A e FF A7 Al oo dagh oA
WM E oA
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Al 2A olgy v

of HolMe dfFToAA oldatze] Aol it A AL 2
ORI odEEL AAY Aol "o BN o] Ui
AFsHA

I ol¥sigtae) gy w

X3
ojitsteart ol §HA BHA vbgo] AKH o7 Yol

00, (@) = €0, (aq) (1
Co, (aq) + H,0 (n = H,C0, (aq) (2)
H,C0, (aq) = H (aq) + HCO, (aq) (3)
HCO, (aq) (aq) = H'(aq) * CO, (aq) (@

K A g 1, aqe Z7] gas, liquid, aqueous solution®] Ae|E
ouigtth. 2Rl 00, (aq) & KCOs(ag) = RHBTGYoR FWHI] ojgSuz
C0, (aq) & H,CO0,(aq) & FAA 7FFHQA 3550 €0, = Z7)3tdg.  28W
9] 3eh4] 1-32 o3} gdo] WY g

€0, (g) = C0,* (aq) (5)

0, (aqg) + H,0(1) = H'(aq) + HCO3 (aq) (6)
o EETe] EHFY 9% FP4re ey 2ol T3

K, = €01/ £(CO,) (7)

£, = [H'] [HCO,]/ [CO,"] (8)

£, = [H] [C0,%) / [HCO,7] (9)

A71H £(C0, 3 7[F Ao o] dste9l fugacity o]T [+ 2o 3}8% 9]
B E%H (stoichiometHc, FeEe ¢hdT ol FY4+: 2%, ¢¥Y
n HAS 2 Wstdo. Z4ZHS Handbook of Methods for the Analysis of
the Various Parameters of the Carbon Dioxide System in Sea Water (Dickson

and Get eds., 199. 48] ©} 5a}o] A Yt}
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Fugacity: 2 F fugacityd 3+ £ <y HEFY 5T 2%
(partial pressure; x(CO, p thd B¢} 84de gEdEdE d&rsZige o
AEe 183 Aolth. Fugacity: AR oz BE ofg3 o] AR A

0

2. o]AFEA AAHE AE WAH4E

SRAE oYL MAL Z# YFE HH A= PHS AU
IYAR 47FA 37T wiApASIE Q7] wiEel o5 WikA Y& PrE
o] &3t ;T olIFEL HAE olEH2RE WA YT + I+

28EF7I92  (total dissolved inorganic carbon): 3¢ ABYW L=
Frlg2e % g3 Zo|l HoHu e o] BE w9 3EEe
oJAE AR WMPAIN F WA olisekro FFE FHIE= WS

S XU
C, =[CO,]1+[HCO; 1+[CO] (11)

2adeJE] (total alkalinity): 3|49 Z2IBeUgs $2 o9
AgrEAer mrjdch. Dickson (1981) 9] Aeolo) ofstA w459 HeF
(excess) 22 ZAIste FAA £E&A & (A £EA - FAA
FAA) & Yt ALR S 1 kg9 HAo] AT #2029 EfRA
)%t o7 FAR S&A (P = 215°C, o] 2A7) 094 e A4
(dissociation constant) K <107, oAzl Zoa] (&) + K>107
e et F9gEiJE (@) = 9e3 gk

Ay =[HCO; 1+ 2[COI 1+[B(OH);]1+[OH 1+[HPO. ]
+2[ POY 1+[SiO(OH); 1+ [NH, ] +[HS T+--- (12)
‘[H+]F '"[HSOZ]"[HF]‘[H3PO4]_"’

HAHAE #Zole =718 aFd digo At EA¥es griy
Joz FAE ¥t AESE Jebd Aotk [Hl &= 4 (13) oM Heold
F4o0]20 A% T (free concentration) S A A}

o AR FFE ol oldstdLo fugacity: o] wiIE+E FH3
AAMe eF ZIAG ojdslthier FPFH Ae olidERrier WA
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T2 9 Y AZsF et J)A AR Solfv oYL R E
2435 o]Ao] FolX 2L A2 fugacityo|t}.

24 20]2 ¥X%  (total hydrogen ion concentration): Dickson (1984,
1993) o] A A%t ule} o] F il it MEL gL LS FAL
oA Ao] dfela4 (dissociation constant) & AHolstr $jsiA e
3t el F4olR v tad 2ol Fojith

H'] = [H]; (1+S/Ky) (13)

g71H [H]pe $AH dFT AFTL0lE $TL, S= [HS0,]+([S0,] 2 A
2 sulfate ¥ 50]3, K= HSO, 9] A dfjgas oloh. 4] (13) 9 FAIAZA

(W] = [H] + [HSO,] (19)

£ pH glo] 48 W A ALgo] sl

Ao 497 544 FHse B2 39FE 59 FPATEL olu] o]HY
AP A3 AEA deA o]grtssith ojdEEA 2o o 4-¢7]
AR HEe FHEAY HS RHAY A (JE EW borate, sulfate,
fluoride) = & 4W AFHLE Yold 4 Yo vH|HHHQ phosphate,
silicate, ammonia, hydrogen sulfate T2 A ZH3H Ho o]gdt
HATH Ao BT FeFolA @A AAE W] A gellA
QAFT 14 2AFel HAR AFAY uiAe Aol AR BANE
g3t gobd + Utk It AAE AWAD AJUANE AFY o]}
Ae Aol AFY 7l +Tolth. gd=AM 53 Az FE Fol7] HdAME
37k o] 4o wi/fH+E HAH A= Aol AFHI dUrh

3. olustea AAWY HEH wARFLY B
238 +e3 4Y zANA s+ AR oluHTs N2 U
oleistsl SieAE che e ARt Wesch
Lodleo olashaa SHAS, £
1 SeFe 7 A-dslae) BEae
3 olgalete ® AT e Aol § %
4 THE 4 TS 3 Ha 20bA ol4e] AR Gy Ay £(C0), [H]

ojAsittsgl WA WAL ES AY AL HA BAE AU AY
A% EYHolA 314 Jgor 93] orthogonal A b ofebA]
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ojF o AMAZE BAYorRY e UHHOR T3 HE o AT L{/IL
A=Y olggt WAL A&KHog o|gsAl HE LHFI FHHo A
FZAAL 2 Holrt ¢ = AUk "iFE eRE AFAUNAM FHT FF
oA vl R E

FA AFT vigl Zo] olisighlol] AR WS ELS HAF AR
ZAgo] oW §37t sbssith HdAHoE e Aldshedl "adh AEL
Table VI-13} VI-20) Ags)o] Ut}
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Table VI-1. Equations for the sea water acid/base system (Dickson and Goyet, 1994),

Ky
K,
K,

Ky

[+~

(2]

K
K
Ky
Kip
Ko
Ky
Ksi

KNH3

KH2S

Mass-conservation equations:
Cr = [CO;) + [HCO]) + [CO}]

Ap = [HCO]] +2[CO{] + [B(OH),} + [OH)

+ [HPOZ] +2[PO]] + [SiO (OH);] + [NH,]
+ [HS] - [H']r - [HSO]] ~ [HF] - [H,PO,)

"

I

]

]

]

i

(B (OH),] + [B(OH),]

[HSO;] + [SO)

[HF] + [F7]

[H,PO,] + [H,PO;] + [HPO® | + [PO}]
[Si (OH),] + [SiO (OH)]]

[NH;] + [NH,]

H,S, = [H,S) + [HS)

Equilibrium constants:

[C071/4(C0O,)

(H'] (HCO;]1/(CO;]

[H*] [c0Z]/[HCO]]

(H'] [0H]

(K] [B(OH);] /[B(OH);)
[H'ls [SO}]/[HSO]]

[H'] [F]/[HF]

[H'] [8,P0O;] / [H,PO,]
{H'] [HPO?)/ [H,PO]]
(H') (PO}]/ [HPO]T]

(H'] [Si0 (0H);1 7/ (Si(OH),]
[H'] [NH,]/ [NH]]

(H'] [HS']/[H,S]

(A1

(A2)
(A.3)
(A.4)
(A5)
(A6)
(A7)
(A8)

(A.9)

(A.10)
(A.11)
(A.12)
(A.13)
(A14)
(A.15)
(A.16)
(A.17)
(A.18)
(A.19)
(A.20)
(A.21)

(A.22)
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Table VI-2. Expression for the concentrations of various species in equation A.2 of Table VI-
1 (Dickson and Goyet, 1994).

- CTKl [H‘]
[HCOy] = v 2 - (A.23)
(H']"+K, [H'] +K K,
- Cr K\K,
[cO¥] = T L2 A.24
: [H']*+K, [H') + K K, (B24)
[B(OH),] = B,/ (1+ [H']/K)) ' (A.25)
[OHT] = K/ [H"] (A.26)
P [Hf]:!
[H,P0,] = — i - (A27)
(R + K W+ KK [HT] + KK K
- +q2
[H,PO]] = T (A.28)
2 4 + + + .
(H']+K  H "+ K K, [H] +K K, K.
[HPOY] = Prk, Ky (1] (A.29)
4 - +3 3 - 4+, 2 + .
[H]7+K [ + K K, [H] +K K, K
[POL] — P'I‘Kll’Kzl’Ksl’ (A.30)
4 +1 3 +. 2 N .
[H] +K“,[H ] +K”,K2P[H ] +K K K.,

[Si0 (OH)3] = Sip/ (1+ [H']/K) (A31)
(NH,) = NH, /(1 + [H'| /K ) (A.32)
[HS7] = HS /(1 + [H'] /Ky,s) (A.33)
(H'lr = [H']/ (0 +8./K) (A.34)

[HSO;] = 8./ (1+Kg/|H'|}) (A.35)
[HF] = F./ (1+ K,/ |H"]) (A.36)
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FaolE & (W) F ggEdeg WE JHYT B
F4ZeJEo] gido] Jloste AEE @ gzelJE, AE A3
ozl g} 2t

A= [HCO,] + 2(C0,%] (15)
Table VI-2¢] 4} A 1128 X ¥

tco;]= €015
[H7]

28]3 A A 1R HE

[CO:‘]:([CO{]K*) as 1)
[H7] J[H]
Al 159 4] 163} 17§ A B3t At & T8 4 & Ak
. AJ[H']
Co, 1= < (18)
[CO:] K, ([H*1+2K,)
[HC();]:&IF_] (19)
[H']+2K,
[Cof—]:__icKz_ (20)
[H']+2K,
At Aol BAI=
A; = 4, -[B(OH); —-[OH"1-[HPO, ]
-2 PO} 1-[SiO(OH); 1~ [NH,]-[HS"] o
+H{H"]),. +[HSO,1+[HF])+[H,PO,]
22X G A A1 A 109 £(C0,) 2HE ohg3 o] FHh
£(C0,)=[CO;1/ K, (22)

TraolE w59 fugacity® FAHT A¥: [COj1E 4 ANSERE
&3t 2ol FaA
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[CO;Y = Kit(C0) (23)

Al A 113} A 122 5¥] bicarbonate9} ©4to] &2 o33} o] L3¥ich.

(7]
(03 )= eRTa (200 e

[A7]
Cok A= Zb7 2] A 13} A 2004 E3l3L, bicarbonate o] 23 Eito]22
747] A 249 258 AMgsH Hoy, Unx] §5L Table VI-20] FolA e

ol g3ty dth
F20l12 5% ([H]) & 384297182 E FAT 4% A A1
A12E AR ESH Y A lof] ARATIE = tadt do] BN

C, =[CO; ](1 LS +£‘K—22) (26)
[H'] [H"]

gehA 2t ol29) HEE g B BAYNA FE 4+ AAch

(c01= —— ClH'T @)
U H T +KH 1+ KK,
[HCO; 1= — 2C’K‘ [H: ] (28)
[H'T +K[H 1+ KK,
[CO 1= G KK, (29)

[H'] +K,[H" 1+ KK,

Fugacityx 4] 22, A= 4 AL2ERE ALED Yuojx] 52 Table VI-29)
Foj3 gL ol83H Hoh

FgZEgde M)} FEEFIELE GE JFHE AS: o] F
AESEE ol 83te JHE A2 WHS 4 AL2E SRS [H] o W APE
A % Newton-Raphson Weolu T WHEAJE o] g3t A& [H)o o3l
Eole Aolth.  #4d Ave W] = 10° & 27|22 FI F& A9
shgsit. 49 {7 FAE bicarbonate o] 23 B o] 29 FEE 4
283k 298 o]§3te] AL, ojdstRtLE thE 4 o] 83t Frich
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[CO;1=[H*[HCO; ]/ K, (30)

Fugacity: 4] 12§ o] g3t F3fdich
29 JE (A) & fugacity (F(C0))E AT A $: A A 1028 F¥

[CO; 1=K, f(CO,) (31)
A A 113 A 128 offigh Zo] FESt ¥EE P
[H7]
[CO;—] - KOKIKZ;ISCOZ) (33)
[#7]

4] 31-33& 4] A.20] HBAIF|L Table VI-29] & Y2 F HAHAS (]
3] Newton-Raphsonolu} T HHEG Moz &E oo s HFeE [H]
= 10°% & 2Jger F3 FE= Ho] vigyth 9 W7 FHA™
bicarbonate 0] 23} Bk o] 29 ST E 2] A 19 Yol ((F 3ok

28282719 (C) 9 fugacity (f(C0))E JAT A o
o] BAE 37 A BN L5 L= £/42 oste] AR
J89H f= v o] Fo 8o

[HCO; T

- _ (34)
[CO;1ICO;]
olasieta BeEo) HYAL ofdlg) 2o
CO: (aq) + CO* (ag) + H,0(]) = 2HCO; (aq) (35)
S A& Table VI-19] 4] A 1] AAAIH 23} o] Bk,
C, =K, f(CO,) +[HC0;]+——K[K% (36)

A 4]-& bicarbonate o] 29 sl & T3}

[HCO;] - _KKoé(C02) + \[(KKof(C02 ))2 - 4(KKof(C02 ))(Kof(coz) B CT)

2
293, B oL

“
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[CO*1=C, -[CO;1-[HCO;] & T8t
B 4 Al122 2E dga Zo] 73k

[HCO; ]
A A ALERE oA Yo &2 Table Vi-2004 73 &k

FTLod = ([H]), FgL=deE (A)d FEEFIELE (YE
5t

Z24% 79 Table VI-29] 4] A1, A.11 282 4] 158 QAN o AAE
Aqg 4 AUt
2C, -4, = [COZ'](2+ K; ) (38)
[H7]

oJZRE ol A& olgdte] 7 W HAF FEE Tk

[H"12C, - 4.)

0:1= (39)
(CO;1 AH]K,
(aCo; 1= 2186 — 4e) )
2[H" ]+ K,
- * [H+]A +K(A —C)
[COi" )= A = C; +[COj) =t L ee—22 4D
. 2AH 1+ K,
[CO1E 1A BHox EWsAT
CO; = C, —[HCO; 1-[CO} ] @)
K Aol A 199 202 A3t
co; = ¢, - 2UH 1+ K,) ”
[H"]+2K,

24 38 ¢ Aon o= JLE fugacity= 2] A 10014 F3ich

Fazole ¥ (), 3¢TAJE (A) S fugacity® ZHT B¢
A A0 (=4 22), 4 32 (A 11) 2H¥E
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[CO;] =K, f(CO,) (44)

K,K./(CO,) )
(A7)

[HCO; ] =

a3 A A12, 4] 15ERYH

A [H']-K K, f(CO,) (46)
2AH"]

[CO; 1=
o] ==Y A AEA e FIh AE A 1ERE 73T G 4
A 1o ok ©AY o] T = £ EHFHer §$59 4 itk
FTTLL 5 ('), 3 8E2F71EL (C) 9} fugacityE FHT A$:
o] A ol4tslvtae 4 A 1008 T}
[CO;1= K, f(CO,) (47)
Bicarbonate o] FE+& 2] 45 == 4] A 13 A 12& o83} L3}

[HCO; K,

HCO; 1= C, -[CO;]- ==
| ] [CO,] A

- [H+ ](Cr _Kof(coz )) (48)
[H"]+K,
B o] 29) BT [H]9} fugacity® ol-83ke] oldlgl o] FaiAY
[CO;™ 1= C; —[CO;]1-[HCO; ]

=C, -K,f(CO,)1+K, /[H*] (49)
Tt 4 SRPE 7Y 4 Ao
[CO;‘ — (CT _Kclf(COz ))Kz (50)
[H]+XK,

olF &< 4] A 2o Wol A A& Jr)

FTLolE % ([H]), ZgZEde (), 2 LE2F7NYgE ()}
fugacity & BF JFAT ZA¥: o AS £, L8 &3k g3y w4y
H5tEo $EE FY + Ak M A% [WE o]f3te] A A 1R HE
2@ dZE|JEE AN & ¢ Uk o] X+3}&k 2, bicarbonate, ¥Filo]-2 9]
5 47 g3 er Ry Fich
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[CO;1=K,/(CO,) (51)
[HCO; 1=2C, - A, - 2K, f(CO,) (52)

[CO7 1= 4. -C; - K,f(CO,) (53)
Bibo] 29 sl e 4 A1l A R FE FEd ¢ 9ok

4. HFo oL AR IFE VAL WY A

Ao AA¥FY AR dr)Fol oldstgist FUsHAl HW g2
718 olidEg2e Uyl s HYE olF7] 3 o]iFHULE Fate
wgor REZEA g o] Whgoe 4 o] 3y wWFe Heo
ojAslehi o] AARIE d49 pHE AASI=dYl HAUHoR Jode =%
bicarbonate ©]&o] pHE AARI}E= £4 o)L WL L FUT =
o]F A JYE 37| Wi ATy FI3HY 54E& AU st=d FoR0e=
43t

71 W7]19) ojddiets: Tl Uldl dleo e AAHog olF e
oy EAR 5A4E& AYL AUtk o EAle $4 olikEler4av) ¢kl
HolA A¥] RUZA s It o8 sRtFoz B3let=dl 7%
FEAgde o3ttt bicarbonater) ¥ o] ow R3IFIow wiA e
HE33hA] ¢k AhAu Aol s 10wy H= o] di$el &3E 4 Ut

I o7t gl olEer TEsY-e IYTHI HAe o3t Aoln
HES3IS A ST HolA o3RI sieet uirzre) T FPAE o

@il "Hast A &4 Aol e "agh Az 10w D 9 11
MLz F4AHT ok T A Eo FAPo AFF Wir)F o] AEEA:
59 WE2 AA FEol7] wEe dd-ul7)7t HAAE] (steady state)ol
9 £ Qs FAEY oA g

W71gh AP ol BT ZHE UG W4 HEVY sl ETelA
dodeh. o HAHL Henryo) WHol web viAG 4o oldEers e
(K0) ol I3 Awj pow] exol w4 EWelMe] Fgol A Huped
BE U3 oldstrtaol A%: BUMPlA M4t BAE W WA Boirt
¥4 U8 fUSUIE sht AZ4t 9AEE A% wHE FRAHA
A2 Bk ulgol M wol 7 G FUHoE Hol FAY W HEolth

Sl @ 2AY oldslw: At Y W Uoluk: BHIAS (4 1-
He 2osd
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CO, +CO¥ +H,0 = 2HCO; (54)

F, T BA osietzrt $EE7] SISAM 3 EAY] SFY o]2o9]
£850o] 79 bicarbonate o] & WSl WF2E ¥Hgo] YA} o]
Hk-3 o] A= obF 4 o] YEll= uigt o] 4 o] FUE AEEH

K,[HCO;]

HY1= (55)
H1==1cor

F2 0|9 Tt FUFHH @4k bicarbonated] HIE F Ik oF gtk
[H,CO,] [H"] (56)

[HCO;] K,

oeba] 0,00, 5= WHgo HIE bicarbonate o] 22 HE7} FI3lR=R

F4 0] Ut BRUX ©] Ho] Frtslof dth  o]A9 ou|= o] ih3lekL 9
F3fol o8 HC0,o] =7} %7}3]'53 QA o]l LI E
gtk Aolth.  o|A¥ ojdFiE sy Fo wEA g3 F & oy
Broeker (1982) = o]& kinetic resmtanceﬂh_ BE v} o &, 9983
FYL S £50 o Ao} wfFel B2 Azl o]FoF 4 ASS AFHI}L
Qo TY 3ol JAFIEA e E othE ©@L9 AA whHo] &3A
Sethd £43] 319 wkgol ot gir]Fel F7HE olkEiek o] AAE AL
% sFo WEEy & AHolr}

Y-S TAHYA BHAM $£& 9%3F (thermocline) & AAZ EWU EFS
(surface mixed layer) &} 413 (deep-sea) 2 ‘:".‘Zi o] e RE o]

TS UFolAM EAL wZH 43| Aot $3e EFolY oA L
¢ g #2 43 AR MA YT iﬂ‘lfi A ok
298 EqFoMe @LE AASe T SZHY dshibgo] dojuy

gom o7 FUHS e NE EFIE g3 FrEch 2 F e
Al A #718 WAboln Shbt CaC0,9] A dolth

CO, + H,0 =CH,0+0, (57)
Ca** +COY = CaCO, (58)

4 571 Al WY Noz M A5 o daBL RU4e WEI| Ul
0¢ ESHY olds AMA Ao HEETh WA Ca0,E A3
FBe B ol AAI] W 4 S4-s6olMg wHAAR ol d3trrs
2o ¥olt TAE JHA9 BIHY Snloale 2o Flelske AA JlHez
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Z-g-5tA] 23t

B HIT FFo] T HololA ZHARE FHele o] Zoje Ui
EWH E939 Zolgt Xt weld FAHE KBl EF XU ETFFNA
22EE 4 579 qirZo] doju AFAHR o|iEeks AA 7Y ¢ Aot
oJAL XY HFFoM AFF ojistHArt HME s ojopnt o]
fr1Fe o RLEE F4E 4+ ASS duiRith PN AA gL E
AHE A ¢4t FHo] EAse AI7kA HE 7 Fo7 wHe
A=e) Y 7Folt}.

EW EFZAAM AR FAs= A= EFIEY ARA, wHE  (fecal
pellet), WA@Y A SAEY (marine snow) Fo| AUk  {7IEY T4
A7l o3 Gdao) AdRe] AY AL et A L3 +& 45 S
B3 Fa4a sk AE HE (biological pump) By YHow], A Hal=
315t g2 (chemical pump) &}y RE7|% Fith

EaEY ATH BUS AN slEgond Tt HH B34 did
o Asisin] oleldt HAL WY ey Po| EEBL
(CH,0),s(NH,),,(H,PO,) +1380, +124CaCO, =

106HCO; +16NO; + HPO;™ +124Ca* +16H,0 (59)
WO e AR RIS AGTHe dEsE Row 1 B 7%
Aol 138 £ Athe}t 124 9 CaC07t 25288 Jeh Utk
T EHHZIUNA vt 25 2BHY O gfog A o| o] AR
2o g3y 2 §I18 43k whgo] Yol
(CH,0),,,(NH,),s(H,PO,) +94NO; +13.6CaCO, =

119.6HCO; +552N, + HPO}” +13.6Ca** +172H,0 (60)
o71A CaCy= Aol o8] Asbd wigh A o] 2o o3 43kd w 10 wi
7V §3Fel Zolzh Aol fo T Hest don ol Cadt B o]
£ AT I¥E F £ AL Yuivinh

AELR Y] Fol S7Hd o2 vt EH R F4sted M
2 B0 He AL AE HIJF dukd FIA AFIRT -l g
. i

¢

Ak T ¢ Yok ol WA il Fo olaEDaE Aojsh:
o FrhA) BPY ofoldolst AAHAL.  1F shir BYHA

€S o83t Y LY AHL T TYE TVENA g o|isleL s
WEA7E BY 018 FulE ATt It R sl ol Reln
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e Stde ZI2ANEE FAAA O HE ERIELR I3 dgY
ol A3tELAE  JAXNTF|A F= Aol FA= Moss Landing Marine
Laboratory®] John Martino] AJQFSF “Heo] Ao o3t tf7] F o] A3}Ek4 o]
AA" 2A B3] AN Aok 9tE dosy Jon] YR FARE9
FZQA Ao B33 u] FRI} o] ofolrjejo] W Galapagos 3 olA]
AR AYS AP e FolojAM Hol dis AF7F FH5Eoh

A3AE JessTEA

JlesFeAS A AAAHoE WA YT A= Wk
TEE NG olidstEL AAl] Wi AF =TT, HYEAAM oiEEk
A7E dd MEFHR e 3 JIEY F OEokR uRoAd uRddh
A FolAe] ojibztL AAY] Wi Ao FIHY Fxe AP 24Ut
AEANA AGoAM ojdstds WA BH UL RAFEL Mt Aol AT o]
A+ A F4 34 7€ HYd 2L #2T Je WF FH/Y
et HIES Fol Rk

1. AF7]14 o] 3}eF4 9} Y (updated review)

AFTE W2 oluBBL AFH ATIFol U FHS AUl o]
Fo% FA9 szt AAHeg WEw olaEBe sxol ZHe UE %)
Agolck WA Mol oldsier: Astel e AT A AN FF7
F4so] Yon 7 A7 WL FTRAHoIE u AW 3= AN
ANSAE Gk ol5e 2]

o AT R BHY
o VY B5
o T FAYL §8 Polh

Ao o), W, 84 AEB @o moe] APHY WP Y
27 W (Fig. VI-) ZA WA WrIFel F7T At olaETze) @
AAHeR H5Th W GolA AAHI F7HE mol: Aol opube oj7ie]
W 19909t o]Fe] sFe wABe]l AHA Aol wizlel ol dsehs
$Eo F WIHD A4E oln] AFE u} 9ok

HE HZ e Aot = ML ARIILe olitIerE

o %

—311—



%

AARE Fow A%THE ¥ FFHeR ANATL ded 12 A
oA ol @M YxHT UM Y 2T Hde] Fahs
ol7huj& JF o]  Flolwt Fo| A3 I & oY Fo 4Gl
otz ZkeA A WA AA R {4 AHAHIE AF7HA GEA A
Boh R g g9 o 43FAE AANE AA v 3t oAo] AAHZ
ek

H2Eo] WANA AALT Yt AFAT stedl FIY we
dul¢-de wIE uRE 2 (9714 BoH ol onje AR
olgle] AAL A AY) olusas wael ojze) ofguci:
uju] 3tk Ao

A AA F529 g2 8o Uig M Ao |3 A= Fig. VI-IERA
A=t (Siegenthaler and Sarmiento, 1993). Fig. Vi-lax 4999y
oldel 49 el Zko] WA AXE APolT b 'soduiel w2
8o tig ZAolut.  '80dd REoA AAYY o]He] njd WIE fluxyt
AN A7 EEAEA E7|H & FF5F st AUk

Y2 AAHY olHd= BYFH (F, +EUF] LW E ol st
FAE o AHFLE FFIHE WE (& FUYF 1 Gt/yr) 22 gFlo]
W3lE S T4 e Tl /M 5718 1ot

o 2o
rE By orlo

PRE-INDUSTRIAL CARBON CYCLE b CARBON CYCLE 1980-89

ATMOSPHERE 750 (+3.4 yr)

ATMOSPHERE 600

2
21 a T
. =g I i I}
W S A A el 197 hoolseo|so :
- 3 i
s0|s0 E ! 5 § Y ; | 92 50
/ i 74 L a8l = LAND BIOTA ] !
| LAND BIOTA /! ! 550 pos osi gy
A ;05 0.51 L - -
L ' *50 RIVERS SURFACE OCEAN 1,020  (+0.4yr')
yse RVERS SURFACE OCEAN 1,000 SOIL & DETRITUS /)r - ‘o
N <2 - 1,500 0.8 S!I0TA 3
3L DETRITUS /X ~ P
T /?;3 BIOTA 3 19 5 '}
v k& A + e e
Vs 7 DOC 4 90 |i00 700
i'.’r,y/ 7 700 5
p g
'.;.v,///// 7 5 Y \ —

L

777

INTERMEDIATE & DEEP WATERS

INTERMEDIATE & DEEP WATERS

38,100  (+1.6yr)
Y

38.000 0.2

y 7
Q.2 (/47 SEDIMENTATION

Y.

‘//L/§ed|memalljon /W/

Fig. VI-2. Global carbon cycle reservoirs and fluxes, in Gt C and Gt Clyr,
respectively (1 Gt C = 10" g €). a) reconstructed pre-industrial
and b) present-day situation (Siegenthaler and Sarmiento, 1993).
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sodciel  EHHARe dxg duSde WHz uED  oldsiwiae
w2kl TiR HHe 2ANE o 7.0 + 1.1 Gt C/yrojth. o] % o wirpge
ti7lo] uEy U3 AFEo] sl FeEHY 2 ol gisiAs o] Ytk

2dg A7stE AGoAE g ©ax %#%*ol 20 £ 0.6 Gt C/yr2
F337 Q= WHE S AM AH FFIZ Y= dFUL < 1 Gt Clyrgin
FAsE Sk oo dis] ¥AE 2 Gt C/yr7) wl WA Holgty A= 2
Jed 2 ZA= 953 g

ko] T4t w29 ko] 1 Gt C/yr oA 2 Gt C/yr oA 7ho] 80T o)
H7I2 W& oL FH divig s EATHE o] &slErL 9]
5700 Zo|7} Uk & ojyqlst oistAE WHLE FHotE ¥R
A2 o F4Y9 &zﬂﬂt} HAZAHE B dF FH4 o3 3o
Td A v F49Y 377 UF AA AZ7MA 223 e A7)
o] Al dt}.

T Y] oJURLE ofF ZEF % T FAsE FoAM AR
Az Add F592 $4 AuAR ojAL duidZATE HT dd$¢YHe
¥ o2 FF7E ofd WiEdeR 5’_?451917] 2ol o] Wolso]r]de
g 577 dosht obF AWAol & ARE AAHAL AA Xk
Frl AARE A+ dast AAE mzkA sl Reler & EolAIRE A7t
H71Fl S7HE ol dEELd 2T SARHAY AYE W= AHHY
AL oY Y A IARA YAYE AR AL FFHolA w4
SRl ot Aol FHE ZoIH Ao 7Hegol 3Hsich ‘

AHQ o AsErae] 4o WYy AFE Unkelo] AyHez oy
At AET HAZ ZAZ A4S stz U @A Ao REE 7HE
AR G2 4,000 Gt Co2 WY |4 *M?#l-@l B4%, 27 600 2 o
0 GtC (Fig. VI-2)ol wlsll AHUA B2 dolrh olAL d7]e ojd3igs
5 A E #22E £¥ 4 Ax IAYS MR Aotk

g oldstEL F4r FA el Hop Ae oYL F2
AAHTY oMol 7|7k FtA 2 U™ o]k o 65 wie] @iith ¥
sl HAZE A7l A AT Aot Ad ¢ e oA FL] F
ol2] 1029 1o E37t 6,500 A ek FA WU 2F ez
ojdstetL B¢t Hole MUY FHLE E o o 8 ppnoE JAYY o] F
Hi7le] ol kL oF 75 ppmo] WA wirgp ERd e A
FEAE ATy ¥ ¢ Uk webA Ysiee] FPAduEiRo A g
o] ottt galEe] 2low olF JhsItAl d17] SEAE Y
ojuEtLE WHT EJHFIF AR Solrbof vk IR ¢t Az

o]

o &
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MeEe e uy For AA 2SS wd sert 3] Al

SYEA7tA Eado] Z

3 g3 dj717ke] o] ih3}
243 (AC0,) ol AulE]o] oh& 32

F = k,ApCO, (61)

Aq7|M &k, v JAILBZTEAN T5Y oty ¥ IR AFHANA
Agoz 77t L g3 FAFPeR Ik 02 FAI &, A 1.5 WA 9
zlolE Kol 91% Aol EAAR TA}E Utk ol HolE HYItiAt
3t o] 82 AZIHoY dE] WolEo AR AAE 4t I8E FAE HS
B ste AL W7]- ST 24A o 8 ppn Bk ]2 Fo] o7 Bt
AA] HFgEZol ¢F 80 ppnlE F FEI7F A3 B 7 A ¥ W]
T2 A2 100 kool W3 4 ppn FEAAM AT HAA P F3h=dl
odgFE& FI Ut 53] oL Relo] THHer  dYT)
ANz Y A2EE A WA 27o Husl & ke ke
Aajales gl

LAHJA oldsgso A JAKAHA oo wiEFI HYH
7o &A= S BAIZF Fig. VI-39] w2 E v}t (Siegenthaler and
Sarmiento, 1993). 192098 7tx] wiEFL T F U7 IHFez 2
#8500 Y olFEr Zx $x7F Hx Zskstn Uk ol o] AkElErA
W&ol o JAEUAGT 7l A B3k oldEts Fedo] EATE
ojuj3t et

Table VI-32 '80-"89 7]7lo] QIYHQ ola3lers o] w2y F4Yo us)
ojAIZFA 4ER Y HHI FRE HEF Aotk HAL Ut AgQdx
S8 oFF 1.8 £ 1.3 Gt C/yr = YT &) o]iidletsr o]l F3Ho)
C RO dirle ARE AL Y Az 4F 2l ZAx A9
GASE A7) "ol uvAe Fado] BAY shsAol M Aty AGHT
Atk Ao wet dYol EvMsT o] dslgiol o] FTUIEY e Hoew
Hol AX AFF Ego] FAJA F4to] AT AAAT Ak WA wir] Fo
718 oliEerio] Fxo i *434 Edo] F4dow L3 2E3F
AW 7hHs3ttrr HHA L Aok G FA= %111‘4 |48 EHA S BaY, 50
Gt C/yre] 2o u|Fo] Aol ©A @ HMEY FriEvEgs MYl
7} 8. a8y AR YEY EYE usg #Fd wlE w73d
(heterogeneous) ¥+ EAE A AF3}7|7F olfHlk. Fig. VI-30]A RET A
UHHJ] 2 o]Hol o4zt AAH WFo] of¢ FHE HE AUty
7] F olitEtiol AH WHFZol HF HAIZ Lol viFo] §A4 AeAs}

-‘?‘.t}.
oA

r&'l

4 g 7|7k ojdateie] A2
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T Y2 3 Uve ALE H FHHIL Ao
SFAEY] A AFAEL HIF oJIFULE HE HEAIE F
HEA E2HEE M A= FHoltt ofy EW EY3 9 HFPEC] YR
Aviekgt G oA E FEy Uv Av P A YA o
A2 & of 4-20 GtC/yr +EE FAEHIZ dou nd

«a
5 Atm+Ocean
S .
o
G}
2 .-
/__,.—"Ocean
e e
o I=== =
1850 1870 1890 1910 1930 1950 1970 1990
Year
b 10
8
-~ 6
S 4
(3 2
‘D
01
-2
Imbalance N
-4
1850 1870 1890 1910 1930 1950 1670 1890
Year

Fig. VI-3. a) Deconvolution of the atmospheric CO; record, b) annual fluxes into the
atmosphere-ocean system: TotEm= estimated total anthropogenic emissions
(Siegenthaler and Sarmiento, 1993). Note: 1994 IPCC report designate the
imbalance is due to previously unknown forest regrowth in northern hemisphere
and terrestrial sink by biota. However, recent report was not available at the time of
writing .

—315—



Table VI-3. Budget of annual anthropogenic CO, perturbations in Gt Cyr' (Siegenthaler
and Sarmiento, 1993).

Emission from fossil fuel combustion 54 05
Emission from deforestation and land use 0.6t02.5
Atmospheric accumulation 32 £02
Uptake by the ocean 20 £0.6
Net imbalance 18 £1.3

a9y EW T3 o]Asterael o] FUpsHEE AE HEIL A
oo Aojgts oZo] AujHolth. F AE HEE: AAHY B 3
A= e ZodAT A AAHeR WET oldFHne A3H
olETE BT Aolgts Ao| W AFAE] AN Y& Yol A
olgfzre sHAHel A L AAA W HZE Y APE] WA %ol
gt wd ASHEs GrFel 18 olddlgie nkgRiThA s ¢
AL o 9% Az wyPE Aotk o3t HEHZY Y2 ] £
zgslch. ABEo H SYY JFEFIL 122 FER S TG 733}=|H
Y7]2 9] o]AEtEr: X 160 ppnl R WolA T W 5] HEGT 460
ppnl e Z719 Aolgt: 24 Azst AAE uF Uik oA o| bt

Tol A2 guge A ATFLo] FFAI Holn oL F:
zyte] o3t lFWslz $ukEle HFo Wikl A3 HAHEY fUE A5
£co) Mz I AXNHY GBM HHA 4T AAE 1eHE PASHA
A7t AR A etk

ol o] A3k 9 TE AFTE AAE: v AEH orlF
ol AglEr20] FEE 3=y M 2 WML AFVINY olddEs
wW2ekoz A oHL AXHo|w AE-AAH 2o o ZAPFHER
&5ty e olle Aolth  1990-20107}A] QAFI|Y o]tk wiEol Wit
Ipcce] w2 AUeEle: 6382 A 2 742 Gt CRE W 2,127 Gt C 7HA
ma 3w skt xpolrb gtk 7 mEle] A 9T ujEg o|AstRbae dis] W
242 54 g AHeR HY == JEAY FrHe A& /PEE el
el VAT Ho]E Rolu HAe] A 38 u7ly oYL FET}
g2 =4 Jyeshdth oS AR d3S gdME gD $4 Y W
Y A1s AAs)ojof F Aotk FLF A2E AFI}E Uoke] AFE
olMeo] At AA Holuhe Ygoz FAS YA Utk FEA FIA FE
AFely AMow WalZ I 7zHY AFE AL Adrd "ayol
AZ1E 3 de Aot

—316—



2. FEEFIIEL FHY

o $4EFIGL () o BEZAHWHL vl Brookhaven National
Laboratory®] Ken Johnsonr®} University of Rhode Island®) Equipment
Development Laboratory?] David Butler} 273+ SOMMA (Single-Operator
Multiparameter Metabolic Analyzer) & A®3}: QIth. SOMMAE o] 2k3}El4 9
g 54 98 coulometric titration WHH-E AEYstz k. o] yhyL2
T4 o] 23E SE2FAL 1,800-2 300 ymol kg'e SA3}=d S}t

SOMMA= SFo] ZIAHA oliEsE ALE FUstd AATE § A4S
Yol $E2F74AE 5 okEera=z A HIAZ FH AT o]Aslwso
FFS 4% BHS AHETZ Aok Fig. V-4 7HERSHA] ZARE SOMMAS)
schematic diagram®]t} (Johnson et al., 1993). SOMMA:= o}=jj9] 5719 7154
Aagjog Fgse] St

L 34 38 N2': deY £2& fA%e (& 0.4°0) HEHF Fy9
4 ANEE TV G HEHZ oL 32 AARo7 MY

2. o|F L FE AR o] AAHA el HuiEln AT
oj &L= carrier gas®l AL AF WAl g3 FqAM F2H.
Agd Mg ASE HREUE Bl Hol 3.

3. Coulometer A]AH): n]=r UIC AFe] Y 5011 coulometerE A}R%}

4. 714 R AAH: g2 JA] @B, 23 0.02%% Fys 3HE stAH,
22 0.05°C Q1 SX A HYFL) 4 20 Pagl ZIUAAIR FAHH

5. PC XA unit: Software®A] hardwareE HASID, =AZFA 32
S A3 ALsto] A AL

SOMMAZ. S74% A= 13] B A FUEY EF ¥HAE 3 pnol kg
o BHARAIL T APAUZ EZEFAE 6 umol kg oJUlZ HAA 3H
A5 0] A BEJ) o]FoALF AXHIT Utk

287182648 343= 7|7] SOMAE University of Rhode Island- EDLOJ
FEOt] A F etk sHF2 ulsl 60,000 9ElE of7F AEsle vz
327F 7]71olth. SOMMAE AAl AH83t7] SlsAME & o]tEEig A7,
23 P2 (bath) & HEZR FU3tojof it}

SOMMA:= €Al o] &S ESIIE S A4l 2ejsiA AFE A53}7]7]0) A v
HrtA HHS A HE A (Goyet and Snover, 1992). ©HOoZR AHHE gL
ojdstets & Al2¥)o] o coulomery AAHINA v RHTL CoulometryS
A 27te] FEIFE §4-S AR ste]of sl Ao AFG AR o 12X R
4d4& IZAY ol AR blank & HASIOF st=ul B4 1-2 A7k
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2953 University of Miamio] g3 Mol wad F3AES A7 2
blank gtol Egshetl o eRAzZie] A ol 7 WIS W Y
gejolA AR HF o 208e] 2e5ER we ¢ ARE AHY £ aict.
HRe UIC AplA AET T2 pyrex cell& AHgstdof vl A ol A
g A Zo7F Wastth.  Coulometer: ©l 20-30 mg & FAT o= B xol
714"l €23t

LEVEL SENSOR

STRIPPER =

@

COULOMETER

normally open valve pon. = pomally closed valve port  mem

Figure VI-4. A Schematic diagram of SOMMA. ACG=auxiliary carrier gas, CG=carrier
gas, K=conductance cell, GSV=gas sample valve, HSG=head space gas,
MCG=main carrier gas, PG=pneumatic gas, ts=temperature sensor, W=waste
(Johnson et al., 1993).
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Coulometry®] THol 2}QFste] Goyet and Snover (1993) = o]akslelso] Ak
Z2X& Coulometer’} o} non-dispersive infra-red analyzer® A}£3}=
ke AAEH.  o]5o] AFEFF LI-COR Ak 2@ 6262 C0,/H,0 ®M7)=

A3 9o g 89 F I £2Fo] "R ¢x FATY= S
Aol " Qo AL AHoZ UAST Aok FHE M BEMI= FHo
AF3te ofktstehs: 29 A AHEEE 71712 A coulometerS A BHA|
S 7]7] &80] R dediA= AHE Rt HH 2AsE »R Fe
5ol Vst g Z A SOMAZE 30 mlo] 34 A8 E BAsl=d vs) 2.5 ol
FESTrE RIS oA FI Y A2 AHo] FL AHLE EHo)
7Fedttke Aol k. Ao 2= AZFe 32 AT R SOMMAYL w3
A&strhe ZAHT Aok 9l A mFE-o] FFETHA Hod B 9%
24ERIEL ZHo| B /Yo YUY sFSAHT Aoty BHH

3. IR SR/

3420l X (o] ph) & oA Yol H-A7] wEo AAH
5 WgRth pHE AIGHoR FoW ojyETL AAHWE wWYT
o T YRS Yot IF T Tl oA7o] wgEch  weby
AT 2/0E pHE FHsh fAYW FAHY 3 AR $FoRE
Fage) ofsol WNF £82 FA B 2Ael: Ww AFHA 47 Je

AB7HA F2 A4HUY pH AFE ]8T M 2% WAL SCORY)
Working Group 757} W3] HET ubel o5t Huj Holko] 0.02 pH Te) 2 A
WHEAYA Rl 3Pk WY @rift) F DA AAYQA D] AT
(SCOR, 1985).

22 University of South Florida®] Bob Byrneol] <J3f 7Nd FTFE A7y
(spectrophotometry) & ojej7}z] HelM pH FAo| Az H7E oiAsc
(Byrne and Breland, 1989; Clayton and Byrne, 1993). A 7}a B2k
MEE AU FH2Z 0.001 pH T ol3te] UL E FHsA @ Holth
OJAE pH HUTE TE oligEs AAF ujAHSY FZHZe] AT
dA st HAS I 8T ¢Folch ofF YT HAZFL % dFUt
ZoA] RIATL FFEH] T pH AL ¢ JdEE= AW 23
7]¥] o]t}

2] pHel Aelot FH 7MY o]EF wiA Wz AAHo tsA=
32 Scripps Institution of Oceanography®] Andrew Dickson (1993) o] 2Al3}A]
oF3 Sk
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Dickson and Goyet (1994) 7} BAZ: 342 ojitalghs AN2ARl EE5H7|HY
jFdolME F7FA sl pH 33 e FHstn Qded e W3S
o] &3 AIA o gl Y YA FFEA whHdul B AFeME FAb
g AR =25kt

DHOl Bel: oleholA AT ph ThE I o] Holslo] AT
[H'1=[H"].(1+S; /K)
~[H"], +[HSO; ] (62)

A7 e #20l29 AfsE, S ¥ ol T ([HS0,7]+(S0,2])
o|3 Ky= HSO, ] sfiz]gelth. o2 RE pHe ©hdd Zo| Fodrh

[H'] )

mol - kg — soin”

PH = —log(
(63)

A de] AMgEE pH AAYE = sulfonephthaleind] € 2¢ m-cresol
purple o]t} m-cresol purple X|2F2 24 2 mmoldn™ HER Fu|dlefo} 3}
Aeko] pHe SR e pHY MHE4E 2FE 2Y & Ao 23HeE
A3 Ao st A pH7.940.1 328 Fulst: Zo| WAHLH

5432 T (2510.1°0) oA Slof stER F2xIF otk A FER
Ae ARE 08 I 9 FAF 3331 g9 33 E SsA= 100mn

FJEAe]E Z+:= long-path spectrophotometer cell3d} spectrophotometeryt
gew Foh  AAe $0,1¢ ¥ ¥ ETE o ue 33shE ¥
gt & A& 34317 HASiA = dual-beam T olHL V)& #AE
T34 717 A28 pH 3 ALES SEiME e &5 Asst gesith

T3 T3 434 9 578 mmolA el FF=E AFE3b  vlErgl (background)
HAE A8 730 m o FFEE WA Ytk ubRgke]l + 0.001 o]dod
Aze) A B Aot FHIUL ATHA Wolop Bk sS4 pHE Fole
2)2 offl9} Zt} (Clayton and Byrne, 1993):

PH_(sw) =124569/ T +38275+(2.11x107°)(35-5)

o ( R-0.0069 )
N2222-0133R 6)

HoA St 222 HEHSAT 3004 37, Te HULEEAM HEHSAe
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29304 3030]0] R 5783} 434 mmoll A FFH]  (55A/ g8 OJEF o] wHH9)
YT = 0.0004 pH Folr}. ¥ E Dickson and Coyet (eds., 1994) 2] uvj:Fdd
% SOP 79] 5 #Ho]x]2] Table 10]A4] 3,= 534% 4349 27 ol G o} Fhc}.

pH 24 2+ F2F W& Rolx WAl uid A= pi 3 HslE §2
Hojo}. uiebM E2 doA] m-cresol purpleo] FI3ATF o2 pH H$l9)
¢, ol EW pH7t W HHTE Y o2 A2 AME hsAol dFE
At @Wol ALH«= dE pH 5% HH Table VI-49} Pt

ofZ] AhgHo] FMEA & AR shedl M pH AFe] ALG 27U AR
2 pH HHE LR = IS+ thymol blueZ A FFgo] vi$ 447 =5
o] pH FHS S8 Mislojol & WaAol w20 WA AR7 Y F¢
Reg geix Qo

Table VI-4. pH indicators and their application range.

Indicator pH range  Maximum absorption
wavelengths
Bromocerol green 3-4 444, 616
Phenol red 6.4-8.0 433, 558
Cresol red 7.2-8.8 433, 573
m-Cresol purple 7.6-9.2 434, 578
Thymo!l blue 8.0-9.6 435, 596

4. FgTeJH % 571

A AFET U= e FSZEYEY 34 #H-E Millerost Fxl
o3 Mol FTHEH AoZ (Millero et al., 1993) WUHH cell Qo] 3J4
NEE WX & 7ol HAstd AF9 HAXE A3t 4o spsR &
A9zte] Wizt fHe2RE F3= Aotk o] yHHLE dH oM VSHIHE:
2,000-4,600 pmolkg™ o tjs] A& 7}53ich

FdLeYEe & 29 4 12 P8 vkt o AolMs NH& HSO
ATt 7l E FAL Aed ARIF FALAE] B AHE F L olE
s of gt
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HAgoe Aol A= A RN L £2FE HUIst o o2
A7\t A AHgstugn 7z o] &7k BFE A4 (activity coefficients) 7}
FAHTE k. FHHo]| o]FolAL Ft pH AFE o] 43t HSixe] WHEE
A% AR o] Wkl o 83, JhEiZ o] Yo RRE HiAGH
T NFE Gran HIHE Agsd FSZEJEE FEh o]
HAYHORRE F §EF7829 &S HHAHLE 3T 5 Jdou 4 oj 23
2 of§ A o] A-AU)Fe] FART pH § RIZoA HFo] Nernstd
ool whgt WHS3HA ok & WAIARJ] AReR M dWFHoE AA Grt
22 7S A itk oEba coulometryol] &%t 2 H ZAo] X ulg3] sl

A L7= UHFP2E 100 ml o] A9 Lucite AR AFstE= Ho| 1HT
At AFS GAY i AR Y AFE AHEIE Aol AR
NPEE 71FS Aok HHLU|Y FRE Fig. VIS5 JERd upgl o
2T E FAAIZ g3 (A 25°0)3t7] S8 o]F o 9%l water jacket
Fx71 Ho A3 HPA F7Ie AGAI R &4 L4 #8357 A
syringe plunger7} 3k HE £ W3lE= LT AR A AT

HAE7)o] XL F3= 2H-2 Dickson and Goyet (1994) &) SOP 13¢
2NEe] St

Aol 2ol @4HE 0.25 No| AEET 3JSEHE L£FozA vREH
Ze o2 LUt HEF ok BAE A NaCo, AN FUdLEYET}
1,000, 2,000, 283 2,5000] =% Fu|gct. AT 8759 AL HAHYS
HAL72 RU7] ¢ A= Brinkmann AF2] Dosimat 6659} 5 ml burette =
748 Aa®le]l 7 &0t). o] A2®E HFEE A7t bt Alol4
software’= DOS -& =7] GWBASIC EE2 I University of Miami®} Millero
IFREE 7T & Utk
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Fig. VI-5. Closed titration cell for the determination of alkalinity (Dickson and Goyet. 1994).

5. o] &43}et4 fugacity 237

AeFol Hob A oMbz JA Eeke A3y Y drs=
AF5H w2} 3A FrkA A"l M Yk AL Sz A
e AR o)itEtgs: BE 3437 9% batch mode systemo]¥ THE
Shits Z3do A4 A B 3HES 9% underway systemo|th.
MA= gas chromatograph& #4712 FA= M EXA7E AEsty Qo)

oj st fugacityd] FHE 98 oW ANARE TUTEIE AFARY
SHo w2t A" FAolth B dAFgAE dA%ZHEL 9% underway
systemo] EFol =¥ EHIE I W2 Qo] o3 A2 S A2sr] wZo)
A feldet AA oS HAEsIbn wuste o] AAF  wsAur
A3 T}
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o] AslEl A fugacityd] Aol o]Ho] 2T g EAWHA: e 459
A7 vith SR AW tagt 337177 AHEEHT ok P 9ERt
BBoO equilibrator2A %o 2M"E ANH AMYAvic 553 dAdE
AEsty Aok oMYt 7717 AHgE7] dEel Ase FA=E AT
A& o] AATHA H ALt

JGOFSE 94k o] 8§12 137 AFHE FhAtgle] Tol A3AFS AT
HZAPL AAF vk Uk wE ARG fAQlIE uje FolAA T
Aoz AGs BEAY At AUty RIEATG (U.S. JGOFS News,
Vol.5, No. 4, 1994). I8V FFog @ 3o AfE UF2YPA XT
Roz AL YU

o] A3lek L fugacityd] A& SdME 4AT A F717) equilibrator
Qtoll A EH5ote] HE S B3t 71A) BYPL o|REE gtk o] A2FE F
J1gtat $QsAl AR Zrlol wld 4o go] HUH2E Wol 9
o] &a}etx fugacityols W3y FAY AT £FA 3771 BPd o2k H
tARIEe] Uk FHPe o] Fule HYAM EA7lel oI ojdFEL9
57 A5 339 271 A equilibrator2 HESAAN w¢ 239
71xgre] A EEE o] Ak FAZFA ALE equilibrator 7FE (Fig.
Vi-6) ¥R Scripps Institution of Oceanography®] Weiss 49| tjApRlo] 714
dz] ALgE 2 ot (Fig. Vi-6a).

Mol BH7E on FEE T Ut BE OIFILEAM RAIY
o7le] 2ot BEE 3 U4y oYL sk Ml Al Foh
Wo1F oldETad BTE FAII AT Frle M= RAHAA
TojEo 75T 299 713 E EA

Equilibrator W89 27 B3 6 liter AEE AMePAIY d¢e &
4-5 liter A7 223}k Equilibrator: W7Ida B3-S 98 571447
uligle] Qojok JpAYE 1 kel FrI¢} upgel FU|vt dAkE] =usolAME
obftl A3 ol AL $EAME equilibrator WHeo 2% 9 J|¢HE
Yolol et 2 £E FFo] oW T o] YojriEr F7)
NeE ARAIEe Aade] "Wo3tth kA WHe 3RS B ole®
nSo] AABE Aol o shte FHA o3t 33 AAelt

of

-
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Fig. VI-6. Various designs of equilibrator deployed for the measurement of seawater CO,
partial pressure; a) SIO version, b) Meteorological Research Institute version c)
Okayama University version, d) Kiel University version, €) Université Pierre et
Marie Curie version, f) Korea-Japan Ferry version.
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Fig. VI-6 (contunued). Various designs of equilibrator deployed for the measurement of
seawater CO; partial pressure; a) SIO version, b) Meteorological Research Institute
version ¢) Okayama University version, d) Kiel University version, e) Université
Pierre et Marie Curie version, f) Korea-Japan Ferry version.
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Fig. VI-6 (contunued). Various designs of equilibrator deployed for the measurement of
seawater CO, partial pressure; a) SIO version, b) Meteorological Research Institute
version ¢) Okayama University version, d) Kiel University version, €) Université
Pierre et Marie Curie version, f) Korea-Japan Ferry version.
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Fig. VI-6 (contunued). Various designs of equilibrator deployed for the measurement of
seawater CO, partial pressure; a) SIO version, b) Meteorological Research Institute
version ¢) Okayama University version, d) Kiel University version, ) Université
Pierre et Marie Curie version, f) Korea-Japan Ferry version.
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Fig. VI-6 (contunued). Various designs of equilibrator deployed for the measurement of
seawater CO, partial pressure; a) SIO version, b) Meteorological Research Institute
version ¢) Okayama University version, d) Kiel University version, ) Université
Pierre et Marie Curie version, f) Korea-Japan Ferry version.
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Fig. VI-6 (contunued). Various designs of equilibrator deployed for the measurement of
seawater CO, partial pressure; a) SIO version, b) Meteorological Research Institute
version ¢) Okayama University version, d) Kiel University version, ) Université
Pierre et Marie Curie version, f) Korea-Japan Ferry version.
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o] 2h3}er 2 o] AL u]Z LI-COR AF¢] non-dispersive infra-red analyzer
24 62628 A} Qdon] o] syl oiEgi e #3718 FA 7
e AdoM SHER AA7| UM ol&o] B3I A =T 2 Tl
53] AT Ue+ v 89 A7+ nagnesium perchlorated AF&3ic}.

ojitslers A7) BAS A= o]iEeLe X1 250004 500 ppm
Heel A= ZEEES AN FE 7HAX 3= Aol dZAh  Soda limed
o]g3te] Fr] ABFo oML E TF AAZL FH uis] BAI}=
WHS AHEE 5 oy FHILIAT= AR odstg4s B vldt
59 TEEA ¥ BAo] H§ HHY s ARt ETFEAEE
Scripps Institution of Oceanography®] Charles D. Keeling X4 QLA A
A gFst Atk ZAHY] g2 Jda 2RO uff UBIER o5&
A3 AAY 5+ A= 71717 gLt

A4 F749 34 Y+ 9 E4o] wet AAYE 7 AR F719
ZA3o AS, 128z wl 1& oio 7] ojdEEks FF, ofF 1387 o)
12 0}t} equilibrator A|2¢] o3t &4 1e|7 YA 1587 of 5Eoio}
3R m¢E 39 FHst= WHol WAdAck  (Wanninkhof and Thoning,
1993). ol 2 whHe EE Amo ABYE GF F Aotk
#2719 cell ol th2d X9 ZFEMU] FUSFE AL AHS 3 £ F=&
olFo] ANEg HY 87l Jdornz AR 3HA] Wolof Fir},

A4 d A3 D FF IAAH

o] olidstR: AARY WF AFe o= FARMAA Oig d+d
Yo g2 A A FxfGA T LA £ T IFNEAA s M
4ol B@ste 'EIH MGBHT FEA A AFHAAZA FAHAD
2 e ol AFT vieh Zo] 9 pi, FLAEYE, FEEFIIYL,
o] ¥zlehi o] fugacityd] 47k & 71&€r FAH A& v YAPERAAE
FEEFVIVLY F% W Wit sty F& AFLEA VWA A
dT+E AYsidch

FEEFIIELE AHA AFHAZRA AW ot orld "
27X 7|7I9ko]  turnkey base2 7]7] FYo] sbsEr] wEolL A=
ZleolE Bl ddol AMFH o} 37 wWIolty. TH FHFIEEHLE
3% HTDU7IY] SOMMAL 7HFe] wlEl 63 € FEER B ATEA
Tl Lokl Sgddd FX FY O IBRD ABorAM FIG
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o7 ol At Jd o ABAgel AAHIL ATl ZFlh A
Z1I71AF3 AL obd uigE|d tiE B4 AFANA AFE FEEE AR
AdAger FYUbe AF 3N A dFe wet s)7e Tee]l W&
A= 7] gl F2e] A7 AYo] WEFHA 4go] Brtu]stAch

gty dxbdTele kA A37[ES BF H43EY = University of
Miami®] Frank J. Millero X4 AFAE D7) HEdt] ZH7]&2 state-of-
‘the arte] iR ARSH 9 J1E SHRA st AF =93k ulF
AR D7jAF+E Bt BE 779 &84S IRy T3k J)7)9
Ao "agt RE FQ FE A UYL IAopIHoenz AP
npAE A FF 1d ojujo] BE 229 2Ho| M5 Aoy @k

AT ol ¥ Qe of$ AT Aoldlen AmE '959 49 FIY
<5 basinol] EAT U= eddy RAIAC HAHAUG. A2 69 FHANA
ANy olF 2 FHAME 3 WL vZI}r] H3 38 AFHALT
H e ojuslgs Ao Aol Ame AB/EEe wl¥ F23 AT AY
A7t Aue AHLE HRIe= Aol "W Aot AT F3
HAAARZ (&F basin ¢J9] eddiy A=; '95. 4%d) o] AFE-+= ]2l University
of Miamioll BUe] F43t7 R = MEUSE 7 Y 24 G746 Rulo
ARE AT HFE dH otk

AF7EA LEldEtels  slge oldsigtie] wigt AFE AMEuUTiLolA
ol sl AA A7 FdT Aoz RIHET Aok (H, 1995). o]
Ade 5 BFFY oldstes £ pHel F4A wiPASE A 43
Yojz] & opH4E 94 BNz E 3k WHE Agsalch
Y FA%S 454 22 FH] o] Fe) uigh MW Zka AA)
St Favle oSl oo Witk dHAHA ABRE FII] SJEiAE
223 ALY 227 Hr oo} 3t

2 (1994) o] Ao o3tH sHAY FE EZ4o olAELE oF 40 ppm
7FeF 3323} (supersaturated) Ho] UYe Aoz ubs At (Fig. VI-7). o=
di7lel T3¢ ZAEZE P £ wige] o2 4TS v JAgE
5 @2 e Bo FAUeU ot AE HI o3 ojMzws B 73t
e Ay

S&o]A o]italuks Bolo) ZHS ¢siAl: Gas chromatographyo] oJ3F
batch SAuHo] ALgE e AFTAE Aquasorbol] 23+ I o] ols A=
B olgg A ok 4 Fo] Fujwozw EAIE s A
Qo] TR EAT ZA7]719 8o ul¢ Fe% 2902 ANEHY wlely Ay
AZE A8 v A5 B 71F9) 2%t Yo G4 Jso] FREI) rAE
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EE SARHE EUstd ARE AWt 7719 e 2ES3Au)
FRE AFol AAstE Ao] Az A Hejd THo] @ AR wody.

AR 7%, HUG ojdsets A= 5 AL WICES Hydrographic
Programme (HWP) ol o3 F=7 glov] AF7ztA 49 Rie] AR ATz A
WA ST BB 2RIt SAHUL, UG 65 8, FF oWl UG A7 E
ot & 75 % £ELR FEE AFolth AF7HA TR M w2 Awit
FEE AL SOMMAY o FEE FrRLoth TET @AY AFRAE
underway systemo] oJ%F o] ¥gtes EGF F7go] WAl o]FolA 1 AUtk

°N

46 T e s S —— .r.r»—:_xlloo
A pCO;, (ppmv)

Fig. VI-7. Distribution of ApCO2 in suraface seawaters of the East Sea during July 12-21,
1994 (3, 1995).
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o]} AFe FAZ B o 47HA 54 WS BEF EUste Aol vigEy
stk APoly Aol 3 A} W AFY AR AFIA FERIAor &
BRe ojM3et: EUE 33skE=  underway systemd FEEF 7|49
FAolck.  SkAM 4m] B npel Zo] o3 Es AARIY S WEA A
ool wil Mg WA FHstAot A Ao ouirt Uk olEd WA
oj4tsters Ate] "R 47FA] AFI|AAML o) PIFF AeHMAL ulH
AA74& 223 Table VI-59 )

Table VI-5. List of parameters for the study of oceanic CO, system, their standard
measurement techniques, instrumentation, and quote .

Parameter Measurement Main analytical System Remarks

technique instrument price
pH e.m f. glass/reference -

measurement electrodes

spectrophotometry | dual-beam Us$ 15,000

spectrophotometer

Total dissolved coulometry SOMMA US$ 63,500 | available from EDL,
inorganic carbon URI
[K0,- discrete gas gas chromatograph -

chromatography
£0,- continuous infra-red LI-COR 6262 IR US$ 23,000 | assembly required
stream analyzer
Total alkalinity titration Metrohm 625 US$ 9,500 | assembly required

*:

Prices include PC-based control unit

A A3 28 A& A wf AFT M= o|dF Lo E9E
%73t underway systemZ ZNI3H= Aol M ZT8Ho|th  IAURY
AZAE FEEF7IYLY FHL A FH 7717 AdElo] Yol FrEH
AAlgE 2ol JHs3t  coulometerE  AMR3IE BA FAH  ubHol
o] Akzleba o] HE ZA3 = HA  717IQY  non-dispersive infra-red
analyzer® WAHH=A =0 T3+ SOMMAY] pH ZFA 7|71 F7HA7]1= &AM
SOMMAS] 7MF-S AE3FY Q7] wiiEe] 1d AL el FAIE E o]F 9
FAvke Weto] BS 8 FAt 8 2AY ¥o WA FrhA FH
Wl pHel FEFElJE]Y 3 7ML ¥A MEUstRMT 2 F
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oAl AT FTRAFA ule AUA Beh  Zey olusimze] AP:
Seket FEsE BEolz FAscdMe ATE F2ey] o @
AYAFEYL BHD A- KAV AR2AATLA PIALATL2 A
AU $2E ABHD Yt el ouEB: Ao Ul JHE vE
BHshe Aol B$ kst weach
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