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Transport and Biogeochemical Processes
in the Cheju Strait
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SUMMARY
I. Title
Transport and biogeochemical processes in the Cheju Strait
II. Necessity and objective of the study
1. Necessity

- Korean South Sea Shelf (hereafter Cheju-Korea Strait region) waters consists
of the Yellow Sea, Yangtz River and East China Sea, and Kuroshio waters,
and it enters to the East Sea. Therefore, the Cheju- Korea Straits Region is
dominated by the eastward flowing current, Cheju Current. However, shelf
processes of material transport and biogeochemical processes have never
been studied yet.

- The dynamics of the Cheju Current has not received a full scientific
investigation.

- The Cheju-Korea Strait region is enriched with benthic animals of
structurely unique and/or biologically active metabolites being located in a
transition zone from the subtropics to the temperate region in terms of
water masses.

- The region is concentrated with commercial and fishing harbors, coastal
industrial belt, and fisheries including fin- and shellfish farming, therefore,
it is necessary to support the sustainable development with the
understanding the important material fluxes.

- The region is also subject to the frequent occurrence of red tides and oil
spill accident due to the concentration of commercial harbors and wastes
discharge from the land. In order to provide a basic scientific background
for environmental protection, the understanding of the oceanic processes
occurring in the region and modeling them are pivotal.

- Suspended sediments need to be continuously monitored with respect to the
hydrodynamic behavior because the coastal region of the South Sea is
governed by active sedimentary processes of fine-grained material from the
southwestern offshore of the West Sea as well as from the rivers emptying
into the South Sea.

- Quantitative understanding of water characteristics and current distribution
along inflow (the Cheju Strait, an area between Cheju-Do and Tsushima
Island) and outflow (the Korea Strait) is essential to understand, to simulate
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accurately, and to predict the oceanographic condition, circulation and
chemical materials transport of the South Sea.

2. Objectives (for 3 years)

to understand the material fluxes and water dynamics in the Cheju-Korea

Strait Region.

- to develop a three-dimensional ocean circulation model in the region

- to determine and understand on a regional scale the time-varying fluxes
of carbon and associated biogenic elements in the region, and to evaluate
the related exchange with the atmosphere, the seafloor and the continental
boundaries.

- to determine biochemical characters of benthic organisms.

- to provide scientific background for developing a sustainable and
environmentally sound management for the region.

- to provide a general model for the suspended-sediment behavior (source,
passway, and depositional site) in the whole coastal region of the South Sea

- to study on the fish larvae assemblage in the coastal area of Cheju Island.

- to develop a new sampling gear for fish larvae in the coastal area.

- to study on the distribution of the warm water species.

3. Goal of the third year study

To investigate an annual variation of the Cheju Current and the marine

meteorology of the South Sea based on the analysis of historical data

- To determine seasonal variation in water properties and currents along open
boundaries of the South Sea

- Long-term current measurement in the Cheju Strait to quantify the
low-frequency variability of the Cheju Current

- Modeling the summertime three-dimensional circulation of the South sea
using an ocean general circulation model and observed data

- Oxygen and nutrient budget in anoxic bottom waters

- Behaviour of heavy metals in the enclosed bays

- To understand the characteristics and seasonal variation of biogenic
materials in the South Sea.

- To estimate chemical material fluxes across the Cheju Strait.

- To describe the origin and contribution of seawater of the South Sea

- To describe the time-series observation of aerosol input

- To isolate marine bacterial strains and measurement of their degradation

rates of organic materials.
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- To establish analytical methods for biomarkers from marine environment.

- To apply lipid-derived biomarkers to environmental samples.

- To review modern sediment distribution.in the shelf and nearshore area of
the South Sea.

- To make an excerpt for the distribution of surficial sediments on the
seabottom of the South Sea in relation to the Holocene transgression.

- To estimate the flux of suspended sediments through the specific bays in
the South Sea by taking 12.5-hour hydrodynamic measurements aboard a
vessel anchored.

- To study on the fish larvae assemblage in the coastal area of Cheju Island.

- To develop a new sampling gear for fish larvae in the coastal area.

- To study on the charateristics of the new sampling gear.

- To study on the distribution of the warm water species.

Il. General scope of the study

1. Book publication (draft) : Transport and Biogeochemical Process in the
South Sea of Korea

2. Interdisciplinary ocean survey

o Winter

Survey area : The Cheju Strait

Observation period : 5~11 April 1998

Vessel : R/V Eardo of KORDI (546 ton class)

Major items : CTD, DO, major inorganic nurients, Organic matter
in seawater and sediment, primary production,
Radioisotope (**Ra & *Ra), ¥°Po, Aerosol

o Spring

Survey area : The Korea Strait

Observation period : 3~15 May 1998

Vessel : R/V Roger Revelle (US.A. Scripps Institute of oceanography)

Major items : CTD, major inorganic nurients, Organic matter

in seawater, Aerosol

o Summer
Survey area : The Cheju Strait
Observation period : 22~23 February 1999
Vessel : R/V Eardo of KORDI (546 ton class)

Major items : DO, Inorganic Organic nutrients, 2%po, Primary production
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Radioisotope (*’Ra & **Ra), Aerosol, CTD, Current, Tidal
and tidal current
o Autumn

Survey area : The Korea Strait

Observation period : 9~23 October 1999

Vessel : R/V Roger Revelle (US.A. Scripps Institute)

Major items : Inorganic Organic nutrients, Organic matter, **°Po,
Aerosol, CTD, Current, Tidal and tidal current

3. Current and circulation
1) Reference studies
Review of previous studies on water masses and currents in the South
Sea
2) Retrospective study
- Climatological seasonal hydrography of the South Sea
- Long-term variability of precipitation and monthly sea surface wind in
the South Sea
- Seasonal variability of the Cheju Current by use of the cross-strait sea
level difference in the Cheju Strait
- Analysis of historical long-term current data in the Cheju Strait
3) Observations
- Hydrography and current in the Cheju Strait by use of ADCP
(Acoustic Doppler Current Profiler) and CTD
March 21 ~March 25, 1997 (Cheju-Do—Chin-Do)
September 29 ~September 30, 1997 (Cheju-Do—Pogil-Do)
September 25~September 26, 1998 (Cheju-Do—Pogil-Do)
November 24 ~November 25, 1998 (Cheju-Do—Pogil-Do)
February 23~February 25, 1999 (Cheju-Do—Pogil-Do)
August 4~ August 5, 1999 (Cheju-Do—Pogil-Do)
- Hydrography and current in the Cheju Strait by use of ADCP
(Acoustic Doppler Current Profiler) and CTD
March 25~March 26, 1997 (National Ocean Research Institute)
July 14~July 15, 1997 (National Ocean Research Institute)
October 2~October 3, 1997 (National Ocean Research Institute)
November 27~November 28, 1997 (National Ocean Research Institute)
April 26~ April 28, 1998 (National Ocean Research Institute)
July 6~July 7, 1998 (National Ocean Research Institute)
September 8~September 9, 1998 (National Ocean Research Institute)
November 26~November 27, 1998 (National Ocean Research Institute)
November 28~November 29, 1998 (KORDI, Yonhwa-Do—Tsushima Is.)
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- Hydrography and current in the South Sea by use of ADCP
March 19~March 26, 1997 (ADCP traverse survey east of Cheju-Do))
September 1~September 2, 1997
April 5~April 11, 1998
September 20~September 24 1998
Novermber 25~November 28, 1998 (ADCP traverse survey north of Kumo-Do)

- KORDI-NRL (Naval Research Laboratory, USA) cooperative observation
May 5~May 15, 1998: Deployment of 6 ADCPs along N-line
northeast of Tsushima Is., and 6 ADCPs along S-line southwest
of Tsushima Is. along with CTD observation on the both lines
October 9~October 22, 1998: Recovery of 11 ADCPs with one
failure, and redeploy 13 ADCPs at the same position as in May
with an extra deployment at the western channel of the Korea
Strait along with CTD observation on the both lines

- Long-term current measurement in the Cheju Strait by use of TRBM
(Trawl—Resistaint Bottom Mount)-ADCP
March 4~December 23, 1999 (every 4 m between 15 m~118 m
with the sampling interval of 30 minutes)

4) Simulation of three-dimensional circulation of the South Sea induced by
tides, inflow/outflow through open boundaries, and surface heat and salt
fluxes during August~October, 1997 using a numerical model and data
from the observation.

4. Anaerobic coastal inlets

- Oxygen budget and nutrients variation during stratified season in anoxic
bottom waters of Masan Bay and western Chinhae Bay.

- The behavior of heavy metals in Masan Bay and western Chinhae Bay.

5. Shelf biogeochemistry

- Distribution of biologically important elements in the shelf.

- Determination of transport fluxes of biologically important element across
the Cheju Strait.

- Time-series observation of oceanic processes affecting biogeochemistry of
shelf.

- Time-series observation of aerosol inputs.

- Determination of organic carbon fixations by phytoplankton.

- Burial and early diagenesis of biogenic elements in the sea floor

6. Biochemical characters of benthic organisms
- Distribution of hydrocarbon and fatty acids in the water column (dissolved
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and particulate phases) and bottom sediments.

- Development of analytical methods of steroid compounds in marine
samples.

- Determine toxicity of lipophilic compounds extracted from South Sea water
using a cancer cell line (human myeolima lukemia K-462).

- Determine lipid composition in econmically prospective benthic organisms
and develop purification methods for beneficial lipid compounds.

7. Holocene sedimentary processes of suspended matter

- to gather and summarize preexisting results from the literature on the
Holocene sedimentary processes

- to analyze sedimentary characteristics of a number box cores to divide the
region of South Sea and its vicinity into several sub-environments

- to make an estimation of the flux of suspended matter through some
specific bays based on 12.5-hour hydrodynamic measurements aboard a
vessel anchored. -

8. Larval fish community

1) On the larval fish assemblage in the coastal of Cheju Island
- Survey area : Coastal area of Cheju Island
- Observation period : September and October 1999
- Major items : Fish larvae, developing a new small surface trawl net
- Sampling gear : Bongo net, Small Surface Trawl Net.

2) Larval morphology and distribution of Laemonema nana Taki (Moridae)
- Survey area : Coastal area of Cheju Island
- Observation period : May, August and November 1998,

May, September, October and December 1999

- Sampling gear : Bongo net, Small Surface Trawl Net.

IV. Results and recommendation

1. Current and circulation

1) Retrospective study
@ Bimonthly climatology of the oceanographic condition in the South Sea

Water column is vertically homogeneous in winter and spring, and water in
the South Sea shows high salinity even near the coastal area due to the
intrusion of the Cheju Warm Current Water (CWCW) from the Cheju Strait and
the Tsushima Current from the south. The CWCW originating from the Kuroshio
and characterized by high temperature and salinity forms the strong
thermohaline fronts west of the Cheju Strait together with the Yellow Sea Cold
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Water (YSCW). Cold and saline water is found in the shallow coastal area,
which appears to be modified warm and saline water from the Cheju Strait due
to local cooling. Seasonal thermocline is formed during summer and fall, and
water column becomes vertically stratified and exhibits mostly two-layer
structure. Freshening of surface water occurs due to the appearance of Coastal
waters originating from the Yellow Sea and the East China Sea including the
Chengjiang River Diluted Water. Modified CWCW and the YSCW occupy the
lower layer below the seasonal thermocline in the Cheju Strait, which are
thought to enter the strait after turning around the western coast of Cheju-Do.
@ Analysis of historical sea level data

An annual cycle, high during July and November and low during December
and March, is dominant in sea level difference between Cheju and Chuja-Do,
suggesting that the eastward current in the Cheju Strait strengthens in summer
and fall, and weakens in winter. Spectral analysis of the sea level difference also
shows significant peaks at periods of 3 months, 4 months, eight months and two
years although they are less-energetic than a peak at an annual period.
@Wavelet analysis of monthly mean precipitation at the southern coastal stations

The annual cycle of precipitation in the southern coastal region is all intensively
precipitable in summer as well as in the other areas of Korea. The seasonal amount
of precipitation is more than half of the total annual amount in summer and less
than 10% of it in winter. Typhoons and (extra)tropical storms may also affect the
annual and interannual variability of precipitation by way of pouring heavy rains
primarily along their paths. The number of typhoons attacking Korea Peninsula and
the precipitation over the southern coastal area seem to be reduced during El-Nifio
years, but not so highly correlated with El-Nifio. The time series of monthly mean
precipitation shows the interannual variability with quasi-period of 2 to 7 years
relative to El-Nifio period and a longer time-scale (interdecadal) fluctuation, especially
in Cheju. The linear increasing trend of precipitation is about +7mm/10yrs in Pusan
and Mokpo, +16mm/10yrs in Cheju, and much steeper in Yosu (+40mm/10yrs) and
in Sogipo (+80mm,/10yrs) where the total annual precipitation is the largest in Korea.
@® Monthly mean sea surface wind over the South Sea

Northerly wind is predominant over the South Sea during September ~March
with the maximum wind speed of about 8 m/s. Northeasterly wind begins in
September which is relatively weak till October, and strong northwesterly wind
prevails during November~January. The wind blows from the north in
February. The northerly wind weakens in March and the surface wind is feeble
from April to June. Southwesterly wind starts to blow in July and persists until
August.
@ Analysis of moored current-meter data

According to the moored current-meter data longer than 15 days taken in the
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southern Cheju Strait and the Hoenggan Channel, the semidiurnal tidal current
(M2) in the east-west direction is the predominant component among the tidal
constituents and the amplitude of M2 is twice as large as in the narrow
Hoenggan Channel than in the southern Cheju Strait. Mean flow in both
locations is directed to the north with a mean speed of about 10 cm/s.
Low-frequency fluctuations with a period of about 3~7 days are predominant in
the observed currents.

2) Results of observation

@ Hydrography, currents, and volume transport in the Cheju and the Korea
Straits

Understanding and quantifying an inflow/outflow system through open
boundaries of the South Sea, the Cheju Strait, the Korea Strait, and the region
between Cheju-Do and Tsushima Island, are one of the most important factors
affecting the oceanographic condition and circulation of the South Sea. There
have been numerous studies on currents and volume transport along with their,
mostly seasonal, variability in the Korea Strait. On the other hand, currents and
volume transport in the Cheju Strait have been poorly understood. We believe
that the flux and physiochemical composition of water coming into the South
Sea via the Cheju Strait is as important as the Tsushima Current Water entering
the South Sea via the southern boundary in determining the circulation, material
fluxes, and self-flushing of many coastal embayments in the southern coast of
Korea. The present research, thus, had focused on the composition of water
masses, the spatial structure of currents, and their flux in the Cheju Strait,
culminating in an development of three-dimensional circulation of the South Sea
using the results of observation.

Water masses in the South Sea can be divided into two, warm and saline
water, the Cheju Warm Current Water (CWCW), originating from the Kuroshio
and fresh coastal waters including the Changjiang River Diluted Water. The
former occupies nearly the entire section across the Cheju Strait during winter
and spring, and appears also during stratified seasons below the seasonal
thermocline in the Cheju-Do vicinity. Relatively cold and fresh water mass
appears north of the CWCW below the seasonal thermocline, which is thought
to be a modified Yellow Sea Cold Water and to originate from west of
Cheju-Do together with the CWCW. Mean eastward currents, the Cheju Current
(CC) in the Cheju Strait tends to be strengthened in summer and fall as
compared that in winter and spring. The maximum speed of the along-strait
(east-west) component of the CC is about 15 cm/s in winter and about 25 cm/s
in summer based on the diurnally-averaged ADCP data obtained 5 times in the
strait. The tendency is consistent with the annual wvariation of both the
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cross-strait sea level difference. The strong core of the along-strait flow occurs
close to the northern coast of Cheju-Do in winter and spring, while the
stratification shifts the strong core of the CC to the north of the deep trough in
the Cheju Strait. The volume transport of the CC based on the
diurnally-averaged ADCP data ranges from 037 Sv in March to 0.66 Sv in
August with an annual difference of 03 Sv. The annual variation of the
transport is in phase with the cross-strait sea level difference. The baroclinic
transport calculated by the dynamic method accounts for less than half of the
observed transport, which is indicative of the contribution from the barotropic
flow and/or the ageostrophic component. Low-frequency current fluctuations
with periods of several days were noted from the 15- to 30-day moored current
observations in the Cheju Strait.
@ Results of long-term current measurement

Long-term current measurement conducted in the southern Cheju Strait for 9
months and 20 days during March 4~December 23, 1999 using the TRBM-ADCP
shows that the mean currents are 1233 cm/s at 72.7° (measured clockwise from
the north) for the 66 m depth, and 3.89 cm/s at 62.4° for the 118 m depth.
Vertical shear of the mean currents between two depths is about 8.5 cm/s, and
the current direction tends to veer cyclonically with depth. The maximum speed
of the east-west component of currents was about 105 cm/s at 66 m depth and
75 cm/s at 118 m depth. Temperature fluctuation near the seabed ranged from
12.08C to 18.527C.

3) Circulation model results

Numerical experiments are carried out with a three-dimensional ocean
circulation model, POM, to investigate the circulation of the southern sea of
Korea, the South Sea, from August to October, 1997. The model is driven by
tides, observed inflow/outflow through open boundaries, and observed
temperature and salinity both at open boundaries and the sea surface.

The tidal forcing is considered by specifying harmonic constants for four major
tidal current components, My, S, Ki, O1, which is calculated using results from a
three-dimensional barotropic tide model. Model-generated tides and mean
circulation pattern generally agree with the observation. According to the 15-day
averaged model results, the inflow through the Cheju Strait carried by Cheju
Current shifts to the south and it forms strong eastward currents in areas
deeper than 80 m depth together with the Tsushima Current, that enters the
South Sea from the south between Cheju-Do and Tsushima Island. The speed of
the eastward currents ranges from 25 cm/s to 85 cm/s. The offshore shift of the
eastward currents is most pronounced at the surface, and southward currents of

about 5 cm/s ~ 20 cm/s dominate over shallow areas and coastal embayments
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at the surface. The Tsushima Current entering the model domain through the
southern open boundary reaches over shallow areas and coastal area near the
seabed, and the bottom intrusion contributes to the supply of salt to the coastal
area. Many of the coastal embayments along the South Sea exhibit an
estuary-type circulation that is characterized by a surface outflow and an inflow
near the seabed.

Effects of thermohaline and tidal forcing on the three-dimensional circulation
of the South Sea are also examined. Comparison between the barotropic and
baroclinic models indicates that the baroclinicity acts to intensify the eastward
flow by narrowing the flow along isopycnals. Tidal forcing in the baroclinic
three-dimensional calculation plays the role of reducing the depth-averaged flow
due to increase the bottom friction.

2. Anaerobic coastal inlets

Chinhae Bay System is characterized by strong seasonal stratification which
separates bottom waters from well-oxygenated surface waters. Below steep
seasonal pycnocline intense oxygen consumption by microbial degradation of
organic matter leads to a redox environment. In August 1999, nitrate contents
in the bottom waters of inner Masan Bay was below 1xM due to denitrification
following the oxygen depletion. Phosphate contents in the bottom waters were
high in the bottom waters with low pH and low DO condition. Dissolved
oxygen in the bottom waters were completely depleted at two stations. From
existing data respiratory oxygen consumption rate in the bottom waters of inner
Masan Bay was calculated to be 155m¢O/m’/day. However oxygen
consumption rate might be much higher than above rate taking vertical and
horizontal supply of DO into account.

In the Masan Waterway dissolved Cd, Cu Pb, Zn contents in the surface
waters were higher than those in the bottom waters. Particulate Cu, Cd, Pb
(acid-leachable fraction) in the surface waters of Masan Bay decreased with
increasing distance from the inner Bay. Particulate Cd, Cu, Pb, Zn contents
were relatively high in the bottom waters than in surface waters. Distribution
coefficient between dissolved and particulate phase (Kq) of Cu and Cd decreased
with increasing distance from the shore possibly due to reaction of these
elements with sewage-derived particulate matter. During this study Kq of Cd,
Cu, Pb, Zn was inversely correlated with saturation percentage of DO in the
bottom waters. Al, Zn, Cu, Cd, Pb in the surface sediment showed relatively
high concentration in the inner Masan Bay.
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3. Shelf biogeochemistry

@ The distributional characteristics of biogeochemical properties.

A comprehensive data for seasonal cycle on the biogenic components was
obtained by repeating the same cruise track in the Cheju Strait from 1997 to
1999.

In general, the chemical components in the South Sea are characterized
evidently with seasonal change.

In winter (Feb. 1999), water masses has two end-member of high saline
water (5>34.2 psu) in the adjacent sea of the Cheju Island and low saline wter
(5<33.2 psu) in near coastline due to the actively vertical mixing.

The concentrations of dissolved oxygen and nutrients occurred the highest
throughout the year and vertically homogenous throughout the water column.

In early spring (Apr. 1998), the concentrations of the chemical components
decrease from the coast to-the open sea. The spatial concentration of SS are
more 5 mg 1" in the coastal area where the bottom sediments are consisted of
silt and clay and decrease from west to east and from inner coast to outer
coast.

In summer (Aug. 1999), salinity in the surface water of the adjacent sea of
the Cheju Island were less than 32.6 psu due to the input of fresh water. The
concentrations of nutrients in the surface water, therfore, were higher than those
in April. N/P ratios are more than 30 unlike in April with N/P ratio of 16.6.

In fall (Sep. and Nov. 1998), salinity in the surface water of the adjacent sea
of the Cheju Island were 34 psu. The concentration of nutrients were higher
than those in April. The contents of dissolved oxygen in the bottom cold water
(17<TC<15, 34<5<33.5) were lowest throughout the year, but the concentration
of nutrients were highest. It is caused by the reminalization of the sinking

organic materials in the depth below surface mixing layer.

@ Particulate organic matter in the water column

Particulate organic carbon (POC) contents in the surface waters varied 29~
373, 50~2576, 48(68)~122(347), 37~112 pg C/ £in winter (February 1999), spring
(April  1998), summer (September 1998 and August 1999), and autumn
(November 1998), respectively. POC concentration peaked in spring. POC
concentration decreased from the northern coastal region to the souther region
toward the Cheju Island. The Cheju-Korea Straits region may be divided into
three domains in terms of suspended particulate matter (SPM) concentrations
and POC concentrations: high SPM concentration (>5mg/1) and low POC in the
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coastal turbid domain, low SPM concentration (<lmg/l) and low POC in the
offshore domain, and moderate SPM concentration and high POC concentration
in the frontal domain.

Particulate nitrogen contents in the surface waters varied 5~57, 9~992, §~21,
6~19 pug N/ {in winter (February 1999), spring (April 1998), summer (September
1998 and August 1999), and autumn (November 1998), respectively. Distribution
patterns in time and space were similar to those of POC.

@ Burial and early diagenesis of particulate organic matter in the bottom
sediments
Bulk sediment accumulation rates in the continental shelf of the
Cheju-Korea Straits region were generally varied from 10 to 284 mg cm” yr’
and its average of 89 mg cm” yr', and some of the stations did not show a
steady-state particle accumulation pattern based on the excess “°Pb profiles.
Sediment organic carbon concentrations in the superficial sediments varied
0.1-25% with maximum in Huksan Mud Belt and it generally high in the
northern region than the southern region. Sediment nitrogen concentration varied
from 0.04 to 0.24% and its spatial distribution pattern is similar to that of
sediment organic carbon.
POC arrival flux to the sediment/water interface was estimated to be 0.48

210 . . .
Pb-derived sediment accumulation rate

mg C cm” yr’ in average based on the
and superficial sediment organic carbon concentration in the Cheju-Korea Strait
shelf. If this value can be extended to the entire shelf (4.59 x 10° m?), then total
areal arrival flux would be 2.19 x 10" gC yr”. Similarly, PON arrival flux to the
sediment/water interface was estimated to be 0.08 mg N cm’ yr'l in average
based on the *’Pb-derived sediment accumulation rate and superficial sediment
organic carbon concentration in the Cheju-Korea Strait shelf. If this value can be
extended to the entire shelf (459 x 10" m?), then total areal arrival flux would
be 036 x 10" gN yr'. Organic matter once arrived in the sediment/water
interface is subjected to the subsequent burial and continuation of decomposition
or dissolution (early diagenesis). A magnitude of early diagenesis of organic
matter was estimated preliminary using a sediment organic matter concentration
at depth of sediment column (here 20-30 cm below the surface) and sediment
accumulation rate, assuming steady-state conditions. Annual organic carbon and
nitrogen is estimated to be decomposed an order of 0.84 x 10"'g C yr" and 0.13
x 10"g N yr', respectively. If the regenerated nitrogen can be assumed to be
oxidized nitrogen, then this benthic flux would be 5 times more than annual
flux (NO; = ca. 50 mol 17, water discharge 9.2 km® yr') nitrate discharge from
the Nakdong River.  However, this initial budgetary approach has to be
rigorously sampled and analyzed in the near future.
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@ Primary production

The Cheju-Korea Strait region is divided in north-south direction in terms of
prevailing water masses: a low nutrient and high salinity water in the south and
a high nutrient and low salinity water in the north. Therefore, the frontal
region where the two water masses collide exhibits a high primary productivity.
The annual primary productivity was estimated to be ca. 270 g C m™ yr™.

@ The distributional characteristics of *°Po in sea water

We have measured the dissolved and particulate concentration of *°Po and
SPM(suspended particulate matter) concentration in the South Sea during May
and August 1999. From the present investigation, the following result can be
drawn:

1) Dissolved 2po activity ranged between 4.88~12.74 dpm/100 { with values
high in surface layer and low values in bottom layer at Korea Strait during
May,1999. The dissolved 20pg activity increased with nutrients concentration and
it has negative correlation with chlorophyll-a concentration.

2) The vertical distribution of dissolved and particulate *°Po activity were low
in surface layer and high in bottom layer. And the temporal distribution of
those activity were high in slope of side of Bogildo and specific activity of *°Po
in suspended matter and SPM concentration were high in slop of side of
Chejudo.

3) The removal of *°Po depend on amount of suspended matter and the
important factor in surface layer is biological uptake by phytoplanktons. The

?®Po was regenerated by decomposition of organic matter.

@ Origin of water mass

The seawaters in the Cheju-Korea Strait region is under the strongly influence
of Northeast Asian Monsoon. That is, the region may be characterized by the
cool, windy and dry winter and warm, calm and wet summer. In order to
elucidate a temporal variation of characteristics of source functions of water
masses in the region, radium isotopes were measured seasonally for the period
of 1996 to 1999. The activity of ®Ra in the surface waters was higher (>0.2
dpm/l) in the coastal waters with low salinity (5<33 psu) than those (<0.1
dpm/l) in the open ocean with high salinity (>34.6 psu). There was an inverse
relationship between the Ra/?Ra ratio and salinity. **Ra/*°Ra ratio was
higher (>1.0) in the coastal water than those (<0.5) in the open ocean.

The linear relationship between oxygen isotope (6 0) values (-0.13~-0.77%p)
and salinity in the South Sea of Korea implies that sea waters in the area are a
mixture of Kuroshio water and river discharge from the adjacent lands, such as
the Huanghe and Yangtze Rivers. Assuming that the surface water of the Cheju
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Strait is formed by mixing of the Shelf Water (Changjiang Dilute Water, delete)
and Kuroshio, the contribution of the Shelf Water (Changjiang Dilute Water?)
during the dry season (Febuary to April) was averaged 13.5 - 19.7 %, but 27 %
during the wet season (September).

@ Characteristic of contaminant materials through atmospheric input

Airosol samples in the marine boundary layer was collected in November
1997, April (both Yellow Dust Storm and low dust periods), September,
November 1998, February and May in 1999. The major findings are:

1. Provenance of chemical elements in the aerosols in the marine boundary layer
was elucidated calculating enrichment factors based on the average chemical
elemental composition of the Earth crust and seawater. Na, Mg, K and Ca
were largely originated from seawater, Al, Ti, Cr, Mn, Fe, Co, Zr, La, Ce and
Nd elements were derived from the Earth crust, Ni, Cu, Zn, As, Mo, Cd and
Pb were largely derived from the anthropogenic activity. However, Ca and
Sr in the Yellow Dust Storm were mainly derived from the Loess soil.
Satellite images (SeaWiFs, NASA-TOMS) and air-mass back trajectory analysis
confirms the origin of dust during the Yellow Dust Storm period.

2. The Yellow Dust collected over the Cheju-Korea Strait region contained much
higher Al and other metal concentrations than in the low dust period.
Therefore, contribution of the Yellow Dust Storm to the annual depositional
flux would be substantial (about 39%) if the Yellow Dust Storm period is 10
days a year in average as observed in the western coast of Japanese Islands.
However, enrichment factors of anthropogenic chemical elements was lower in
the Yellow Dust than in the low dust periods.

3. The age of particles in the low dust period estimated to be longer than
those in the Yellow Dust based on the elemental ratio of S/Ca and Al/*Pb
in particles.

4. Property-property relationship between nss-sulfate and nitrate versus trace
elements, and “°Pb versus "Be suggest that aerosol particles appear to travel
to the high altitude after they were ejected in the ground level and then
descend to the sea surface.

5. Annual dust flux to the sea surface would constitute of 41% in wet
deposition, 39 % in the Yellow Dust Storms and 20% in the low dust dry
deposition. Therefore, the annual variation of Yellow Dust Storms would

significantly cause a variation in the annual depositional flux in the region.
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@ Transport of chemical materials in the South Sea

The estimated total material transports in the Cheju Strait using all data which
investigated in 19997 and 1999 are as follows;

A large amount of suspended sediments and dissovled inoranic nutrients are
carried to the South Sea through the Cheju Strait by a persistent eastward flow
(Cheju Current) from the Yellow Sea and the East China Sea. The annual
material transports by the Cheju Current are as follows; 22.9x10° ton yr' (SS),
0.52x10" mol yr' (NH;"), 6.05x10" mol yr' (NOj), 0.36x10" mol yr' (PO,
10.27 x 10" mol yr* (Si(OH)s).

The water transport specific suspended sediment flux is about three times
larger than those by Tsushima Current (7.25x10° ton yr") and Kuroshio in the
eastern part of the Taiwan (7.25X10° ton yr'; Chen et al., 1994).

The water transport specific nitrate and phosphate fluxes are similar to those
by Tsushima Current (5.05%10%, 0.47x10" mol yr'l) and Kuroshio (9.65%10",
0.47x 10" mol yr') but 2-12 (nitrate) and 6-180 (phosphate) larger than those by
the Huanghe and the Changjiang River. It suggests that chemical rich Cheju
Current will play a significant role in the biogeochemical processes in the South

Sea where the huge land-based waste are introduced.

4. Biochemical characteristics of the benthic biota and environment

Heter otropic bacteria which produce substrate (lipid, protein, and polyscahride)
digesting enzyme were screened and isolated. Their role in the enviromaental
change of ecosystem in South Sea were discussed. The analysis of marine
particulated and dissolved lipid (total lipid composition, hydrocarbon, and fatty
acid) lead to the interpretation of effect of terrestial input and marine material
flux as well as the effect on the heterotrophic organism in nutritional concepts.
5 sea weeds were found to produce very high level of available fatty acid
(eicosapentaenoic acid, EPA) leading to a mass production of such fatty acid.

5. Holocene sedimentary processes of suspended matter

@ Holocene transgressive sedimentary processes

The Holocene transgression has formed various depositional units over the
shelf of the South Sea. In the deepest central part, coarse-grained, relict deposits
are exposed on the seafloor, whereas in the coastal area are thick accumulations
of muds. Between these two end members, there is a mixture of them, sandy
mud and muddy sand. The Holocene sediments occur on the seismic profiles as
a diversity of depositional forms including deltas and sand ridges.
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@ Distribution and geotechnical properties of surface sediments

The distribution of surface sediments well mirror that of the Holocene
sedimentary units. Silt-clay sediments are distributed in a belt along the coast
east of the Nakdong River, whereas the sand amount increases around Gohung
Peninsula and Gojedo resulting in the dominance of sandy mud and muddy
sand. However, sand markedly increases with water depth toward the central
part of the sea where relict deposits are prevalent. The water content exceeds
150% in clayey sediments, but it decreases rapidly below 60% in muds including
increased amounts of sand and silt. Toward the east, most of the geotechnical
properties, carbonate and total organic matter amounts and plastic and liquid
limits, tend to increase as clay amounts increase. The shear-strength profile of
the mud deposit shows a gradually increasing trend with core depth, indicating
a normal consolidation state.

@ Classification of sub-environments according to box-core analysis

The analysis of a number of box cores allows the South Sea and its vicinity
to be further divided with -respect to the depositional environments, such areas
as Huksan Mud Belt, west of Cheju Island, and the coastal region and centarl
part of the South Sea. The mud of the Huksan Mud Belt characteristically
contains silt-clay laminae as a result of seasonal changes of hydraulic energy. Its
origin is considered to be the terrigeneous material from the west coast of
Korea. The area west of Cheju Island predominantly receives Huanghe-derived
suspended matter with the resultant clayey mud where bioturbation is highly
active. The coastal region of the South Sea can be divided into 3 sub-areas, ie,
west of Gohung Peninsula, around Somjin River and around Nakdong River.
These three environments appear to have different sediment sources.

@ Bay sedimentation

In Gamakyang Bay, the Holocene muds are thickest in the center and is
likely to involve biogenic gases. Radiometric age dating indicates that the
uppermost 6-m sediment sequence has accumulated during about 4,500 years. By
contarst, there are well-developed tidal flats in Yoja Bay, especially on the
western side of the bay. The transport model suggests that the offshore
suspended matter enters the bay through several bay inlets and mostly
accumulates on the western tidal flats. The bay muds are represented by 4
major foraminiferal groups strongly indicative of the offshore-water effect.

@ Flux evaluation of suspended matter

The 12.5-hour time-series measurements of suspended matter and basic
hydrodynamic parameters from the bays of Jinhae-Masan and Yoja indicate that
the net influx of suspended matter occurred in both of the two bays during the
summer season. The major sources of the suspended matter are thought to be
Nakdong River and Somjin River, respectively. However, the magnitude of the
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influx during the summer except for the flooding season is unlikely to be high
with surface concentrations of suspended matter less than 10 mg/1.

6. On the larval fish assemblage in the coastal of Cheju Island

1) On the larval fish assemblage in the coastal of Cheju Island

Total 31 species of fish larvae were captured in this study area. Among them
17 species of fish larvae were captured with bongo net and 28 species with
small surface trawl net. The number of species captured with two types of net
were found a significant difference (p<0.05). The fish larvae were captured
smaller one with bongo net than the small surface trawl net. The dominant
species were Chromis notatus in the bongo net and Spratelloides gracilis and
Engraulis japonicus in the small surface trawl net.

2) Larval morphology and distribution of Laemonema nana Taki (Moridae)

A total of 28 Laemonema nana larvae, 14~105mm in body length, were
collected by bongo net and small surface trawl net in the coastal area of Cheju
Island during 1998 ~1999.

This paper describes morphological features of these specimen throughout their
development.

- The soft ray of fin appeared at about 4.5mm (Body Length, BL) and attained

to a fixed number at about 6.8mm (BL).

- There were two large pigments in the head of larvae less then about 4mm

(BL).

- There was a large pigment in the middle of tail which were spread to the

caudal penducle at about 9 mm(BL).

- There was a large pigment in the base of anal fin at about 2mm(BL) which

were spread to the 1/2 of tail at about 9 mm(BL).

- Their spawning season would be fall and winter season around sea of Cheju

Island.

V. Conclusions and Suggestions

This is a third year of the 10-year multidisciplinary project to understand and
qunatify the transport, biogeochemical formation and transformation of
biologically important chemical elements in the current-dominated coastal shelf in
Cheju-Korea Straits region, and to explore the existence and extent of
commercially valuable biochemicals from the regional biota. The Cheju-Korea
Straits region is the only warm water feeding area adjacent to Korean Peninsula.
The ultimate aim of this study to develop a national strategy for development
and environmetal conservation in a sustainable manner based on the sound
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understanding of the governing forces upon ocean biogeochemical processes in
the region.

The fluxes and distribution of nutrients are derived by strong seasonal
variation of wind and precipitation since the region is under the influence of the
Northeast Asian Monsoon. Hence, the plankton primary productivity is also
show a strong seasonal variation. Especially heavy rainfall during the wet
monsoon period each year, a significant amount of freshwater and nutrients
and other land-derived material from the Chinese continent, notably, the
Changjiang River, and minor contribution from the Korean Peninsula discharges
to the western part of Cheju Island and entrained by the Cheju Current (0.37 to
0.58 sv with maximu speed of 15 to 20 cm s7) and passes to the Chju-Korea
Straits, thus forms the strong nutrient stream in the Northeast Asian Marginal
seas, which eventually feeds the East Sea. Nutrients fluxes through the Cheju
Strait is a factor of 2-3 higher than those of Tushima Current between Cheju
and Kyushu Islands, and a comparable to that of the Kuroshio off Taiwan.

POC arrival flux to the sediment/water interface was estimated to be 0.48
mg C cm” yr’ in average based on the *°Pb-derived sediment accumulation rate
and superficial sediment organic carbon concentration in the Cheju-Korea Strait
shelf. If this value can be extended to the entire shelf (4.59 x 10" m’), then total
areal arrival flux would be 2.19 x 10" gC yr™. Similarly, PON arrival flux to the
sediment/water interface was estimated to be 0.08 mg N cm? yr' in average

based on the *°

Pb-derived sediment accumulation rate and superficial sediment
organic carbon concentration in the Cheju-Korea Strait shelf. If this value can be
extended to the entire shelf (4.59 x 10" mz), then total areal arrival flux would
be 036 x 10" gN yr'. Organic matter once arrived in the sediment/water
interface is subjected to the subsequent burial and continuation of decomposition
or dissolution (early diagenesis). A magnitude of early diagenesis of organic
matter was estimated preliminary using a sediment organic matter concentration
at depth of sediment column (here 20-30 cm below the surface) and sediment
accumulation rate, assuming steady-state conditions. Annual organic carbon and
nitrogen is estimated to be decomposed an order of 0.84 x 10"g C yr’ and 0.13
x 10"g N yr", respectively. If the regenerated nitrogen can be assumed to be
oxidized nitrogen, then this benthic flux would be 5 times more than annual
flux (NOs = 50 mol I', water discharge 9.2 km® yr') nitrate discharge from the
Nakdong River. However, this initial budgetary approach has to be rigorously
sampled and analyzed in the near future.

Current analysis of water mass origin based on the radium isotopic
compositions in the region revealed that the regional water is composed of shelf
water (38% at maximum) and Kutoshio water (62% at minimum). However,

current two end-member mixing model suffers from the true representation of
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Korean river water and river waters in the northern China such as Yellow River
waters. Therefore, a more detailed study on the radium and oxygen isotopes for
indentify the provenance of water in the region.

Atmospheric pathways in the region is proved to be significant among the
allochthonous material input, especially durng the Yellow Dust Storm period.
Atmospheric Al and other metal concentrations in the Yellow Dust Storm period
was an order of magnitude higher than the low dust period. Therefore, study
on the atmospheric pathways of various chemical material should be an
important part of this project in order to quantitatively assess the relative
contribution of various pathways introducing chemical elements in the
Cheju-Korea Straits.

Two more biological organisms were found to contain a significant amount of
bioactive compounds which potentially contribute the regional economy in
addition to the two commercially viable organisms we have found in the first
year. In the future, a more close examination of the fatty acids and steroid
compounds in the regional biota.

Throughout the research project, we focused on quantifying the spatial
structure and temporal variability of the Cheju Current in the Cheju Strait, and
the development of a three-dimensional numerical model for the simulation of
the circulation of the South Sea because they are poorly understood. Sectional
distribution of the flow field in the Cheju Strait and the volume transport
becomes more clarified, and the 9-month long current data was obtained in the
Cheju Strait for the first time. The temporal variability needs to be more
carefully examined in the future.

The sedimentary facies of the South Sea is highly variable as a result of the
Holocene sea level rise. The present-day suspended matter moves around along
the coastal area restricted in water depth shallower than about 60 m, and are
deposited ultimately in bays and the nearshore. Although during summer
river-derived materials are major constituents in the suspended matter, the
hydrodynamic behavior of suspended matter becomes greatly activated and thus
quite different during the winter compared to the summer season. In this
regard, further extensive studies should be continued to yield the practical
framework of the suspended matter seasonal sedimentation from the multi-year
data base.

There is a need to collect the fish larvae with a small net and a big mouth
net at the same time for selectivity of nets and swimming speed of fish larvae

in the shallow coastal area.
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1-1. Coastline, bottom topography, and the inflow/outflow system of the
South Sea. Isobaths given in meters are contoured every 20 meters,
and topography of the east Asian marginal seas are also shown in an
inset in the upper left corner with 50 m, 100 m, 200 m, and 500 m
isobaths. The rectangular area enclosed by long-dash lines is the model
domain in which an ocean circulation model is applied.
Diurnally-averaged mean currents, which are used for the specification
of the inflow/outflow, were obtained on the two ADCP traverse lines
denoted by dashed lines in the Cheju and the Korea Straits. A thick
meridional line in the middle of the model domain denotes the line
where the vertical structure of model-generated flow field is examined.
Coastal tide stations used for the model/data comparison are shown
with closed circles. Geographic locations referred to in the text are also
shown with open circles with their names in an inset in the lower left

corner. 133
1-2. CID stations and ADCP ftraverse lines occupied during 1997~
1999. 134

1-3. CTD stations and ADCP traverse lines occupied in March 1997.------ 134

1-4. CTD stations and ADCP traverse lines occupied in September 1997.
135
1-5. CTID stations occupied in April 1998. 135
1-6. CTID stations and ADCP traverse lines occupied in September 1998.
136
1-7. CTD stations and ADCP traverse lines occupied in November 1998.
136

1-8. CTD stations and ADCP traverse lines occupied in February 1998.
137
19. CID stations and ADCP traverse lines occupied in August
1998. 137

1-10. CTD stations and TRBM-ADCP mooring locations occupied jointly by

KORDI and NRL (Naval Research Laboratory, USA) in May 1999.
138
1-11. CTD stations and TRBM-ADCP mooring locations occupied jointly by

KORDI and NRL (Naval Research Laboratory, USA) in October 1999.
138
1-12. Mean temperature, salinity, and water density (o) distribution at the

surface (left panel) and at 50 m depth (right panel) in the South Sea
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in February based on bimonthly data taken by the National Fisheries
~ Research and Development Agency during 1967-1987. ----—remmevemmemnnn 139
1-13. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in April based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987. --------meceeme-eem 140
1-14. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in June based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987. ------------------ 141
1-15. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in August based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987. -----evememmmeeeeae 142
1-16. Mean temperature, salinity, and water density (¢ distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in October based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987. ----------------—- 143
1-17. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in December based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987. ----------meeemeem 144
1-18. Progressive vector diagrams for current data taken by the National
Ocean Research Institute at 5 m depth in the Hoenggan Channel for 15
days in June 1980 (left panel) and for 32 days in September 1998 (right
panel). Sampling intervals were 1 hour in June 1980 and 10 minutes in
September 1998, and the diagrams are based on hourly data.
145
1-19. Vector plot, and east-west and north-south components of low-pass

filtered, subsampled every 12 hours, currents based on current data
taken in June 1980. Doodson’s Xp filter was used for the elimination of
tidal components of currents. 146

1-20. Vector plot, and east-west and north-south components of low-pass
filtered, subsampled every 12 hours, currents based on current data
taken in September 1998. Doodson’s Xo filter was used for the
elimination of tidal components of currents. Repeated vessel-mounted
ADCP surveys were conducted in the Cheju Strait between Cheju-Do
and Pogil-Do during the stippled period. 147

1-21. Monthly mean sea surface winds in the South Sea from January to
June with a spatial resolution of 0.5° X0.5° based on 12-hourly sea
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surface winds during 1978~1995 (Na and Seo, 1998). ----------mvmemx 148

Fig. 1-22. Monthly mean sea surface winds in the South Sea from July to

Fig. 1-23.

Fig. 1-24.

Fig. 1-25.

Fig. 1-26.

Fig. 1-27.

December with a spatial resolution of 0.5° X0.5° based on 12-hourly
sea surface winds during 1978~1995 (Na and Seo, 1998). ------------- 149
Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in February 1999. Positive
(negative) values in the current components denote the eastward
(westward) flow in the east-west component, and the northward

(southward) flow in the north-south component. 150
Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeatedh vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Chin-Do in March 1997. Positive
(negative) values in the current components denote the eastward
(westward) flow in the east-west component, and the northward
(southward) flow in the north-south component. 151

Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Chin-Do in April 1995 (Suk et al,
1996). Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the
northward (southward) flow in the north-south component. ---------- 152
Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in August 1999. Positive
(negative) values in the current components denote the eastward
(westward) flow in the east-west component, and the northward

(southward) flow in the north-south component. 153
Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
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Cheju Strait between Cheju-Do and Pogil-Do in September 1997.
Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the
northward (southward) flow in the north-south component. ---------- 154

Fig. 1-28. Vertical sections of (left panel) temperature, salinity and water density,

and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in September 1998.
Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the
northward (southward) flow in the north-south component. ------—---- 155

Fig. 1-29. Vertical sections of (left panel) temperature, salinity and water density,

Fig.

Fig.

Fig.

Fig.

Fig.

and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju  Strait between Cheju-Do and Pogil-Do in November 1998.
Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the
northward (southward) flow in the north-south component. ---------- 156
1-30. Vertical sections of temperature, salinity and water density (o) off
Ulsan northeast of the Korea Strait (left panel) and off Sori-Do
southwest of the Korea Strait (right panel) taken during a joint
Korea-US survey in May 1999. CTD locations are shown with tick
marks, and labeled locations denote TRBM-ADCP mooring sites. ---157
1-31. Vertical sections of temperature, salinity and water density (o) off
Ulsan northeast of the Korea Strait (left panel) and off Sori-Do
southwest of the Korea Strait (right panel) taken during a joint
Korea-US survey in October 1999. CTD locations are shown with tick
marks, and labeled locations denote TRBM-ADCP mooring sites. --- 158
1-32. Time series of low-pass filtered east-west (upper panel), north-south
(middle panel) components of currents at 66 m depth, and temperature
(lower panel) near the seabed. 159

1-33. Time series of low-pass filtered east-west (upper panel), north-south
(middle panel) components of currents at 118 m depth, and
temperature (lower panel) near the seabed. 160

1-34. Spatial structure of the volume transport (solid lines) and
depth-averaged velocity (dotted lines) specified across three open
boundaries based on the observed diurnally-averaged flow in the Cheju
Strait in the Korea strait in fall, 1997. The volume transport specified
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across the southern boundary is the difference between eastern and
western boundaries, and the spatial pattern of the transport and the
velocity is arbitrary. Bottom topography across open boundaries is also
shown. 161

1-35. Horizontal distribution of observed surface temperature and salinity in
the South Sea in August 8-16 (left panel) and October 8-29 (right
panel), 1997 based on the KODC (Korea Oceanographic Data Center)
data. 162

1-36. Vertical sections of temperature (left panel) and salinity (right panel) at
western (upper panel), southern (middle panel) and eastern (lower
panel) open boundaries in August 1997 based on the KODC (Korea
Oceanographic Data Center) data. 163

1-37. Vertical sections of temperature (left panel) and salinity (right panel) at

western (upper panel), southern (middle panel) and eastern (lower
panel) open boundaries in October 1997 based on the KODC (Korea
Oceanographic Data Center) data. 164

1-38. Spatial arrangements of model variables on an Arakawa C-grid near
the western boundary. The western open boundary coincides with the
line denoted by the subscript B. 165
1-39. Total kinetic energy as a function of time for (a) Case 4, and (b) Case
5 in Table 1-9. Solid line shown in (b) denotes the variation of 15-day
moving-averaged total kinetic energy. 166
1-40. A schematic illustration of model run for Case 5 in Table 1-9. The
model is forced by a specification of time-varying tidal currents and

steady inflow/outflows observed in fall 1997 across open boundaries,
and time-varying temperature and salinity based on the observation in
August and October both at the sea surface and across open
boundaries. The tidal currents are pre-determined by a
three-dimensional barotropic tide model, where five major constituents
of tidal currents are computed by specifying free surface elevation
across open boundaries. The model was initially quiescent with #7=0
inside the model domain, and diagnostic calculation was performed for
10 days with fixed three-dimensional temperature and salinity fields
observed in August, and with time-varying tidal currents and
inflow/outflows across open boundaries. The prognostic calculation was
then followed with the specification of observed temperature and
salinity at the sea surface and across open boundaries for 82 days.
Linearly interpolated, time-varying temperature and salinity are
specified from August 15 to October 15 based on the observations in
August and October, and the surface and boundary forcing applied
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before August 15 and after October 15 is fixed with those values in
August and October, respectively. Also shown are periods of averaging
the model results for 15 days in order to examine the subtidal
circulation in August, September, and October. 167
1-41. Model (Cal)/data (Obs) inter-comparison for the amplitude and phase
of four dominant tidal constituents. ME and ARE denote the mean and
the absolute relative errors, respectively, as defined in the text.
168
1-42. Tidally-induced residual currents at surface, middle, and bottom

o -layers computed using the three-dimensional barotropic tide model
(Case 1 in Table 1-9). 169
1-43. Instantaneous flow fields at surface, middle, and bottom ¢ -layers at

the time of ebb tides at Pusan computed using the three-dimensional
baroclinic circulation model (Case 5 in Table 1-9). 170
1-44. Instantaneous flow fields at surface, middle, and bottom ¢ -layers at

the time of flood tides at Pusan computed using the three-dimensional
baroclinic circulation model (Case 5 in Table 1-9). 171
1-45. Computed 15-day averaged flow field at (a) surface, (b) middle, and
(c) bottom ¢ -layers in September for Case 5 in Table 1-9. -—--------- 172
1-46. Subtidal surface currents in the South Sea based on the observation by
(a) Lie and Cho (1997), and (b) Mitta and Ogawa (1984). ------------—- 173
1-47. Vertical section of the computed 15-day averaged horizontal velocity

vector on a meridional line south of Namhae-Do (thick solid line in
Fig. 1-1) in September for Case 5 in Table 1-9. 174
1-48. Computed 15-day averaged density distribution at (a) surface, (b)

middle, and (c) bottom ¢ -layers in September for Case 5 in Table 1-9.
175
1-49. Horizontal distribution of observed temperature and salinity (top

panel), and computed 15-day averaged temperature and salinity
(bottom panel) at 50 m depth in August for Case 5 in Table 1-9.
176
1-50. Horizontal distribution of computed 15-day averaged temperature at

surface in August (upper left panel) and September (lower left panel),
and bottom ¢ -layers in August (upper right panel) and in September
(lower right panel) for Case 5 in Table 1-9. 177
1-51. Horizontal distribution of computed 15-day averaged salinity surface in

August (upper left panel) and September (lower left panel), and bottom
o -layers in August (upper right panel) and in September (lower right
panel) for Case 5 in Table 1-9. 178
1-52. Computed 15-day averaged currents at surface, middle, and bottom
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Fig. 3-3-1. Maps of sampling stations in 1999. in the South Sea.

o -layers (from top to bottom) for Case 2 in Table 1-9.
1-53. Computed 15-day averaged currents at surface, middle, and bottom
o -layers (from top to bottom) for Case 3.

180

1-54. Computed 15-day averaged currents at surface, middle, and bottom
o -layers (from top to bottom) in September for Case 4.
1-55. Streamfunction field for (a) Case 5, and differences in the stream-

function field between (b) Case 5 and Case 3 and (c) Case 5 and Case

4 in Table 1-9.
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Fig. 3-3-2. Vertical distributions of DO, NHs, NO,;, NO;, PO, Si(OH)s Chl-a in
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1999.
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5-1. Map showing bathymetry (contours in meters) and core sample
locations (dots) in South Sea. GB, Gamagyang Bay; KB, Kangyang
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5-2. Areal distribution of a variety of transgressive deposits and
recent mud in the eastern South Sea. RMD = recent mud
deposits; TSR = transgressive sand ridge; TSD = transgressive

deposits; BSC = beach-shoreface complex; ICF = incised channel fill:
LSD = lowstand deposits. Modified after Yoo (1997). ------------e-mmemm- 429
5-3. Surface sediment distribution in the South Sea. Sediment classi-
fication according to Folk’s (1954) scheme. After Chough et al. (1991).
430
5-4. A: Relationships of silt content versus water depth. Each point with
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core number represents silt contents averaged throughout the core (for
core location, see Fig. 5-1). B: Relationships of organic matter versus
CaCO; contents. After Chough et al. (1991). 431

. 5-5. Geotechnical properties of selected sediment cores (for core location, see

Fig. 5-1). W, water content; PL, plastic limit; LL, liquid limit; SS,
shear strength; OM, organic matter. After Chough et al. (1991).
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. 5-6. Averaged vertical profiles of shear strength (SS) and water content (W)
for each core series (for location, see Fig. 5-1). After Chough et al
(1991). 434

. 5-7. Index map showing locations of box cores (dots) 435

. 5-8. Map showing bathymetry and box cores (dots) in the South Sea and
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5-12. X-radiographs and textural characteristics of box cores from off the
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. 5-13. X-radiographs and textural characteristics of box cores from off the
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Chough (1983). 464
Fig. 5-16. Map showing locations of a variety of samplings; dots, surface
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Fig. 5-17. Flow chart for calculation of transport vectors. 466
Fig. 5-18. Textural classification of surface sediments from Yoja Bay following

Folk” (1968) scheme. For location, see Fig. 5-16. 467

Fig. 5-19. Textural characteristics of surface sediments in Yoja Bay. For

Fig

sampling locations, see Fig. 5-16. 468
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2B ge JPM. Syvitski -2 AFASFu o] dF7 2l (Floc Camera)E H&
st Ayttt WstAF a7 2 RAFeE FYHe FRHEZY dFUARE &9
EAste FREAS olFH HALFS oAHUELDIE Axda St L2EF
Ao} MR FERANE @ A5G AL E 531 npFgo] 2 A7
ZWHE, el f9l, dtalFe AlSS 4, ey FAESY UYAEHE
s AYPAS BEEr ok olE EulE2 LAEFH Ao FRd e 23A
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AZgA dojt 2YgZo) disl oil slick modelS 74Ty b= =2 A2
gloluF H(Duck)Al el gutcholM e 11709 tigta) 6782 AxtollolHA] i1 3
Ao QirslAtel A At w5, =, Huthl A HEgxEo] Ariste ARG E
o] AARdEHEF ATE FAET Utk o] AFAPdE RE €@HYY 2
AL AR IREA Fol o] &Huh. HEZE 5007] o]/t AUzt T,
g3F7), NASA 54, 353 A #eldrt 5989t d72F3= & FAAHY
< B3 LHE dAd FH FAH dFedA FIH vx AFAAEAE]
1984d 7R AFATAES Y FHEE FES AFE 83819, A4Fd F
Z st7ol HAHE #Holi AL olEo] AFEfFEH FAA FFoZ A(E w
gt olx"tie AL Wt RE AFAF}E 19859 Continental Shelf Research
£z A3 wEH Utk ES F3 FeF T AAFAA st e
AE7} F4EEAM EF7F 3] TAFAThE AMdo] M H zAlY R{HER B
YEH S 53td 33 0T FEgAREY F5ATE W83t oEL ¢ Yot
FHEHols 975 B3 F3ride HAHFHZ diEFE Taivhie] #dgn
A& AU}

<2 gty A Ao AFYL F2 FFUEMETAZE 100 cm, FE
035 mm, , 1988), BnVE(FTZZA 60 cm, HE 033mm, & 5, 1988, & 5,
1993), A#H 2 AFH(FTFAZ 50 cm, Zo] 180 cm, FE 033mm, ZI} 7, 1995),
T7 130 cm, Zo°] 600 cm HE 058 mm<l WE(YH &, 1977), NORPAC 43 %
(774 45 cm, Zo] 180 cm, W& 033 mm, A3 7, 191) 5 ¥t {9 WE
7b ol g HAT MPYEH we} o]E VMEE %, £, BAE Tl AHHAU
o AR £x= 2 knot FFFoH, MEY AL 7~108 A=AHIH &,
1977, & 5, 1993, &, 1988, & 5, 1998, 34 7, 1991). ol&l& EF 9 AN 7E
& FAo] &L ALFAME AAAMYY FAMPLZE B4 LT FET
Feo] Ao} AlgE FEEUZE offy] Wi FE EFAFA AMEHUATHAL
1986, © 5, 1993, 2t} 3, 1988, & 5, 1992, k&) u}, 1991, 2 5, 1991).

A2d Il 7s AL AR

—

galel sldne ATse FRAFRAAT FYSAEA B714A 24
19603 ol 2/0dvitt 2, 9E %2 £&44: 4FE Fen Ux, Y- F
% 4% 45 FYRLAA AN BTAYATL DI FTRALRY
T AT (1987~1991)7} AR S Atlas =& FX AT FEHIU
e EXREANAMY sIsEEol dFEE 72N BY JEAHEES
X 54 (Yang and Kim, 1990; Chung and Yang, 1991, Kim et al, 1998)% E A&
ZF& (Cho et al, 1994), 23-E3 o]F (Wells and Huh, 1984; Wells, 1988) A=
W ogle ® A UEEY ATE ATE B2 A9 (Park 198 2 R AR

o M

|
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o] Aztg vlaws B3 7o) xF5 o] gtk (i, 1975 Lee et al, 1981, 1983,
1994; Hong et al., 1983, 1988, 1991; Yang et al., 1986, 1988; Yang, 1992). 53] &
A7EA el el A 5EH By 4 B 8 gig AFE Ao ARt

£ o sFlM F71E 53] AYYEE FAHRA FL2 FEIEE ARY
A A megt Holtk. FZ lipid biochemistryE AF 3= AFAEL @Y &
o AW Agel #F ATE FE FY3tn Jon P HAE 5 22
ETHEY AW Y Fode AY d7E FIA Fhen {Ygg AFAEL X
B EAe B JleAY SHE 42839 e Aol Aot ey PCB (poly-
chlorinated biphenyl)eju1} PAH (polyaromatic hydrocarbon)s #72 99 x4
" EF ALY FFES E4o] 873 L9 BHEY F2 FIyHoiUTh @
FIAFATLAME 19 s ATFALHAZ sfFe st g AT AEV
4 2 FHA 7Ig /T AFE AFLR old #¥E ATFE FYst7] AFEA
O (% 5, 1997). & @7AME 1R R 2 2 A=Y dFE Foho ol AW
42 FA 53] hydrocarbon#t R#4H& F4HLE &, B3l WHY Mo
Ao ol A AHE o9} FH biomarkerZ #8&F $ & steroid 3}
3+E 3 long chain alkenone A% thdt E424-& F2s8lw Yot

el ¥ R AFAFLEE THFANFT Y A7) AABSE Aol HFH
g daje] S MFEEE getd Ht e (o], 1968 ol
1974a; 7, 1980b), 197087} 1974d ] tE+s|d MEEolA] 2547 58T
g mF QU3 (], 1970; ©], 1974b), AFeE Al TH FFZHAAM AFFH A
A1 FHASE TS =5 AT (7, 1979). S HAFZAL LS FalollA] A7
BABSARS iF7FA AF 2 A7 2Y (5 1970)< o 3 - 2FASA
Assta low, 1997358 ey (FA-virtx)dA ADCP &8585 4
o darsd R AFARE AT Ao (AEEHE, 1998, 1999). MEtidn
ol A= 1974'd, 1980, 19830l A Fs|F oA FEFH D fFA AFE
AFEEE AABIHT (B, 1984; Chang et al, 1995; Chang and Kim, 1995).
TE2 19819 49 ~5¢o] HZZ 2047 4 30 m, 60 mo|A HAIFHU o] F
e Z718A dFHSo] o FAX w7t glok AW fgHE TFATL
AMe 1997958 Gl ¢ 54 B¢ AFE FPs] AlFsiden,
1996 o= sl ADCPE AF3te] silRFHESS HAIT v} AU (Lee et al,
1998; Park et al, 1999). St=ra|FA T4 19861 dH-E 191@71x] AdE Fs)] A
Ao HFe TAG v gon (FEs|okATFA, 1987, 1988b, 1989b), 1986'd 3}
1989dEde Fale] AvE At AMIEAA fFAZE AAE vUT. 1988
GEE 199093 Alelols YR Z3 FF2Z ADCPE o83t i golA &iF
HEE I (HSFAF4, 1988a, 1989a, 1990), 19958l = AFFoA H=z
2 ADCP ¥Hy #EE AAsd 49%d AFEEY s F4FS FSSA
(Suk et al, 1996). AFetaE 198611 ~1987'd Atolo] AFsE LA s FA
AFol os) 2541 ~118A12t] AR FHASFS FHI}HRS (F, 1987, A # X,
1997).

F39 sy ZdYe A FARLE oY dFcd IF

AT}

o)

S

o
oft 2 > fu X o ax

du S o2 o i O m >

)

e

o

v}
=

i

_76_



ol uizel FRB 2U2A 432 TARA e o A% 2R % 24
AAFol B ATVH BAT (o, FH, 1996 ¥, 1997). A 5 (1999) & $ARAS

FEZE Zo] nsta @39 2249 £8& A A

FRED g E2AHA SfFANAEH A= 1970dd T} 1980w 2ol
2 AYiARZEHAZ S HEZEH At o 4714 UARAE
Ate weh HEog oFd FojgE APAAE HozA AFHUG ol
zde

1990 50 Soj9M JT. Wells, Y.A. ParkSo) o8] A2 &5 9
ol 4FHAT 1990d ] EojoA Fd dEWEA ALF
UR-FEAY o|FHIE H7| ] FFa|FA T4 AFLAAM 2d7] 2
H2 FHAEEH srAHAE dAsta dxA dde 2T AL 5
ZUE Y3, d8HEHE, ALEIHY HHFEL] dojEdE ¥R

ooy

R
2

g AUN GEor oFHy] i 2zt X gt Yzig
Bl At (Marine Geology©ll AlA). EFF A P M= 7)&E
A A o S0 ws Z2AHEHEC] v wFstr] R Ao s g

ZZHEHZ L3 EREARAE £ d 5 FUHLE AAE &
A A5H Foln ALH HAHE ¢ 17) W Eoll g upg
EA5EY #HEAY 2 49 At =gt e Aotk (AT

A TE) HIoe AR 7|7 Mooring® = e FHAEAS7]

i
o
o
z
TN
2

2

o
2,

o

I lo
it

o

de o

2
X
o &L 77 Al
"
L)
o

11O T < A T o G A c  J er e R J
1 40
rR»LmlU

spxol 2

(SeTMon9)E #aalFAT4 HHoistge] usted, As) ol iGN A&
A2E Qe Folk

28 uee Az

AN Ao AP FE2 ZFVEMHTHZ 100 cm, F=
035 mm, -, 1988), BT E(LFFAZ 60 cm, F5 033mm, + T, 1988, &+ 5,
1993), A7 4 AQAGH(BTHA 50 cm, Zo] 180 cm, F2 033mm, A3} 7, 1995),
77 130 cm, 20] 600 cm FE 058 mmQ HE(Y I £, 1977), NORPAC 3%
(77 45 cm, Zo] 180 cm, W= 033 mm, A=} 7, 191) T TG&4g T/ HE
7} o] H U ARAZH wet o)E WEE £, &3, BAAFY T AHEHU
th A £5E 2 knot AFEPoH, HES oAFALL 7108 F=IAHILH £,
1977, & 5, 1993, &, 1988, & 5, 1998, A3} 7, 1991). o]& T F/ ARAV7E
2 Aol ¢ dotdoMe AU FAMNFILZE B4 o FRT
%) Aol ARE FREHVIZL A4F7] gE F2 BEFAPA AEHADEAL
1986, & 5, 1993, x}<} &, 1988, & 5, 1992, x}<} =, 1991, 2 5, 1991).
Laemonema nana Taki Axjo}e] A2)ZQd VX e ddd 33 Q724 o
T2 (Gdiformes) &g+ (Moridae) 7= A MAHOZ 184 oF 98 Fo] &
22 dtH(Nelson, 1994). =F} 73} o} F} 3Rl Laemonema & o F= thF-£ol
F4] 500m o]4e] Ao AMAsle ofFE L=2Ad, Fowod B Alold H
SR BExstes Ao E ¢#HA AR g Laemonema nanae 43 50m A AU
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Ao EX3dl= AojfFolth(Masuda et al, 1984; Nakabo, 1993). L. nana A xoj&
Az Zus(F, 1991), theksl ¥ (Kim, 1984 o], 199, 7, 1999), %3 (il 1,
1981; Kim, 1984; ¥ %, 1997) S A|A &3}t L nanao] 2xo] o] B3
GHEAQ Bu(rhlsEeg, 1981)s AARE A @A A AAojrlde B F
o] 585 Ash thekst =719 A B FERIE et
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X
f
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olft U%
ol =
r s
N
i
fru
B opp
Ué. X
Jd
l-m '
i
°F‘ o
>
Al
0% 3
[ =
2 v
:?

Hi $ZoEE Uy
ot gl AANF L &
L dAME 7HA W AlFz At
—’F*‘E‘ii’r% Holty FAty} tintx Ato]e]
% trough)e] tiolx Zo g &gzt

waslo] glon AFaHPe A= P aldole 4 120 m oA
%01 A oY F& FAHLE FF AJEZE AAL @vtsig drix

AARZL vl gsto} (Fig. 1-1). A e 7149 93-S 27] A%

= Ao X 100 m 7}A] thi %t‘a
‘H' e EOﬂ‘— 2=21 200 m o]Are]

N
o

2 o

n&l—{)%-l}%ﬂoﬂ;%é.l-l.lmlo

& ooL )y o 12 lo ol & e 2

4§02 FEe 28FRE v (2 195
v I AYHA FHLZ Qdstq 71dE geste Ado] ¢
e Jeld A4e LEE ALY BE @ use nad
43 (water mass)Z= FEZA]Q (Kuroshio)ZHE EXH & AFE FTEHS
g gz FYdHe 1Y, 129 dvtdFS5 (Tsushima Warm Current Water;
Lim, 1971; Nitani, 1972; Byun and Chang, 1988; Lie and Cho, 1994), A== ¥%
AN el REZRY 4o ¥ AFE MRS T FAE FdHe ALeE &
HAL B dF{FT (Yellow Sea Warm Current Water, Uda, 1934; Nakao, 1977;
Zheng and Klemas, 1982), 9A] FZAILZRE 7|9H AFE MEL £33
T AFHFez FAdHe AFEFF (B, 1980; Lie, 1986; Park, 1986; 7 %,
1991; Chang et al.,, 1995; Chang and Kim, 1995), 8id¢EdM ALE F4H9
oagd AAF FeetE R EXde= geldAds (South Korean Coastal
Water; Lim, 1976), 3ol 7|95 o] dafo] IS u]x]L—C gaedora 2 slau
4 (Yellow Sea Coastal/Cold Water; Z 5, 1991, =& 9 A, 1994; Chang et al.,
1995), FA7Z sttdel 55 @59 PR FAH A5H Falgted 4%
S mXe A A (F 5 1991 2 F x, 1994) 2 FajolA sidEHE o
shel g A=W (Isobe, 1995; Lim and Chang, 1969) F°] Utk FFo] F£AH o
2 AF3HT qd5dde FAZHAA Fradel g8 48 AEY A F
A7t 250 28 AFAEAA vdegun, $2%F e FEALAAM 71d
g 32, 1499 depdFErE debdd (2 5, 1991).

11]—’7:311?_801]/\1 dtaige]l ol2e dafoA e 4B 27 FHHAY
Sgolt 2EFe) FRAF/ ehde, 259 R s s wet e
Aut z27} Txﬂﬂ g3 &) —?—H]fﬂf sl g8 =279 sF A
o

% do © O |
4
D
i
o}
fru
=1}
e
N
&
£
ulm
mii'
2
rr
=
ri
S
12
o
o
yd
N
rE
=2
Hu
o
bru
-z
vl
1o

ir o

oft

3 sl Wk gale WEFAQ A5ede AFAYY AFE EHE
A% (Suk et al, 1996)% ToldF7} 4= Walol FAR F BB g
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dds B3l TAE AEES @Al AHATd Ase AFAEH 55 27
of sigste gt goMe Ha R Ayle 4z oF 12.5 cm/sec (Chang and
Kim, 1995), oF 50 cm/sec24] (Mitta and Ogawa, 1984; Lie and Cho, 1997) |3
sigrc daaidoly siF7t Zatm, Fal FSHAM 7 AF F7)e o
g 10.0 cm/s W&ol
2 BE4A ARE 2022 3 FIY FHEI BF J1EY At A7
THEES A#FE ol sleedg osfdten e 71ds Aoy sFE
R @] wsled ofF sjAF ool & EAL ol Foidlrh. HIZe| o
T 2 HAZTLE AT AUdd 2g0] Aoz dein
2 dFHD Jdoy ol ANt G dd tAMsn FAsE
= & AAZE G So] dd oz FoA
O HT 5o 37134 ez dute] dEsyt fEf Ao digs
B, WRtEte gaiqel F2 A fER2 JdF L8t
T FAlolth ol T FER At tEo] wid et Hzrt dA
o R A Aejrt HR Fotskn Aok ole g LHEEAY o]F -
371 fsiM e FalldAE Bl 99z e FARdA J5 e
ABHoE Ags] AP oF T FM AFH wis} o] P H
ol ofT} Faldte Astae A BAZ Agso ddH G sn

_‘>:‘>l
S
_N:H
rSL'z

30 Oob g
N
. o]
T
_{

B oox

%
>

7
5
A

o

% 4w
2

>r'Jk,%3hﬁmlmjﬂP>&%l*Hrlr
5 H
o

oi__gnﬂ}hzrﬂﬁrz_&_&
ol

Bo] B3 Qojunz oldF cHEAY LA ALEAS B3 a5 4UT
#F 2 0 A0S BE ARG YuE FFHoz P A5EBe AW
sd 2% Brhsth delE Asolnz wEsel @ Aged ¥ 2FAHY
3% 1634 279 454802 FU9E ZARAFA 9 BFARY L 7}
SAE dou gels £¥e A9t YN 2e AWAAS BB AW %
o) & &S] HPoltt (Chang et al, 1997). 712 AFHA APBAE Gl

FIE Al FRFHeE Tt AEE At en (Chang and Kim, 1995;
Suk et al, 1996), o|2|& 37 Hse 2 Y 290¢ FHEI] olHe ¢4
€3 2 W3t Fol ZleH ok Fo

2 d7e gelg AYFd A sBHe AFHE, Py ¢ AF=-divt
HAYe B AT 72 R 3 AR HES A¥HoE 79st, o&
o2 gy sfeed Zdg AL Ut olE i 3Md R 7;:?*1 7]
E B4H sFHSo] olFojFeH, #E5AEE ZULE T 3AY s
o] JfEe] olFojHT}. IHPYAZFLS CID (Conduc’av1ty-Temperature—Depth)Q‘r
ADCP (2&9/% A Acoustic Doppler Current Profiler)& o] &3to] Fallo] &3t

[e]

J

19

3 HEe B¢ QAN 24 L d5use) wEAe dgssd 1Y %
Fol AFAGS TS Fale] LA ALY BES AAAGL, A5EE E
e gel JAE UAoR St 29 ged B A9E 99 A2 ok 37
4 sFednde F4ste du dgd FTAY 3RY AFETL AP
.
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2. Az R Uy

21, 71& ATEF A 2 ERE B4

el A AFEAtA @) B TR =8P 2 DA S $51 7]
= A7ARE 53, AIHAG. 71E A7FEH 3 53] dals) Az A%
249 #9529 AFAYNAY 5 R AFELE, delo) £8% AAY A7
e % dale) Sses 9dY Popo] 2HE BR SEEAL ARSAT

AERat dole vd BFE ALY A% gl 2He Bio] TPV
F9 (1997, 1998)0] 2AE 304 BFY oo A, £34 AFLILE Fo3)
93, TYANFEALLS MEH FU ATV\B] @ dalol e A7) AxFBE

A2E +7, RO B AZFBE AZE 429 AT F 92 POL
(Proudman Oceanographic Laboratory)olj 4] A F3}= TASK packageg 0]-83}
ZHEHE AAE BEH H FR H EX0 dE TA, @E5UFEY I1F7
YQAHS AALSIR T, BIRA ARQ FFe WEe mietsly) -.4?5}04 Doodson®] Xo
ge] (Doodson and Warburg, 1941)E o|£3le #=d HRFERE ZFARLS
A A ATE Xo HEE 39719 weight& Z31 half power point7} 0.456 cpd (cycle
per day)2A AFZF O BAFZ{HE TS 24JEE SH3A AAs= R
2 ¢4elA ok (Prandle, 1987). i R SIFEE A5 9o AFHF Ul sHiFY
AMHES wetalr] et TP FRAILel o8 AT FAEA 1988~1995
del 8d 59 BEH 49 BIARE 2Age] AFAYE SeAze B
2HE A4 AAY WEe FsgTh A5 Aat o AQNAY Az
2HEH 83zt HTFHE AAST 74 dxd dFF L FI g oA 8d7Y
o 949 sgdas AdEAoh

Aol ol e o3 deke wol wou, BFHY wTe PEE AgH
o 73 BEI 48 sl G o =3 AYAt
el sgEel BHME 1= A7 MmA ol o]0l
U 5, 1992, e dAdTA, 1994, 1995), el EHE
Al el Bl BE BTE AEH & ar
A gx gt AT AFE, B, B3 MAE, A5 FTAA %ﬂr—.% AR
Zo] HEAL AFd 99 53 IEHFH 7Y, i FAASF (cross- Correlatlon)
£, Fourier ¥ o]&3 AHEY EA, s@HIH (Wavelet transform)g ©]
23 A¥EY £4 5o EAHA £FE o gael EAIU.

agBEe Y AGH APAAD AFNED BIAY NFEE T F -
SRERS H +ER3 ATARY dudRe A BAHY BE Sore FHos,
CTDS} ADCPE o] §& BZo] AFaPolA 63 HFAY Mswoln 850] 2
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s o gy TS IFPIHEERAILA o8 F=2 FIHUG
(Table 1-1). & - B| B3 EZALZ T3l 370d £ HAlE CTDS} ADCP #Z95]
¢} 7z} ¥ #EYRE Figures 1-2~1-110] Yehligich digtsigols e BESMS
2 AaE AER (1998, 1999)0 FEEHo gloenz £ BuXNdqixE dfP S
ALstn AFNPS £ FGalolA BE5dE A5 3 F2 7estRo

CID #&¢& £%AoZ 3~5 mile tACE, FAZo2E F4l0] sl &
o742 BEHE AAEFAY. dFEAQY X Hoe {3t Ar8E CTIDE SeaBirdA}
A Z9] SBE 9llplus 2 SBE 2524 SBE 9llplus CTD®] UubA}eke Table 1-25}
2o,

gdutzlo g #EZH CID A8c E7HA ZAHE 23 A7) WE F&
A7] YA AAF Aol PBasth (Morison et al, 1994). R WA EAE
zZt AXEZEe] @F 714 YA (short-term mismatch) 24 ojF F2AXx 9t M7
Aer MAM7Ee] BdA= gE2dtol3 (salinity spike)& & de{Ad Jvh. F HA
EAE 49 2FEAZ £AAMY JExy FHAM F9 FYE (dynamic
pressure)] WEo] 7]Ast= Aojth A WA AT st #EFH FsuS0d A
ol7} A7 AU, ¢ EAEo] Hnd FIHA & A HIs| FHIoor 2
AQ3 Aubdd i3t A7 Eo] AITHIT e ZALE, AUARRE MM dB
A(thermal inertia)o] oj8] TAITn RuEH Qith olefdx ¢ 7]A] e HE
9 227} UEE £ ed oed ASS FAMA WHoz AAM, 2 A=
2] YAE SeaBirdAlolA A FEE Seasoft T2 WS o] &3FHT  (Sea-Bird
Electronics, 1996). Seasoft L Z1#ol| o]& AX A A5 AL Table 1-37
zon, dRAgo]|3E AAFY] A3 sensor Alol9] alignment= 0.073% 1A C
2 2% % 2 conductivityE setting A|7|22 A NA whA Ut

CTD7} g &2ola 3 o2 o]%53lH conductivity sensordl] H&ZAE ol
sample® 2 a0}l AHT Eo] FHY EERTG 27 2 2&EE JHAA H
o] ATEE A&A7ith 0|23} thermal-lag error& CELLTM ZZ 13- AL8-3}
o RAgo

Ads 7o AgdAez 7|9 ¢ FILTER Z223o|A 0.15 A|ZHA S
b= AFg dEE ol&std AuAsHT, U4 (dynamic pressure)e] FTF
A A7 Y9slA LOOPEDIT ZTE2adA CTD7} dALEE o|sl=2 L3 d o
z9 225 AYstes FHS ATk

A @A (thermal inertia)o] 28] AR A3 AL AUTGE A
o] d&HA AL Z3] HZY do|ltd (Lueck, 1990: Lueck and Picklo, 1990
:Morison et al.1994). o]o] t]g B AL recursive filterE o] 83ty s3I A% &
&, GRIT2E XA AS2H CELLTM Z2 86X oot 1/f #s 2AHF
o gM o]ZojAth SeaBird AtolME a=0.03, 1/p = 98 FHdn Jou FHId
Kim (1996)e] <&l 911plus CTD o] ALdl= a=0.018, 1/p = 9 o] 7} HAF %
do] HEHomE o] g ol&std RAIJAD. 7g FHEF ASEL
WILDEDIT, WFILTERS 9] Z 2188 o]t EAHQ wyog AA}GLH
¥Z29 ae AP E BEHT FES AYART

ARE

flo K

(e o i



Table 1-1. Qutline of CTD and vessel-mounted ADCP surveys conducted in the
South Sea during 1997 ~1999.

CTD ADCP
E & 24X T Rin [Pimo
252 yoder| |25 Model " depihlimg|  ZMU
S0l 282 | O]19~20} 911 | X
03 MES 22 (O 20 911 | O{25~26|150 kHz 1 _
am=zs o] 2 o |0 22~23 1§o kHz 9/25.87? 8m | 1X | OOIT NBT)
24~25(150 kHz| 92470 : 8 m | 1 | QOlIOIE (NB™)
04] WgHdlE | O 25 25 | O|25~26|150 kHz| 924.68 | 4 m |30% (ﬁg g{;g‘g}.
1997107 misighE O] 14 25 | O | 14~15 |150 kHz| 8/24.68 | 4 m |30% (i% gggg
TRIZE-22= | O] 29 911 | O]29~30|75 kHz [ 8/24.82 1 8 m |30X| e GiZ2000
09 HzEzxz 82 |0 1 911 | x
Ldsis 22 (O] 1~2 | i | x
10 maie (O] 2| 25O 2~3 |75 kH2'[12/24.92] 8 m |30% | 51212000 (10kts)
1] s O 27 | 25 | Of27~28] 75 kHz |12/24.95] 8 m’ |30 | 622000 (10kts)
: :s& Lé.u:l O 5, ][ X
Sl B2 | O] 6, 11 X
04 _moe U2 [Of 7~8 X
oz g (O] 810 X
ASNE G210 | 8~9 X
’ S0 802 (6kts)
04| [HBIBHE O 26 25 | O [26~28{150 kHz| 9/44.57 | 4 m |30% (1.0";;"5 ﬁg%@?
. e
1 Y \ RN « 20 802 (6kis)
07) g . |O] 6 25 1O, 6~7 |150 kKHz| 6/1675 | 4 m |30% | (1082 SQB=),
\ ' AR T G R - fa.§aQ§f&
1998 Ol 8 257 |O| 8~9.475 kHz |12/24.72| 8 m |30X | H|=2000 (10kts)
Of 20 X
Ol 20 X 1
O] 21 X i
O 23 X
O 24 X
O 25 O 150 kHz| 8/24.48 | ooz BB
T A T N T
1ol ‘O|26=27,|150 KHz| 8/20.85
A e e e 2085A2) @
R==-22= |0 24 O |24~251150 kHz| 8248 | &8 m |30X| OO (BB™)
2oz 4= | O]27~28 O |25~26 {150 kHz| 8/2476 | 8 m |30X| QOIS (BB™)
SIBIC-CHOKE | % O | 28~291150 kHz| 8/24.76 | 8 m |30%| OIOIS (BB™)
02 HEZE-B2ci O] 23 O (24~25150 kHz| 82491 { 4 m | 12 | OlOiI (BB
1999 08 | NIZE-E2= O] 5 O 4~5 |150 kHz| 8/248 |4 m | I2 | QIO (BB
*HR/TT: BIZUESINARH BEARAIZE ** 91 ZE0IM ZAH BA & 108 3=,
*%% NB: Narrow Band, BB: Broad Band
[ ] L[] l [ | |
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Table 1-2. Manufacturer’s specification of SBE 911plus CTD.

= s ) filetes
2= 0(5106,332 gsi)a SOT~350T (ab01(3t~07~§4/(r)n psu)
Pt 0.015% of full scale 0.002°C (abgl.l(:o(())?OOSB/n;)su)
28 OIS [0.0015% of full scale 0.0003°C (abgﬁog.zoosz/n;su)
24Hz0IMQ) GHALE | 0.001% of full scale 0.0002°C (abgﬁog% Oi/nl‘jsu)
BIENIZt 0.001 X 0.060 X 0.040 =X
* Depth capability (CTD and sensor housing) : 6,800 meters

Table 1-3. Standard data processing for SBE 91lplus CTD recommended by
SeaBird Electronics.

1. SEASAVE acquire data at 24Hz
2. DATCNV convert raw data
3. WILDEDIT check wild point data
4. CELLTM thermal mass correction a = 0.018, 1/ =
5. FILTER filter pressure Tc = 0.15 sec
6. LOOPEDIT exclude scans with v < 0.25 db/sec
7. BINAVG Average data into the desired pressure r depth bins
8. DERIVE calculate salinity, density, and other parameters
9. ASCIIOUT convert to ascii data
AFs g dgsi gl FBELS /7 AAE HTAF S AA
o 24g 53 FAA6 g ADCP

o] &3 F;Zo] AANHUYG 2FY sFY A7t FAEAY 2/ FAE &

1 ADCP <& #EZH 3 - =/ AS2HEH XFAES AAse e
ZAg 28y Z2F XIEY YHL J83= 29 (Isobe et al, 1994),
< o] 9t} (Katoh, 1988; Katoh et al., 1996a, 1996b;
FolMe FalolA] A HAdFZHY dF2F (3, 1979;
ga) Ao e olgdtel, nAY WEE o WA
4 8129 W BEToLA THA AAD WD AR A TR B
Z veobstdnt T FRANEC oS gAY AFRAEZE T ATF7EY

o
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ZARA B 80259 %k 200059 Azt FaE RDIAMSY 150 kHz 2 75 kHz
ADCPE o] &3l o]FojHth FA4F 802355 o] &3 A=dAMEe thdtald 97) A A
A 1087 BAAE FeE #BSo] o]FofF, Y 200085 o] &3 FZA
T ZAMAY £5F 10 kis AEE FA3IHA A5 J2ASE AN ZE
AFfPdAM e HFBEE FAMNY £5E 8~10 ks AR E FAFHEA A& 3
gz AU olb ALEE ADCPE 1997'd 9€o] #SF 200059 75 kHz
ADCPE A3} EF olojr s ol FALAMe A2H 150 kHz ADCPE A}&31H
t} olojx F o] ADCPE 1998\ 99 = o] Ao Narrow band Rd-& A}L3 %
O}, 1998 9€¥ 2] = Broad band U@E oA =Lt

ADCPd] 29]3t §&@;=2 1%, 30% 32 18 71Zocg mFd o] 7|2y
st om oju FALAM —’_',‘—57]— 10 knots?l AL FHHo=2 <ok 150 m £ 300 m
Atolol Hod f&o] 71FEth 3 HQ] samplinge bin depthE 4~8 mZ 3}
o o 4~8 m NAHLE {F&Ho] BZHEE stk ADCPo| &) F5H Ay
A AFEHEd HAG FALGER P FAG SELVFLE Yrda olw
percent-goodo] 90% w|RIl AR & EAA A Y3tHtt. ADCPo 93 fF&A 5
= ADCP transducer®] £® 3t 91x]9} AAd] 93 sF g=o2 Qe ¥
o Z2RE £4 156 m7tA 259 &40 A7H, HAE ZHAME FHEHEER
(sidelobe)] A uwkrlo] &3k zHdog <l A AA F£49 15% FEA
(Simpson et al,, 1990) A}g2] &£4o] A 715}. HZ A &4d5 e 8= CID A=

ol}ll

g ol&3te ANE AFFY FHHA FEAolE EFLE2RE 15 mAA] A 4§35
o HY ¥AL AS ZACAME ADCPoﬂ ogs #58 HAF +&5F AAWS T
FHOZ bFsted I Abole] #&5 WAtel <fs) zH-rJ vtk o 39 §&A8
= CTD #53H 9 A3 FL3A 3~5 mile 7202 WA PFsPn o
Al Azl dia B At A 9™, A ol 23 dHYT HFEEE ANSTA
ot

23. s 2l

dele AFAY, ABAY, AT ks Alo] 5 A 29 AYAAS T
s sdoz dale dsede oHE AYAAS T2 A5 FEUH @ - 9
s, EDS 59 G- 9 BY29 wigsy, 24 2 2 H5 FNH
UEREd o8 sse@el A9Ath GHE A T AEEAS TP B
Az ARAANAY 4, % D AFEEES AT FAsA Yas Fa
cee AT AQY & gk 7129 o AAE WAOR ¥ FARLL o
£ el ATE 4o YEEEE DA 2e erEde] fREoud
(dl, 7, 1994; Chang et al, 1997, 7, 1998). 7 (1994)2 =4 ZAE, NLAAE

& 59 529 52 A¥zoes 1estdT, Chang et al. (1997)3 71 (1998)

rlo o}m

rL

BiAag gz x4 ZARN ALAAAAS ARLIE FAA T
Atk gelel slat 2R ool 2A ALE Fetel Ygjne
caddg ol sAHeT fhel YWA Bod AzUH, £d el
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— —/“'\_ — =
E7ug 7%174 AT ARE FTY + 30] 2ol 2YRAE ol SANT W
S

s
ZA73AY, AEEA L = T o
g BTAd 334Y e Zﬂﬁ_ﬁ}ﬂiq- Edo £HHY AR AL
Zt AN £52 FHHOE &Y Foz rt 7T 3

foksd w2 POM (Princeton Ocean Model Mellor, 1996)°]t}. POML- 43t
e o8t AfFaATELS TS AAITHEAT € - 9E BEUHA
FHHOE o-FHAAE MBFFLEAN BEFT AP B
| 3t=8 35tk POMAME AFaidEY Al - AU #Fo] 1y
ZAEY 1 2 AFAAM 97 qRIE ARY FIHIUL b E
(surface mixed layer) 985 EFsle= F4& #xn U

0

i S

R

ol

—_—
rr

8|

s

S

2

(%

olr
2
X,

bu o mu e

w o I

o

(Eojo o &

(ot

w
b
X

3-1. 71& |47+Z2%

Ee] ATAde das 4B F2 ATHEL ¥ A9 2oz Yol 7
$4 71z A7aHE FIsAok

o B3l o £ FX 54

7y (1974)& ZEFAAZ A o5 1969~1972\d0] ALY tAcE #H2d NS
Haste Fao 2dste FAE ER/stE 4 59 ALE HFE e
A A 8} ”Dﬂo}‘iit} 7 (1974)0) 9J3lE Falo] Edste dge drhdRe, 33
GR4, geldtsr, ek, Fadg, A AFWs Foloh A (1981)2
1961 ~ 197557,}4 %%*J{% A 1971~1979'd Alold] dE é W #5d A8
2 gsled 2859 QEEE (Goto-Retto)7t DA AL s5EA W3
o} A& o3 H5FsFS BustP, A (1982b)L 1968~1980Wdzte] =H 4

Uaje

AREY ARE ol&sto o
1983)2 AF#HP L 7t=2A2=
FAFL MY WsE 1%6‘}%131, &

—

Agk 1981 8hA %H%‘—*r g sige] ol 11—?% 4L y_sza}%ic} 3
(1998)2 AFs PN 2 HHoz AEZH AFRE o &3t9 AFHPFN 5 4
H BYEAL uAsPth 2 (200008 AFE FHS IS FI] GEEIN AN
3 E3 §|4E4 259 Chen et al. (1995)9] HH S =15l AL H7 488 F
A BF3T dgE Zb £Ho EFEE AMIAT o 199 Y FLE
EXEATY 4o EF SA4 #AE 1Z8 A

Kim et al. (1991)2 G3lE X &3 & - F5 T34 1986 1€7 69 =32



A8 E o]&3to] cluster ¥4 F3 FAE 1/l 2§22 E/3AT Kim et
al. (1991)9] oj&tH FZ=3] 34 (East China Sea Water)et HWH 3§t a7t AEE
Fae] gRE sdd Yelvded, 5538 des 1 542 vFo] (T: 113~
17.0C, S: 33.53~34.80 psu) F2AL 7149 2 k5t 5533 sl 9§
Aol AFAE G gl d¢ge F24F shF 4] 50 mo] FXska 3lof
il dF 22X QTS wE Ao AlREd. ALH dE AdYele o
2dde A YA g AL, 19y st X3 ole 7 (1974)0] &
st Faldeds2 A Kim et al. (1991)2 ol HajlM e FAFA Pzho <3|
ac}’ I sz 7]’—1—3}9\1‘3} dEH EFd Edste dlrs B
ojalolm FEA L9 P We FLo] 2 HFY - FFI3A BE3}

_HTS”]’ A 0] oEHZ o8 g
Hur et al. (1999)& 40Qd7te] HALE £, FEAEE o8 FAE ol&F
cluster 24& &3] Jaj& x§3 3. F 5
3, 7t 43 98 EAT ARF BEXEAS AASHT Hur et al. (1999)9] ¢
& Kim et al. (1991)3% fASHAl AL dde iz\]g 719 814 (Kuroshio-ECS

23 At

9]

—

fir 3 "3 rE ELJ

>,

Wate)7h ol u9laiA EXa, dol A% Arole 1~493 11~1290
ol JelhlE Z2AQ d49 s £ (Mlxed Water)7} £X3ch. o &
Aol FZAL 719 315 9o %A} 3144 (Yangtze River Diluted Water) %
Az Gz BAZd BEIste TEF (Yellow Sea Surface Water)7} g3joll
z@)

428 AZAPlE ABH £33 430 FAY HAFE WET 4GS
sk BEeD o SpRoE ATE AP Rol 22AL S99 nge
2} e ngel 84 REE JNFoR Feol Re WEA RIIT
1991; Lie et al, 1999). 24 5 (19913 = <} Z (1994)& AT Y71 o

nlm

o

oy -1.> e

23 yzog A (Nakao, 1977; Park, 1985) Fay49] &7} sld =g
sa dol2 #9E Fsae ANGRADL, AW AFRIY AFAY FH Pl
o 9% siFEEe sl EE]C’]'L_ YE7t F2A2 7199 1959 A AF
= 1é15 AFHPoz2 FUES 2AT (Lie et al, 1999).

2]
g B3] 2 fdde drkdFaed gt Atoldle diebdRa
ol ‘ﬂl?fﬂ Ae, Adeln AAAHoz B4 Wizt & deldasrt dF 2XIH
(Gong, 1971, 7}, 1974). Gong (1971)2 ALZ AP W57t 48AA F - AF
o ZEegm stPon, Lim (1976)2 ALHd el 4" Mo Faidt
F7} 7“7%}04 d2d7x A48 Gl FF Ao WFA AEEolE A
T 9t} Stk wie) 2 g 7 (19%4) HEFH g FUAR AF 2Xde 3
Z7t AFAE HAHGAM FElZ FUE A2 FAGAS

o el 3

=

AE3 —’FE Fug IS gdee F
Moriyasu, 1972; Lim, 1976) ol & 5 o] o

(Lie, 1986; A %5, 1991, 4 3 =, 1994). A3 = (1I9M%e 98 AFT Z¥ 3o
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o 714 @l e A4E FITUSAAFY FRAAod 1 Ado] FAR I
FYe gristgons Y% N5 Holw st FAY H7E B 5
FIAZ fEIE B9 A5 TAFY FAY JAFE 4ER] AL ALY
e FTAAL B FROE TN, FEF F7lHE AL FEAL
2 me gxoz oFstt A o] BEELE FAHAA AFE A2AA 9%
2 ©)Ach (Beardsley et al, 1985). FAF 8459 WAL IAT A7

SIREos dfol F7letd FAF TAodMe 260 psu Pite g Ao
Mao et al, 1963), = Z@ajol e 322 psu ©|2te] a5z FelgA (7 o
=, 1994). A BNl GEHEAE 322 psu U AT o A Y
FE 79z AFsNFd velta 1084 A2BEY (7 F =, 1994). Beardsley et
al. (1985)2 FAR 9o HFr7t AHAY FAG F#20 98 A FAR
& FIU51AM 7148 S5 o3 Aoz AA st

ge]

e AFNEL T AT FHY FHFEE
AFANY 0l F Al - FUHAA @FA, e ssd
2 FFEF A8 FES BAZ & 2HA UA 71 ~
A AF 93 = Zdages AFAPA 5% £ 5539 l
Bad (2, 1979; A F4 &, 1997, = 5, 1997). Chang and Kim (1995)2 #|
G2 g Ao 4 30 mo 60 mell A oF 2097 #=d R HaAdH ¥
< 71&sa. slFA AFol g F BS o EFHolY (o], 1968; o] ¢
¥, 1969; &, 1970; o], 1974; 7, 1980b), # ¥ % TGPS (Telemetry Global
Positioning System) o] (& 3 x, 1997, = %, 1997), AFAAR F4 E7)
Beardsley et al., 1992; Lie and Cho, 1997; Lie et al, 1998; Lie et al, 1999)Z o]
3 s FHZo] 9A AF= FH A HAE vt Ut} Lagrangian &7 23
T AFE MZE BEFFY AFNE Y 58F 52 E5EFY EAE BAF
R, £3) AFHA FH EMAEE AT EE22FH AFE AEE AY A
FePoz FdHE AFEEE FRo] BAFIUT AFH 7 52 AFE A
Zo|A 5 cm/s w|gte 2 vl A Rt AFHPAAE 10 cm/s o]F o2 F3EHE=
tl Chang et al. (1995)& AF= AMZEA & F& Ze AFAFI F& AFAE
02 FAHAA FY M7 AR AR PR
AFa Pl 712 FA AR g VAL HFHAEZ LS LS 2T
el %2 Aol maY, HIZAe MUY oA=dd wnd LHE WA &
I FAH HREEE FriFez BEFY £ e HAE ¢ ZyQ (TG
AF2, 1999)d] ADCPE #A#ste] (TRBM-ADCP) Hallold F7xHoz sifFgs &
z3lgde AE7F olFoR L Utt (Teague et al, 1998). AFT HAZA
TRBM-ADCPo} 9& Arjdoz2 #&Fd FASE AFT MZAA NALFoE
turning & A FHFLE Fdle AFY EAE FABFH L2 AA AT} (Teague et
al., 1998). ADCPE ZlIFol 3% s|FHS o ZAMA ZAEs g8 F A%
20| JV5Etnz 53 AFHEH 2L AVAAY A5 REH 2ArEL AT
shed wf$ 83t (o, Katoh, 1988; Simpson et al, 1990; Kaneko et al., 1991;

o3
=

i
=

5e o

LS
ot iy o
w

4 o 2
ot
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Isobe et al., 1994; Hoshika, 1999). sl&F Al Aol < slF
Zo] o]Fo] A AS 1BHAAY sF WEo] B 788 ARE 9L F 9
Aol e v FY FNAHA FRE o] P& @Yol glon, =
F3 ADCPE o] &% FEAZL dFY AFd dEARTGE AF F14F
ZE votsted F&3tth AFs PG go] F4do] ¢ % A
ADCPo] o3 58 A22HEH ZRAAEES AASY dsiMe 13 a#2gz8
B 27/ 23 WS HL3e B9 (Isobe et al, 1994), A shHe] AT
ZRAEE AAT 7 UEE 1% FHg B2 FEs= ol Utk (Katoh,
1988; Suk et al., 1996). AFa PN HEx2 Tz wH L oj&sld HF U =
o] 33 EXE 993 A2} Suk et al. (1996)0] 23] o] Fo]H Tl BHo| 4l
g o] B#= A ZF F{F (~100 am/s)7} AFEZ X9A JEIGS HYT,
G AFEZA A AFAHANNY S5 H5FS oF 03 SvE YElgth

o 7l o} AlFsfF

FEFH AFEE B ST Uda (1934)7F Hx Ade ol 5= W
A w2t 55 ste F2ALERYH A8 dotdRo FHdRIL 8 2
d siFE AFHASG F dFe HEY 7199 1., 199 {FE Fad S
E 5oz It FHH Ao d B do FFAo] I FAld Fds|
9 sy B R TN A & 4FE viFd. Uda (1934)9) 93w
gadRe AFE MEE T F FE 55 XS wg BAdste iRz o9

4 Stk Uda (1934)9) slRRA R o3 Fsjdfe 24 19804 oAz +
€50 gter (o, Nakao, 1977; Nino and Emery, 1961), 27X Udad] 3| &
2257 48 FHoAM AL Yot (Tomezak and Godfrey, 1994). 1980 &
of FaldF g Uda (19399 SREAEs ABAL7 A4ELD o F Ha
7hA] iR A2 7ld 2 FaidFe #EE g s B3 dF
7F ALH AR

2 (1974)01] ot 4F %H%—rur Majagdset EFE dRF7F AFE A
S 5% F AFHELE FAES Basigen, ol 4% FHE FYHE Fd
dR (%, 19719 ARt ﬂl—raﬁﬁoi TYEs Ae2 AFeHo. A (1980,
1982), Kim and Lee (1982)% AFARE LIE €3 AN 299 dos

5% 2, 98 8T ASE BAsY 83 1@, ngY FHIFRI &
3 W52 Ax3] BAdste Ao B d&s Aistgen, AFE MZ AHH
FeopE s%o] Uehe ne, 19 47} $eE B4eA 2T AFAEe

o,
=
\O
0]
O
—
\O
[0%e]
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&, 1F9 AF7t Fadaes AdE olFn USE s
Uda (1934)e ot o&3d FsdRe] EAo] B3 AHEY
Sl @8 AFE A% a5 AzHRos § = ame =47t

Folol wsAn. Aiie 29 s @) = AAA =7

o] tiXdo] Hi e W, AFE MEE I T AFHFLZ FYHAE @
Foe 94838 ollgt & AAdx EAFe] o8 A7 Az RE Fsisio
(7, 1974; = 9} 7, 1983; Lee, 1983; Byun and Chang, 1988; Kim, 1988).

sFHe o9 B2 Fwad EFw £ oD AFE BZot AF
57} 2em AFAPAE AF FERI EA%el mnd W) gden (o
1968, 1974), Y4 AU Aol g 2o ohiet BRI} AFAY 2
Aol 2% F EEE AFE AMES FIs5td AFHPoz FdEe G/
AE AFFoz BoFa gt} (Chang et al, 1995; Lie et al, 1999). Chang et al.
(199%)& AFE Feols 420] 53 ARARS} A45 A2E ol el T2
A2 RE B 1, 199 vt AFe AMgE £33 T AFAPAA &
&S By o AFEEE AF IR HE2Z SR, Fol Lie et al
(199)= olg AZBF FHRT

297 49%F ALEN BHoe AFHE BFY AddS A3t 1L, 1Y
o AFGFIF7 AFEHEY A AAd EEIFAT (o], 1968; Chang et al.,
1995), 283} 7}SHdE AFEFSF o & - FFZU FRAPFEHAA 71Ds}

7 (1980) ole 2
LSHA o] FAA

_HII.

—_—
~

rpe e

4 ¢

= F3yS, FaAts 2 AL JH4F okt FR FH7F AFE el
Uelys ZeE BT (Lee, 1983; 7 5, 1991; Kim et al, 1991, 7 3 =
1994; = ¢} 7, 1994; Hur et al, 1999). AFs|FolA 712 s|FA AFo <)
A2 zgo ostd (7, 1979; Chang and Kim, 1995, # 34 k=, 1997, =
1997) ol2j3t st +H7t FEFEE FFT & Atk Suk et al. (1996)L Hx=2
ADCP dt& #Z& T3 ATy A Gy dH¥F 77 5F &8 Bixn
olg1st FF9 HFEZ AT Ft HHATH
AFeF) A 717 #A Seung and Shin (1996)2 EFo]

22X 2 HH TZ]Q HebdFeo AE AAC siFete FRo] A E S g
BE AFAFoZ Y1 dFe FHE FHdEHe A2 A5 AFE
FH9] HAANYH B FFIAA Wolx g 100 me] FFAMdol AFm
AA-E Eot AFANFPLE AZHM, oj2gt AP FH 5442 Seung and Shin (1996)
o] AFslHKol AFIAFE FAHsle T8¢ 8doE AZEY. Pang et al

(1993) B 4 T 2 (195 AWF FHE o]F F2ALY A% A7} 5544
o ol BASEA geides 8490 g0, Katoh et al (1996b)e ADCP
42 AHE o|gatd TETH USEY 100 m SHFANES we BASHE 520
=A3e nasn 3o} AFAFE AAAH 8l 5D 5ol B AR

A 379 F19) Sk wEe AT FAzdel FPE AzA2E W

o) a5 Aolg ABH} AFHAFI ATADANA AWF BHE ES AA
so, AzARS AT WEE AZANN B2 TAH vigs Aaars)

A4t (Chang and Kim, 1995).
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Table 1-4. Previous studies on surface heat flux and wind stress

+

\— [o}

5 (1994),
), Han et al. (1995), Na et al. (1999)% ¢

2~
T

F9

B!
il

]

Al X

M=
3 ol M 2
S (1992), 323
T7F ATk (Table 1-4).

surroundings seas of Korea including the South Sea.

do] B9 FAZTULE AHEH
537 AsiMe FE=

0
I

HE

in the

A= 22N AT NZHEsS I 2 N2a
1978 ~ 1987,
12N\2F ZHAALE, ,
JIStE, SSTE Ol= 127 km O, 7 HIEES 2 curl] L S (1992)
Cardon model XN=
Na Higt AN
1984 ~ 1987,
A 42 T 2
I‘E’_‘oj;’;7%’§122 Surface heat
ECE,\;’W; NMC 20 x2° 2E budget, HIZE, 2Z £ (1994)
) (=]
(SST), NASA = curl
(HTENED
1978 ~ 1987 .
' OEZ, 287, | oo SIoHCI AN
IZ/\I%aZé}EE}K}E, 127 km Amlea oy |[HIESE R (1994)
1978 ~ 1987,
12A124 2t , &, = — =
N S R EOF 2 S| s=ogens
Na Hi, 127 km AHE2d 2 SN-== (1994)
O=EER & 10 — T T N0 Hi2ss
2tAH A2 BN
1978 ~ 1987, oz, S84,
2AI2F 2t Ats, 127 km AHES 2MO| |HI2S8 & curl| Han et al. (1995)
Na HIZ oIgt &FEJ| EN
1978 ~ 1995
’ . HIZE&, curl, {Na and Seo (1998)
ot o ° X0. IR QEI ’
1978 ~ 1995,
2A12F 2tH Alg, | 0.5° x0.5° OlEm, Sl & 2= Na et al. (1999)
Na Hi2t
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ol

71&Ee] AFe = FHalde FAS ddez 3 #AZ THFY ML=
05° &2 127 km=2A gl s 7]14& getsied AFo] Ad. U T (1992)
olsld Fajdl e 6~8¥ Alolodle FFAEY ulgo] LMty 8¥d Hujrl H
9¢ole BFFOoZ uiEhidko] vl 7] AFete o|¥F 397tA EZFAEY vt
% | A3 A BZALY uFgELe 194 o 1 dyne/cm’d] @3t &
B GEo] uls] 23tk Na et al (19990 o5td 9~347 X & FslolM A7z
g wjst7lH 4~8LAA = sGollA d7|Z Fol & AT

._E'.

AFTYAd 23t uW FLEZE (Lie, 1989), LANDSAT <SAFAFX (KORDIJ,
1987, 1993) ¥ CZCS (Coastal Zone Color Scanner) %4/3*x}5 (Lee et al, 1998)°]
ot &) GERY Az Six FHHIL A8H EFF20] Ysfgl vl
g4eln Q% BE7b B selolth £40]
T2 2RI AR F AGe BLE 2HEF] g £30] FIHoE FAA
(28 FA T4, 1986), stratification parameter (H/U’, H: AAF4A, U: £43F
® %%, Simpson and Hunter, 1974) % potential energy anomaly7} 2 3} o]
t} (Lie, 1989). A1 &Y Alo] 23 B FLEX (Lie, 1989)0 ojtd xze} Z4t
= 99 E3Yre ATAY 3602 WAL 24 BolT slo) ALY
g B4t AFdRe g4 dEl dAddes fdEE AT AFEHE
BZoMe BEHEHEY T 5]EH 40 mg/1E Yelly, 1559 Z{EHE
A% J 10 mile7t X 2 F3HTG (Suk et al, 1996). o]23t 5= {5
2AHoz A7 Rolerlnct AFF o5 ZAEFANN AFAPL

W
L
3]

I
=
X
o)
®

=
P
rlo
2
o
mlo

o

£ 25 2 ¢l AUGY BE BF/ WD ARG FALL o
1, 2239 E BIAd] F£E3genz B BuXMdre AYsAT.

3-2-1. gallo] oA AdE s

Figures 1-12~1-172 g3]2] 57 50 m3Ax 8 AL ﬁéﬁx—i 2, g8 8l
9% B2¥s Jepdt (FESFANEH, 1997, 1998). 24, 49, 12€9 E5H 50
zo| Mo S5 EEIv A FHE Holx ‘01 AL BHde F30l
*zv_-]oz FAIFL & 4 Qo) FHFoTE 34° N B2 AL, g9 s
49} 33" N 329 12, 18l dlgrt vt SAWEe] A 4 - gddo] A &
o A2 A=Y MZEd FAFHT (Lie, 1985). AFAY X9 4. gAML Ax
7v <3l®E AE AFHT dgEdt AFHE W siFe FFELE
Z4E 23 g8 tda gast x

rLBL
mlo
YN
2
RNV
%
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Holx glof AL AFsF s AFARoZ FAHE e RRE 1L -
R FEZALAN 7129 A5Ye T & YD WA il Adel= AL
AL (< 100C), Y (> 34, 2)01 gk Ak (7, 1974; Lim, 1976)7} vebdoh
A% 2 Jho] BRelnz ALH Ju A

g 2949 A5 A A AFAY AF
o9 Aess oFel I8
dgedlA ol 2e 29T FA%7] Fol4

9 o ox d
o W Ho fo

_E,oﬁ_%,OH

rlr ox of me o Mr AT me ofN 2L N ol

2 119 ~1¥ol ¢F 8 cm=z L}E}LHZ]- (%, 1988). 10
__%_

gl ostd 11%~3%7;}z}%
L g Abole Aoy

&

g g8l At HaFHd BEL oF 3270|122, 1025 29 Alolo) F
o o3 g&c] 1.5 A= F7Iste Fig. 1-12 oA R unle} o] 299 R2 ¢
o] 3427} H7| HME gl dAgd 48 <4 50 m2 HFHUL W & S
(FEF-ATE)ol o 220 cm7}t Hojof gt o9} 2 FutFe Aa #=3 10
TH 28749 73 & }5%% (2F 30 cm)ol] w3} 7w o]AF & ZolmE Z4
et At T ERY Frhe Fdl o3 ZAvtez dHgo] oPo. A
A& e gt AFHE AZ BXstn AFAPANAM slee AAH 9

Aol olg} R E d&Fo2 FEsin glomz I dokss Ay Az
o] AMAHAAM AFafFol s 58 AHFZ T Aol BlFdh degde
2 vrd 199 sige HalGdAe dir]-ag FEFEo] 23 Wz (Kim et
al, 1991) 2% =7 T FFeE 1O JHo] Held AL, 1P EAL Hole

F9 BFE AFES drhEe] BESHE dohdfae] o
BAS ASEAT SRS PIE TEH ATAN B5 GRAYOR Se, o

=

ol E—{u:
i}
H
-4
=

i
f
-9,
kS
%0
L2
Olﬂ
y 0
rx
nl[o
:L
u
D)
tru
rir
o
o
o
i
1o
o
Ju
=2
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ot
2
lo,

Ehs 0124% RNeZ *}i%‘?}. AFHE M% @
Fem o] &fEnd mAE JGge g

cabbeling 7]2t (Horne et al, 1978)o] 2]a] A <9 H—’F‘?—__JE“ Z‘j/}_ —E?;_,-\—}
of "l oA =A ‘%ﬂ"”f‘:} Cabbeling 7]#2 23 @& Aolshy dxr} %L
of Hlg] dx7} solxe dAow

< F ot EdE Ay e 299 8
A

el A 0] v AP A 7]t

AEFIE HoAEWAM EFdFY 7€ FHASSZREY S57Y B A%
ToE F9 ssed BF 2% GRS ALH v 1, 1ds HAoH, F
Fo] 733 FAdE 2 ¥ 50 mE9 HFEAH BEU} 2ol BT 8¢
o Ze B3 %?‘ééh ?é AFNE ZX% Faf FEHGY JHez &
o] Y1 (< 240C) & 2 (> 322 8, AFE GAZ e AR )
A 2 (< 310) s+ # FH]TES} HrtEE Sl A9 gd&d #xste 1 (>

e
270C)9) S5 5 MMz TEIT S5 FEAAA YEVE Fue T Yo
e 2AEG o8 sAt EA6 YA
1986; Lie, 1989), A EFo 2 As) A4 £&xj0l7} olajde) v
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oM olside] Hal £ Fog R AFHY BEZ I ddgolT o
o] Hls] AH R Foo0] I FEO] & FFrt BX el Fig 1159 <
shel Fal ERe W5 gEl Add YiE M2 9294 91 AAT o)k
ATl el FRo] Atd7A 2L A ABHA EJr diEA Aoz Alg
g, AFHA ARl ek sAL A B Wash e A Yot A
2 dZ4%9 BEXE BAt} (Lie, 1989). W A W4s 3 453 ¥ Wy

gl tlAFRE B3 ZNEG o8 FAHOE VAY N5 A =

Xeol BE MBI Dat) ML HAE S AoZ n]2o] A= o3 3

3 FEad Wi i dAgtdo gz olBdE 7Qste Aoz Algdd. A=

£ @YY AGeE AT FE5 o) WdE A HA4S (Lie, 1986 3

5,195 4 % x, 19924 A8 AFHPE T PN g ge

o2 WEAT FAZ HAFE FEFo] L ALel:

o2 olF3Y, fEF0] Frtsle o4&

R o] BEFZ02 FHFHUA AFE A27HA F&E vt (Beardsley et al,

1985). FAF FNFe FEHEAE YAD AFAAMNE 260 WTOE (Mao et
3

al., 1963), dlE Fuis|okol e 322 Hwe #42 FAHAT (7 T =, 1994).
Beardsley et al. (1985)2 %A%t sl AA47E AFAA FAF /&0 9%
R FAZ 5% FIAFAA 7198 S50 A Aoz 2H2HA AASA
o AFHFE] BF e 1€5EH 59 FEANA 340 o4 =& FEFS F
Aste WA 5€ o]F AR HHFE TN FIUE AU FFo g FEo
AA Aaste 78 257 EEo] 322 o2 FoiX1 10¥€FRHE A ES
FEol A5 (F #H =, 19%). AT ¥4 AFNE L Fo 2 /U
T (3 T 19 3 F =, 19%) g Tt UdsEe S8 T2 fEE
t} (Lim, 1976). AFdE MZE FTFole 54 2 £A9 /A AT AW
gkol @ - GAXMo] FARY. AL &A vl sBAY FeAMNL FEHEEY
F&Ful7t gslste whAE SE] Adget G A FAHE dEAMe
Bl A ZstA wgdta, A 2D FAS 2 sAYFEY drdde] gAdd A
FHE MFY dxdde AT 2 Gz 459 AFAE 530 Felo |
=AML Add s H FAfold & F2 71Ut 50 mEF L SHELEAR
T AFdlY AFAA F24do] FEWFoRE E¥xdis wH TEEME AW
go2 BIe 5L Holx, AFIHILZE £ 160T 7|7, G 336 vt
9] #F=7} 128° E X Fe] i Age2 FYdHe A4S 2t AF= drvte
£ e AdY E&EdE 1e (> 170TC), g (> 338)9 #F7t XM, AF=-
ez ole d g&9 1g9 37 FHgeE FgHe £X54E B
3-2-2. A7) AFHF 294 4

A= JB

AZAE W AFREL ¥BY 2RO BT Y2YA AFRI} FHA Uehg
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o ATy 2REHLLE AFF £4E A
o HZ&ol Yehdn AxAld HFFeolud T3 HAARFESo] deHu 3l
(H, 1979; e FAT4, 19%Db) AFHA aﬁﬂﬁm 54€ BE]n T4 ¥
AFZ Astd FEFHF M7 MFFRA H &)

Al MR AESAIL Bek Z2A yEhdo 19839 53 A
N, 126° 29° 48" E) 41 100 mollA] o 20Q7koll AH 3
=] X]—E’:.-Ei o] 83} (Chang and Kim, 1995) X33 =
8 Bz thit 2F9o AZ L Table 1-59 2} AZFo] &
N2 EAfolH T2 My &7F 7V & JAES
GFEgke] zFo vlE] A dElGa o] 2/ F
2=

5

=

60 m3 oA #Z

o
o0, £4o] BE AEe] Holk A Yk A INFAY FFREL 30
B A9 109 an/s2A 5Y) B2 A AE9 o 12%] ETFIER
AFRES FBY 257 gLt 2y 37159 A% #3528

J ZRETG vkt A T Ha A {7t 6L FL350

Table 1-5. Amplitude of five major tidal constituents based on 20-day long
current data taken at 30 m and 60 m depths. in the southern Cheju
Strait in April 1983 (Chang and Kim, 1995). TASK 2000 package
provided by the Proudman Oceanogrphic Laboratory, UK is used for
the harmonic analysis of the data.

=5 GIND| ot | oy |y | o
M, (12.42) 42.9 2.9 43.8 3.1
S2 (12.00) 16.3 1.6 16.0 0.4
N; (12.66) 6.5 1.8 6.6 1.1
K (23.93) 11.2 1.5 10.2 0.7
01 (25.82) 8.5 2.7 7.0 2.1

Usom, Usom 212} 30 m&, 60 mEC SMEE &5

Viom, Ven 242} 30 mZ, 60 mE0| 288 24

2097 #25 A 71719 HIFEFE 30 mE A BEE (61.1° )2 125 cm/s,
60 mEAAE BEZ (509° )O.&2 95 cm/s2A FAFOZ o 3 em/sY & A
o]Z ®elt} (Chang and Kim, 1995). BT F= FAHo| ZoAAFE WHA|A WEEo
2 3 AstEd Chang and Kim (1995)& ©|& thermal wind #Alo] &3 {39
slAcoz dysigen sFA o3 #5H FHAHA F&59 Aolg AFF 9
3 FAHA fF&9 Aolrt A9 dXFE EATh FFAF ol #FE &

4 HFT HEALS Holn, o]y AFH MEFALL TALFY F&A
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N B3 SAs

P i

Yese BAES dald Alold] A E 5 km AEe] YH2oln AFd
3 A el Faiateld sl W ERuEo] douds E e FE=E T
"t} Figure 1-18& =Y FEALLo s 5o HAAF4 <F 37 md HH
o 5 mZ oA 19809 6¥ 3} 19983 9ol ztzt 1547 30U7 B2H s F9] W
Ago|th. BA-FF5HEe] 4EA /A FHH 550FY B BHTI‘7]' A
32 &4 4~ Ath Table 1-6& ¢ oA 1998W@ 99 44
#HEE ASE o83t st el o) A 574
o] NEg Yepdth

Table 1-6. Amplitude of five major tidal constituents based on 32-day long
current data taken at 5 m depth in the Hoenggan Channel in
September 1998 .by the National Oceanographic Research Institute.
TASK 2000 package provided by the Proudman Oceanogrphic
Laboratory, UK is used for the harmonic analysis of the current data.

ST OGN |
M, (12.42) 111.5 25.0
S (12.00) 45.5 9.5
N, (12.66) 22.8 1.8
K, (23.93) 19.4 4.0
O (25.82) 13.9 4.3

Usn 5 mB0| SNMLS 94

Ve 5 mBO0l LSS 24

AZqE FERAAL ulANRZ AZEo] I BZRE My, Sy Ky O N2l &4 0]
M, 227} 713 & AEE Holx, sANEFe] zFo]
A deErda gloj 2/ F 3

=2

R

o
rgmr_o.

Arxore »EL 22
S FFzgM e AZL AFHE G AZFo uHlF
254 FE AA Vepdo
AnFso e FBAY wdFzF AFL AFAY G5 vla] 2u) 01” A
A YeRFA R, 1980 1 19983 slAle) #& R A 717te) BEd e 3 H
& ztz} 2959 (BZ&ogxEl AlAWE)} 1292 cm/s, 20.62 9} 10.24 cm/si/\']



AFs Y FRAN EA B=F BT Z7|9 FAMSH Figures 1-19, 1-20
& Doodson®] Xo LEIE AHg3td] 2FAEEE AAT 1243 AA 9 mlz44%
el TAM, EEEE 2 75 19989 949 B AFLE B vIRNAE
FE€ Ui, AFY dFe A dS7A 2AH BRI A% BAds
SR GE oivet RAE §F JF2E FAME AFHH HFAA a7t Gl

l

F 3~74 F719] AFn HFS Holn
#5d dfF HEY AL FEe fA
stct 19989 3HA #EA B W 99 299 ~10€ 299 ZA EAMFFIE 4
8tAl vEtten, ojd MEFFe Hoi %é%% 30 cm/sell €T 1998 8HA 6HTr
S A BEE F2AE osd %2% AAE 99 8YEE 99 20¥7A 2
2T &% fAsHst 2 olFol o 394 22X F&o] 20T 7HF F7hst Je_r
% 3 AZAA FAHAS @REF XSS B JAT SxelX g rledse
Fgo] F7tste 99 st EElo] 7ol Fadta flo L9 Frke dF T
F222 9 YEIUD Rz AlgEH.

Figures 1-21, 1-22%= Na and Seo (1998)¢] ¢|§t F3le] €37 AL EF £XE U
ebdict Atz el F7HEQ dAEE 05° x05° o]H, 1978 ~1995d 7o) 12417+ 744
o] A7I=E ol&std Ak sdFoltt. Falde 9~3€E7A EZFALEY uiEol
A Hd F4L 8 m/so @it EFL& 3%73—?—51 nj ek X 7] A&t 4~

6ol & nigol ndetn 7EREE FAZFol 7] ANHEo 8E7A 7‘]—)‘: o 9

43 10€dls Aoz uekst HF5Fo] BT 11~1€de 23 BAF ]
agm 29 53] A3tk

3-3. HFESE AR A

B BuMoMe 3dd #AA AAR dFBE A5 T AFAFAA CTDY
ADCPe] o3 #Zd AEE S5 XY IdH7 sivExr ¢ & -7 ¥54
7o dEoz el 27 @A 1999d 23] 7524 #2" CID A8 4 2
B2 7139, 71El A #2" CID AEE 1, 2495 B $£2319
t}.

3-3-1. AlFalgolA e sl AFEX

AFsE W AFAFY FHHA F2RE gotstr] At 1995~1999d o] 2 A
ZAA F2 ADCPE o] &8 FAEZ S ZASAT (Suk et al, 1996; T3t
T2, 1997, @2 FATA, 1998). SFBEL o BALY AN AFE-RAET
a3 AFE-ARR 9 g5dEE NE A5 WdFz dF27 AA

2 4P T AFELE AMsignt Table 1-72 ADCPo| 23 73)0] 23 sjF o=
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Meg vehdnh 19979 389 AFS-5 GHg AYSn Yoix] sEn
AFE-BZAE FEUFeR o 30 mie Hzjo] dRA HAHAH,

A AS7] A8l 245A17F~259A1 752 =Y ?_}Ua]-% 83]~93) wrE =3
19974 39 AZ5-AEzF B2 9ro Ay}
& £2 Urol 30 mile A 2t wHelA 05 wE Y=g

zot A H-EL FXE gosty] HE CTD #52 ¢F 35 mile HA
ADCP #Z ol#d] AAlstch

m
Hu JIN
tt rlo

52
®

(12
>
_?L
pats
o
=O|=l,’

o Ju rg

b Az (2

Table 1-7. Outline of repeated ADCP traverse surveys conducted in the Cheju
Strait during 1997~1999 in order to investigate the spatial and
temporal structure of the diurnally-averaged flow in the strait.

B2A)7] ezen | USRS MBS
95/04/26~04/27| AFE-RAE 8 24.72 A7+
97/03/22~03/23 9 25.87 Azt

AFe-Ax
97/03/24~03/25 9 24.70 A} 7t
97/09/29~09/30| AF=-RAE 8 24.82 A7}
98/09/25~09/26| AFE-HAE 8 24.48 A|7t
98/11/25~11/26| AFE-R2A% 8 24.80 A7k
98/02/24~02/25| AF=-RAT 8 2491 A7k
99/08/05~08/06| AFE-RZAE 8 24.80 A7t

Figures 1-23~1-29= 73}o] Z ADCP #ZZAZHE A dB37 FEX
o ADCP &3} Wastel AAs CTD B2 2sg tehdch AZase 274
7aE 3ol #4402 AW 2429 ALH B3 W 530 43HAE 8-

1199 9534 7122 o] 2HEdT
A& &3

2-490] 43e #AHoz AN Fe AEE AFEBOT V4 27}
gt} (Figs. 1-23~1-25). 1999 2€ 9] A% RAx @ HZ3 C10~Cl2 Apo]ojA

e € gdde] T3l AMG EF HAT AR o= £ 9.0TH L
HE 332 mud AL, HHY vt UdEidT. £33 G2 9xe digt g
T2 Ut YEEITAE AMdo] Uel}z ¢t 19999 29 ADCP A7 £
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4% Agel Fol FA ol A BRIAY AFLEET FFF WY 5 A
AZE Agels AAdelN FERI Y AL ¢ 4 Atk 39 4Yels PE
340 ole] TAFE 19974 32 AE AAAL AT A A WAL ¢y
Aol AM AFE vheh gol A AFAF o) AFAYeR FEHE e

28 ofgoli} 7heHe Hal @ A48 ALY IL Bol we Roz A
28T 19979 399 A$ F& 100T W, 9% 340 PR AL, 4d9 &%
7} RS 3% gagol £Ese] 35 ne, ndel S5 nosAT @ - AW
qe G495, AFAY F40 2L BY 8% AWAE AHoz AL, AU

o
siF7t 44 50 m Bk 2o Ro REech
AFs Pl FapF SN dHF FE5EEE 38 7
d IZoAM meFd MEFVE JEhdE AL ALdsie 2%
A XA FEFFY F&0] 7HF A FedFos dFE 40| 7FHAasHH,
H FFFY F452 F 17~20 em/s2 YEhdTh 5FFY £3HQA &
3o Hd oF 6 cm/s, 499l F 20 em/sE VEN = 4Y 9 ol
7V 2A vegde dd9e AFAE 3 R2oEM EEdME o
= Ae vlekatA Rt ME&FIE UEhd Rolth. ADCPo 9%
Hasted T BaoA iFA AT g3 #2d dEF HEFE F4
oA MNEFFE BT (FFAFATA, 1996b). AFHFH ZdA <]
998\ 119l Al & W BESHAT (Fig. 1-27), 2 9o] BE7|7eE ¥
A S 1973 38 AFE-AE dRicd e F40 2L
Ae 2742 FERSG AEFR7E ol dehus 743
AHS & - AL 5F Y5ddA F 2~4 am/s2 L}
Aol slFe Aol 93 RAUAA FFAHA
ShAE e AUQA FEA gtk EFH AY ZAES ZAZ o] (1968
o 7HeE gl Adgd MR} EAFgE By
H 59 g7 55 EXERY RS JEHes A
3 galy Az A sidel 6~10¥8 MITFH
al

-Yi_‘:—\.l

m

L

kl

2

ol

—_ ol A

S
(e}

1

IO e & ode X O jr e o
N mH

o
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mw
w
e
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T osfo e x
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FEHEY FEAAEL FALEN wia oFstm FEF wiE BEFIL A8
< % 5 am/s2EAM HU FFF F59 1/3 Fxo
o 4 @59y fFEEXE AF dAQAgH 29
=
el

XL
i
o
1
o)
.
£
A
0%
Hu
Ho
b

8€ 3 99 F£4 30~50 mo] FAE 2 AL FL&AFo] 119 249 Aoe

ABHAL, 887 98 FAHE F2U4F LS AFHY TR AF=Zoz

7P FAH oz HoXle AFS HAth (Figs. 1-26~1-29). 19993 849 7%

5 F&o] 9¢o] Hla] 1.0~20C ©1 AFF F&& 994 Hlg] o 1.0T =7
7} 9

UeRtn Qo] A sestolrt o) Hd ok wd BEFAR o5Hd 8
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E 258C *£19T=EA (2Y$23%F
¥, 1997) 1999 84| A% XFFY F2o] Hdd vis] 30T o4 2t 1999
d 88 AFE-RAE GHAMY 233 FEAC AT dF BEL 8€ 549 4
AR &5 FHU S TR A7E HF &7 (OLGA)7}
FelE FHSEAM G Aol B2 HE R (7174H, 1999). HE 53 AF
21 1999d 84¥ 54U AFsPAM #FE AHeZ Mo BFFe 459 o3
= HEY 9¥Y ReZ Atgdrt

F2FF ARde 1, AGY st X, 199849 9ol A #AZ7
F 7P E&0] ¥ EE 310 PiTY AHEFTE BAEZR X¢H BFOZRE
T4 °F 10 moll 2X EEste Aol Aot AEF shiele 4d gdrotsEol
FAHD GEAZLS AFEZOZ QWA Lolxe AL B F2439 Al
o} w2 uebdt) 19973 993 19989 9€9o BALE s Ao FFEA
EXE 2R AEY A5t ey 19989 999 A SX o] AFHY =
o] BEZRAIHOZRE Aoz QWA AFE Fste uidd drdFo] A4uF
o2 YA 19973 9dolE T2AF} TUE AL oHAM FFoz R
t A%E B AFHYE U2 fFd=e AFEL9 ol e g W s
FEX TS WA AAGE TS AFHNY A ddo] 2H &5 4F W
g ket |

949 ZAE F24F AR e AFxed AdHT X Aoz mF 5T}
(> 33.6) X3t AFHE o BZF Adole Y47l (< 140TC) EE 3T 1999
d 899 Afols EE 340 o] nEY FFt £ e F HA EX
3t 7bg g0l £2 ASTE F4lol 7P 2 FolA AR AT 19999 8¢
g F24F Y Wae T HFHAMH YgUAT £2o] 9¥e nvls] 1.0T
7y =3 vigo] 28 giAl Ex s

19983 1199 F2HQ sfFEA EXE AP £L242 AUHYSS BAE

LT AFTA FEligteg AFE FAs £ 180 °C o]4e et
AFzd A-TE dFHY FF JeEtU™ o] 1259 AEHAT Ui 332~
33.8 olth. & 150 °C mgke] YaE AFHY 29 5F AUEEH Az <l
A ARdrA] dZdHo] JeEUA T R EITE F9 EFE A yYeldE Y4
o] gEo| Ay Ao G vl TA JdEa do] dREFXAME &
Aol HA FETh EEFEL 19983 9¢€d] vld) 15 AE F71eHon, 98 328
nlgke] g A JHE @Rl B2 dgvt 29 £FE A JEUe WaY 4%

A

o N oog
wo, my
1o
4 o
L o

2
z
2

oo
2 @
o5}
o o

1-29). A SF¥F7F Uee AX= 5
Holl JE7 7t AFHFE o BEZAIE Yebdt) 19999 8dole AlF
o dH3t H oF 15.0 am/se] A AFIF F=H
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Z NGy 280 A GEGFo] ZAshA gL 19983 9
= 40 em/s A= MFRIE vehd ¥ 19973 9Ll 5%
I glol AtF e AFREL AF we F dAWEFES Bl
F5 e NEFRIT JEIGS \,} ADCP Jdr’:ﬂﬂﬂr %
1 #&9 (Fig. 120 ¥x) 99
T ok 2d ¥ AUFES
BtAEA 3d ¢ MEFRIE ASHUD HA{HEL 30 cm/s9 %ﬂ“tﬂ HEx
EaFoA MEFZe AB7} ojw
0

HE A MRS olF F JUSFECAAN F
Jd&e ZeAe WEA ot 19989 1Y = 3 94 UPZW}ZIE m] of 3}
U AERZE Uehd 9 19999 8€de Jo_qq N e BaEs) BE5.
FEHEY FEAEE ASH FHA v ZaHAon, —‘-3—%] 1997'd@ 9¥el=
Hol 200 cm/s9] BEFR7F ASHAY GELE] FE54ELS 989 B £
Ze A FLFAM AFEZoZE REFFI/ FASL REAEEY Agdy &
2okx ARME ulokst FeFsl <43 v, 19999 8YolE A wde A
FER7E FF5HJAL FEF AVle BEE B2 AgYelA 120 an/s ooz
ZstA velhdd. 19979 993 1998 999 AFHYE Ul HAFETE 54 50 m
o3 A FUYHY AFEHRoZE EFEHIL A Fo] FFHoIH, F40]
ES ALFelM e 19979 989 B¢ A FTFY AR/ AT vhdE G4
FTFS Bol B 19989 999 okF ARAM e FNFY sFIE dulHoz njof
sHAl UERd T

332 AFAPANY s 554

AFs 7o MFrdHa 2 WS Falio Feie s, E3ud @ dao «
g olslisted Fastt AFFAAY 71E9 serSHF 4P Mita and
Ogawa (1984), & (1988), Pang and Oh (1994), Z # % (1997), = 5 (1997)°] ¢}
'<5H AAE v} ok Miita and Ogawa (1984)= 1920~1974\d¢]] AR 1Y oA #H=
H AFASEE olgdte AEH AFAHAMY TFY F F/ho] 05 Sv (1 Sv =
10° m’/s)YS ANSAT ol $U3 AZE ol &3t A2 sy HNyEs
S 5T 18 SvozM AFIAFEE 5 F£5FS U 'Hﬁ Mmoo A &
S o 30% A= FBoh £ (1988)v FPEHEH AFRE LYE o] &3 box 29
< Fajlo HEso AFHPANXY 4~6Y, 6~8¥9 F5FS WIHE MFEE
T3 FEFY 42 AL, old Eﬂﬂﬁﬂ?a NEEgE B8 $5%0] 14~
20 svd A% AFAdY FE5FS el T2 F5H o 30%<A 05~0.6 Sv
olith = (1988)9] A= Miita and Ogawa (1984)2] ZA3e} H
6~8¥9 FE&HAtole FBX gith Pang and Oh (1994)= A|F9 EX 7 s¢H
ztole] AFHSE EAste AFAFAMY 453 ALEFL o
Atk A I x (1997)7F 1986 89 AFYP A2 P+ ‘é s
A S FA ATl o3 3’*’-‘% dB AFE o] L3t A AF T
ZFe 038 Svollth. = F (1997)2 AFHES 7}311_1— ‘?}‘ﬁ%oﬂ’ﬁ 2

oﬁ'r‘o rg—"[‘.,.xo

J{n:

01-)4
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Z25 £, GBEAEE o|&3te AYF 3 F4FS AAFE, o =T
o] F4%e FAd 0.05~02 SvollA SHAR AFE 430 F7ista 1094 05
Sv el HW #4% 0.3~0.35 Sv

o
A= & Ho Pang and Oh (1994)7} slFE o2 RE {533 4539 AH s
Z3 frAbsi.

Table 1-8& 1995~1999d o] A3 ADCP ®tE TZo] o]t dHF FE L} 2
PFHZRE A AFHFAAY AFFY FFEEe Jetdo. a5
o] Ao, A zHzF 1999 8¢ 0.66 Sv, 19951 4o
MNessae 3, 499 Fe g Bolil 8, 9¥€d & L Holm o] AFY =
A= 3 FH Aol AMHFLZRE {58 AFAF AFHTH FAE A

0.

TS HAch AEYFT F& o 03 Sve2X Pang and Oh (1994)7} AF, ZX 3}
S Aol 2R E A dWE F3 AXFT AFF AR serdFE &
S8 53 25-55%] EHsin, 82 HAUAE Ho|A¢ AFE F5FH &
? 9gel:= 3, 493} PRI E 2L e Holi glo] A-MT ] FRA go

Table 1-8. Volume transporf in the Cheju Strait and the Korea Strait based on
the diurnally-averaged flow observed by vessel-mounted ADCPs.
Volume transport based on geostrophic currents is also shown for
the comparison.

2247 JEme o ew ARl
TETEV | TET O maan [ £33 (o)

95/04/26~04/27 0.37 0.16

97/03/22~03/25 0.45 015  |97/04/25~04/26]  1.09
97/09/29~09/30 0.58 017 |97/10/02~10/03  1.73
98,/09/25~09/26 0.51 015  [98/09/08~09/09|  1.37
98/11/25~11/26 0.46 026  |98/11/26~11/27]  1.25
99/08/05~08/06 0.66 0.29

5 km, BFFHE 30 mE HFHE
FolElM FE5E £l v F
Table 1-89] vtx|2t T Zho= AFsjdolMst sda Wys ol&std fAME
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AlZ1el tigtalE Mol #ESH dWT AFEEA ZASA Al dichdF

o SrssEe JErAT (AER, 1998 4EE, 199). tobd s AZs8e o}

JI7MAE FAL 1080 HdsEHE 230 480 Hax54$FE Holx glo] o)

ohdE 4P g 71Ee] d7ATe §A8TH (Isobe et al, 1994; Yi, 1996).
S

dehdel AdEE EL 064 Svez AFAFe AYAE Zo] Su) s}F o
1, AFAFY A-FEFE Wb F529 o 30~40% FEoloh

333, @ - o] TEZA AT

==

1999 59 W5 dlFAF4 (NRL, Naval Research Laboratory)e}l TF 2
e F dwAde 12Fd ] TRBM-ADCPE A F3stath 19993 10¥dle
o) AFE ADCP & £4to] AHT & FUE e 11762 ADCP
Hoz 3459n, 48 ADCPE g 34 2 U8 $82 A 3 %
Aol AAF DU o] A A TadE 59 AFYA AW Tol A=
5| ADCPE ARER, 712 dasiyd MEEe 3 94xo] ADCPE A E31%
o #A 5ALe] HEA JIE® AFARE BAZFH don B BuNHANE
ADCP AFYAoA] AAS CTD #& AHE 7|¢3A I

Figure 1-302 59 ¢4, 225 ¥ waolqe] £¢, 9%, Use] 3228 Y
BdT. 45 UHNE JRAYCTRE BEH A mosA £RHe
2 Fed Wzt JE wHd SB3RH S40] L seEEoz: £uHA 5L
o WEt noh FEHAT 9B Aol GRo] 346014<] WRAAA 77
@Ro] ¥e dl57t PESY, YRAAOZRY AYEBoT £L3 GRo| $u
S Fasitr 2UE GEEY BEY DBLH 1oAY EFO2EH £4
0 mARE Gl 343 gastel s 2% AWE B SlANY B
gre 335 ngoz usdg 15 7}

o £ WRANE og 2e AP %
JEluA et 29E e gol ABAGelN AFAPL
53 £eE 97A dHE £92 4FH, o) AYLE TNV YEAAY

O FFe] dEde W] 49w vt gEo HisE Meeg 348
q FH2 AUHE drhdRsd S T Ao 3 Y. SAURAME
Vg gEel ®& dles d2dde AFH NoolM 346 o]Fo 2 vEha, &t
Aol e F23 FE°] Bh FAZ] FRSAY FRUL 342 o)FY nge
54€ Holn 9o 2¥x ALddy HgFoe &8 FEAG 24 7
A #5H N1 AZelrMe 20 100T v ¥47F Yepdth

7heE 108dle Gl e} i ZolE oA AFHA 2, %, U=
¥l 4 30~80 m Atoldl FPHT (Fig. 1:31). 2x THM J& A=
o2E FedZol Yeys F4o] du AsFog owA Fookzo]l Yehd
£ F4o] Lottt F24F AR e dESoEE 1, AFY 54 H
ol W g AUFoRe AUHLE AL, ALY 54& HolH, BFAM T}
T gEe] B2 dee 2EE Add QT B SIF S29A 320 mgez
dehdoth gEeFS Rl gxdtc s ERe A GRle] ZA 344 ojdo=
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Jehdth $4 BReNE $e%F0] Ut $40] $N0ZRH dJsdoz
ARA T PolAs BEH Nao| gEozE $AMS0 ga FAA AR
& Fan. eud AWF BEP N19J AZelE 593 vtz 43447t o
HUR o} 853 NI& 3802 359 728 R 1094 288 ¥s
590] vla] 1 EXRA7E WD W5 ool RolAth &4 Ro ERE &
A% $29 B34l vls 2L, 1Y 54 B

3-3-4. AFE ZA7 FBEF 27

1999 39 49U ~129 23d 7I1ZFe] ok oY 2099 AAH AFHPE R F
124 ml A o)A TRBM-ADCPo] 93 FFAZS A AT AFAS] A
2 44 50 mo} 118 mol M #27 AHe] EARM AE Table 199} 2ot
FZ717ve] Ba lFE 66 moljA 72° WHEEo 2 123 cm/so]n, 118 mol|A 62°
go 2 38 cm/sZ2M F F4Y f&A 0l 85 cm/sola F40] ZHAEBFE f
gro] whAlA Wheko g ulH e Zgko] Aot AFA ¢F 6 m FHELL F4 118 mol
Aol &% o 4 cm/sE HolH, 66 moM¢ BF §4L Chang and Kim (1995)
o] By Hl&d 929 60 moljA 1983 EFH 20U7to] A BEH {44 b
8 3 cm/s A% ZAA yEbdTh 50 mollA o {42 105 cm/so E38ta, 118 m
AME 75 cm/so] g3ttt A BFHVIN T AF FI2AAMY 2 HF =
12.08~1852CES E.gth Doodsond Xo BB E ALl A3 g &
66 moj X e TA, GEUE D5 HF o] BEFHA vlg IA vehde, 11
A EZHA Bl viE ta =24 dehdoh A%s 2HE dF

¥ AAD Aol 95® 66 mel A9 MFeze AFI 118 dehd AL A
s E%e ngen, Y¥ozd AFE 53 7FHYoY BFol AN
(Figs. 1-32, 1-33). 66 molA TIFF BIFe A5HQ 7~8¥8 Z3He 4%
g nolsl, FAYRY 459 3% NI FeHE AL BTk 118 molA
= AR wE 7 A FyA gor, AFdAMY F& 12490 M =
A N1EH A

o X ko o>

1=1]
=)
ah

fr

8
9
5
8
73

o e 3
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Table 1-9. Outline, basic statistics, and range of velocity components and

temperature for the long term current measurement in the southern

Cheju

Strait
TRBM-ADCP.

during

March

4 ~December

23, 1999

Depth
PR s
|

A A
12 ef A

Al i

using

3/4/17:00~
12/23/18:30

66 12.33 72.7
Un-
filtered
ere 118 3.44+29.92 1.80+584 1486 | 3.89 62.4 7.55 464.78
66 11.81+7.59 3.67+3.43 12.37 72.7 76.53 34.64
Filtered
118 3421524 1.78£2.58
. - - Max. Speed
U (cm/s) V' (cm/s) T (T)
(cm/s)
66 -95.10~101.89 | -29.39~53.17 105.2
Un-
filtered
118 -75.08 ~74.90 -25.79~26.61 | 12.08~18.52 75.80
66 -21.52~35.60 -9.08 ~19.69 35.87
Filtered
118 -16.45~16.50 -7.81~11.07 12.31~18.11 18.54

s

East-west component of currents,
Temperature near the seabed,
Mean kinetic energy,

e

” North-south component of currents
" Measured clockwise from the north
Eddy kinetic energy
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34 sleed 29
3-4-1. &

T3 e MEoRZe AFNPES Tl Felet dFHT F
ol Tl AEHM dEoc2E FFIE AZEY. I Az
olgte] 4oz AdM EHoE Akt HALE O]-r A
Sz o AFsPole 242 200 m, 120 m ©]4¢e] F (trough)o] &
el gale 71449 S B AL HHeE AgHe AF
25 BESYALE st AFo] 43R, 4EHdE Eﬁ’iﬂr%, 701"?‘ 2 g
Y TLE AFol Zstdd (3, 1981 e FA T4, 1998).

dae] frtEse FEL 27 Yol FFFolv ¥ HaHA F7 EAS
o (Mitta and Ogawa, 1984; Fig. 1-18 #Xx). FEAL A Fo| 23 ngdo s«
(Chang et al, 1995), A€ FF=8l T (H F =, 1994), A2 s (A
T, 199, = 8 7, 1994) Fol AFAYE ot FEE KL=, AFAFY &)
2o HFHEL oF 125 em/s ©]th (Chang and Kim, 1995). ¢4 AF3I 5ol
229 ADCP #SZAH/E AFHE A dHe ZA4 FFF/F veggds 2y,
Suk et al. (1996)& AZ&E W SHFES AZ3F (the Cheju Current)e} =3}
Jot FEALEZHH A" dridie Bt AFz 5% ¢ Tl F=2 T°r
dE T dgHFs Tl FAHE FEEAH, dFAE MFEdA F59 e o
50 cm/s ©|4-g& yEeERdT} (Lie and Cho, 1997). gse] =4 vtdFZ7t A s}
T (Ogura, 1933), HdF25F9 AS H31 75 cm/s AT Z 31 & vl AY 3
FHr 73t (Odamaki, 1989).

A E TFT s HolM FAAEDS o] &3 AT B AFA Qs S H
$tth. Fang (1986) ¢t =4 #EA g9 SRS o]&3led M, Ky BXx0
g ZHEE AR, dFE TP FERA EATE EHA F
(19908 RPN 1/12 x 1/12° A2 FAL 2E 3749 24 FHnE
o] &3t 8719 & My S, Np Ky, Ky, Oy, P, Q)& EY3HHTH & 5 (1994)
Z%e Odamaki (1989)9] =M=} wlwste] Ky £xo sk 7239 HA7L
F @& Yxgtz ey, AuwkH o Z Odamaki (1989)¢] A} FAMSE At
Btk #H F (1995)2 &%t 3xYED S ol &3t ZAMZAH, MEEA
f-&29 ¢ ug ZA"EE NEHeE A& Zzhe ZApol dE @
WMo 2F5c8d RIS AUt H § (1995)9 B osd 2
El
EY
|

d

ot &

T
0:

Eﬁ:o}m

o wi b AN 2 o PN Lo qf

#EE #5E ATAAY FHTRY ﬂl’ﬂ" AL + YAL, 27, &7
Agol vnd F2 dAE E’_ﬁolﬂ, Ees
10 ?.

— X

mooff 1o B



- 3
of ;meisolol B RolFich § (1998)e Y} V=P 8
2 oywelA dsde @ - ge) Asnsdse] Faste AL AN

Vg TP e A JYANAY A-eBH 2hIFL AT
S0 st 2l Ahge] aFHm, ol

A 354

2 dFo] A}g® Princeton Ocean Model (POM)2] Huj#}g2l2 FHAILE
(surface elevation)9} =33 H £ Wk {449 A - LA WAHE A=

P AR AS TP, FF QR A - F H3LE Adtste
pEdtAAog  FAHe ok H¢EHA  ZAL (incompressible
approximation)?t  fAMAZAH FAL  (hydrostatic  approximation) 11l
Boussinesq AFS AMEE uf, ofelle] TAIAE o] &3dte] o-FEA (Phillips, 1957)
Z BEHE 29y Auprgye o3 2o

4

A
=

e e
18, o

x=x*,y=y*,0=ﬁ,t=t*

371N, (x,y, z, t ) cartesian Q& HEA
(x y, 0, t) D o -FEA

ouvD ouw

S0 — D +gn-02

0x
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ovD JuvD av:D ovw dn
5t + Ix + dy + Ep + fuD +gD dy
Z_E_D_z o 90 o 3D Ao {KMQ]
% fa[ay D oy aa]d 9t 551D oo )T Ey
2 o gol FFHAHAL
_ _1 op
e D do
Q- guE wHAe gen 2
a¢D dguD d¢vD ddw
a T T e tTa
_ d[Ku 097
—80[1)3]+E¢+Sc
o 7] A
t R Eds
7 (xyt): A 3
H(xy) : Bd slFdst Zo]
Dixyt): & F4 =H + 7
u,v(x,y,0,t) CrE & 4R
® P EA S AR
p e
g D THIMER
00 R R =l A
f  ZY&E Alg=202sind
¢ e, B
Fo, By &% 4F ¥A8%
Fy R A A
Kwm A 3R/ HAA ST
Ku A 3R A
Se . external source or sink &

45 4% (F B)F 59 9F 399 (F)
=
=

4 12 & 4 (13N 2d Axug e Fro g &5
1

& thew 2ol

o
=
A
T

BAFS)
A

4» rlr

(1-2)

(1-3)

(1-4)

[‘L oﬂ

HJAAFEL FEA Y W FA3HA ALEstgt) (Mellor and Blumberg, 1985).
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Fo= gm0 ]+ o [an ]
Av %% OR A4 AS
Au &% OR B AS

T3 47 34 74]4‘-{— B FALD HEolM Argg AHgshd, B A7
% 94E ANAS ﬁz}a 719 &5 $HHA shearo] WeAFTHE e 2
< Smagorinsky (1963)«] AP FAoZ ALY

Ay =Ag + K- AxAyZIVV + (v) 7] (1-6)
lvv+(vv)T _ Qu\? (v ou v \? 12
L[ (e ) 2 (5]
o 7] A
AX, Ay D x, y Wk Azl=7]
Ag I RF 4
K : Smagorinsky “&<~

AHE-E Smagorinsky A4 K& 0.10A] 0.2AF0]9] 218 AFE-E A-S Mellor (1996)&
ARSI e & AFAAME 028 AMESIET As 3 2L 2% Az 27
o me} ZYHE o2 Kantha (1995) A== 77 1/5° (2 222 km)Ql Lo
200 m?/s9] e AL, FIIAYATA (19%b)E FZFwsde) zHrd
A 100 m’/sg AFEErATE. B AFA Apgte AAZ7) 3 kmo] HEE 20
m’/s& AHgsHETh

Mellor and Yamada (1974)c ¢ YdRFEDE vHSHAH AT w2t 4719
level (level 2, 215, 3 233 4)2 EFIIUTE B QFNME 2% level 2L 0]

&t FAGHFHYAFY FAGFELAASE AT (Mellor and Yamada,
1982). A Fe] o & ‘FZ‘-] a8 T AFE FA387) Y95t Richardson number
Ri)o] w2} WHate 52 AAFX 4= (vertical stability function)E AM-&3FHR T

KM=QQSM ’ KH=QESH
SH[]."‘ (3A232+ 18A1A2)GH] = A2[1_6A1/Bl]
Sm[l_gAZAZGH] _SH[ (18A12+9A1A2)GH] = A1[1—3C1 "‘6A1/B1]

G L&[ 00 1 8p
. a’og| 0z ¢l Oz
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o 714
(A;,A;B,B,C))=(0.92, 16.6, 0.74, 10.1, 0.08)

q : turbulence kinetic energy
) . turbulence length scale
Su , S L SAAAE B4

Gu : Richardson number

Cs e

L[ %o ] K] (2 ()]s 2, 25Dy,

8a’¢D , 9a’¢uD | da’evD , ddlw _

ot ox dy ao
i&_ag?e] Kurjouyt, (ovyy, Es . ap
3l D o +E1e{ ot (5e) +(5e) ]+ 0y K gq | W
_Dd’
B, +F,
o 71 A
W=14+E,(¢/xL) : £=04 von Karman A4
L '=(p—2) ' +H-2)"!
9o _ 90 -29p
do  do s Jdo
Azl cEgstSs Ausle WAL w2 LFole YgREZ=dnet A3
F&ole WEFEIe ARERS XFstn Jot. ANFAANAA FHHog HE
3 PAANYREE)T FAY FRE e WHYUREE)CE TRl AAs)
T Aol E&FHolth 3 HEH A& EHAAL oy ot
A Hpg 4]
il _a_ —a——- = -
i (DU) + 3y (DV) 0 (1-7)
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L5

o(UD) | 9(U'D) | d(UVD) _ fyp 4 gpd2 _ g

ot ox ay ox
_ 1 w_ 1 g_ p-92 _ 0o .
La-Lave, -2 [0 [Tp e ;2 s (1-8)
2
(VD) , a(UVD) a(v D) 4 fyp+gndZ _ P
ot Jax ax
= dow g. p-92 _ aD 590 i
Lo-bare -2 (o2 2ol 09

4714, 2 ALY S2E olsh o] Bel Uo.
W) = [ (v do

w - R AR R+ AR
s e SR A R )
Ay = OlAMdo

Dispersion term® 2 &&= &2 g2 Zo] A=
2 2 _
aUD+ dUVD - B, du® 8uvD_+_ E,

Gy = 0x dy o0x ay
_ QUVD , VD _duv_ dvD , =
Gy = Tox toay BT Ty TR
T x| 8l 4] v

A

-

2 AT 8" Azle dFH HAE Adste ARG w5 Asbste
7b FEEE staggered grid o] dF9 Arakawa C-grid& AM&3tgth $£8A
B, olR¥F} FHIFLYS centered-space, 1] AjZte] i3
leapfrog schemeg AME3IHETE oje A - FFow 219 AHIgxE spAch
Leap-frog scheme-& A}£-3le] AlZF v B3-S X831 =¥ Coriolis 38 233t
o frelstAT S ot Ao s7t AW 2Elx|= time-step splitting
S %3} (Roache, 1972). Time step splitting® 2 &t B9 AL A 7] 9
3 sjE wiAZr HZvith ofefe} & Asselin (1972)9] filterE Al-&-8}o] HE3)
(smoothing) AAH FUT

X _,é N
fr e

[«
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T?= TP4+g(T"-2T +T ™)

3714

a = 0.05

Ts : smoothed solution

n : time step

A-FE5e Ause BHASL w2A Hole ARFARY =27 Aol

WEFesy A954e TP Atk B AN £AARD WFY (A 17,
18, 19 9%¥FAsty =& mAstel F& ANLAvG ARHES 54 7
F fES Adsta (ARRE), 339 $34 (4 11, 12, 13, 15)2 WRF Yo
E£XE 1std 7 AAAvH ALbste (WHEE) mode splitting scheme$ A}
&3kl Aol E&4e A AT WA ARREE FL AAoE ALt
o ZAFAFE 7T F, B U NP AeE WREEE AMstA 3xd §&5&
pakiass

i

FAZ 2" A2 (external mode)d| A Courant-Friedrichs-Levy (CFL) 4% <t
Az7AL 3 2t (Blumberg and Mellor, 1987).

©O:

Aty < C1tE ( AlX2 n A1y2) 1/2
o 7] 4]

C, = 2(gH)"+ U puy

U o c FAREE HUolR&ER

At D JREE=9 AZHA

-

3219 WA (internal mode)ol A RS HI Y £2 &8 1#HsH oL 2.

st < 2 (Far2s)
oq71A,
C., = 2g'42)"+ u gy
U max : Y o] /FEE
AX, Ay D x, y WEke] A4
Aty  WREE9] AZHE
Az : 759 FA
FHLEe] AAA 3 km(ax, Ay)eld, #AHTE HUolFEE7t 1 m/s o
o, HEgF4-E 70 m 2 7HFSE RREE AIAL of 39x0]1, HuolRE
=8 1 m/s, £%F9 FAE 10 mZ 7IASH HFEE=9 AZRAL2 oF 1200%0]
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o
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x
v
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of
o R
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9o

A AT AEAANN S dFe mdge
ol slsedel PlAe d%e AHEI] A5t 5714 caseo] thd}
3 Z 123t &L Case 1, Case 2, Case 3& Z7H3
U IXE FHg egRdoly, YEEEE 128§ Case 4, Case 5
Table 1-10).

ok

o2 Ky
H
N

o o o Mz

fdrjo & £ k& K N K Fo o 4y iy
MO S g0 oot

S
o E
4 b
o 4
;& I—l
6 y
rd
g N
r:f:t cht
)4

““ P
_EL

o

e r
I
o
ox
>
o
4
rlr
oX
S
td
)
e
i)

4

b
e
of
{8
o]
dy
2
~{

B A7 488 2d99e A AFES e A, AFEY griEe 9
£ A% 4% dRlEE A e 47 AE, 9%, 5% A% 442 489
(Fig. 1-1). 714 A48 AFEL xFo2E AFEA YrlE2 ZrheE, y&
2 AZFEAN AEWFoT Frshe Yu ARAE ASSAT. FHLTY A
A (x, Ay o 3 kmE AHESe] 111x46 Y ARZ TSRO, 20
[e)

Fo 2 849 Ho8 TASHAT} (Table 1-11).
A& T

NBZEAANA 27 817 FEdS TA 1esd 2ds 74T o, 7
ZF & AfsH X5 FH4ste W (Chang et al, 1997)% 7o 27 &
T2 JPHo Bayste 2y (Oey and Chen, 1992)0] itk zAgWS 2od
B MEBANA v Azt Wite D=9 dFo o3 swiste} W E
25 nyjEoldt. & AFdMe MEAANA ezt #5% A5 BEO
2 AfFaEs Fasted oegel o, sFS 2RFEEE JF s Uy
< AR ANAANA BAHe s FAHE HFREXLE BESARE o]4-F
Roew, 2FEEE ZAE FHsA AdS 245d AHE ol &34 sj+d
AASS ARAANNY L7 GEEIE FPSFAAT A 845 109 B=A8
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Table 1-10. Summery of initial and boundary conditions for 5 model cases.

c Initial Open Boundary Condition
ase i,
Condition | Eyternal Forcing Specification'
7 (B1it) = 7 (BiY
cold U (Bj,t) = Ur (Bj.t)
1 start? Tidal Current |V (B-1jt) = Vr (Bjt)’
u (Bjkt) = Orlanski radiation
v (B-Ljkt) = v (Bjkt)
7 (B-ll]/t) =7 (B/]/p
3-D cold U (B,j,t) = Um (B,jt)
2 Barotropic start Mean Current V B-1jt) = 0
model u (B,jkt) = Orlanski radiation
v (B-1jkt) = v (Bjkt)
7 (B-Ljt) = 7 (Bjt)
cold Tidal Current U(B,jt) = Um (Bjt) + Ur (Bj,b)
3 start + V (B-1,jt) = Vr (Bjj.t)
Mean Current u (Bjjkt) = Orlanski radiation
v (B-Ljkt) = v (Bjkt)
7 (B-Lit) = 2 (Bjt)
cold Con .
start Mean Current v (B')’t_) Um (Bj)
4 + . V (B-Ljt) =0
observed Heat/Salt Flux “ (B,],k.,t) N Orlansl'q radiation
2D T S v (B-Ljkt) = v (Bjkt)
; ! T,S = upstream advection
Baroclinic (B-1, B
odel i 7 Lyt = 7 /)
m cold Tidal Current U (BjY = Un (Bjt) + Ur (Bj)
start * V (B0 = Vs (B ]
5 + Mean Current ( . ) T ( ']'.) .
observed + u (B,],k.,t) = Orlanslfl radiation
T, S Heat/Salt Flux v (BLikt) =v (B']'k't)_
T,5 = upstream advection

! Specification of open boundary conditions at the western boundary (i = B).

2 Cold start with respect to surface elevation and velocity field.

3

Ur, Vr; Tidal currents computed from a barotropic tide model driven by

specified tidal elevation for five constituents across the open boundary.

! Uy; Mean current component perpendicular to the open boundary based on

the ADCP measurements.
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Table 1-11. Vertical grid system in ¢ -coordinate. ¢, ¢’, Z, and 4 ¢ denote the
position of the boundary of each ¢-layer, position of the center of
each ¢ -layer, depth of the center of each ¢ -layer when total depth
is 100m, and the distance between two consecutive ¢ -layers,

respectively.
I Layer o o' Z(m) do
1 0.0000
—-0.0208 -2.08 0.0417
2 -0.0417
—0.0589 -5.89 0.0417
3 —-0.0833
| -0.1179 -11.79 0.0833
4 | -0.1667
-0.2500 —-25.00 0.1667
5 -0.3333
-0.4167 —-41.67 0.1667
6 -0.5000
~0.5833 -58.33 0.1667
7 —0.6667
—-0.7500 -75.00 0.1667
8 -0.8333 |.
~-0.9167 -91.67 0.1667
9 -1.0000
o ¥
Suls 2w 24 zsad AR (FFHFATE, 199%6a)7 Odamaki (1989)9]
ZNEE AMgstd ZF R AAAZANN 2 dF My, S, Ki 282 O ££9
W23 (amplitude)st 717t (phase)S ToHATH 2918 R 2HRUATZRY
ML ZANA 30Ut FABTE /&S 73 F, 2EAstS 4] £ Bt
FABFY f50] B9 BxEAe 22 FAT
o 3

A ZAANA siFl dFE /F&ES FH4sr] AsA AFHEH i@l A
19974 99 29~30Y (= FATA, 1997)F 109 2~3Y (AER, 1998) E<t
ADCPE o]£3la] £25o2 8 m 1A F 25A7H5¢ 43] 4B B=EF (3 E
0]23 9. ADCP A 8= ADCP #ZA|7|o] #Haste] A A
(F 3 mile)vitt FHH o2 HFST, thA| 25*1?&%&

m ZHA)olA &4 2 {FFL At Al - IHFHeR
4 gt AFHE AP dHdAAN HA FF
T4 HEE %Y 2EE 7T ADCP 3593
A &7 qEo NLAAE B8 |- EhHE FFEE
#5d A3 FAE 22X

% 74741011/44 FEF
& FEHAG MEZANN FEF HojE B
z, %01]/\1 Z}z} 0.665 Sv, 1.043 Svel & 4ake]
708 Sve] &= F4& ko] FEHEHEE SHYHTE Mitta and

l
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e
el

Al

\l

o r"“
QL

s

N

3
ol

....]
]
i)

o
uZi

o rlf rjr -
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Ogawa (1984)°] Az AFaHPZ S PAA Zk2 05, 1.8 Svg& JeEhz o
B Ao A" 539 FAS e Btk MZEI 529 Z AR E
BEARE AHIEE £4F9 EXE ZASNL, BSAFI} Qv GEZA
Mzt AR A9l 43 Fig 1-349 Zo] doz HAAT #EAFA 93
NLEZAAY 2 Ao 189 45735 FadFA 4 W 4 HAAoAM =4 HFd
42 Fig. 1-349] Jetyiid.

215 9 44 EE PAYE 7] AsiMe 1) Bd] ZE AR Fog

rr
Pt
N
PN
Ei
)
X,
ol
o,
I
)
o @
2
7 X
>
)
o
=)
&
e
o
_OL
fr
ox
X
N
gi
RS
:cl)|:’1‘
o2
=

I
71 BAQL BFOAM Azt wet ¥stke FAZRo] Hasig 2 dFdMe
KODC (Korea Oceanography Data Center, http://www.nfrda.rekr)olA A Fs}=
19974 8, 109 4&, FEVZA2E A8tk B2E +2, AEARE 29 2
Az 2GA77] 98] FRAOE spline WHL, FHHOZ AFPAPPEL o &

shgick
2712002 Rolse £, ARQL 890 BEHS Alde] 2L Wy
WA F ZE ARl Felsthth BFHE T 3 )

E-& Fig. 1359 Jeligich 8¥9 ¥
Feo BEE ALolM o BTeID HGeIN F 5TE B oz 2
~ e S Btk AL WG os BEsn g gdMe Fe

o4 ok 32 psuz 93] (31 )BTt FL GRS ¥

WEsigel A die) FRTusl ZaA Uehin gk 1099 ¥

slds ActolA of 2CE Holxm, J4utE 2

onf, 8RR +YHA s Tl AHIYLe 2

AolA 1 (334 psu)ol BT ow, At

ARG BAG. ARAANNEY FHAA ST 98
2=

s}, B2 Aol 10Colste) WHE Uen o, A&7 FE3A
A 50 molakel A SeetEol Yehin vk @Ee $AREE 7 AEAAY 50
molstel A Qiekzo] Uehdm gom, BEAAY A2 iy 22 FEAA
o Azo|A 345 psuoldel nPE woln Tk 1029 A 7t ALAANAN &
eopza dRekzo]l Yehbe 40 BT £AHA $&, IRTE 8L

DERTEL
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344. 29 74

B

Z|R2H

4l 1-1~1-59 Aupgas E7]1 A4 27x Reae
e 52 o AR, F 2 R 2L

A% 899 #EAEE ZV|RALE RASH

V(x,y,0,0)=0 (1-10)
7n(x,v,0) =0

W A 2 A

o ZAgd
=

ATl 2HRGL /MFAANN 2HE FH4F E59 275 Fo3 3
(Case 1)° sja9] dx& THsHI 7HHE 33 €HRID S T, 2HE
A3 2HzdL JNEAANM Y 2FE T3] A AR Zdelth

292 238 Aol 2ARYS APAANA 29, 54 FTD K53 2 2o
Mol fdol e AMEAZAE BRI B ARAANN 29T B8 2o
2359

7T = ZAMnCCOS(O‘nct_“anc) (1'11)
714

AM,. : Zt Bxd i3 ¥kxat

0 nc : Z} 'E"-/:(—g] Z_]—_f‘;_le_

Sne 4 BERY AZ

0

BA F£H3 wEke FAFETE f& (Us)> S3EH A
ke A sta AdtstAn, MLAEAS B L FHUBTE F5 (Ve
HAE ke e AARZA (gradient) S A3
VB= VB+1 (1-12)
Vg D WA AANN ML BA B e {5

Subscript B+1 : Z Ao A 3 Az} 4HF
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Orlanski (1976)
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radiation &7

(1-13)
(1-14)

u B =lu g7 (=) + 20 3 )/(1+p)

-

_ n-2 n
CL=upgs1—u By

0 if C.<0

1 if CL>1
Co if 0<C. <1

: @A, vlEll, 3A time step

n, n+l, n-1

& e

Ash Azt
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_g]

N
g

Ma, Sy, Ky, Or

;:—l.
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(Case 1)

.

A8
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e

N

AL

(1-15)

R AAS AR v A vlF time stepo] T A
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T BRI LA ANA &l

Hit 774 A ol A ¢

w°
o

A nEstEE NEEANAN &

=
=

X

28 25 1y$ 339 AAzd (Case 5)
x

4
15 2 3=

3]

9.9 =
7

7R e A Al

?_]_.

ol oy

‘IQF

]_

A

b =) 1)

T

i

ol
gga =2 sk

Zy AR AANAM AFHY fAXE FARD (& 11582 F

{p o
N

A N

(
il

tRen, dAd +4

]
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S

.

gk 32

F&AEL Orlanski radiation 27 (2] 1-13)8, ZAA o 3

Az (A 111428 F3Hh
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Moz ol Fehch ALAR 3o

(1-18)

VM=O

VBIVT s

'

U B= UT+ UM

o 714

(1-19)

Uy = Vol/[adX(H+ 72— 77)]

A2

Al

1
—

D2t BAR A FaH
© 2 BAAA F3H

Us

AN A

—
—

Vg

(Sv)

o
<

Aol A ]

ax L& Ay

N\

=0

H

ARy

Vol

ad
Subscript T

o
wE
i

g

0o

o

3

M

1A & Case 29} Case 4 ol A

rT.

]

(UT,VT) =02%=2 23
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Z%E 19
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| sk N7 A A 2
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advection scheme
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SHAT.
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S
=
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o 7] A

K- w W

Koo av) oy eyy=0 0-21)

w(0)=0 (1-22)
o714

Y (x,y,t), 7ty (x,y,t) : SEHAAM (0=0) v}

AT (g=-1) 5 +48 AL 3, sAZAANA vtBF LS F&59 AF

o Bl# gt

*
R
£ g0

quadratic law& A}

Ko (B 9) S(eheh)= Colut v G,y (-2
Ky (9T  8S) _

=S ( L ad) = (0,0) (1-24)
w(~=1)=0 (1-25)

o 714
u, v : MAAAZE (0'=-09167)0l M2 &

— kz . ctlpl X 2=
Co= | Tl sw_)lizyT || SHHHEAT

k = von Karman 4 = 04

zg = bottom roughness height

AW vlZA S (Cp)e bottom roughness heightE o] &-3jx EHSIT, 2z 7}
Zoled el A =7lE vhEel Ale Z715hn BaE Y wEdM mrle
shEe Hrle ZadA 8o £ AT7AME 20 &€ 005 cmE ARESHRR, ol
A voldA e oF 0.002~0.0059 g 7HAh

B Ao Ags 57kA 2 Ao dig BAEHE R 2712 Table 1-10]
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A2, MALAANS Fo W45 9AS Fig. 138 Vel i
2y =y

YEP ¥/l ReHA ¥e Y £YRYL 0497 FYHgon, VL)
139 339 AYEY (Case 4, Case 5)& RYZ Fa3QTh. mda) A] 7]
109 19973 89 B58 23 d8e 2dgay @ Ao 2rlzhoz ¥
oAstn 2 AFE AYAAN T G- GUEPFYLS EX YE AvE

dl (diagnostic model)-& F33HTE Z7|F&0] 09 ARG HoA 27]|F

2 Foj £, G& HsdE #5FS A gt JGRd g FIPsAL
o, 4. dREYAHNE FE dJard (prognostic model)& 10Y o] FRE 835}
Aot Z2AZAEE 1HFA FL Case 42 A F FUR Y A|7H I:Hz:;l- o
gh= o 99o] Aud YEde] FYYH (equhbrlum state)ol] ol2A L& et
ATk (Fig. 1-3%), FEFAUAE t&F 2ol 78U

u, v 33 #&
o Hadx

oz F5Y T
TKE : F &%5d4A

829 A T 2FAYAY 159 o]FHIRL o 15¢c] Ad Fo] BH
Fejel o2 AL YEhdY (Fig. 1-39). meby RdZAA = 159 59 AFHE A}
st Arde] 34 999 sFste VIt F 159 T % v ® EE
ZA7%E BasHed, odrEdy B¢ 2dsy oAy 15¢ ¢ F5E s
o ZAFE JEHAD Case 59 7359 2l SRS Fig 1409 Yehlidot.

TordZF

E AFdAM cgrde /WA ANA 7t 2R g e wAd/7E 3
FHZ AR AANMY E-F EHEE BF 18P Case 58 ¥otn, Fo2 2
2 2 AFe Zk7 layerl, layer5, layer8S& Uelith &2

3 el AEE dMrcdEs dHEY, A7 43 (Case 1~ Cased)H
Riaste) 2AZAAEY iF R YR I G sleede nXe Fe] oS
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2d9 W 37 AY Fig L)olM DY 290 U zsdss @
R AsE zsRsste Aol zed4E vmagd (Fig 141). 29 Ao
BEEE AFHeE AUE7] st ddl 4} (Absolute relative error:
ARE)$¢} ¥ 22} (Mean error: ME)E A 4Fsl .

ARE(%) = —————IO‘O_CiI % 100
ME = Ci—O,
o 714
0, #AEAE
OF 2d A5

ARE® RdZ#Ae HUF-377F FFAR HEtY el o ZeEX 4 dig
Ao WEEZ ZTHUS RolmZ, 11 o] A&4E Td Ayl #E AEE A
WA 7 A F AEIdde AL uiith. MEx: 2d 2] wakyo] B
729} griy oA g A2, & ()9 g2 ZdAnr #5838
t} ZA A" Aolx (overpredict), & (-9 @2 Rdo] BEAZE FA QY3
ZAoltd (underpredict). My, S, Ky, Or #29] utxzlo] g Al ate] H
& 27} 89%, 7.9%, 191%, 13.6% o]1, HFx+= Ztzt 32 cm, 1.7 cm, 24 cm,
159 cm oty A zte] i3t HFeae 4z 347, 627, 30° , -11.9° o|th. M,
9} S B2 A% wxAe} Aol FFAE A A ok KR BFE A
7+ & dAFI wrxRAe tA ZA ANEHUD, OFxY B xRS X 7o)
T ZA ASEAT K 019 23t diRE FFd oA ZA YEtva dd.
BAAA BRI EAstE K 019 F%4 (Odamaki, 1989)0.2 Q13te] 7§17
A A =l digt AAZS Fated ojgFol Ux, o] AN Arle LA4=
A3 Ky, O10] T & A5 Bola fe Aoz AlgdEth Ky, 019 Bt2x17F =
Ao NE &ﬂﬁ‘ﬂﬂd1<> Ago] ztzt oF 11%$} 9% 2 2 AE 7 st
oz, Rddze 2d9g9g bk AX 249 A
& Jehdth 249 ujAdggeost =M%
Eis 374 ’“?J El (Case )& 9
~lﬂC)

7,
R
-

Aek 1545ty 458 Hast
olste]l ZVIE Boln o dale “H‘F'ff%% Zﬂdg};‘] Es}'% A2 JEhdT
(Fig. 1-42).

Figures 1-43, 1-44v= ¥+ 7|&
3 7 A0 TEAL et

.ﬁ_
gsgracr FRIYS ¥

B F Atk 924 ESFSEITE g A4S
ALSE AAZ FFAGANME E5FFIT AL, AFAFAA DA AL
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TEol et ATE @EAA GEFRIF SAE, AFEE NEHIME
MERE Btk F3odde AFHFEAA Udehvdes AERE Adsin gug 2
TER7E UEUE, AT 9FdA 253 22 FEFU Jehdan Aok A& oﬂ
Ae AFsERT ol EMFEFRIE vetdn, gE FIE digsgy
FelM P2 e S5FRE Uk (Fig 143). 24 Jside E%‘—
TrEEXE AHEY, AFFAN vlad Fd G5FH7 AFs ddg e
FEIT Fal TEFANE SEBANM F48 FFH/F QAR vHA £
S 74 80 m F-TolM e, NG FZ ALGAA GHFFAL, o
A T FIoAME L[ vehdoh ddg e E%‘Tr TEY B, AT
RS G FFRIL i TR ABHIRZ HAAM dRE MEFI)
HEtta ok F5elMe BSEER Bl FEE Holn, AFdNe AFAY
FoolM vl A FFR7L, AR R2AM AR dEde, G 39
FolMe L9 Pk 5Fo] Yehdt (Fig 144)
o 37

TEEY 23 3 9d9 ARE 159 T HIs P, FF 2 AZAAY
FEEEE dHEUT (Fig. 1-45). 2dZAe EFH AFAMY f& £ {30
2 Aolg Hole 7oz yEdn. £33 FE5EX (Fig 145)= 9 5~20 cm/s9]
712 F2 3oz FEHe AR dAFEER oF 25~8 cm/so] AR
SeFshe A AR7 80 m AL Wt PEHL S BAT AFE
BAAN FdHe siee dRE AFADY Fd N9z, FEFAS T &
A== sl FA 743 22 PP 80 m Bl e 49 FAor BE
Fote dFE dvkz AF LS w}a} R S HIFH FA=2 fFrEHE
FHE HRATh Ado] YAy w2 YEE Hols BEFUEEE (Fig 1-49)

[e]

= T4 80 mQl HFAA FHEHoR ‘?—JE—_rLBHﬂ' A vt glo] didn 9
e aF7t FEHL ASS YEY Hnd Fd dFE dxAM FE4
13t glew, £HA Tzt 718 ZA Jehde d@dsidds 23
F5& Ul o 324 AR #5E IFHNFEXE vnd A
3 A %——’F’E*% et 52 5T s A 58] PAH
T4 FH58Y As2RE A" FFFEEX (Lie and Cho,
1997, Fig. 1-460)% 2 QA3 ek NZAN FU2E A7t AZARY 2
A-Ae FEH A5t FEH DN JeldeE MERY 94 2 AFe 529
ole] 3= HEAS A}%?} #5282 (Mitta and Ogawa, 1984, Fig. 1-46b)<}

= e

Z X3 At FEAET dvlz &S 534359 tﬂﬁaﬂﬁ FE2 24
' 5322 ez oy, 2g9dao e olgdk Ao 45}4;} =t} ol9}
2o Adfe Td

Jdo| 4 BEAEY Belz Astel GEAA FUFY Foid
Fne ARED AMAoE $32YY ARt B9 A5ES FUE 2T U

F20 §EEE (Fig 145b) Exe $HEE9 44 A4S Bolm 9oy,
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At Aol K& Aols ZAA &, ALY QY
TZFo BEXoes 2 iAo E BEFTFRE BAGL H&£9 =Z7)
10 ecm/s ojslolxr, & Ao ¢k 20~50 cm/s o] =

A7 dehd

T = 3 il
£ dlee AFAEE $HY T Ao R Fohe RYFE Moy, WEAA
AM FAdEHe HFES 3
S ZE g =
Ax o EX (Fig. 148c)e *
do] TAE(g. > 259 AFF7F dehbn glom, dgdd

-

99) AATL 2 22 A
2 &9 Wy 27t 2ege BAY (Fig 147). 159 FFF K59 B3 I
Aol e S e AYRL A Fo| 2L FE5B F8S Kot W, Akl
Ae szel wet #453 4% gHAR Uk AAGlNE AFo2 BLE @
AAYFoR f3] Witn doh I GNE HREA ($4L NFoR)
ARz ol 24 BZA o), 80 m BTk W 49 AUy gx
A EE D FEE SURE Uthin, R2A E3E U¥FE, 328 UEURE

A At Fahe Asge A FRARG Gz

2/ BRARG EAFP7T F 844
mZo| A v (Fig. 1-49).
mdAdE FSHRET thh 2A U
Boh e FA9 sqee RddArt #S5 gl v oha wiA O
H GEEXE AFAHAA 340 psu vt E 7HF AYS Holn
e} AGE (34.0< S <34.2)¢] belt7t UEhdth AFDE belte] =
| £xdte siee AUHeE & ¥ ZdZAH 4] A
E Ad5d 98 HEY belt T2E Holm glon, B=ZAT o)
ot MZo] YelUdE 340 psu wghe] HE4e EAE TdoA F ey
ek @3l et mEe] i ( >342 )= HEH B vl 2 Gdo) 4
gdch ¢3Ed Ao ostd FalAdF 50 m FoA vEtvE 1EY &
Fo-tirtedd £xdte 1@ ATt ASES T FFHE ALZ A
Fig. 1-51).
3 @2 g 2ddge £ 25 989 EFFEL 8dHG % 2T

2
S ox Ok

1 g
R
&
T
o dr

3

£
5% K
o o 32

to rO A
18
i<
of
1B
K3

My 3R oot e ool

gt
o &
aQ

PN
T
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242 oo gd GEEssl 24 Yegdd. 429 RIE oA
; 7] 7}

u}e} Ful7b e ok Aol
Ae nee) duhdRsst dyee A4 o8 A% PN s
Mabyh =4 dentn Qi (Fig. 150). 9% 25 999 Exdio] 8gno o
05 psu 2718t Utk AFoIME 345 psu ol4ke] ndo] WEE o dal A
G7x f99n glow, 98 B4EE PR ngsel dRo Zrldd (Fig
1-51).

£BEdsYE AW 2
5N dB0E #2293, AAGA 80 mo]ste] Aol A
o, NN fraol BBH o

Brd As Hmste]
&34t 2+ A% (Table 1-9)<]

e
2,
=
e
2
lo
il
[
in
i
Y 32
lo

O rﬂll é
=o{=l
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A
it

iy
X
L
iy
gt
|
Y
lo
1IR3
o
fir
P2 G Ay o
offt
rO
)
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ro
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X odp
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>
oo
ot
R
i)

tlo o

e
-
o R
o
=
N

2
at
i)
s
__gi_r"

1, Oror’
2

fo
ro
2
tlo

3

23 A% (Case )BT tstEon, WM e 2AIRF Gl el

At} (Fig. 1-53). o9} 2 Zxe 7|1E9 249 2de 4w (7, 1998)9

NEa=s

ZN7ZAEE A &<l i), i), v)E 2T 7

X} Aolzt Fgol Uy glow (Fig. 1-54), c@&#=2D9 &

S vebdth 29l i) E 18 4R A} vusd ¥F
2 AAH Zo] FolA F&Ho| ZstHH, PN FEH

dri=%o g 9¢-H ZsiAl vdetdth. = iBXd o§ FeFoz AZoA

o2 g7t FYEHL, dgFe YR e XFA Yagez fEHT-

17914 A WA o] Z7ie 1569 BEE A di=F 04 712A H22 g

o
e
&
w
o
&
B
N
)
ro

tlo

—tt

Q. rlo 10 o2 M
=
ish
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29 ii) %3 i)oll gt &S FAFFY Aol At 24

ZAEn 4= E—Eﬂ FA BHid sFEX viAe 9F&FS 4HE AU Figure
1-55a0] c@&zdZdae {4 J—’F vXE UrE}‘—H‘RiE}. Figure 1-55b= 707 A<}
HEHS 53 A -4 FH¥E Ul E Aoz £3E

o

do] A3} (Case 5)olA 8 1)F iii) A3
o] EXo|t. Figure 1-55c= &47} 1]alo] 3 e nAe 9%
Blle Aoz ¢arde] A (Case 5)AA 29 i), iii), iv)S 2HE 2d
(Case 4)5 W fA%49 R¥o|t) Figure 1-53b, 1-53col A & ()9 @ &
oslE oulstn & (+)9 @2 FrEol FEEHUASS v
<l i) v)d FFL G FEFAA AFA ZVE AN TE R AFE
1"?—9} Eﬂdﬁﬂﬁ"ﬂ’ﬂ 3H+Er-4 A71€ ZEA7IH 53] sy E 1 & &0l

12 o 2 W
ok
=
, 2
:::‘mo
Hu |
mlmi
0\j _?l_',
_\gL
> L
L“.:?‘:
Y
_IR. o
w8

°ﬂ*1 sFe Z71E °E§P~l dh= E‘l ALl A Tl

g st Zoz Uit AR NEE 278 RE E2FE 3 xw; G2e 77
AA A7 A71E FHATNE, Te fEolBE Fdol FATFE FUTE
A E el FAstel $4o] Ao AN FHFF Aolrt A ehdrt

(Fig. 1-55¢).
2 A79) ARe a9 d5ese Mo B Aolg Holn o] AE
o AR 2409 BUBE T RSS2 ABY & gow, 2ALAY, AP
29 2 USPITE oW XY RIS B F2e] RO HIY

BAE %
[
-

Tor
A%g 9 5 &L Bk

i

4. 4 2 &9

A 7ol o3 3
- FH BE A S
o] &3t ghestitt.

o] —?*43101 T2 AT B FFIHERE EAse dRF 24
tag met Falste FAdse AFHHEY MFZAM A =

3 FEA Tzt gstd A AT
L7 AFHEE F *171011 A &5
dol FEAL 714 siFoid AE
Aotgyt BR i), vrano} Aok
wat7] o, Faidel A
23 Y=dAez dd AFE FF divpdio A4
€ ZeZ AlgdEY. AFHPAME AF F
& vt AFE MEBdx Exsnz A

t >
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gafet ddsE AFAE AW - RG] Aol o o Ads =7
€ ataAt 199 §54& Holv Rt AFsA R s ez fUH AL
2 si4ste Aol eEsto

AL BE S¥AE AFAFE AFE F2AA 4 170 am/s A=) IdGTF
o f5E Bolx H%< g8 AYdo s FF ST AVvt AEHy, I
@ aﬁ%%ioﬂ &l 4% sFsEFS 037~045 Sv HeE etk B AF
1y 28 g £4 30 m, 60 mFolA 2097 AZE FFAFE %% oz ZJ{

z} 125 cm/s 95 cm/s2X4 FAHCE oF 3 cm/s9 FE&A 0|5 B
el 3709 £UAD A UFAE 2ol A%% WEAL FALBAA
A5ttt Chang and Kim (1995)2 o|2jdt AFst WFdoe] ZAH uige WF

g
& ]
&l |

3 B@Agg BFo, ol MEe fddte 11—}9— 0}2—1 uha] A 2] gkt
g3 7tSHde AFHE W F£50] 25 FRE Holm £4 ¢ 20~40 mo]
ARE F£35 9 FEBGFol FAHH #%91*% ARE B AE FA
Z AXFE TS & 5FFTHY AUt AFHPLE FAdEY. FE4F 3
Fole AF= AHY Fod T3 AFTFAd £ &) v& NI
sl A F2AL 719 71 EEo 7t BIsld dF AFeRoTE

% e
e
o

FzAe 7199 st FEdch 1Y AAS A AFAE FHol 2E 29
B2 Algdle AZH F24F shF F7F €43, 7IEARE Y A7 AR
3 AFsPol 28T W5 EAL AFE MZ gl FE o2 gAs
= AGY IS FAste FEANL 1% @7y EEFS FARSEA, AF
AP W7t AR MZE AFE AHE Fol BIe FEAL 7Y 159 A
Z A gt FE] g &4 Xil—rffﬂﬁi’—i THE Aoz M-
olg} & HAL Lie et al. (1999)9] #Z A3 ¢} Pang and Hyun (1998)¢] E£3-&
of A FIREA s AAS FEFE AFLES AT 2UY F T
(1984)3 7 T (1991)9) AsfojMse} Zo] FsPFrt ojdHez WEd e F
Aol R} AFAEeE /Y9 & Ue 7sAE AT & A

AFYA YR A AEH JMSH HIAEE FAHLE & F
Aotdo] xAEF o] o3 TEF WUt vehde Aol £Aolt AT
2E ogd ¥5 Y7t AFAE EES AY FElE A% g a4
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@ Pusan
@ Yosu Peninsula
® Komun-Do
@ Chin-Do
® Ulsan
® Oenaro-Do
@ Namhae-Do
32N s
124E 125E
Coastline, bottom topography, and the inflow/outflow system of the

Fig. 1-1.

South Sea. Isobaths given in meters are contoured every 20 meters,
and topography of the east Asian marginal seas are also shown in an
inset in the upper left corner with 50 m, 100 m, 200 m, and 500 m
isobaths. The rectangular area enclosed by long-dash lines is the model
domain in which an ocean circulation model is applied.
Diurnally-averaged mean currents, which are used for the specification
of the inflow/outflow, were obtained on the two ADCP traverse lines
denoted by dashed lines in the Cheju and the Korea Straits. A thick
meridional line in the middle of the model domain denotes the line
where the vertical structure of model-generated flow field is examined.
Coastal tide stations used for the model/data comparison are shown
with closed circles. Geographic locations referred to in the text are also

shown with open circles with their names in an inset in the lower left
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South Sea station map (1997 ~ 1999)
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Fig. 1-2. CTD stations and ADCP traverse lines occupied during 1997 ~1999

South Sea station map (Mar. ,1997)
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Fig. 1-3. CTD stations and ADCP traverse lines occupied in March 1997.
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South Sea station map (Sep. ,1997)
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Fig. 1-4. CTD stations and ADCP traverse lines occupied in September 1997

South Sea station map (Apr. ,1998)
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Fig. 1-5. CTD stations occupied in April 1998.
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South Sea station map (Sep. ,1998)
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Fig. 1-6. CTD stations and ADCP traverse lines occupied in September 1998.

South Sea station map (Nov. ,1998)
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Fig. 1-7. CTD stations and ADCP traverse lines occupied in November 1998
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South Sea station map (Feb. ,1999)
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Fig. 1-8. CTD stations and ADCP traverse lines occupied in February 1998.

South Sea station map (Aug. ,1999)
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Fig. 1-9. CTD stations and ADCP traverse lines occupied in August 1998.
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Fig. 1-10. CTD stations and TRBM-ADCP mooring locations occupied jointly by
KORDI and NRL (Naval Research Laboratory, USA) in May 1999.
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Fig. 1-11. CTD stations and TRBM-ADCP mooring locations occupied jointly by
KORDI and NRL (Naval Research Laboratory, USA) in October 1999.
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Fig. 1-12. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in February based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987.
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Temperature - :

Fig. 1-13. Mean temperature, salinity, and water density (¢ distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in April based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987.
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Fig. 1-14. Mean temperature, salinity, and water density (o distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea

in June based on bimonthly data taken by the National Fisheries

Research and Development Agency during 1967-1987.
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Fig. 1-15. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in August based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987.
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Fig. 1-16. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in October based on bimonthly data taken by the National Fisheries
Research and Development Agency during 1967-1987.
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Fig. 1-17. Mean temperature, salinity, and water density (o) distribution at the
surface (left panel) and at 50 m depth (right panel) in the South Sea
in December based on bimonthly data taken by the National Fisheries

Research and Development Agency during 1967-1987.
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Fig. 1-18. Progressive vector diagrams for current data taken by the National
Ocean Research Institute at 5 m depth in the Hoenggan Channel for 15
days in June 1980 (left panel) and for 32 days in September 1998 (right
panel). Sampling intervals were 1 hour in June 1980 and 10 minutes in

September 1998, and the diagrams are based on hourly data.
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Fig. 1-19. Vector plot, and east-west and north-south components of low-pass
filtered, subsampled every 12 hours, currents based on current data
taken in June 1980. Doodson’s Xy filter was used for the elimination of

tidal components of currents.
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Fig. 1-20. Vector plot, and east-west and north-south components of low-pass
filtered, subsampled every 12 hours, currents based on current data
taken in September 1998. Doodson’s X, filter was used for the
elimination of tidal components of currents. Repeated vessel-mounted
ADCP surveys were conducted in the Cheju Strait between Cheju-Do
and Pogil-Do during the stippled period.
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Fig. 1-21. Monthly mean sea surface winds in the South Sea from January to
June with a spatial resolution of 0.5° X0.5° based on 12-hourly sea
surface winds during 1978~1995 (Na and Seo, 1998).
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Fig. 1-22. Monthly mean sea surface winds in the South Sea from July to

December

sea surface winds during 1978~1995 (Na and Seo, 1998).
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Fig. 1-23. Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in February 1999. Positive
(negative) values in the current components denote the eastward
(westward) flow in the east-west component, and the northward

(southward) flow in the north-south component.
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Fig. 1-24. Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Chin-Do in March 1997. Positive

(negative) values in the current components denote the eastward

(westward)

flow

in the east-west component,

(southward) flow in the north-south component.
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Fig. 1-25. Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Chin-Do in April 1995 (Suk et al,
1996). Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the

northward (southward) flow in the north-south component.
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Fig. 1-26. Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in August 1999. Positive
(negative) values in the current components denote the eastward
(westward) flow in the east-west component, and the mnorthward

(southward) flow in the north-south component.
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Fig. 1-27. Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in September 1997.
Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the

northward (southward) flow in the north-south component.

- 154 -



Pogil-Do Cheju-Do Pogil-Do Cheju-Do
cs 4 3 2 ct cs5 4 3 2 c1

0 0 1
S ¥
== W\ i SUEONS |
— —_’—"7’%6//\ : 4 RS N\ . Cy
E =9 * [ 501 TR :\
= N N
2 . P N
Q -100 b -100 4 Along-stralt \\\ N
Temperature velocity ( cns )
Sep. 25, 1998 Sep. 25 - 26, 1998
-150 -150
° g/—- 0 ° X
—§__312‘3 %—‘ ) Q/')// \ . 1
=i S\
c
£ 501 /’/['v-f—ﬁ\\as r -50 = 8 N4//F
= :
o
8 -100 ] /—i— L 100 Cross-strait )
Salinty velocity (cm/s )
Sep. 25, 1998 . Sep. 25 - 26, 1998
-150 -150 \
° —2 = ' —’{4/ i - '\\f\§*“§
S i
= < \ /
rg .50 1 4//24.N - -50 1 — E i \ ’l L
8 -100 4 bl 3miles _ L 1004 — 10 cm/s N Q L
Density vel. vector
Sep. 25, 1998 Sep. 25 - 26, 1998
-150 -150

ig. 1-28. Vertical sections of (left panel) temperature, salinity and water density,

and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in September 1998.
Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the

northward (southward) flow in the north-south component.
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Fig. 1-29. Vertical sections of (left panel) temperature, salinity and water density,
and (right panel) east-west (upper right), north-south (middle right)
components and vector plot (lower right) of diurnally-averaged currents
based on repeated vessel-mounted ADCP measurements made in the
Cheju Strait between Cheju-Do and Pogil-Do in November 1998.
Positive (negative) values in the current components denote the
eastward (westward) flow in the east-west component, and the

northward (southward) flow in the north-south component.
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Fig. 1-30. Vertical sections of temperature, salinity and water density (o) off
Ulsan northeast of the Korea Strait (left panel) and off Sori-Do
southwest of the Korea Strait (right panel) taken during a joint
Korea-US survey in May 1999. CTD locations are shown with tick
marks, and labeled locations denote TRBM-ADCP mooring sites.
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Fig. 1-31. Vertical sections of temperature, salinity and water density (o) off
Ulsan northeast of the Korea Strait (left panel) and off Sori-Do
southwest of the Korea Strait (right panel) taken during a joint
Korea-US survey in October 1999. CTD locations are shown with tick
marks, and labeled locations denote TRBM-ADCP mooring sites.
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Fig. 1-32. Time series of low-pass filtered east-west (upper panel), north-south
(middle panel) components of currents at 66 m depth, and temperature

(lower panel) near the seabed.
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Fig. 1-33. Time series of low-pass filtered east-west (upper panel), north-south
(middle panel) components of currents at 118 m depth, and

temperature (lower panel) near the seabed.
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Fig. 1-35. Horizontal distribution of observed surface temperature and salinity in
the South Sea in August 8-16 (left panel) and October 8-29 (right
panel), 1997 based on the KODC (Korea Oceanographic Data Center)
data.
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panel) open boundaries in August 1997 based on the KODC (Korea
Oceanographic Data Center) data.
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Fig. 1-39. Total kinetic energy as a function of time for (a) Case 4, and (b) Case
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moving-averaged total kinetic energy.
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Fig. 1-40. A schematic illustration of model run for Case 5 in Table 1-9. The
model is forced by a specification of time-varying tidal currents and
steady inflow/outflows observed in fall 1997 across open boundaries,
and time-varying temperature and salinity based on the observation in
August and October both at the sea surface and across open
boundaries. The tidal currents are pre-determined by a
three-dimensional barotropic tide model, where five major constituents
of tidal currents are computed by specifying free surface elevation
across open boundaries. The model was initially quiescent with 7 =0
inside the model domain, and diagnostic calculation was performed for
10 days with fixed three-dimensional temperature and salinity fields
observed in August, and with time-varying tidal currents and
inflow/outflows across open boundaries. The prognostic calculation was
then followed with the specification of observed temperature and
salinity at the sea surface and across open boundaries for 82 days.
Linearly interpolated, time-varying temperature and salinity are
specified from August 15 to October 15 based on the observations in
August and October, and the surface and boundary forcing applied
before August 15 and after October 15 is fixed with those values in
August and October, respectively. Also shown are periods of averaging
the model results for 15 days in order to examine the subtidal
circulation in August, September, and October.
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Fig. 1-41. Model (Cal)/data (Obs) inter-comparison for the amplitude and phase
of four dominant tidal constituents. ME and ARE denote the mean and

the absolute relative errors, respectively, as defined in the text.
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Fig. 1-42. Tidally-induced residual currents at surface, middle, and bottom
o -layers computed using the three-dimensional barotropic tide model
(Case 1 in Table 1-9).
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Fig. 1-43. Instantaneous flow fields at surface, middle, and bottom ¢ -layers at
the time of ebb tides at Pusan computed using the three-dimensional

baroclinic circulation model (Case 5 in Table 1-9).
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Fig. 1-44. Instantaneous flow fields at surface, middle, and bottom ¢ -layers at
the time of flood tides at Pusan computed using the three-dimensional

baroclinic circulation model (Case 5 in Table 1-9).
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Fig. 1-45. Computed 15-day averaged flow field at (a) surface, (b) middle, and
(c) bottom ¢ -layers in September for Case 5 in Table 1-9.
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Fig. 1-46. Subtidal surface currents in the South Sea based on the observation by
(a) Lie and Cho (1997), and (b) Mitta and Ogawa (1984).
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Fig. 1-47. Vertical section of the computed 15-day averaged horizontal velocity
vector on a meridional line south of Namhae-Do (thick solid line in
Fig. 1-1) in September for Case 5 in Table 1-9.
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Fig. 148. Computed 15-day averaged density distribution at (a) surface, (b)
middle, and (c) bottom ¢ -layers in September for Case 5 in Table 1-9.
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Fig. 1-49. Horizontal distribution of observed temperature and salinity (top

salinity

and

and computed 15-day averaged temperature

panel),

(bottom panel) at 50 m depth in August for Case 5 in Table 1-9.
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Fig. 1-50. Horizontal distribution of computed 15-day averaged temperature at
surface in August (upper left panel) and September (lower left panel),
and bottom ¢ -layers in August (upper right panel) and in September
(lower right panel) for Case 5 in Table 1-9.
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Fig. 1-51. Horizontal distribution of computed 15-day averaged salinity surface in
August (upper left panel) and September (lower left panel), and bottom
o -layers in August (upper right-panel) and in September (lower right
panel) for Case 5 in Table 1-9.
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Fig. 1-52. Computed 15-day averaged currents at surface, middle, and bottom

o -layers (from top to bottom) for Case 2 in Table 1-9.
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Fig. 1-53. Computed 15-day averaged currents at surface, middle, and bottom

o -layers (from top to bottom) for Case 3.
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Fig. 1-54. Computed 15-day averaged currents at surface, middle, and bottom

o -layers (from top to bottom) in September for Case 4.
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Fig. 1-55. Streamfunction field for (a) Case 5, and differences in the
streamfunction field between (b) Case 5 and Case 3 and (c) Case 5
and Case 4 in Table 1-9.
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Foll AFE3E ZE A 3EE9 AoAY BA Fo AL AMESHAT 3 &
L%t ol TE AAIHAAHL Class 100 59 Clean benchifjoll A A A3
o 283 FEE& EHARY AFEE FFEV] Astd REEAT A B4
ded, &4 FFH5E NRCY Ads EEFEdA CASS3, A FI&EL
NRCS] s|¢EHE TFEFQU MESS2E A5t
NAHHEFTY TS BHLE HAYA=SFTY T84 HHYES §Z
F HAHE 4dd3ie dAAES AAF o 200mesh JUEAE %
] 7
}.

_%ml

2 UIJ

PN
>

e Ko AN

Lo
oft
of,

Agate mortar2Z #3t¥th. E4E AlF 0298 100m¢ PFA €= &
Teflon distilled HF 6m¢, Teflon distilled HN03 3mME Z+Z} 7}sted 2417
of & & Suprapur HCIO4 2 e 718k HIZE 548 g1 718299 1
= Slesd 9% 2% TR, o ARt 84 wi
WA He, 294 e Ah?mﬂ YANE Ange B T
3] A AT o710 1% HNO:E 7H8 HlAWY ZAAE = 10mz ¢33}
3 EHAHEY FFEEA A E AZd7] 98t NRC& Marine sediment 3%
=3 MESS25= @7 AE EHsA o4 2o A" Az &4 1%
HNO;E 7}3te] & 3 Au4 1,0002.2 3o Cr, Co, Ni, Cu, Zn, As, Cd, Pb & 8
N ¥A2E ICP-MS(VG Element, PQ II+)2 ZF% 315tk

or 2
S mx ot Ml

-
119
S m&
o
£
>,
It
1
%,

2. upxb-Asfute] dwtA ARy Hxol A A A

21. AUAAASF & X

ZANNNE F2FY FLEIXE vlRyRko|A 25.0~257C AEZ JeElgn 3
st MBS Hol| M ojBT} B 237~244T EXE B Yci(Table 2-1).

AEL 1999 8¥€ol wAFR o FE2FA 23.72~2631psud WA gkl A]
uie g 7iw Fx Friste Aol UBtRH. STHYY 4TS A e st
18] FFFoli= 178psu 1 St 20| M= ¥F, 3mPF, 6m Fo] Z+z} 24.0, 2548,
2715psu Rk F2AFo] YElUes FFAY &L %—011 B8] 2psu H&=
=gt AZFMe St 39 10m SolA 30.05psud B St 5, 6, 7, 8 SollA
Ao G&o] 3lpsu o]olddnt. o] Al7lde E3F A %#-‘4 3ol Zat
A Yeids Re] wid 7S5 e 4ot AMF JsuksddMe rt2:
Sz St 113 129 ¥55F o] Zhzt 27.87, 2749psu Jow AZoMe z
7} 32,12, 31.67psud Bt
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Table 2-1. General water quality parameters in Masan-Chinhae Bay
in August 1999.

Depth | Temp SAL DO DO% pH SS
(m) C psu me/ ¢ mg/
1 0 253 17.80 3.49 67.4 11.55
2 0 25.0 24.05 5.02 99.8 8.40
2 3 24.3 25.48 2.54 50.3 8.90
2 6 227 2715 0.16 3.2 8.31 6.20
3 0 25.7 23.72 499 100.2 8.97 13.60
3 4 23.7 2648 0.87 171 8.46 4.60
3 10 214 30.05 0.01 0.14 7.80
4 0 25.2 24.93 10.54 13.30
4 4 23.7 26.65 3.06 60.3 8.67 10.20
4 9 21.3 29.51 0.48 9.3 7.93 6.50
5 0 25.5 25.01 12.50 9.07 6.80
5 6 231 27.95 1.82 35.7 8.17 2.70
5 15 215 31.45 2.38 46.3 7.92 10.60
6 0 25.6 2595 11.06 8.90 3.80
6 14 214 31.73 1.73 33.8 7.99 19.00
7 0 254 26.69 10.79 8.76 10.90
7 12 21.5 31.52 1.74 33.9 7.96 1.70
8 0 25.1 26.31 11.07 8.74 3.00
8 19 204 32.00 4.02 77.1 8.00
11 0 24 27.87 97.7 4.89 8.57
11 4 23.6 27.90 48.5 245 8.44 22
11 20 19.5 3212 14 0.07 7.78 11
12 0 242 27.49 99 4.95 8.56 3.57
12 4 23.1 28.07 30 1.52 8.38 2.8
12 19 19.7 31.67 2 011 7.78 6.33
13 0 24.3 26.29 96.1 483 8.56 24
13 4 24.4 27.31 72.2 3.60 8.36 15
13 13 20.7 31.06 2.2 0.11 7.83 2.37
14 0 244 27.23 165.3 8.25 8.63
14 4 23.6 27.90 57.2 2.88 8.41 0.27
14 20 19.6 3219 24 0.13 7.77
15 0 24.1 26.90 1709 8.59 8.71 0.65
15 6 23 28.263 45.9 233 8.33
15 21 20.2 32.08 11.7 0.61 7.8 04
20 0 23.7 27.49 176.1 8.89 8.56 4.35
20 6 224 28.80 42.7 2.19 8.18 2.8
20 22 19.7 3241 0.29 7.75 0.73
AE AP gl pHe EFFdMe 4E4EFAEY FFEFE] 2Esy

5 o}
856~8719 =

< #E BEern AFNA

we 29 B YUH(Table 2-1). whaljnte]
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AN BZ4% 11.55mg/ ¢ 3 St 3, 49] BFFolAM Zzt 13.60, 13.30mg/ ¢ =
BAH 5L e Byrh St 5oXE ¥E25o] FRFER0] 6.80mg/ ¢, 6mEFo]
2.70mg/ ¢ 2d H] 15mZo] 10.60mg/ L 2 EA Jelsch St 69 19m S A
T FRHFE4A0] 19.00mg/ ¢ 2 =& e HEAth AMEHIAT gy B FHEF
=

AL St 12, 209] EFA Zbzh 357, 435mg/ ¢ Aok

Aage St 19 EEFAM S5FdY o2 1415 M2 v ¢ E3toy 1
FEFol St. 2, 374 AA v|A EFFFT FAFe]l 247 309, 146 M FHtH(Table
2-2). oy B wgE o2y e gy w27t dudoez wol Sto4

o] ZFoA 139pMo|a 1 vgE HHESY EFFodAc 1M oldd &3
ATk St 29] 3m F, 6m FoAME FAFo] 7} 1283, 11.88yME E2 ol
o} St 30 A 4m, 10m Zo] z+z; 9.25, 094 M gtl. St 39 AZx4E L&A
A7 A2d d7]A8 42 Vel s o]l wel denitrificationd] 23 ©] A E 9
F718 287t dojdtar Rt

10m& 9] ol TE3AHE 925 Mo FAFe] 27 JATa 7MAsE BF O
2 FEo AgEate] gddH ARE FA4AEL 83 Motk 198613 9] mhihy
Tt ZAMA ETS &5xo 98] FHE 4 FHMNY AF59Y denitrification
rate 3.32ugN/ £ /day YTHEILATA 1987). ¥ ZEAldAE ETS EFEE =
A ZAA R o] H &S YR St. 39 AF ol HEsE EFBANSo] A
27E & 409 HEH AFEHJTR FFE ¢+ Aot 2y FHA] a4 o
B AN EFFOE FEHY FAAE A Tl V] diEd dAZe 0Y9ARG
AR o]Hd 5~6dFE gAARGO] AFHULE Aot

St. 5, 6, 7, 85 HIZZ A= AZ5Fo AAGo] 378~775 M2 FEF
o vla] stk MRS s F e St 20& AT AHEY FF3TF AN
& &7t 037~047 yMZE 1§ e Holdth AFFFY ANEL St 11, 12,
13004 Z+z} 2.92, 949, 325uM Gl St 14, 159 AZFoxEe AALGo] 1.14,
050uM o2 o Ho|th

obFArg e wpahgr St 12] EFo)A 1058uM 2 549 #e dFe v
Bl Qich  obEAE L St 2, 39] BFOAME 494, 384 M JI St 5ollA upz
°ZE 055~063uM olgth St 39 AZ2FdAE o@AAFo] 068 ME F
Folv FH HHAM Eot @3 Rol JA| denitrificationo] 93 FAE e} AAT}
Hetue Aolgtr £ & Utk

AAAL A EY EEFFolA vy de =& Y S5Ye 9F
ol Fglo] yehdx] ¢ksith.  wlitygh kF o] St 1, 29AM e BEFSFF UANEY
=x7l 052, 025 Mo Exslga. 1 ubgze] St 3, 4oflMe TESE QY
o] ztz} 027, 026 uM o]ty HZH o] X St. 6, 79 FFFF ANES
phabigh Bk A8 #8159, 271 M 2 QIAge] FF o] s AT
AZFd M e Aol Fol St 3, 49 4.89, 3.53 4 ME Yehith o] e w2
AME FEE &ALV ulS B3 pHIYF B8 AZFdAres HHFEZEY UL
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dol §&H7] WEolgn ¢HA AUtk

Table 2-2. Nutrients in Masan-Chinhae Bay in August 1999.

St. depth | PO, NO, NO; | Si(OH)
m | (M) | (M) | (eM) | (M)
1 0 0.52 10.58 141.51 29.19
2 0 0.25 494 30.90 8.87
2 3 1.01 2.46 12.83 13.54
2 6 1.68 2.14 11.88 16.34
3 0 0.27 3.84 14.63 7.67
3 4 1.56 2.38 9.25 14.10
3 10 4.89 0.68 0.94 37.95
4 0 0.26 1.64 1.39 7.61
4 4 1.26 1.37 2.41 9.32
4 9 3.53 1.36 2.54 28.55
5 0 0.49 0.63 043 8.54
5 6 2.38 2.01 5.12 16.31
5 15 1.62 1.77 3.78 16.90
6 0 1.59 0.55 0.37 7.56
6 14 1.95 3.31 7.54 23.25
7 0 2.71 0.56 0.38 7.92
7 12 1.99 3.34 7.75 2491
8 0 0.40 0.58 0.53 13.21
8 19 1.09 2.33 6.21 15.72
11 0 0.37 0.62 0.44 9.13
11 4 0.38 0.59 0.38 9.40
11 20 3.12 1.95 2.92 42.83
12 0 0.46 0.56 0.43 9.41
12 4 0.36 0.57 0.39 9.93
12 19 2.21 1.20 9.49 30.21
13 0 0.33 0.58 047 10.75
13 4 0.33 0.55 0.46 10.93
13 13 3.47 1.54 3.25 41.06
14 0 0.39 0.56 0.40 9.40
14 4 0.47 0.64 0.51 10.27
14 20 4.09 0.75 1.14 57.44
15 0 0.40 0.58 0.37 9.62
15 6 0.64 0.67 0.64 10.17
15 21 3.30 0.69 0.5 48.14
20 0 0.52 1.08 2.25 13.12
20 6 0.59 1.28 3.69 12.22
20 22 3.07 1.15 2.45 48.26
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ol A ztz}h 3.12, 347 M ©]Ath. St 14, 15, 20
1

Zol7} 20mE Qe Foz Makh @ael Yehged A4l
SEE 27 409, 330, 3074 M otk AEFFe P TR AVAL £5
of mato] Yol EEsol TIH) NEHSTFAE BUE 2L 28]

T s}

A2 wlahfiere] St 1o)A] 2919 M gov St 2, 3oA Zbz} 8.87, 7.67 uM
olAAth. St 39] AFFoME 37.95uMe & FEVF UEIRen St 49 AHFF
ol ME 2855uM Rt A MPoME BEFE Fatdoe] 913~1313u4M
o] EXE BHYt. AHIZFFY HAYE w=v vl$ Eol St 149 20mZFolA 57.44
¢M gon Sto11, 13, 15, 209 A= 404 M o] Ao ).

22, $EJL] FAHARE

SENLY FaHFYMY FAREYEE Fig. 2-20] JelATh

St. 20X &4 o] HH o] 473m/ L AMEE 5m=9] 0.29m/ Lo o=
71 A ZHold wet rta2 A ZAET. £&%5LE 34m Fo| EXH 1 o}
oA Fe fEALY BYIZE HYY. 6mEoME Winkler Wyog =33
DO7} Z+zt 0.16me/ £ ©]Ren 7mZF A= DO meterd] 2)&] 0.08m/ £ 7} &35
Attt o] AAHAAME FdAAE 27t 3m 2 1283 u4M, 6mEojA 1188y M=
el g3@dA uhee AFHR e Ao g Hth St 3dAe EZ, 2mZ, 4m
Z9] DO7} z+zt 4.99, 2.33, 0.87mi/ £ 2 Zold ue} FA43% Z4AE HYd 6émE
olXE Winkler Wol 93 DO F%7 AEIAZ Fabs d4-& Yedg. 2
ZFAZEE vhahfigbol A @A ZAASES YERd 22 St 3 ol ¢
A AFdFFEol o] FHANME gdFdANSo] Hgo] Y

St. 49 A4 St. 87FA = EF9 DOrE 10me/ £ oldoz =
BEEA ol o3t 8&E4MAS HEE Aol YERT. St 59x & 8, 10mF ¢ DO}
Z}z} 0.61, 042me/ L 2 WIAAAZE HHoY 12m olgfZo 2 2m/ L e &&
At BEXE B St 69lMx 8mEFolA 0.80ml/ £ 2 oxygen minimum-E }R©]
H 10m=Z ol e 2ml/ LU E&EAAE T gEHY. St 8olA = DOZ} 8mol

A 10mZ o2 71 316004 256ml/ L 2 ZASI=Y ole 0] 05T=2 Z4s)
T F2dFH dAEHH.
AE Zgn ¥2, 2mZ9 DOy} Z+zt 4.73, 4.32mi/ 4

7 b s o Ae St 119 AL

Form 18mZdME AETA goz T2 A4S Yok St 139A4& 10m
ZoX 12mZ 0.2 7} $&0] 13C Z4sn DOE 14244 0.13m/ £ & 248
gt St 149 18m=, St. 20¢] 20m=< DO7F z+7; 0.13, 0.29me/ ¢ 2 A3 A3
ot el B SAS FHtoldl A £EAAT A AHHAJSTSUHEINEY B2
2uEgo] AlFdE FAE UATH
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Fig. 2-2. Vertical profile of temperature and dissolved oxygen in Masan-Chinhae
Bay.

- 190 -



St.6 L St.7 |
i 26 ¢ . - 12 ‘
26 12 ! | i
| H !
e | e !
25 J——-—Temp 10 ] P25 —=— Temp 1; 10 ‘
| —o— DO(mIIL), | ! ——DO(mliL) ! :
24 e ! C24 e |
8 L e
23 | 2 DO,
Temp 6 DO(mIL) | [Temp : 6 i
22 | [ 22 ; l
; i ]
4 : 14
7 W oo o
I Ly |
20 | 2 : | 20 ] |
| E 1 i
19 0 ! P19 L— s -0 !
0 2 4 6 8 10 12 14 g } 0O 2 4 5 6 8 10 ;
Depth{m) ‘ | Depth(m) !
| | |
|
z
Temp St.8 DO(mIIL) St.11 |
30 — - e e e 12 | 30 - -5 !
| i |
25 10 i
25 4‘ .
t
20 | 8 20 | |
]
| ] 3
| —w—Temp Temp — 3
i ] { DO(mMI/L
15 | o DOMIN) 6 15 ~a—Temp | DOMIL)
e ——pomi) |
10 | 4 10 |
|
5| {2 5 1 1
0 — I — O 0 A 1 L I n 1 ! 0
0 2 46 81012141618 20
0 2 46 81012 14 16 18 20
Depth(m
pth(m) Depth(m)

Fig. 2-2. (continued).
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Fig. 2-2. (continued).
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Asehe FEWEY Zdolrt o 25km FMwEe] Fo] &F 25kmAEZ viS
ZHek NEe] HeE o|F 1 e WRtoly e o] Wths BT XFste Aol
g AYFH o] A JEFES ¥E XL R FEREY 2 FHAVNE 9
T RoZ FY o] dFsA Kol AL FTo]l uid Az FAAF ]
FAEE Il A e stAlol Ade =7} 0o Mgt (HFATF4 1983). <]
T F71EEE 2A7]I= AEEC] A E A AJdEY HAE A8FY] gE
o doji}= denitrificatione] Aol  AArFo] A9 ARHE FFAFAA A4
£ AH]3}= sulphate reductione] dojulm H.SE WAA]7]3 ol £33 w3}
o EZHAE 717 AL F3FEY FHHo] vEdth

oL SFYW=RY Ax FFo] A4 AvE gErtA ZIE Aaolde AL
ArEsle AEC g3 fr]Eo] EEiEedH ol F7IH4EE v A HolEin
B0 ol AL HABR ol §71%e Ralrl BT Hael FFO] 2 0%

AME dojdtt. A FLHIT F71ES €A A7 AL

ol
T

AR = *

PEZl 2 ARE AUz Ad UAZ A0, FRVSE, 3719 B, B4, Do
SNUE BRIG +47bY o] AW MNO)S ANT 2 AR 4 B
s A, W 59 Bge WAEH Wgoz YL e FYVAL UE
e AL BHsa Bl

1983 wharel, Fafwr HRa|oiE REAaTo] 2nt/ £ o|atE hypoxic 20|

Aw Age 266km’e 2 AFUAHND F 497 km'F ¥ o|4L A=A FcH(Yang
and Hong 1988). S|AEZAHE%5 9 organic carbond 1983 vlihiivtolA H
Bmg/g ORI AeAT ARALNNE BE Wmg/g FEoI} AN, AR
SollA 0mg/ge TP oH o] X& LENLTT AFAAM ol F Eyd g
A X 5H o

1979~1983'd Alelo] ZAIZHE HW wpilnte] EAFHI vlteZoA ol
FArango] A A T4 1981, 1982, 1983). wi/fe] A 4¥9FEH AZF9
A7 BEEE A 7] AlZ SR 4R BEAMAS 142 6-8€ ] YEIETHEGA
T4 1983). 1981 w2 AYAA € AFTY §ENAFTE HIERE
N2zl ALY 0068 n0y/ £ /dayQeHAFAT L 1981). Teju F24
9 £&EMLV AL F2UdF olHE FFHY Wil A f7IEY B3l <o
g AaAdE2 okt ¢ & Aot

A Tl % AFAAH] S (respiratory oxygen consumption rate)2 ¢ g
7tA W] 93 2AFHAY. 0ddEEHe TE4 AMEHE B4y FEE S
AgoZA RFAZ AAHES EFHIe Pl AFRAHAJI(Curl and
Sandberg, 1961) EHHE9 A2AHEE FA35H7] Hsl Rowe et al(1975),
Christensen(1983) 5 @& 977} Qolgtch. Wazvgs] Agagele e
olfgo] a7 g&] AE9 Electron Transport System (ETS) &5 % <
Aol & ZFo o3t AFAAH]E (respiratory oxygen consumption)g ZHH o

A
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2 Ardle Yol ¥g A& 5 A tH(Christensen and Packard. 1976 ; Kenner
and Ahmed 1975 ; Packard 1985). ETS ZEFEZ AAABlES ZA43le AT
FUlo M= oibebs H 4 ks oA Az Eet dTEI A T4 1987, 1990).

AzFe £E24AL T HEATELAEZTIAE ¥ oFY T8 93 4 a
v], e glole] #7158 Eao] AlE s Aaiu], AMAE EZUAte) 23 A
24, BF52 FEHY FF Fol dsto ®HaA 8. ZFFolAM AFTR
FEN4EL g2 22 Ficke] FLHHA S AMR sl ALE £

802 a 8021
= I Kz ““I
at aZ | aZ )

Kzo] e Folx Egzddd ot ¥sty £Ast7] olz{&dl King and
Devol(1979)& 0.05 ~ 1.10 cm®/sec® ¥ 138 u} Jh.

B zALolA St 39 A% Kz& 0lem®/sec & F1 L£E2NAZT FHREFER
B AE2E(EA Sm du)Ro] £EAA FAHL AN BEHE 648m0,/m’/days}
gt o] YN HFFY FAAEACl AL FAHY] M o] B w2
A4, BHEF sainlgo] Hasith olfdd AL AFFIATY FHHY
o]E ;Q-/\]-o 710]-0]-7(] 92}-% ‘1°i Nxﬂi‘:— I:i o A}/\/\H]%o] Ug3 7401
ot F3E 198639 AL-ERW vt E4EY AHAA ETSE8FEE o83
o Zéﬂ HEgoe ME 3Fe o 2L AHLO] 42n0,/m’/day

o] 3} AbAAH§L 138~197m0,/m’/day FHTHE XA T4 1987).

#&ﬁ%—%ﬂ NFedE2AY Ao g3td v 4 FH AZTF
L EALTL 1998 593 8Y Alold] 3.000A 0.18ml/ L 2 ZASFAHIZTHEFAR
Z 9 1999). ol2REH HEFF AAavEg ANNSHE 0.031m0;/ ¢ /day HEo
oh. olt ol AFE 1981d Ze A FiiHlEd Hls) ¥ goln. 1998
do) AaaHleg F7 5me] ASSo ) Asteiw 155meov/m2/day°lﬂ¥ =
gy EZoz REHY &84 FAH FHFHA ofF - FA o}fﬂ AA At
AiH Lo ot B ZF Aoz HATL 1989ddE E4 J g AN A

222 1320m00;/m°/day e} Aaib]go] 2HHI|E 3ol % ?ﬂ% 1990).
FHFANT A UL FEAHY A5oAM 1998 5€7 84 Ato] HFFFTE&E
A e FAT FaE B L Al 59, FEH] BHEAAMHTET
AAEZ LA 1999). olg AFY AZFFF LFEUMAL AHEL FAT 0.03mO/ L
/dayE F2g § o} vhabivts HlE o o]E sl E 1998d A
oA
=)

I‘-._4
o{)l'
S,
L
¢

n
A
&
32
L
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T Table 2-3 of sttt FFFe 2$ St 2 3,4, 5
Cde 747} 0.030, 0.020, 0.019, 0.0134g/ L & w}2tTE Azl M wp@Zo E 7}
ZAaslgtt. Zng ol5 AHAo|A 348, 158, 084, 147ug/ L2 BEXE H
AU RECE FlHE F85E L9 dEo] g vz oz sin M gAdts
AL Btk e Pbe AL rZoXEE 0.018, 0.020, 0.044, 0.069ug/ L 2
gz o 2 7t Frtdle AEE BAd (Fig. 2-3).

Table 2-3. Dissolved heavy metals in Masan-Chinhae Bay in August 1999

(eg/ L)
St. Depth Cd Co Cu Ni Pb Zn
(m)
2 0 0030 | 0.003 0.78 1.22 0.018 3.48
2 6 0.012 0.011 0.71 0.55 0.080 1.55
3 0 0.020 0.032 0.80 0.84 0.020 1.58
3 10 0.005 0.019 0.10 0.30 0.010 0.42
4 0.019 0.005 0.60 0.54 0.044 0.84
4 0.006 0.017 0.22 0.37 0.036 1.37
5 0 0.013 0.006 0.68 0.61 0.069 1.47
5 15 0.007 0.013 0.16 0.27 0.030 0.71
11 0 0.006 0.003 0.38 0.27 0.038 0.21
11 20 0.005 0.042 0.21 0.39 0.029 0.16
12 0 0.013 0.008 0.35 0.22 0.012 0.22
12 19 0.009 0.033 0.26 0.38 0.008 0.43
13 0 0.008 0.007 0.60 0.34 0.042 0.20
13 13 0.006 0.043 0.26 0.27 0.033 0.26
20 0 0.017 0.014 0.35 0.34 0.016 0.80
20 22 0.006 0.157 0.98 0.40 0.005 1.03
AZFTY T8 MY A¢ B3R dAZ 2 55 BT &
ENATgo] 23] FHL St 39 HFoA] Cdr} 0.0054¢/ £, Cur} 0.10ug/ £, Niv}

0.30ug/ £, Pb7} 0.010ug/ £, Zno] 042ug/ ¢ T2 FH HAYEY AZFdM B
3] W #g EHo 2y Cov AZTIM EFEG &2 %e HA

23} AN $E4 FIEEES BY BIET SEMAT S Re A

rlo
ol

- 195 -



oM Coe &3, Cd, Cu(St. 2419]), Pb(St. 149])= Rton, Zne YE oA
SA debstth v B dFdAME AF A2 golAut &&2447 EAstT
om, HSU S?9) &a] of¥7} stotgx] gholA] o5 F&o| 2312 gz Yxt
g }H=AT BEEA .

Dissoved Zn - Masan Bay Dissoved Cd ~ Masan Bay

@ Surface
[0 Bottom |

B Surface
OBottom

o004 | T~ T

003

ug/l 002

001

000

L ]

Fig. 2-3. Dissolved Cd and Zn in Masan Bay.

AZHAA g2A ufZ2E Cd, Cu, Ni X8 JFE7 2 ASS Hols 234
2 AZFo] ALV FREU e HIEZEEH &EHT P4 E HAE
of getEe=cttn $rti(Bruland and Franks 1983, Westerlund et al. 1986).
Kremling et al. (1997)2 WES3| Kiel Bight®} Mecklenburg Bightoll X F34& €
28 AEE ZAEA AdE AES4FY IR §E4 FH&0] A vl
Aot o] BEHAEY ok $EMAT WAY WY BAAA BTy
B A2Fg2 {53 FFEo] & Co, Fe, Mn9 7ZA$7l siggEda 3ok
Balzer(1982), Kremling(1983) 5% Co, Fe, Mn 5-& 4% lom3 9 HHEo| AU
Y o §HEZRY seFoE FHES B o

Y- E 5) 9] anoxic FEoA] £FA Zn, Cd, Cu, Ni€ oxic £%F Bt} @don, o|A
£ bisulfide &2 polysulflde«] FAo] olg F&9 fdxo JEFS IAA vA 7]
Y Eolx, Cool Z$-E anoxic B lA C02+7} Z7hstg e sulfidest g 4%
o] ujujst7] mEolegtn B iE ) thKremling, 1983).

B G oA &EA Cde EF 0006~0017ug/€ ZZol A 0.005~
0009ug/ ¢ & EZolEgith. £FA Pbe ¥ ZdA 0.012~0.042ug/ L H AZol
A 0.005~0033ug/ L 2 FAZFo] vk EXHT. &&EA Cuxz ESHA 035~
0.60ug/ £ |3l AZo|M= 021~098ug/ £ ©ldth. Cox FEZFo] 0.003~0.014pg/
0, A& A 0.033~0.157ug/ L B AFo] X =& < Rt

3 98 U Hajdete s AR 884 FE545 AEE BY, AshtzA d
Qb M= Cu 042~0.79ug/ & (BT 0.6lug/ L), Zn 037~1.66ug/ § (BF 0.70ug/

ol)l
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), Pb 0.024~0.086ug/ ¢ (T 0.046ug/ £), Cd 0.018~0.028ug/ 1 (FF 0.022u8/
0)8] BEXE BRI SATL, 1997). opabuteAE Cu 0.23~1.154g/ ¢ (3
T 0.61ug/ £), Zn 0.06~0.99ug/ ¢ (HT 0.254g/ L), Pb 0.011~0169ug/ ¢ (B
0.0344g/ £), Cd 0.018~0.050ug/ ¢ (BT 0.030ug/ £) Aok (FZahFAT4 1993).

32 dAY TFH

B ZANA YA FEE5L AFHAE 4AFAE st acid-leachable fraction®}
refractory fractiong Z4zt A3 ol FEFAIZY F&£dh Y vlgo] A9
YRR ALGBF AN ZF FFEY G W F/ 22 ERAFAE gopst
71 Y8l M= acid-leachable fractiono] tg A2 ols)7} Qg sty wFoldl).

ZAINE QAL FF49] acid-leachable fraction % 5% Table 2-40] JeEh) )

.

Table 2-4. Acid-leachable particulate heavy metals in Masan-Chinhae Bay in

August 1999.

St. |Depth| Al | Mn | Co | Ni | Cu| Zn | As | Cd | Sn | Sb | Pb

m | ug/g | ug/g | ue/s | ue/g |pg/e| we/e | ug/g | vg/e | ue/g | vg/8 | vg/g
2 0 |9968 {16860| 32 | 28 | 40 | 666 | 91 | 150 | 1.70 | 0.40 | 26
2 6 [17336]24305| 17 | 26 | 95 | 451 | 39 | 0.78 | 038 | 0.10 | 168
3 0 |5365:4493 | 61 | 12 | 27 | 259 | 35 | 060 | 1.40 | 0.06 | 15
3 | 10 [29093(23467| 13 | 17 | 51 | 271 | 14 | 1.3 | 044 | 008 | 1.8
4 0 [3433:2046 | 22 | 88 | 65| 133 | 44 | 033 | 090 | 008 | 50
4 5571 '41285] 11 | 9.0 | 54 | 110 | 95 | 056 | 230 | 0.61 | 11
5 0 12542 1598 | 1.7 | 85 | 43 | 137 | 29 | 051 | 067 | 0.05 | 48
5 | 15 [15282.72100| 16 | 24 | 18 | 148 | 91 | 0.80 | 3.00 | 0.79 | 25
11 0 |1899; 495 | 044 | 83 | 30 | 61 | 29 | 091 | 240 | 018 | 24
11 20 | 3177 i30423| 66 | 49 | 59 | 36 | 16 | 051 | 0.73 | 003 | 21
12 0 | 61281 193 | 054 | 32 | 1.8 | 26 | 1.7 | 013 | 062 | 004 | 15
12 | 19 | 7208 '53170| 14 | 14 | 12 | 123 | 93 | 084 | 470 | 1.14 | 43
13 0 14047 1603 | 14 | 74 | 44 | 100 | 59 | 064 | 030 | 032 | 95
13 | 13 | 5967 148772| 64 | 46 | 14 | 56 | 97 | 077 | 24 | 075 | 76
20 0 | 975 1 681 | 056 | 47 | 1.7 | 80 | 34 | 038 | 037 | 006 | 238
20 | 22 {6016 138279 71 | 13 | 12 | 43 | 10 | 107|220 | 129 | 46

s oA Uivte g FE 9l Agld mE acid-leachable fraction?] ¥+ Fig.
2-4o]] JeElY. EES5E AAA Cuf acid-leachable fractiong St. 2, 3, 4, 5
oM Z}z} 40, 27, 65, 43ug/g o2 "HRE ZoA Fx oulgzog st Hit
Haste AE%S B9t Cdel A o] AAHESO A 1.5, 0.60, 0.33, 051ug/g &2
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Fig. 2-4. Acid-leachable particulate heavy metals in Masan Bay.

9ls} o] E24E JAA £24 9 acid-leachable fraction X7} whAkRE Qb o
otz FE& Hddol Bx(H T, 1994), ¥ wVIEH FF
At thE £F 2FL9 H® Fo G o oz FHPHDL B Avd
B o olzl 29| acid-leachable F&4o] oA Mne St 29 %33 EE HHY
HAZo) A Mnol £ #FHL Uegzn JoH, Al A@Ad YAME olE A
= 5olA4& Bt
oJulA 0.2 Mng redox-sensitive 402 &e{x Aom, Turner et al.(1991) ¢
Ao o BaAHe FQ sFolA AF FAA o)A FsiE Mn2+2
slgol A pHZ7E 2 £&aA0ke] whgo oA et w1, ¥ $ES
zF= MnOOHY MnO; #E1¢ 3 HE(Mnrich particle)2 ®Hohil 3t a8y
dEF e AFdAE HHEL I AEF7l BT FABAY B FEBF
o4 ¢ MnO, 4l Rhodochrosite(MnCOs)7F A @tk 3t th(Brigmann et al.,
1992).

- 198 -



AMEAs T oA acid-leachable Cue % F©] 1.8~44ug/g 1A AZdA
12~59ug/g S 2 AFAA AN 2 FS BRI Zn& X FolA 26~100ug/gol
A3 A ZFFoAM 36~123pug/g ©F AZo] =Tk Pbe ZEZoA 15~95u/g
Az 21~43.0ug/g0 8 2L AL B Cde EZA 013~091u/g
o] AHEANA 051~1.07ug/g 1R LeH Cor EZol|A 044~14ug/g 93 AZ
oA 64~14ug/g ATH. AstE EZO|A 17~59¢/gR o™ Ao 16~100u
/g °lAh.

A FF49 Aldl U FFA4 (Enrichment Factor, EF)= acid-leachable
fraction?] 749 Cur} St. 129} F =4 04, St. 119] A=A 280 oj]govt k&
ZME 14~82 AE 9 BIXE HHYT. Zne 5~%C 8 HL& F=A4E HQL

Cde vlabdigre] 79 19~829 #X & R Y.

E ZAA 94 2 AHC e} oA &)zt JAT YA Cd, Cu, Pb, Zn
EFHRT AZFM dAZ L FHS vehdla o, oA dFeHzel A
HHeg &&EH TE5L EA Jeth

olgigt Al i AFT AFAME Uehd 8t led AFHe]  Tyrost
Bannock basin A ZF ol anoxic 70| WaEo] lon, =4 ok 3300mei A JE}
U= 49} anoxic brinee] ZAAHolAl= Co, Cu, Zno] FRHEH wj$ & &
Zo g ZAFPOH, o] AL anoxic E7AGtAA] WA H metal sulfide I AEo] 9
& ZAolgl P (Van der Sloot et al. 1990), Z-sjo) M anoxic F74 9] AZF oA
Cd, Cu, Pb, Znd& #F3EFHoz YALHZ FHAYD st ch(Lewis and
Landing 1992).

AAAE TFE9 Refractory fraction Table 2-5¢] Az sl At}

Mn-& acid-leachable fraction°] ¢4x & o2 BZL &4 4+ ARt 24 F4£9¥ acid-
leachable/refractory 9] ¥ Hl-&S Mn¢ 7% 245Z acid-leachableo] %= o]
t}. o] H&L Coo 7% 121, Cuxe 57 Pbr} 38, Zno] 43, Cd7} 85 5 A
B 3ol gl %ol A acid-leachableo] Bkt Al 03622 refractory
fractiono] &g 913 Sno] 0.652 1 thgoluch

B A A AR F545F 8EA] 55 Alold EuAlg (Kg)& Table 2-69
e ST

-~
1— )=
(<) S
= T

"012 C} —rHH 74!—7— 74] 1-% 23 AN FFLEL acid-leachable fraction?H&
£ A9 WalA Reta ¥ W 884 2
Agro] ou 7t 7] wFolth
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Table 2-5. Refractory particulate heavy metals in Masan-Chinhae Bay in

August 1999.

St.  |Depth| Al Mn | Co Ni Cu | Zn As Cd Sn Sb Pb
m | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm ' ppm
2 0 {24145 327] 11 12| 59 54 21 013 4.4} 0.28 2.5
2 6 {39043 2477 21 33 26 111 42 048 5.3§ 0.81 41
3 0 7554| 163| 0.34 6.7 34 35 2.2} 0.06 l.6§ 0.19 099
3 10 | 35164 4371 1.6 21 71 500 39 006 17 052 46
4 8610 33 033 6.1 2.7 18 1.8, 0.02 0.92; 007 17
4 26926/ 1536 0.42 90, 7.1 59 20 006 11 013 51
5 14405 39, 018 26 3.6 27| 1.3 0.05 1.6, 0.18 2.0
5 15 | 41402] 1988 0.69 4.8 15 16| 22 010 38 027 48
11 0 17658 83| 0.03 8.7 4.6 58 190 015 31 011 15
11 20 | 14924 4032) 0.52 74 1.0 11 1.7) 003 047 026 081
12 0 | 10370 117 1.5 6.8 13 27 2.8 021 72 054 6.3
12 19 | 35429 800 097 27, 30 37 3.3 025/ 58 0.77; 51
13 0 | 27549 70, 0.12 15 27 33 24 021 48/ 033 31
13 13 | 38336] 2870 1.73 36 24 37] 36| 018 43 052 68
20 0 4359, 1131 0.20 16| 15 38 370 028 16/ 053 52
20 22 | 11065, 8342 2.2 16, 14 35 3.6 021 40 073, 9.0

e
L

rlo
=)
o>
r&
S 1o

<
ol
+
lo
oX
—{o
oo
ro
I
lo
Q
o
-y
._>£.
()J

, 4, 52 7} Cu® 51,
34, 11, 6 Oi A #Zasty Zng 191 164 159, 94 ¢ of{}—% BYoh Kd @&

Cd, Pbe] ZAgox oiiblinte 2 By dojzld wet A E F43] HYch
32| Mersey Estuaryol|ME B5/8l5F ZAAWAN §54 Cu, Cdo) AA7 4
olu Ky gro] Eolxthn gchComber et al. 1995). o] T F&£L T A& 48 2E]

714t RREHe F&& FAste FAol Jo stedl viidwry Aoz {47
A FHEA] Byl Wi 2 de] veiddn & 5 ok

Fig. 2-5914 & £ e AXHY B A E AZFdA DO Eigo] ¥&4F
Cd, Cu, Pb, Zn9] Ky gkol F7lste BE&S BJoh. a2y ol3d d4dol AF
o 2ta AR Axel wEtA &F F&0] FE FAH FxY AolUA &4
gt dustd A7 €148 Ak obd o] gen A 84 AdEe 5
E2RE 24 HSY S79 &4 o¥7) FA8R @ty] gEeld
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Table 2-6.  Distribution coefficient (Kd) between dissolved and particulate

phase of heavy metals in Masan-Chinhae Bay

St. |Depth| Co Ni Cu Zn Cd Pb
(m)

2 0 11362 | 23 51 191 49 1466
2 6 1611 47 135 | 291 64 2107
3 0 189 15 34 164 30 766
3 10 672 58 487 | 649 290 178
4 0 472 16 11 159 17 112
4 9 635 25 24 80 93 323
5 0 300 14 6 94 38 69

5 15 1258 90 115 | 209 122 840
11 0 140 30 8 295 142 64

11 ] 20 157 13 | 284 | 223 | 102 71

12 0 70 14 5 118 10 132
12 19 432 35 45 289 96 5490
13 0 198 22 7 508 78 227
13 13 149 17 56 219 129 229
20 0 39 14 5 100 22 180
20 22 45 33 12 42 167 889

SEAT dAE FFE Alole] BuiAls Ke #2 4 45940 ue} o)z} 3l
=d ZEF (Kiel) oA ©]gt2 Fe-Pb-Mn-Co-Zn-Cd-Cu-Nig] o]t} (Kremling
et al. 1997). & 2AHY wik-Aawt SHE FFE5 Yid o] duRd
Pb-Co-Zn-Cd-Cu-Ni¢] £AME LES o 2 ZAFE Bt FIddolr e Kd 3%
o] Fe-Pb-Co-Zn-Ni-Cu-Cd¢] &£ & vtebdul ok 1999). Fed} Pbel A Ky
T7t 898 fU1HoE ZAgs Ue TEY HEEAE, 22o=9 ¥4 2L AA
5 gdozRy YAE wEA o] F3le A (Sholkovitz and Compland, 1981)°
2 Aug 2 9ok <Azele] ugo] okE YAS Z Znd CdE AEBAHZFIE
gt gy w4 Fx 2 gl S vAe FAEo|th(Brigmann, 1986).
Cdol 7§ E&o] & 2 ZFF oL Fx9 F7IE CdY @& o] o]FoA

B s4 AR gRES BS 9ES AUL ol K e 2 APE 2dna
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Fig. 2-5. Relationship between acid-leachable particulate heavy metals and
saturation percentage of dissolved oxygen in the bottom waters of
Masan-Chinhae Bay.

P

33. QAHHEFT TS

199943 8¢ wmiitgt 2 MEZS T A S HHEFT TF5F 5 Table 27
o Aalsldct. vlilld e ¥ FF345Y A U SFRYdeEiy 3
NA4E HAEZY Ty Baste AFS BYTHFg 2-6).

AlL St 1, 204 10% o]AFolQa St. 3, 4olA Z+z; 9.29, 8.81% Ut} Fe: v}

[

A Ehell A 4.02~419%E S4gd9oz RE A ABgE A¥A Bz e
Bt Zng& St 194 32ppm oY EFe g 7t Ha gadte AT F
gale] St 2, 394 Zzt 311, 316 ppm ©]UAT St. 49 A= 283 ppmS YEMWTH
A5% Ao St 60]HE 246 ppm ©]QOT HE el St 7oA E 183 ppm oA
I 7HR upgzZo] St 894 145 ppmeS E AT

Cu¥x St. 194 847 ppm o] vPEEFs|Fo 2 7lv ¥} ZAiste ¢S B
of St. 204 72.5 ppmo| Q3L St. 3, 46|A ztz} 67.1, 59.6 ppm olQTy. Cdel 7
2oz YutolA vte g yiH EHEFT X7 Fhdte Ao FHIAFPG. wt

L=

Ho

fo o
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gk 4 bE& o] St 1M e Cdol HAE%F 1.13 ppmo 2 71A =9k St 2,
3ol 0.9ppme& UL St. 4, 6o = 77} 0.8ppm W&o w St 7, 8ol M= 05
ppme %t Y& A=k Pbe St 1o]A] 853ppmo 2 7}F E}T St 200A
474ppm olglow oz ALE e FYE Btk

Table 2-7. Heavy metal contents in sediments of Masan-Chinhae Bay in
August 1999.

St. Al Fe | Mn Cr Co Ni Cu Zn | As | Cd Pb Sn Sb
% % | ppm | ppm | ppm | ppm | ppm | ppm | ppm | ppm ' ppm_ppm | ppm
1 102 1407 703 | 704 | 148 | 316 | 847 } 392 | 157 | 1.13 “ 853 738210
2 100 {417 )] 617 | 729 | 153 | 354 | 725 | 311 | 179 | 099 . 474 596 | 1.58
3 929 [4.07] 59 | 796 | 143 | 360 | 67.1 | 316 [ 172 | 093 342 5301{ 1.39
4 881 (414 664 | 829 | 151 | 384 | 59.6 | 283 | 16.7 | 0.89 239 500 | 1.39
6
7
8

797 |4.03| 546 | 867 | 146 | 37.8 | 48.4 | 246 | 155|075 39.0 425 | 1.26
8.76 {419 709 | 81.5 | 151 | 37.0 | 37.9 | 183 | 138 | 052 | 41.1 : 3.79 | 1.13
848 |4.02] 1074 | 786 | 155 | 358 | 30.8 | 145 | 157 | 0.54 | 34.0 1370 | 1.11
12 8.81 [397| 586 | 72.7 | 154 | 36.2 | 37.4 | 142 {161 | 0.69 | 309 ' 3.09 | 1.28
13 9.67 |420] 607 | 81.7 | 163 | 37.9 | 31.8 | 142 | 157 | 061 | 347 361|135
14 853 |4.00| 675 | 770 | 158 | 375 | 336 | 143 | 154 | 051 ;363 1337 | 1.4

AsE St. 204 179ppme| QI St. 4, 6ol A= Z4Zt 167, 15.5ppm oAUt Cre
St. 6ollA 86.7ppme & 7} £ S BYP3 I FHY St 4, 794 = 80ppm o]
oz vtz FdRAA 22 %S UERHTh Nk St 4, 6, 7 5 H2Z4
A 37ppm °|4}9] FEE BT

“ ZnSedinent
1 o
&0
. A o
£330 EED
P 2 i T 3 : s %
[ Qap : v g U — 0. 40
! I . F 0
10 3 2
l, 0 I l 3;;. : 10 :
S1 32 §3 34 96 37 38 St1 St2 St3 St4 St6 St7 St8

Fig. 2-6. Distribution of heavy metals in sediments of Masan Bay.
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Fig. 2-6. (continued).

At MEH e ME Zno| 7§ 142~143ppmo2 FHL sEAI7L gsle
o ik gks] el vlE wk o]dte] FEE BT Cus 7tEE FE9 St 12904
374ppmo] R ZtEE MZE G4 YA 31.8ppmo|len St 14914
BeppmOZ oA haREke] ws| W olste) FEg mad  Cre 727~
81.7ppmo. & viihfigtal H]£3 FEE YT Nik 362~379ppmo = wpihui gt
% B39t Co, As9l ZALE Jafwt AR e HHEFT Fx7t vpdl T
H] S8t

HHEF dF FE5dLe A3 FL Au@AE v e Fg
2-7 of Cd$} ZN, Cu¢} Zno] o & A3t

zAslde HARE 224 52 49 o} 2HOT e Sediment
Quality Guidelines (SQGs)¥ H|x &t} ole s g9} MEATY Hwd g
AY A B4 4xo]H(Long and MacDonald 1998) H|Z4 23l Aoz FAE 43
Aol ozt shabatEs HAS A% AY Bolth NOAA(190)9] 7ho]=2ilelA
= AEgFgo] dojue ¥E7F 4L 10%Yw E ER-L (Effects Range-Low)Z 3}
50% Y} & ER-M (Effects Range-Median) &2 3}3 gled ¥ 7|& (ER-L)& o
FEAA HHE MAste HESo ot HE LFEE FFE LY dEed A
A% gholth.

Pbe] 7Z¢ NOAASl ER-M2 110ppm <It] Hia] w=e] Atae ZApe]A
Oakland estuary®] 206.7ppm, Long Island Sound$] 172.2 ppm 5 2 ¥&=7}
A 7% SHATHNOAA 1990). Pbe] ER-LE 35ppmo 2 wlahyighel 47)74 7 of
o2 z3stth. NOAA(1990)7} AAlF Cu®] ER-LE 70ppm<lel] whihfgh
RRAA ol% zoetdch

Cre F2 3434, 883 5o Bol 20j1 NOAA(1990)7} At ER-L
soppmele] sh4E YR AAPAM o zARAT. Znd B
NOAA(1990)¢] A|9tollA  ER-Mo] 270ppmeld] St. 1514 St. 474 o] Mt} =&

A
o
h 5=

'~

ST T\

- 204 -



FE7t 23590

A

! MASAN-CHINHAE 1999 MASAN-CHINHAE 1999
[}
| 120 T e 500 — e e
| . g
' | 400 -
i 100 t * "’—§ *
} . 1
i o : 300 F i
{
3 080 . — N .
f . i 200 -
i
| 060 |-——® — 100 b o e )
é S i
' 040 j ‘ 0
1 0 200 400 600 ‘ 00 500 1000
! Zn Cu
|

Fig. 2-7. Relationship between heavy metals in sediments of Masan-Chinahae
Bay.

@4 92 Yt A% H48Y 34 §¥E BY, FYUAME Mn 618ppm,
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A= AEAYLNFH] Fol F7180] deidoz TFE Folth
AM Faba FAHL vpidwt 9@ ks oA HA #EHAeH B, vheg
o] Mg AVl = JEhGA Fch

1999 8¢ AAMEL vlihint AFolA SR T2 v EgeH vt
AEZodlMe EFTAA 1M olstdt. sihlT E4FE HAH HFre &
AaRgo] we} 1xM oldte] ¥e Fid FEE BYGu J44gLe B
BAEANAM vt B A8 2A JeEhY FFdo] gEEge AlA.
oM AF5T EEUE F=7F R pHZE Rot HAE2HHY A4
o] %JOM Ao g HAL. ZRAV|NE EEALEE HFO
8 Zadte FAEEE HYt EE FHAAM AFFF5 9
= ?deoﬂzﬂ Faa 84S Yeplith. 45 FHA
olgf 2o &AL Aol 648100,/ m’/dayE FAY F

7ol A% FAHY e o] Bth & Ah4HE0]
Agz BEH o] AP AEFF AAAHEL 155m0,/m’/day
U BEZ0 2 FE &£&E4A Hknp £HHA olF - #ite 1
He2 okt 84 2 Zes .

2 dFddAe g £84 2 49143 vFEEY AsH EX
7] 95l AAS = ICP-MSE o]£3led 1997'd 8¢, 1183} 1998
Aol ZA AHT A8 E B Aot FIHe] #F35F §F4 Co,
A72& 53 GRS ol % §EA Ind Cde ZE A -3
Gl A FHol & TS EAY  dFF A HEES dAF
AEEH AAHT AYGH Fold dFoAM FHIA =2 FEE B
AHE dAg9F A4 vFFEY Fee UAZ B FHAN &
ot FgwdA SHE Z dAAR uFgsSEY FEE T 1EHF
Z(eg/L)E ASE £&A4 vHFHY dlF 18EHFT F29 Bl A4
Cde fdztAel Ao &84 CdY /103 & o Cde o9& vZFas&d 43
A7} obF BEted ole Cd 7} siFFdA FE FEFHE EAE7] WE
Bt}

L2457 44 vlFFHAlY BHAFK)e §E4LE uEE ¢ Qe
A fAFe BlE&E Addsted o&E £ ded FYW
Fe-Pb-Co-Zn-Ni-Cu-Cd¢] &0 2 Jelwgth. Fgute)A e Feo] st K4 uf
2 %(167,396)¢ HAFUEH olx YAZY BLH AL olFH AFF, I
AZ 44 AGaAe Fdo 719t AAddd. Cdo F5 &
2 AFE ol Ax9 F7IE Cde g&o] o|FojxH FET s A
S F2 dEE AYT 3l Ka g2 d4E

gaiel o8 Utk AN wFFEHY AFS sy
s %_’—44940115 Zb iRk A Y mlEg
At B dAFdMe &EA HFEFE E4A
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2 #d & A (Discriminant Analysis)-&
Di 337 %9 UAE Hdsld T

"é°l ‘1}11‘%% ’S“&'}%‘ AN 57H Aol vEF
o) %i

pr

_1}',

?i

gl

.l\')'

it

L

1o

oZ.

}o{'
2 2 A ox
Mo o4 i B oHe
2 L2 ox dn 2

FdRE APFLAS Aol2 8
19993 8¢ ol Al
AT sHIFRAN BESe 84 Cd, Zne AT HE
Ao W3t 22T Phel A BEAMNRY WRFoE 7}
Btk AZFF Cd, Cu Pb, Zng =& vtz BS X
22 T8 B2 Cov AFTdAM 2 &€ B4t AR 3
£4 Cdt BZoA E9T 34 Cu Cob E3HTH Aol 84 £ g 2
A% EE+F YA A (acid-leachable fraction) Cu, Cd, Pb& vpitlgt ZoA w31
wezoz AW Wx gadte 4TS H¥T%. YA4 Cd Cu, Pb, Zne HEE
o Xﬁ’_‘°ﬂ/‘1 AAZ & FFE vetdld Cu, CdY #ujAS K g2 ESolA

_E',
o])lv o|N
N
_?.l.’,

SRezH Yolddl et FLAE nAY. o) 3 Fhe sAGeeyd
Qg -*?—%%za of & FAFE T4l dol shhmos FEe SFael 9
gg wE Fdith B zAllAe A5 DO Ealgo| %248 Cd, Cu, Pb,
Zn) Ky gtol 37h8HE A%€ vt a8u o5 A4S 24 IY gad
Qe Paalx) Ytk wHAFZelME AL Zn, Cu, Cd, Pbe] HHEF 57} o
Do2RE WoA4S gasts AL HATL As, O Ni 5& sh5e 399
R

=
ofd
ol
pr
e
B

249 (W715.) A8 AFe2 9
2Eo. EAY A0E 4% 98 23

A4 HAZAY FH 52 5 & Ak &Y AYIAY 2B obF FeAA
%e HYEol ol A7/ vy wol 1YY §49 Luuwuwmg SEER
o o)/ EHS, dd/d 28, A/

=
sgoziue 49e quad dE 90e A9z

R 9
78 2 Aol oy XA S HuEy] A8 AdARY ERFYU, 2 LM
{3l agln fo 2o ofFe tis) AEd 2ol FAHo o gtk syt |
s ge SAZRE AT 8HIEFE Be 2oy FF 2ZFA ZEdAEE
gk AAH A77F sk & Aot
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o9 g3 HEE HGe Bk FFTsAF AFAYL AA o=
= 2 ge SAso sl U, s

= M3HLF (West Korea Coastal
Current)®} $F I ZHE FAHE trtdRE T3 FHAFELE HEHAES =
2450 #U50} (Guk et al, 199%) s|FeLH B4l we =

23t wd BalE A7 270 gC m?o) E& AAAVRE BolT 3ol (Chung
and Yang, 1991) A8E §71825L Al AAT. vlFalodol e AN
9 A9 HEI EVISHAAM ARNH AS 1% mwke] SATFo] A Foluvt
Falel 2o Aol Me LAY FE] 50% FE7H BUTh (Suess, 1980). 3 o]
Jteteke fA71EEL HAEWA AZHAY AFf € ElAAE AH F718 ¥
HE A FFUE T & A4S ARTH

meb daold B, dy] 2 SFE 5% 497 AANFEY 4718 2
A& AR deFoz ANE IYEALEL AASEH £8d oA Fa3dH,
ol o thE HFHY T2 WFAY TS Fald FHAEA £} FAE FF
et ol FFHoln.

gy AR el e SGE AR S tig dFE AL WFE &
Aol 7W7k2 At FRHAAY AFE FHH G A¢H QUeh £A TR £A
e FTPFANETLAA wjd HAlSte BHTS 5T BENL FFEA &
ZHFAT LA HUALE 2GS Hal 1988 dRE 19909 7R 33dzF FddH
L& EXYFE ZAME ¥F U3, GAAENEI AdTxee] #A (Chung
and Yang, 1991), % HAEZF $TF& £X (Cho et al, 1994), &4 AFHF S
Exsle 3sEd T8 (Suk et al, 1996)5°] AdTFHUH Y olF AT
AR Ropo] F3E GBAHQ] Ro2A FjdA Y YA FE FotstrIAT 3
s B4 B3 4AsHAE 33 A7E AW Qo

olofmpe} B A& 393 (1997~1999)e] 23 AT AHRE b3 2ol AHsA
o

R

L ZAY 2 #5417

O 1 o U b W N =
e
_}T,]—Ll
0%
i
I8
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Falol g AREEE EAZALE 8] 19973 8E 199949712 3d7 £ 93] )
Ax x| gATE AT oz vlx 23YPA dAFA AFA Roger
Revelles & o] &3t AFaFE 2 o@dsigrteols] @3l g2 g s
AAEHE A& AASAY (Table 3-2-1).
71E 53 g8z fdEe dAF ddE2d 4
AA A FFSdra FEEDL dEF Hd
m)E Axste] WrBIS ArIFoz A Y3, BHRA
7187 AR7IE A AEE AFIET sERE 7nF 504%011 o) &
AFH4Y AEE o #HolAd Yel At (FFaSAd7L

e

Table 3-2-1. Qutline of the cruise from 1997 to 1999.

g | aran EN P LNENTLE 2aE
[e] [=] -
Chl g4, POC, PON (315, St X E A E),
NH703 ololE % 1997. g8 [P*Ra, "Pb (3%, HAEHE), Aero-
(A FATL) 3.19~3.21 sol, primary production, pH, DO,
Nutrients
& %2000 1997. gy Lo FOC PON (315), *“Ra “Pb
NH9709 (ZHaEEAQ) 927~101 (31%*), Aerosol, primary production,
DO, Nutrients
N Chl a, POC, PON (343 A & & €),
g2a 228,22
NHY9804 a;;&if;u) 1998, 45~411| =SS lmnp, zopy (4, A H HZ), Aerosol,
(& = primary production, pH, DO, Nutrients
_ Chl 4, POC, PON (3}%), “*“°Ra, “’Pb
ojo| 1998. i L . .
NHO0909 (z‘s]-%l‘s](;ll of? 2) 993995 AFsy  |(3h4) Aerosol, primary production, pH,
= o DO, Nutrients
. Chl a, POC, PON (31%), “**““Ra, ““Pb
ol ® 1998. = _ . .
NH9811| . .iep AZF3]¥ |(8l4) Aerosol, primary production, pH,
AT4 24~11. .
(@FsFdTL) | 11.24~11.27 DO, Nutrients
N Chl 4, POC, PON (35,31 A 5 4 &),
o 1999, . 28,2 > _ - o
NH902| o TSR | aaas | AFAE [PPRa TP (314,514 48), Acrosol,
(2 cxT== : ) primary production, pH, DO, Nutrients
Roger Revelle® _ qae |Chl @ POC, PON (3), “*“*Ra, ““Pb
NH9905 (~a Y AT 1999. 55~515| uh&raid (81%) Aerosol, Nutrients
oolEE Chl 4, POC, PON (31%), “““°Ra, ““TPb
NH9908 e DIEPY 1999. 84~88 | AFs¥ |(38%) Aerosol, primary production, pH,
(& o=T= DO, Nutrients
5 1999. . |Chl g, POC, PON (31%), “*“°Ra, ““Pb
NH910| Roger Revelle® 999 gagy |0l (.EHT)
(3P 2AFA) 10.9~10.22 (34) Aerosol, Nutrients
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8eadurface Temperature (c)

NQAA-14 99/05/12 07:01
l KORDI, ANBAN, ROREA

Sea surface Temgurnture (c)
NOAA-14 98/11/26 06:18

RORDI, ANSAN, ROREA

19993 5 ¢ 12 ¥ 06:05

SeaSurface Temperature (c)
NOAA-12 99/08/07 20:46
KORDj, ANSAN, KOREA

face Tempreat
4 99/10/20 06
KOREA

19993 8 ¥ 7Y 20:46 19994 10 ¥ 20 € 06:54
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8ea Surface Temperature (c¢)
NOAA-12 97/07/30 09:50
RORDI, ANBAN, KOREA

Sea Surface Temperature (<)
NOAA-14 98/09/24 18 39
KORD. EA

1998 49 10¥ 22:29 19984 9 ¥ 24 ¢ 10:39
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3. dHY AFFALE EX 54
31. A &

Fale dlobd {4 (Tsushima Warm Current), Z3ldF4 (Yellow Sea Warm
Current), 23ld¢4 (South Korean Coastal Water), 3|4 &4 (Yellow Sea
Bottom Cold Water), 12]1 &3] (Yellow Sea Coastal Water) 5 o}22 1
QA7 FASA FEHA ge I A BAT AN A= ol 54
zr= 7t FelE Y Eel (Nakao, 1977, Kim and Lee, 1982; Yu et al., 1983;
Park, 1986; 4 &, 1991, 23 x, 1994; Chang et al., 1995; Suk et al., 1996) 1 F
Hildo] g v EFAsly, FEH dFozRE WEE g4 ooz ook
BRE HIET LS AT dart Hstot (B, 1974 Lim, 1976). ¢y
2t Agsiets WM e AFHFLRZ e AM3ALF (West Korea Coastal
current)E F3 H3 W EFFTIHEZFE FHAUAFELE HHES T b
stEEAE] FYEH Pl HAE 7 % gEF v BX 4P FF
€ vt (Wells and Huh, 1984; Chough, 1983; Lee at al, 1990; Suk et al,

1996).

EEL& Fele] sigtddldls 954, A3AAT F2ATE SHEY iRy vy
dafl FAEAGol dAH B g9 AIIRFE E¥st= oFY e EAE9]
WEo] iz fFddoh

E3) HZ F2F A (YA FAQLRI T ZAb) ostd g} FH Y 5070
= Ale 16970 FAA wlEHe A&ty 4 IAHFF 83%7F AAHE ¢l

o MEsiol 3Bl 2YEYo) ATE A% REIHA Fakz AT
7, oleie AsuERe il 23%4 Frhsha don Ead w Aok A%
S3EaE AA fade A B o0 FAAAS 99E HAD (3 1974
Guan and Mao, 1982, 7@ 5, 1991; A3} =, 1994; ©] &, 199%,; A %, 1998; o] %,
1998; o), 1999), 53] YA+ ol 49 22 AFAYL AYHo2 AFE
U2 GRS ATLUILS Rl S, AT e
engopel Astart AT, oldd G Fu= 4
ol A% AAe AFAPAN daAERA FAA 9% EATh g
BeE s ATHA W3 2 BIEXN did dre 3l MeA caring
capacity 9} 1FHd 429 wAFY AAs BY ¢ EBARS olssted 3
o] 433 Fastth Iy BAZA defol thgh AAser A W o] g
Adgell dF o] U, Gl tFTAolM siF 33 429 7
Z AAEE Z2HAe 77 dYERE IS 8T AsH ¥ 4 viA
T e

r\r X0

5
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32. 9t 9 A5

ATel B ZAME 19999 293 8YUo) 24T AFTE SlE A
(BEA A), 283 19993 5¢€ 3 100 sy 5 (354 NI 9 (S
S)oll g xALE AASIET ATFdge 2AREEAN Y HFEE Fig. 3-3-1.
Table 3-3-1~3-3-40] el ATt

2937 89 FAle T FIATA AT olol=iE ALY, 597 10€9
eteld ZAME vl 23YE2 S gAT4LY R/V Roger Revelles ARE3t] 43
sttt &4 ¥ 8F FU|QUER 48 seAE e ZE4A O 10,
20, 30, 50, 75, 100 m)& 7|22 2 3} Rosette o] F28 5218 8-F2] Niskin 3}
F AF7NE ol &dte AFEHAT
2& 279AdAFE Y3 A8 AFAAM F74 045m Millipore 2 A A2 o
38 T 10% QAo ozl HAEE 20ml 1Y% Zeldigd wld ol -20Co|s}
2 ZA Y5 2Rastd 4g4dE 7 F B4

NJM

A

Fig. 3-3-1. Maps of sampling stations in 1999 in the Cheju-Korea Strait.
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Table 3-3-1. Location of sampling stations in the Cheju Strait
in Febuary 22~23, 1999.

) Location Depth
Station 7 atitide | Longitude (m)
Al | 34" 46’ 126" 331" 33
A3 | 33" 584’ 126" 3304'| 56
A7 | 33" 464" 126" 3305'| 97
A10 | 33 376’ 126" 32.85'| 125

Table 3-3-2. Location of stations in the Korea Strait
in May 5~15, 1999.

) Location Depth
Station Latitude Longitude (m)
N1 357 21 129° 33 120
N2 3B° 120 | 1297 444 140
N3 35° 00.6' 129° 59.4' 133
N4 34° 504 130° 12.6 125
N5 34" 40.2 130° 25.8° 126
N6 34" 30’ 130° 39’ 118
S 34 192 1277 54 128
S2 347 7.8 128° 72 89
S3 33" 55.8’ 128° 204’ 114
54 33" 444’ 128 33.6° 108
S5 33" 324 128° 46.8° 152
56 33" 21 129° 00’ 116

Table 3-3-3. Location of stations in the Cheju Strait
in August 4~8, 1999.

. Location Depth
Station Latitude Longitude (m)
A2 34° 01.52° 126" 3297 44
A5 33" 52.48' 126° 32.95 67
A9 33" 40.58" 126° 33.03 123
All 33" 34.46' 126" 32.92' 109
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Table 3-3-4. Location of stations in the Korea Strait
in May 5~15, 1999.

o Location Depth
Station Latitude Longitude (m)
N1 35" 21.93° 129" 36.02' 119
N2 35° 12.14' 129° 444’ 132
N3 35° 00.6 129° 59.4' 126
N4 34° 504’ 130° 126’ 118
N5 34° 415 130° 256’ 118
N6 34" 30/ 130° 39’ 110
S1 34" 31.9 127° 899’ 54
S2 34° 78 128° 7.2 32
S3 33" 93.1" 128° 34.1' 108
5S4 33° 44.4' 128° 336’ 102
S5 337 325’ 128° 46.8’ 143
S6 33" 21’ 129° 00’ 100

321. YAA

AA A& (Ohaus, AP250D)&
0dum) ATAZ HFAEE ARG e FFRS

=]
-

F W% BBl 234z

A

322 £&44A

e wo

&
oj7] #al %

r}N

g AHESEA E—T—E/\]iit dd s "]E— (Ti ET H
standard solution (5mM KIO3)-€ Z}7} 0, 1, 2, 3 wd ¥
o §&A FHS AdstAH

323. && £

Wl QA4

[o T =
T'ITE

&71 ©A] 100°C o A
29 AL ¢

(Dissolved Oxygen; DO)

] 9%aF (Dissolved inorganic nutrients)
L AA

24 9EUg ol

R Ug ole (NHs)

sodium citrate®} sodium dichloroiosocyanuate E3-§-<4-&
+48% at 1uM).

ANE8E Cu-Cd columnd] FHA|AA o}Fibo]2o 2 el
W s 2o Wyloz WAAZHTH (precision :

(precision :

-A4tel 2 (NOs) -

F opAsele B4

M).

-9l ake] & (HPOSY) :

- 216 -

&4 (Suspended particulate matter; SPM)
HAZR71E o % 100TAA 1A Ft BEAZ F dA A HA ¥
ol-g3stdq FAE %Xéis} Nuclepore (PC membrane

AT} (precision :

371 $sl 7€ Winkler HPr,!joﬂ}q _QE A e A)e

AFol&, 912bo] L& Grasshoff et al. (1983)0] <A AF
B2A7) (Alliance Autoanalyzer)E AMg3lel SAsHon EAMHS o537 20
A& phenol®} sodium nitroprusiate EFF-EA =
DERE-L]

A 89 ammonium molybdate, potassium antimony! tartarate

2 563 AHstd 4§
Azste] o3str] e o H A
+0.02mg/ 2 ).

u""a Xﬂﬂ?ﬂ-

otassium iodate
FA=E A3

+05% at 10



o} Zito]l EgAIeRE 7}stal ascorbic acidZ FPAIA FMAIAT}H (precision : *+
0.1% at 1 M).

-4} (Si(OH)s) : A|Eol ammonium molybdateE 7}3t4] silicomolybdate complex
E TE ¥ oxalic acid$} ascorbic acidE 7}ste] @Az} (Parson et al., 1984.
precision : £0.5% at 10 xM).

324, 289 a

}5A 2 1£E GF/F (Whatman) 9342 oztsle] Y5 & A¥d4z &2
th 0% olMEL Sml st 2447 B EFIE ALET 22 F UV-Vis
spectrophotometer& o] 83l FF=E ZA3 A} (Parson et al., 1984).

33. 23 @ n&

1999 2€ 3} 8¢ Fafeol 2 AFAH 72 (B2 A) o A&
Table 3-3-5~6°l 453}t

I 2
)Y
D)
i
rr

331 B2 A (AFHW) 33422 2T 54

33.1.1. 1999 2

Sx:aAs SFL 260~323 4M 9 WA Falo] o wAL Zd A Al
oA 323 pMoligel & &AL FES Holy, AFx ZHE 245 Ha 7
st AFE o A AL EFAM H2RES BAS (Fig 3-3-2). FHHLEE
A FLstA, B, AT £ Tl LT o|Fo HFE AAEH. &E A
& XEe A FFo 23 100~109% Atolo] BHE B

A o], At ol H FAH T BIXIE 747 1.6~87, <0.1~06, 3.8~135
eM 2A, F4do] &
1, #3422 gdsid.

JYy AFEFELE AFF ol
= AFZEAA Aibol, ALko]
(Fig. 3-3-2).

PS4 ak 003~020 gg/l WY2M =& grE o) = S
FAlol A1 AFOZRE FUAES TILE F UT FH AT A79 BFA
i =o (Fig. 3-3-2).
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Al Al A7 Al

Depth (m)
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Line A
NO,(:M)

Fig. 3-3-2. Vertical distributions of DO, NHs, NO,, NOs, PO, Si(OH)s, and Chl-a
in the Cheju Strait in February 1999.
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Fig. 3-3-2. (continued).
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3.3.1.2. 199933 84

SENL FFE 198~249M HAZM B, HNEFTY $£AEF 0] s o F
oj7 2¢nthE g FAFHoRE FA Frd w £E2EAL FFe FH3) 7
233, Aol b Ae AFTH AP A9 AZoN HANFL HAY (Fig
3-3-3)

HE2AAL I3 = 77~108% WA EA YEFFo] EASE 20m F4AL HAAE
EZFEFFAAMT 100% o]Folut, o3t F4ldlXEs 90% o|3tE B X sh= it
AR BHEE 55 02~32 mg/ LHYEAN FZME 05 mg/ L ©]3te]th
a8y 4 St bt JALERER e 7
F4) olstFAlel e 1.0 mg/ ¢ olBeE w1, AF
s 2o

Arrol g, Adto] L U HA FEREEXE 24 05~96, <0.1~0.6, 55~144 pM=E
AN BZERZAAY HAbolZ, Qlitole wEE 47 <2, <01 yMZ W} gy
Falo] ZINEFE olE JUE Fov FAS FTUlEA, HAge £844 g
2 ¥eg 2 AF2E A A7 AZAAM Hogs Ry (Fig. 3-3-3).
FEL a9 FEEIE <01~05 pg/ 19 HA2M &84T F 2 2TV}
A A A5} A9 HFAAM 7 Eou 121 (1427, 344psu) S-S
B AFZ A- A10 ME 0.1 pg/ ¢ o822t (Fig. 3-3-4).

5] Z7hst] EE%F (20m
il Y Al2e] AFoM H

P2
s
-

7
332 el g HetEd PE 54

1999 593} 10¢€ FAeol 23 gy (FF5H NG S) o] tist s &
Table 3-3-7~80} $Z3}%ch

3.3.21. 1999 5¢

#HE2AH N (s g divle EH)e 82 |99 F 55 EXE F4k o]
0.1~107uM, dEYE o]2o] <0.1~0.6uM, <lit 1
<0.1~185uMe] WHeolty. EFEFFoA HAito
7} <05, <01, <2 M olstz v} gy Uxl A

mE ZAAEZ olE v 343 FT7Istd SFFAL HH N29) AFAA HANihs
Bt (Fig. 3-3-5).

FEA a FEv <01~08ug/ L BHEA, A N3¢ BFAM 7M1 £t 3 H
o2E IFHUE FFS =Y I Fwol HuE 493 £4 10~30 mo)
A e 454 a 52 BYY (Fig 3-3-5).

H2d S (g G M FAb ool 06~89uM, YdEYE o]2o] <0.
1~07uM, 14k o] 20] <01~05xM, 7F4H0] <01~144xMe] FEHAZA TFA
< At g 5 (FFH N)EE @M dth ol 5 §4 &
7 el wel F7bste] A S39 AFAA Hughs EYT} (Fig. 3-3-5).

HE2A a FFe <01~04pg/ L BARA I 5T A9 2ol #4 20

o T-
-0,

",
OW'
o,
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m FZoA o (Fig. 3-3-5).

Depth (m)

A2 AS A9 Al2

Depth (m)

Depth (m)

| SHOH) (1)

A2 AS A9 Al2
G " 1 1 1 1
| = 0 S
204 : ‘ :

—— . A

Depth (m)
&
)

1999. 8.
-100;  Line A
_120| Chl-a. (ug/)

-

Fig. 3-3-3. Vertical distributions of DO, NHy, NO;, NOs, PO, Si(OH)s, Chl-a in
the Cheju Strait in August 1999.
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3-3-3. (continued).
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Table 3-3-7. Water column of biogeochemistry in the Korea Strait during May

5-15, 1999.
Station Depth NO; NO3 NH," HPO* Si(OH)4 Chl-a.

(m) (M) (M) (M) (u M) (g M) (zg/1)

N 1 0 0.01 0.87 0.05
10 0.23 0.36 0.04 0.39
20 0.23 0.27 0.03 0.06 2.02 0.43
30 0.25 0.26 0.09 0.07 0.43 0.09
50 0.64 2.69 0.17 0.26 4.76
75 0.88 455 0.11 0.44 8.61 0.06
113 0.53 853 0.27 0.76 18.46

N2 0 0.12 0.55 0.13 0.04 1.63 0.10
10 0.10 0.55 0.08 0.03 1.44 0.22
20 0.12 0.85 0.15 0.06 2.45 0.51
20 0.17 3.88 0.06 0.25 6.83 0.43
50 0.10 5.93 0.06 0.41 10.77 0.06
75 0.06 5.87 0.17 042 9.71
130 0.12 10.73 1.27 15.87

N3 0 <010 . 053 0.18 0.03 0.14 0.82
10 < 0.10 0.83 0.53 0.57
20 < 0.10 0.60 0.24 0.12 0.19 0.60
30 < 0.10 0.56 0.20 0.12 0.53 0.29
50 < 0.10 0.60 0.19 0.08 0.34 0.20
75 < 0.10 0.74 0.24 0.09 0.77
100 0.60 1.16 0.46 0.14 2.79
133 0.53 6.73 0.14 0.58 14.13

N4 0 0.19 0.38 0.04
10 0.36 1.27 0.02 0.07 2.40 0.58
20 045 3.14 0.04 0.22 5.29 0.12
30 0.73 462 0.17 0.51 7.60
50 1.25 3.31 0.10 0.33 7.36
75 0.84 438 0.11 0.37 9.57
125 0.25 5.02 0.43 10.34

N5 0 0.10 046 0.36 0.04 1.20 0.20
15 0.10 0.57 0.01 2.45 0.27
30 0.25 3.14 0.29 0.19 7.26 0.36
50 0.19 3.60 0.15 0.23 8.08 0.10
130 0.60 3.22 0.47 0.33 8.75 0.02

N6 0 0.51 0.14 0.06 2.02 0.26
15 0.36 0.11 0.15 0.05 1.59 0.14
30 0.34 0.25 0.20 0.05 1.83 0.18
60 0.49 0.86 0.60 0.16 2.98 0.14
118 0.95 2.09 0.23 0.21 5.14 0.06
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Table 3-3-7. (continued).

Station Depth NOy NG5 NH;" HPO,”  Si(OH)4 Chl-a.

(m) (M) (e M) (M) (M) (M) (pg/l)

S1 Q 0.23 055 0.01 2.79 0.09
10 0.30 0.56 0.01 0.02 3.65 0.06
20 0.79 2.69 0.09 0.22 591 0.44
30 0.71 3.21 0.21 6.20 0.23
54 0.77 3.32 0.13 0.19 5.96

S2 0 0.88 0.01 0.02 0.01 0.01
10 0.01 0.81 0.07 0.06 0.01 0.01
20 0.10 1.96 0.13 0.07 3.12 0.27
30 430 0.04 0.15 5.72 0.06
52 0.21 3.95 013 0.15 4.57
85 0.14 4.70 0.09 0.22 6.06

53 0 1.47 0.10 0.03 1.20
35 0.17 1.87 0.08 3.85 0.34
45 0.08 2.55 0.24 0.04 4.04 0.26
75 0.10 7.87 0.22 0.37 11.92
107 008 . 891 0.11 0.42 13.17

S4 0 1.60 0.15 0.06 2.60 0.01
15 0.32 1.32 0.13 0.09 - 2.88 0.14
30 0.32 1.20 0.14 0.12 2.36
50 0.66 2.04 0.36 3.85 0.17
75 8.46
103 0.51 6.24 0.22 0.48 14.42

S5 0 0.25 143 0.01 0.03 1.63 0.01
15 0.01 142 0.01 0.03 1.11
30 0.19 121 0.08 0.05 111
50 0.06 1.44 0.15 0.03 1.49
90 0.32 1.91 0.52 0.10 3.46
145 0.62 4.63 0.48 0.17 9.90

56 0 0.32 0.90 0.08 0.03 1.73 0.01
15 0.08 0.97 0.66 0.72 0.01
30 017 1.39 0.31 0.13 1.35 0.01
50 0.14 1.19 0.14 3.80
75 0.51 3.74 0.25 0.14 5.14
110 0.82 3.64 0.23 0.15 6.49

~ 226 -



Depth (m)

Depth (m)

Depth (m)

Fig. 3-3-4. Vertical distributions of NHs, NO2, NO;, PO;, Si(OH), and Chl-a
in the Section S of the Korea Strait in May 1999.
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Fig. 3-3-4. (continued).
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S1 S2 S3 S4 Ss Sé

Depth (m)

Depth (m)

80/
-100]
-120/
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160/ : -

Depth (m)

Fig. 3-3-5. Vertical distributions of NH,;, NO,, NOs;, PO,, Si(OH),, and Chl-a
in the Section S of the Korea Strait in October 1999.
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Fig. 3-3-5. (continued).
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3322 199941 10¢

o] Z7tgtoll wet FA3] Friste] @At AH NIolA Hdjge BH, ol 5
2] A o] ¥ 74 HA @R 280 % £ (Table 3-3-8, Fig. 3-3-6).

Table 3-3-8. Water column of biogeochemistry in the Korea Strait during October

9-22, 1999,
Station Depth NOy NO5y NH{ HPO* Si{OH), Chl-a.

(m) {# M) (#M) (#M) (M) (M) (pg/l)

N1 0 0.21 1.23 0.26 3.09 0.25
10 0.17 1.27 0.28 0.05 3.28 0.21
20 0.19 1.37 0.30 0.08 3.56 0.21
30 0.16 5.80 0.23 0.19 8.09 0.12
50 0.02 12.24 0.27 0.61 15.18
75 14.83 0.27 0.77 19.11
115 0.05 21.96 0.32 1.40 31.84

N2 ¢] 0.09 297 0.17 3.19 0.19
10 0.11 2.66 0.16 0.09 3.19 0.42
30 0.15 9.24 0.09 0.25 9.39 0.39
50 0.05 10.41 0.12 043 11.47 0.08
75 0.01 10.79 0.13 0.44 10.92 004
132 0.07 10.87 0.15 043 13.28

N3 0 0.05 0.44 0.16 244 0.16
10 0.05 0.43 0.18 0.02 240 0.26
20 0.05 0.48 0.09 0.03 240 0.38
30 0.45 1.20 0.03 0.10 2.77 0.39
50 0.23 498 0.04 0.33 6.24 0.18
75 0.05 7.99 0.08 0.52 9.85
122 0.05 10.86 0.09 0.76 18.56

N4 0 0.04 0.70 0.15 0.04 1.33 0.57
10 0.09 0.92 0.17 0.06 2.07 0.46
20 0.38 312 0.19 0.18 430 0.35
30 0.47 2.75 0.19 0.16 4.02 0.50
50 0.06 7.20 0.20 0.44 8.14 0.13
75 0.02 8.27 0.24 0.51 10.55
114 0.02 9.83 0.22 10.78

N5 0 1.09 0.18 0.03 1.80 0.26
20 0.04 1.18 0.21 0.05 1.24 0.45
50 0.09 6.81 0.22 0.35 7.95 0.18
75 0.02 8.80 0.14 0.52 9.48 0.04
100 0.02 10.07 0.17 0.61 11.89
118 0.05 10.28 0.19 0.63 12.31

N6 0 < 0.10 1.32 0.25 0.04 1.19 0.25
10 < 0.10 1.57 0.26 0.04 1.01 0.31
20 < 0.10 1.37 0.32 0.05 0.92 0.08
30 < 0.10 1.44 0.31 0.10 0.92 0.29
50 0.18 3.20 0.32 0.20 212 0.09
75 0.05 6.32 0.25 0.31 6.24 0.04
106 0.04 8.46 0.33 0.45 8.28
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Table 3-3-8. (continued).

Station Depth NO» NOy NH," HPO,* Si(OH)4 Chl-a.

{m) (M) (g M) (g M) (¢ M) (M) (pg/l)

S1 0 0.06 1.54 0.19 0.02 3.51 0.28
10 0.07 1.49 0.16 0.02 3.19 0.59
25 0.22 2.53 0.28 0.08 439 0.11
38 0.09 13.14 0.10 0.78 20.69 0.36
49 0.12 13.98 0.13 0.82 20.69 0.08

S2 0 0.11 1.80 0.07 0.02 416 0.38
10 0.09 1.90 0.06 4.20 0.60
20 0.05 1.97 0.07 4.25 0.62
35 0.25 7.66 0.02 0.39 10.31 0.37
57 0.05 12.77 0.03 0.72 17.72 0.04
78 0.05 13.06 0.04 0.74 18.42 0.05

S3 0 0.05 1.59 0.16 416 0.04
15 0.05 1.56 0.14 3.74 0.42
30 0.01 12.52 0.08 0.63 19.11 0.19
64 001 11.89 0.09 0.65 18.09
75 1212 0.10 0.68 17.86
104 0.04 1317 0.13 0.74 18.00

S4 0 1.28 < 0.10 147 0.22
10 1.30 < 0.10 0.03 1.29 0.18
20 1.33 < 0.10 0.02 1.33 0.08
38 0.23 1.53 < 0.10 1.66 0.16
50 0.07 437 < 0.10 0.11 4.57 0.04
75 0.04 11.38 < 0.10 0.50 16.66 0.03
78 11.36 0.04 0.56 13.93

S5 0 0.01 0.22 < 0.10 0.01 1.84 0.07
10 0.01 0.23 < 0.10 0.02 1.80 0.12
20 0.32 < 0.10 0.03 1.66 0.22
35 0.13 0.39 < 0.10 0.05 1.56 0.35
50 0.45 1.36 < 0.10 217 0.10
75 0.10 454 0.04 0.20 541
90 0.05 9.13 013 0.53 14.44
130 0.02 10.70 0.11 0.61 15.08

56 0 0.64 0.10 1.06 0.26
15 0.01 0.63 0.14 0.03 1.06 0.15
30 0.05 0.68 0.13 0.04 1.19 0.21
45 0.05 0.57 0.22 0.05 1.15 0.15
75 0.04 6.24 0.19 0.28 6.19 0.05
105 0.04 6.42 0.21 0.28 6.66

FEL a9 EEE <01~06pg/ o WAEM 549 B9 o] BIHRT=
A 10~20 moA =& F5& B (Fig. 3-3-6).
FE5d S (WY 7)o && F7I9FIT £Xc FA o] 20l 02~1404

M, ¢2UE o]&o] <0.1~03uM, A o]2o] <0.1~08uM, FF4to] 1.1~20.7 »
Mo Bx2A ¢EYE o] AQ3ti 5¢¥9 ASFgRT o 15~28] = Erh
FAHOZE YA 5T (BFA N)F vA7IAZ F457H @ o] § 5=
E& 343 e, stadad AZdAM HAdgs Ao (Fig. 3-3-7).

FEAL a TFHFE <01~06 pg/ ¢ BAZA, F=AAN 04 pg/ L ojHOE =
3, F4 10~20 moll o ¥ FaFe RAT (Fig 3-37).
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Fig. 3-3-6. Vertical distributions of NHy, NO,, NOs, PO4, Si(OH)s, and Chl-a
in the Section N of the Korea Strait in October 1999.
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Fig. 3-3-6. (continued).
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Fig. 3-3-7. Vertical distributions of NHs, NO,; NOj; PO, Si(OH)s;, Chl-a in the
Section S of the Korea Strait in October 1999.
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3-3-7. (continued).
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<l
S Holn, #Azte] F3E
ol Mo AAEEH FHE
o] tg AH ¥HslE #AS3t
o] 1998\ 49, 9¢, 11¥¢ ¥ 1999 2¢, 8¥¢ AFs P &Hsle=
24 AFe Ad-d89), A9 A 55 (2% AH) € A2AHHEY A
2 FEIY olg FHd wE IHEALEY BEEAE Table 3-3-9 3 Fig.
3-3-8~119 sttt (1997, 1998 AEE 1, 243 E BHuM F=x).

e
N

Table 3-3-9. Ranges of T, S, SS, DO and Nutrients concentrations at each water
masses in the Cheju Strait based on T-S diagram.

Water 1998. 4. 1998. 9. 1998. 11 1999, 2 1999. 8
mass
T<I115, sTs> 2:36 55218 g;m f;fgg T<9, $<332 |T<21, S<325
s S<834 | e T D T | DO 309-323 | S.S 03-038
CEEF | sSi2~3 |0 o B0~64 |NOs F 47~87) DO: 235-237
(RAEQNOy : Ls~22 L 7 B PO ¢ 02~03|NOs © 22~87
Hehd) |POs : 0.3~05 Si(OHh; Si(OHM ‘ Si(OH)s: PO, : <0.1
SiOH) 2~6| S o 0~ 14 70~135 |Si(OH)s 5~7
T<20 T>17,
17 soaug| 25<S<335 | 26<S<IBI | T>14, §>342 S S
A | o —0a]SS P 03~121 S8 1 04~25 ) DO: 260-264 | L ooy oos
E5F |00+ 0u—og| DO 200~224| DO: 226~240 |NOs : 20~29| %' 7o
(AFQ2| D N INOs 103~ 18] NOs : 15~25 [ POs : 01~05 -
A | qome 13| FO1: <01 | PO <01 Si(OH)q: SO
Si(OH)s: Si(OH)s: 41~75 9-10
2.9~59 42~65
33.555% i T>17, 17<T<I5,
T<I5, oo - powns| S26<5<34 335<5<34
337<8<842 |25 2 ael S5 1 10~35 S 0.7-2.4
A |SS:02~08| 7 DO: <160 DO: 197-212
A% NOs:03~15| o, 71 | NOs:10~13 NOs : 6~10
POs : 0.1~03 |, % 0 o POs : 05~08 PO; : 03~05
SIOH)e 2~6 | armmn .| Si(OH)s Si(OH)s:
SiOH)s 17~21 10~15
i 12~15

Unit : T: C, S psu. SS.: mg 17, DO, NOs, PO,, Si(OH)x uM
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HE® s el A e < BLY B - AFFLY FHESR
Ax= 7St AFED ESolAM wo} Ite B2 &) ® FH SHoZREH &
dol 2e-& FABT} (Fig. 3-8-8b).

(@) (b)

T-Sdayan(1992) SN0, (1999 2)

3 10
SO . N
‘ 8 2 ¥
I 0 : . :
Po®E B[ B2 B4 B/E BB N N2 U4 A6 325 33 385 34 345
i Sty (o) Salnity (psu)

Fig. 3-3-8. T-S diagram (a) and S-NOj diagram in the Cheju Strait
in February 1999.

VA7 ALEAE Hole olE ¥ (19989 49) FARAL AR 223 f4)
& FHES Bl AYE (<335psu)] A‘bg, 1 (>34.5psu)] i F Wt A
eAde Azgz FRIAT (Fig 3-89). £4lo] T AgANE E, HEFT
o #AEFHoZ A% AFFEREY TFH EF SHYOZREY FFLE s
E24% AMBRAEY ¥57} 50 (Fig. 3-89b). wde] n@wdde HohdE
Qe vlekg AZol FAHoE AFD AL AuHoz i Az
e A2 HE4 (T<I5T, 338<S<34.2)oA 9 ol FEEL 298 YUt}

(a) (b)

T-S Diagram (1998.4) S-NO;~ (1998 4)
20 90 - .

o it ¢ Coastal water « Coastal water

g 15 ot S 15 % ] 1

g 5 " 2 L !

s 10 = Bottom water ., 10 | m Bottom water

o S @ .

g 95 ¢ Zz 05 S & ‘

[ Ag@ ‘

0 : : 4 1 a Adjacent m@ter 0.0 L L a Adiacent water
33 335 34 345 35 of the Cheju 335 34 345 35 | oftheCheu
lsland ! lsland
Salinity (psu) Salinity {psu)

Fig. 3-3-9. T-S diagram (a) and S-NO; diagram in the Cheju Strait in April 1998.
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HAH S 70l 2ES HEEZ FAH e AdAdAA dA4RFER
FTEE 2 mg ! ojgoz ER, NFN FZog, AN AFEHoE 24
g A2t dalz fdss HAEFT AT T AMgaide] dAtgeA 7
FHID Y-S FANYH dNFHo R s MEH G AddA AL 3 ul
Tl FFeaAY FASTY EFLE A HAEE AR{HHA %i-rﬂ o
MZ A= A2 FaA Uk (Wells, 1988).

AE (19999 gole Aol A 4L K459 £ A5 dde 2w
olUygl AF2d e EE4 GEE 326 psu o[stolth whEtr] AL Z 9F
E257 $Ug o]k 297 493 Yol 892 A B oHdge] 3 AYS
ot MF REFT ERFE olFo I (Fig. 3-8-10a). oldfiue} sy BF 4
o $EEIYFARE $4 10~30 mo] FHY FF 3o dF AFo2REY
FEYE FEASAE Bt &4 4¥€)Et &} (Fig. 3-8-10D).

(@) (b)

T-S dagram (1999 8)
SNO;” (1999.8)

25 r
Oo0 |~ (TG N 120 I

: 'y |+ Coastal vater 100 e [ Coastal water

g T T | Bottomwater S 80

810 |— T 60 |———e—g-0——— |7 Bottomuater

g a Adacent water of 8 40 I\ ,
Q5 s | the Cheuigand | Z 0l hr .| & Adacent water of

o L . oo Lel | teCeuad
32 33 34 35 32 33 34 35
Salinty (psu) Salintty {psu)

Fig. 3-3-10. T-S diagram (a) and S-NOj diagram in the Cheju Strait
in August 1999.

N/P H|7} 49o& 1682 4] Redfield ] (16; Redfild et al, 1974)9} §A}3}
E%——’F-‘Ll N/PH & 30 o]do2A] Qo] o] nls] Fuixe g Aito]o]
Ae A Y59 °ﬂffhth?l Reg AgHed, ditgez 54
o2 3e F7 T LR AMECRE s gl HlE)
B3o gafos N/P ul7} 493, %At7e 58 (Zhang et al, 1985
Hong et al, 1997).. &3 AMde 38 23 Zilﬂ g o) o3 F4
235 dad JEgFRde e ELded A4S Ae AE gHA A EH
Z ENE F ATTY QAo ERAF MFM (Edmond et al, 1985).
Kim%& (1998) %3 199%6d AF A% g & HoA et AEY ¥5F ¢
Aol FEe FHAAT FAFSIY, Ajlol2 2 ddiHog FEIIAL, ol ¥R
Z gHgo] A JFA AR FASIG LEFF o AR AFF (T<
7T, 34<5<335 psw)ollMe] FLEHF T FFHAAN 7S F71EY AEHH
A EBHE A FARG BEMAE FASE
74kt
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45ol Ggon AFIN A EF; gL U

7He (1998 11¥€)d = &
¥% X3 FARY ¥4 (Fig. 3-8-11).

psu °|stolil, FLEF

(@) (b)

T-S dagram (1998 11) S-NO;™ (1998 11)
2 140
: e — 120 —— ot — —
o P e
s 18 s © R + Coastal Water 10.0 o o £+ Coastal water
S S s o -
g ! e, u Bottorn Waler 2 80 gy !o Bottom water
< . I |
Qa1 -+ o« Do @ 60 |
% | » Adacent water of % 40 |-- ‘ a Adacent water of
=120 = - the Cheu Island | 90 L4 s [ the Cheyu tstand
¥
10 : ' 00 b
32 33 34 35 32 33 34 35
Salinty (psu) Salinity {psu)

Fig. 3-3-11. T-S diagram (a) and S-NOs diagram in the Cheju Strait
in November 1998.

AFFAe &84 FFL AAAEFT 7HF 2oy, JU¥EF vx M =

t}h ol A= 7]—11}%%1_ F7182 B2 F718 (reminalization)® 12, 7381A &

Ae dxokzo] AEGFo] st HFOo29 FFE A AFoA FHEH

7] W&Eoltt. FajolA [ & ZA. D EFATE NP E2A A

Z3 e B2gH S 3 3z FdE Aoz &y do (Rho, 1985 Cho and
A =

Kim, 1994). o]2]3 Aex2soNe) ANAHF$2E 55 £8 2 mg I ojaoz
st mebd olgld ALAZSE BHHE AwA Re2ASo Yal 499

As

& Slth 29 7 (199€ AFAF 5L FA @ FYHE UT ol
AesE SN AUHAR] eutslo] fge] A Pl 2R HAL 7}
S4& A B 9ok

- 240 -



4. F3) A5 7§71 22X 549 2 AAHHEY F1EL FFEX

2 %3
41. A &

HrFe /71822 £F (Dissolved Organic Matter; DOM) Z© 1§
(Particulate Organic Matter; POM)Z EAl3it}. ol&F 1 Fr7idres F /7]
A% o 11%e] AU gout (Cauwet, 1978), SEEFIECY olF 2 AME
EoA HolZAM AFHIAZ wEod FAad JES ot 53] e A 2
g C m’e ¥& Yagatgg zZmglo] (Chung and Yang, 1991), 44te #7183
5 Agol Sl #Y Aoz SR Suess (1980 HFAolHE Qa4
dEe Ao MBI E7IFHAA A FHl A 1% wTe FaFo] A &
ojA HAT F4o] FE M FoAME A AFY 50% HE7H A HAdn
wustgo. A 7tetgre F71EES HEASWHA AFHAY AFF 2 il
AL AA FENEFHE 04 FFUE FFH & dAANE AXEG
(Roman and Tenore, 1978).
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of §48 FREA% DYRIES AFHAA

2 o3dd. olduet FA % HHEY #7)

o sl
R
to do 49

o o

B Q7o 8% zAE 1999 293 8¥o] RAES AFEE e AFHY
(B34 A), 22)T 1999 597 1080] HIAY BY (BHAH N)3} G (B2
el tE =AE AASA. AN EA9UR P FEE Fig 3312
Table 3-31~3-34% $Ysith. 293 89 ZAE BFHFATL AFH oofEE
£ AT, 593 1099 AR 24 (FBA N, 9 6T 2392 Y%

T42] R/V Roger Revelle2 AR5} $=3)8% ot

A E AMHAE XFES4 (0, 10, 20, 30, 50, 75, 100 m)g 7|Bo 2 3o
Rosette o] ¥25 528]8 &2 Niskin sil4 MFE71E o] &3t A48ttt
£E 29U ERE A% AR AN F73 045m Millipore 2 o3 x]2 o
3k B 10% FAre g vl M 20ml nUE Zjdgd W o}l -20°C |5
2 FA YF BAdY AFAE &7 F 45
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421. &4 £ AR fF7lgk4, 24 (POC and PON)

GF/F glass fiber o#} %] (Whatman)& Furnace® ©|-&3t 5504 3A]7F F
= HE F PAE 53E GABAZ AFARE AHE G FRES 563 A4
St GRS AAT F UF 2ud T APARE 74 o nEI|d Yol 105CHH

]_

_{

ol A 2A17F AxEtZ, HAAlolE WellA Wydt & ZAE SAIA
ZAE Z2AH% AHBAE M3 FAHI2N HCHS o838} acid fuming ste] 7
gagdAe 84S AAN T AAEA 7] (Carlo Erba, CNS analyzen 2 #7]¥4,
Ah 2 3 AF =AY (precision : £0.3% o] 3}).

422 EAE AR FrEL, AL

=
HHEL dHFo] 50x50 cmQl #2FoEE o] &3t A3 m¢l
PVC pipeE £2o2 Adstd A4 f71gx 2 7184 48 FARE 99
CBASE AN FESE, d%Es A7 BASY &4 §RE S A

HAE A& 2 4 (IN HCHo g2 &itd (carbonate) Ao ErA
4 & JALEA7] (Carlo Ertba CNS)E #718k4, A 2 38 HAH FAHSAG
(precision : £0.3% ©]3d})

43. 4 ¥

1999 AF A NIAHE sl /7R R F712a ARE Table
3-4-1~3¢} YehA A

431 AFAE A5F YA fU18AE 2 AL BE B4
19999 29 A4 §7|84A (POC) 2 §7]"d4 (PON) FHake zpzp 29~373,

Hir

5~57 ug/ LHARA, gutHoz AdHoM g3 AFE 2] dsjz ZFF
ZasAt FAHLZE ALHAME E - ASFL LG FHEFeE dd
B A4S A fied 2 dA FEE dEstY, daldele AT R

o 2 Hx v Y
zt=t} (Fig. 3-4-1).
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R R \ and nitrogen in the
20 PN A Cheju Strait in February
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19999 89 UAA f71eka P Aiol ke Zbzt 48~122, 8~21ug/ ¢ B
A 1999 29 Boh HAgelM oF 1/3 FE9 FEolth FEFVGYLR ¥
TESE 2y YAEREL E Fh FFL dAAddM Az A5E FlEo
B AYNAM BF HUWAE BAC (Fig. 3-4-2).
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Fig. 3-4-2. The vertical distribution of organic carbon and nitrogen in the Cheju
Strait in February 1999.

12
Ztz} 10~133, 4~48 ug/ L2 HAZAN EE 4 a 7} Hojgh
H N4o| HZAN dAGR7ISAE 120 pg/ L olBe =
3-4-3).

BE2A S (s DM AR frlEgA 2 /fU1ds gFe A4 6~
135, 4~30 pg/ 0 BWHYEA FZH N FAS] 422 a g 06 g/ L)
Bl aZAd A 529 £4 10 mollA] Hulghe EA (Fig. 3-4-4).
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Fig. 3-4-3. The vertical
distribution of organic
carbon and nitrogen

in the section N of the
Cheju Strait in February
1999.
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carbon and nitrogen

in the section S of the
Cheju Strait in February
1999.



Table 3-4-1. The chemical composition of organic matter in the water column of
the Cheju Strait during February 22-24, 1999.

Station Depth org Carbon  Nitrogen Sulphur Carbon Nitrogen Sulphur C/N
{m) (%) (%) (%) (rg/]) (ng/l) (ng/l)
Al 0 2.268 0.338 241.39 35.99 0.16 7.82
10 2.637 0.443 1.058 269.50 4525 108.14 6.95
20 1.535 0.249 0.004 235.62 38.18 0.65 7.20
35 1.428 0.218 373.26 56.87 0.16 7.66
A3 0 0.802 0.156 1.148 78.11 15.16 111.81 6.01
10 0.753 0.153 0.849 81.94 16.68 92.39 5.73
20 0.815 0.158 1.151 86.97 16.90 122.84 6.00
30 0.859 0.163 0.941 87.79 16.65 96.18 6.15
50 0.827 0.156 0.867 91.71 17.31 96.18 6.18
A7 0 4.653 0.803 164.10 28.31 0.19 6.76
10 4412 0.668 40.86 6.19 0.05 7.70
20 2911 0.474 0.107 67.86 11.05 2.49 7.16
30 3.847 0.639 0.003 47.09 7.82 0.04 7.02
50 1.198 0.203 0.619 28.90 490 14.94 6.88
75
92 2.951 19.824 15.209 119.74 17.83 91.86 7.84
A10 0 4.226 0.626 0.091 69.65 10.32 1.51 7.87
10 3.969 0.575 58.28 8.45 0.04 8.05
20
30
50 4.429 0.636 0.001 58.65 8.42 0.01 8.12
75
120 2.763 0.378 1.124 88.72 12.15 36.08 8.52

Table 3-4-2. The chemical composition of organic matter in the water column in

the water column of the Cheju Strait during August 3-8, 1999.

Station Depth org C N S C N S C/N
(m) (%) (%) (%) (ag/) (ug/D) (ng/l)

A2 0 9.266 1.713 0.134 61.11 11.30 0.88 6.31

10 5.747 0.876 0.156 69.80 10.64 1.90 7.65

20 3.561 0.365 0.160 122.38 12.54 549 11.39

30 3.073 0.380 0.065 88.14 10.89 1.86 9.45

A5 0 17.172 3118 0.749 106.95 1942 4.67 643

10 14.020 2.832 0.262 64.21 12.97 1.20 5.78

20 9.785 1.802 0.225 49.45 9.11 1.14 6.33

30 12.147 1416 0.115 72.62 8.46 0.69 10.01

56 3.850 0.593 0.102 87.46 13.48 232 7.57

A9 0 5.762 1.018 1.281 106.30 18.78 23.64 6.60

10 31.270 5.799 0.933 100.83 18.70 3.01 6.29

20 35.323 6.750 0.253 112.48 2149 081 6.10

30 11.796 2.251 0.145 64.79 12.36 0.79 6.11

50 2.063 0.396 0.946 48.23 9.26 22.12 6.08

75 5.687 1.045 0.270 60.38 11.10 2.86 6.35

120 11.805 1.642 0.738 62.93 8.75 3.93 8.39

Al2 0 6.129 0.919 0.459 94.42 14.16 7.07 778

10 8.456 1.363 0.323 85.19 13.73 3.25 7.24

20 6.087 0.838 0.354 80.15 11.03 4.65 848

30 4.441 0.652 0.060 62.53 9.18 0.85 7.95

50 2.766 0.378 0.086 90.04 12.31 2.79 8.53

65 3.485 0.503 0.023 114.13 16.49 0.75 8.07
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Table 3-4-3. The chemical composition of organic matter in the water column in
the Korea Strait during October, 1999.

Station Depth org C N S C N S C/N
(m) (%) (%) (%) (eg/h)  (ug/)  (ug/))

N1 0 12.87 5.58 56.18 2434 2.69

10 11.78 3.85 57.75 18.85 357

20 13.77 3.90 6222 17.63 412

30 15.39 221 0.03 74.79 10.74 0.16 8.12

50 250 1.40 0.07 15.78 8.85 044 2.08

75 230 0.63 26.72 7.36 423

115 2.38 0.44 79.22 14.70 6.29

N2 0 11.33 3.80 031 5554 18 64 150 348

10 12.78 4.93 4432 1708 303

30 5.94 1.44 34.69 8.43 480

50 224 112 1045 524 233

75 441 . 062 0.08 25.57 3.58 047 8.33

132 6.01 0.99 38.39 6.31 7.10

N3 0 259 0.67 2.02 63.78 16.56 49.72 4.49

10 12.77 315 54.65 13.46 474

20 9.69 1.80 133.18 2473 6.28

30 545 229 23.26 9.75 278

50 3.60 7.18 249 4493 0.58

75 9.30 8.88 39.45 37.67 122

122 245 248 47.75 48.29 115

N4 0 22.67 7.40 125.51 40.98 3.57

10 8.64 267 0.01 85.87 26.53 010 3.78

20 12.45 4.49 60.36 21.78 323

30 8.92 4.20 38.61 18.19 248

50 5.05 213 0.10 26,57 11.21 0.55 276

75 3.62 179 17.12 8.44 237

114 136 135 0.04 13.44 13.38 035 117

N5 0 12.80 4.76 60.36 244 3.14

20 10.48 3.56 56.62 19.24 343

50 250 3.20 10.58 13.53 091

75 4.79 3.09 0.05 19.88 1281 0.21 181

100 2.64 1.85 0.05 16.04 11.22 0.28 1.67

118 2.68 1.01 26.12 9.86 3.09

N6 0 1346 4.99 65.76 2437 315

10 12.23 3.34 55.83 15.25 4.27

20 12.39 2.79 68.16 1535 5.18

30 8.50 210 41.67 10.27 473

50 5.77 1.99 23.59 8.12 3.39

75 2.85 201 11.07 781 1.65

106 267 1.07 10.34 414 291
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Table 3-4-3. (continued).

Station Depth org C N S C N S C/N
(m) (%) (%) %) (ug/h)  (ug/) (wg/h

51 0 13.95 317 7135 1622 513

10 17.23 429 73.66 18.34 4.69

25 387 101 42.33 11.07 446

38 2.02 0.46 57.24 13.08 511

49 1.05 0.39 002 52.09 19.43 1.13 3.13

S2 0 21.42 542 110.59 27.98 4.61

10 21.27 4.61 135.08 29.29 5.38

20 16 37 453 108.08 29.94 4.21

35 9.33 322 74.75 25.77 3.38

57 248 1.34 30.16 16.34 215

78 453 0.88 0.01 90.07 17.44 0.14 6.03

S3 0 17.10 7.77 50.57 22.96 257

15 7.68 2.69 0.02 47.64 16.72 015 332

30 262 1.55 15.32 9.07 1.97

64 4.96 2.07 0.02 2891 12.05 011 2.80

75 438 201 2288 10.49 255

104 235 0.62 56.52 14.83 445

S4 0 4.40 211 40.34 1933 2.44

10 16.87 4.62 105.37 28.87 4.26

20 10.16 3.63 51.98 18.56 327

38 6.24 3.19 28.25 14.46 228

50 1.02 123 6.04 7.28 097

75 6.24 1.39 0.02 46.95 1045 0.14 524

78 4.25 113 271 6.04 439

S5 0 343 097 0.33 48.25 13.69 4.64 411

10 972 291 0.03 49.04 14.67 0.16 3.90

20 12.93 398 0.12 50.44 15.53 0.49 3.79

35 11.09 3.23 0.05 42.68 12.44 0.20 4.00

50 1002 173 0.03 37.81 6.53 0.10 6.76

75 10.20 1.00 45.09 4.44 11.84

90 687 0.95 31.03 4.29 8.44

130 203 069 12.65 4.32 342

S6 0 13.69 3.96 47.38 13.72 4,03

15 4.67 1.62 23.35 8.10 3.36

30 10.50 1.66 0.03 80.44 12.70 0.26 7.39

45 13.77 573 0.07 46.60 19.38 0.23 2.80

75 6.43 285 0.03 2901 12.87 0.12 263

105 9.01 3.70 32.88 13.49 2.84
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Table 3-4-4. The chemical composition in the sediment of the South Sea
(April, 1998).

Sample Depth org. Nitrogen org Carbon org. Sulphur C/N

(m) (%) (%) (%)
A1 0-0.5 0.053 0.265 0.098 580
A1l 1-2 0.062 0.345 0.107 6.50
A1 3-4 0.028 0.143 0.051 5.88
Al 6-7 0.041 0.193 0.073 5.45
Al 9-10 0.068 0.375 0.116 6.42
At 12-13 0.076 0.415 0.105 6.37
Al 16-16 0.081 0.448 0.145 6.48
Al 19-20 0.095 0.510 0.147 6.26
A1 26-28 0.025 0.093 0.073 4.43
Al 34-36 0.034 0.149 0.092 5.18
A3 0-0.5 0.039 0.248 0.128 7.45
A3 1-2 0.038 0.224 0.092 6.98
A3 3-4 0.048 0.291 0.116 7.03
A3 6-7 0.054 0.328 0.110 7 06
A3 9-10 0.052 0.294 0.149 6 64
A3 12-13 0.045 0.267 0.151 6.86
A3 15-16 0.038 0.202 0.137 6.15
A3 19-20 0.051 0.284 0.136 6.44
A3 26-28 0.040 0.228 0.111 6.73
A3 34-36 0.041 0.253 0.101 7.186
A5 0-0.5 0.032 0.120 0.065 4.36
A5 1-2 0.026 0.082 0.040 3.73
A5 3-4 0.041 0.180 0.054 5.08
A5 6-7 0.038 0.147 0.053 4.56
A5 9-10 0.039 0.166 0.075 4.94
A5 12-13 0.038 0.124 0.043 3.77
A5 15-16 0.031 0.088 0.056 332
A5 19-20 0.026 0.067 0.046 3.01
A5 26-28 0.024 0.079 0.065 3.79
AS 32-34 0.044 0.114 0.100 2.99
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Table 3-4-4. (continued).

Sample Depth org. Nitrogen org. Carbon org. Sulphur C/N
(m) (%) (%) (%)
A7 0-0.5 0.065 0.402 0.125 7.27
A7 1-2 0.070 0.433 0.138 7.21
A7 3-4 0.079 0.493 0.137 7.29
A7 6-7 0.083 0.511 0.150 7.18
A7 9-10 0.085 0.528 0.123 7.25
A7 12-13 0.064 0.390 0.136 7.16
A7 15-16 0.068 0.414 0.142 7.10
A7 19-20 0.061 0.363 0.137 6.83
A7 26-28 0.047 0.260 0.118 6.49
A7 34-36 0.066 0.381 0.147 6.74
A9 0-0.5 0.236 2.523 0.442 12.45
A9 1-2 0.059 0.254 0.072 5.01
A9 3-4 0.037 0.272 0.028 8.62
A9 6-7 0.043 0.239 0.085 6.45
A9 9-10 0.019 0.097 0.619 6.01
A9 12-13 0.027 0.132 0.065 5.66
A9 16-16 0.027 0.136 0.060 5.90
A9 19-20 0.022 0.110 0.058 5.80
A9 26-28 0.027 0.146 0.076 6.41
A9 34-36 0.025 0.167 0.122 7.85
B1 0-0.5 0.082 0.561 0.195 7.96
B1 1-2 0.078 0.512 0.234 7.70
B1 3-4 0.087 0.592 0.281 7.93
Bt 6-7 0.052 0.352 0.160 7.87
B1 9-10 0.092 0.608 0.274 7.75
B1 12-13 0.082 0.552 0.238 7.90
B1 16-17 0.139 0.676 0.277 5.66
B1 19-20 0.110 0.730 0.328 7.75
B1 26-28 0.084 0.559 0.245 7.78
B1 34-36 0.106 0.674 0.263 7.45
B3 0-0.5 0.062 0.393 0.163 7.44
B3 1-2 0.128 0.728 0.276 6.63
B3 3-4 0.113 0.733 0.226 7.59
B3 6-7 0.109 0.686 0.272 7.34
B3 9-10 0.107 0.563 0.234 6.12
B3 12-13 0.129 0.687 0.253 6.23
B3 16-17 0.120 0.728 0.222 7.10
B3 19-20 0.143 0.741 0.225 6.05
B3 26-28 0.135 0.665 0.215 5.73
B7 0-0.5 0.048 0.286 0.192 7.00
B7 1-2 0.042 0.220 0.265 6.17
B7 3-4 0.050 0.320 0.251 7.51
B7 6-7 0.083 0.550 0.341 7.77
B7 9-10 0.060 0.371 0.245 7.26
B7 12-13 0.067 0.435 0.232 7.58
B7 15-16 0.080 0.772 0.261 11.20
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Table 3-4-4. (continued).

Sample Depth org. Nitrogen org Carbon org. Sulphur C/N
(m) (%) (%) (%)

C5 0-0.5 0.074 0.394 0.185 6.18
C5 1-2 0.092 0.492 0.086 6.24
C5 3-4 0.081 0.431 0.168 6.17
C5 6-7 0.091 0.458 0.217 5.87
C5 9-10 0.093 0.491 0.135 6.15
C5 12~-13 0.112 0.606 0.132 6.31
Cs 15-16 0 081 0.408 0.111 5.88
C5 19-20 0.113 0.537 0.125 5.66
C7 0-0.5 0.059 0.316 0.116 6.24
C7 1-2 0.057 0.326 0.165 6.62
Cv 3-4 0.058 0.327 0.126 6.61
Cc7 6-7 0.065 0.386 0.128 6.92
C7 9-10 Q.053 0.291 0.084 6.47
C7 12-13 0.061 0.355 0.134 6.79
Cc7 15-16 0.071 0.431 0.083 7.12
C7 19-20 0.072 0.414 0.155 6.75
D1 0-0.5 0.159 1.049 0.190 7.70
D1 1-2 0.098 0.663 0.181 7.88
D1 3-4 0.138 0.954 0.281 8.07
D1 6-7 0.123 0.900 0.296 8.56
D1 9-10 0.124 0.900 0.280 8.48
D1 12-13 0.086 0.589 0.220 8.00
D1 15-16 0.111 0.781 0.261 8.18
D1 19-20 0.090 0.640 0.283 8.26
D1 26-28 0.110 0.787 0.306 8.36
D1 34-36 0.083 0.551 0.257 7.72
D3 0-0.5 0.078 1.1565 0.333 17.36
D3 1-2 0.083 0.685 0.194 9.61
D3 3-4 0.093 1.087 0.324 13.61
D3 6-7 0.096 1.004 0.310 12.19
D3 9-10 0.100 0.674 0.243 7.88
D3 12-13 0.075 0.926 0.363 14.41
D3 15-16 0.081 0.936 0.378 13.41
D3 19-20 0.072 0.863 0.297 14.06
D3 26-28 0.056 0.919 0.365 19.25
D3 34-36 0.078 0.623 0.284 9.34
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Table 3-4-4. (continued).

Sample Depth org. Nitrogen org Carbon org. Sulphur C/N
(m) (%) (%) (%)
D5 0-0.5 0.189 1,257 0.310 7.76
D5 1-2 0.179 1.131 0.334 7.37
D5 3-4 0.163 1.030 0.288 7.35
D5 6-7 0.157 1.059 0.282 7.84
D5 9-10 0.183 1.136 0.293 7.24
D5 12-13 0.172 1.070 0.290 7.27
D5 15-16 0.139 0.865 0.208 7.25
D5 19-20 0.196 1.084 0.321 6.45
D5 26-28 0.148 0.959 0.280 7.58
DS 34-36 0.153 0.966 0.282 7.37
D7 0-0.5 0.164 1.077 0.436 7.68
D7 1-2 0.145 0.971 0.316 7.81
D7 3-4 0.124 0.896 0.225 8.43
D7 6-7 0.110 0.718 0.290 7.63
D7 9-10 0.099 0.660 0.245 7.77
D7 12-13 0.112 0.752 0.574 7.80
D7 15-16 0.090 0.646 0.198 8.37
D7 19-20 0.077 0.560 0.765 8.52
D7 26-28 0.899 0.575 0.200 0.756
D7 32-34 0.076 0.513 0.306 7.92
D9 0-0.5 0.077 0.389 0.149 5.91
D9 1-2 0.092 0.464 0.167 5.88
D9 3-4 0.067 0.303 0.407 5.27
D9 6-7 0.058 0.212 0.537 4.28
D9 9-10 0.058 0.221 0.373 4.47
D9 12-13 0.078 0.472 0.247 7.07
D9 15-16 0.068 0.334 0.057 5.71
D11 0-0.5 0.058 0.301 0.279 6.01
Di1 1-2 0.054 0.283 0.203 6.08
D11 3-4 0.065 0.345 0.203 6.24
D11 6-7 0.064 0.335 0.298 6.11
D11 9-10 0.060 0.323 0.294 6.28
D11 12-13 0.052 0.255 0.194 5.74
E1 0-0.5 0.224 1.739 0.337 9.06
E1 1-2 0.205 1.698 0.250 9.67
E1 3-4 0.256 2.119 0.307 9.65
E1 6-7 0.113 0.901 0.187 9.32
E1 9-10 0.212 1.519 0.248 8.37
E1 12-13 0.098 0.742 0.194 8.82
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Table 3-4-4. (continued).

Sample Depth org. Nitrogen org Carbon org. Sulphur C/N
(m) (%) (%) (%)
E1 16-17 0.178 1.257 0.323 8.24
E1 19-20 0.168 1.336 0.275 9.31
E1 26-28 0.146 1.187 0.361 9.51
E1 34-36 0.054 0.486 0.187 10.53
E2 0-0.5 0.276 1.802 0.331 7.63
E2 1-2 0.229 1.569 0.301 8.00
E2 3-4 0.224 1.509 0.287 7.85
E2 6-7 0.201 1.356 0.339 7.85
E2 9-10 0.189 1.251 0.385 7.73
E2 12-13 0.190 1.280 0.335 7.87
E2 16-17 0.156 1.040 0.374 7.79
E2 19-20 0.173 1.131 0.443 7.61
E2 26-28 0.162 1.046 0.405 7.53
E2 34-36 0.152 0.949 0.388 7.27
E3 0-0.5 0.068 0.264 0.171 4.52
E3 1-2 0.067 0.289 0.174 5.04
E3 3-4 0.063 0.306 0.145 5.65
E3 6-7 0.072 0.352 0.126 5.71
E3 9-10 0.064 0.305 0.177 5.56
E3 12-13 0.053 0.244 0.121 5.40
E3 15-16 0.066 0.325 0.222 5.76
E3 19-20 0.050 0.221 0.194 5.14
E4 0-0.5 0.141 0.686 0.322 5.69
E4 1-2 0.015 0.074 0.030 5.95
E4 3-4 0.162 0.659 0.252 4.74
E4 6-7 0.144 0.903 0.283 7.30
E4 9-10 0.068 0.411 0.166 7.08
E4 12-13 0.075 0.398 0.164 6.17
E4 15-16 0.051 0.307 0.159 7.02
E4 19-20 0.086 0.519 0.205 7.07
E4 26-28 0.638 0.356 0.233 0.65
ES 0-0.5 0.065 0.470 0.108 8.45
E5 1-2 0.087 0.530 0.179 7.06
E5 3-4 0.063 0.393 0.143 7.22
ES 6-7 0.062 0.399 0.134 7.50
ES 9-10 0.023 0.142 0.089 7.23
E5 12-13 0.046 0.301 0.118 7.57
ES 15-16 0.055 0.388 0.141 8.19
ES5 19-20 0.087 0.591 0.277 7.92
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Table 3-4-4. (continued).

Sample Depth org. Nitrogen org Carbon org. Sulphur CIN
(m) (%) (%) (%)
E6 0-0.5 0.082 0.490 0.147 7.01
EG 1-2 0.115 0.706 0.202 7.18
E6 3-4 0.072 0.376 0.136 6.10
E6 6-7 0.082 0.474 0.066 6.72
E6 9-10 0.045 0.246 0.107 6.31
E6 12-13 0.110 0.511 0.157 5.41
£6 15-16 0.077 0.472 0.173 7.15
E6 19-20 0.093 0.589 0.202 7.36
44, E9]

441 5T F71894 2 F7124 FF AEE B 54

AFsi el A dAY /71gs (POC) FF BT T4 (1999 29), &
Al (19983 449), 3HAl (1999 8¢ H 1998'd 99), FA (1998 11 &7 29~
373, 50~2576, 48(68)~122(347), 37~112 ug/ ¢ WHZA EAd 71 1 ALY
AM AF=Ho2 ZFF FA3] FLIT (FIAFATS, 1997, 199). #7112
(PON) &) AdE £X v 47 5~57(F4), 4 9~992(FA), 8~21(3A), 6~
19(FA) pe/ LEAZM #7128 FFRES FABHY EA 7HE w0

FHHOEZE AXEAHS Hole 2€7 480 F4Yo] ¥ dAddlME ¥, A

F59 I FATTOR A5t o £7192 2 47144 FF BF £57

A &F 2Xc AN ZA 3 792 FEH Itk F YA FRHE
4 % (>dmg/he o4 FHEZW 7194 FF vleo] ¥ Ay, d4A
AEFEZ 2T 2oy JdAGR7IEL &F vleo]l & AL ZAY, agx
Fe YA FHEE FE (Klmg/h)t 2 A8 R71e84 FFules 7t 14
(>345 psu)d] Ao s F Utk 2 YAAERER FFE Hole AU
Aol Mg frlerd FFES 2% miHoly, FEF FEUAH} £59 dHFYe=
HNEEZFIEY A% 88T FAZAYAME 10% olFez =t 2223 U
Frlga §F vE =3 AdgdAas AT dAGelMe 5o oA AUY
e AAREREE F ATFo] FEEAZ TFAHY AAR, AABAGAME
AEEFIEY YA P g dAY frlgs el 2FEds AS 9ulgt
Ao JARGAME &8 EF B E5HA ] dou 52 T FU¥EES
M AAGez EFAA HEEZIE S FMA =2 A8 E B
(Pingree and Mardell, 1981). 53] gF3le Aol AF & WeHo] o] w2

AzpA 4k & HQlth (Chung and Yang, 1991).
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442 EAHEQ FrIRL FEEx 2 i

A 2 2= NH9804 ZA}EH3)]A) H—H%J' 2 BAHE Aad dgtd A 2 Ad=
of o]0} Al 33 AxME ALHoz "o 2A HAHAEY Mg
ZNga, Ao g2 BMAY 1 ARE FEHe= 743]3}“4 o3 2o
Mppfe] 2AT AAFHHESY £HLL 10284 mg cm? yrie] Welolm (Fig
3-4-5), B7, E1 BHdME HAEY ndoz HA4HY A date] AZHo] o
oA 3 Aok Fa tEE A A HHee Mg FFHOE 89 mg cm”
yrio]c},

36 - A ; - >
°N NH9804 w X ,

Is
Sediment Accumulation Rate . ., "~~ Tachwa R. !
d o !
(mg cm? yr1 ) = NakdoggR. N :
- Seomjin R. - i

d' }Yongsan R.

35

34

— . ‘ )
124 125 126 127 128 129 130°E

Fig. 3-4-5. Spatial distribution of sediment accumulation rate in the

Cheju-Korea Straits.

HAEHE F7dE FFL ESHAHY S 01-25%12 Holghe
o (BH AJ)elA AT Az Ftzo] sidde] T 57
M g FF gl B wrle &Fol ¥4 (Fig. 3-4-6).

HAHHE] AAFHFE EEHA BT 004-024%01} (Fig. 3-47). 73
X FH<e HAHHEY FrIegs FFY B vz,

gdelM 7 A HHE £HLH XS5 HAEY f71E FHAEE o839
el &% A =gste K7€ EHLE tEF o] AR

F.= 0w xC 1)

71N F € 84 B8 98 T2, ot AL (mg an” yr'), Ce §7]
T FF (%) otk ¥ Ce 27| TA Bilde 78, G 25 A%E
Ry & FHAZ o] Fo] A AT 7HAHSAH. F C= G + Cq o]tk
A F= 0o xC=F=0 x( G+ Cq) o] Ht}.

18 =
2 O

2 b

]
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36 ‘ : — . S
oN| NH9804 = [
Sediment Organic Carbon (%). , '~ Taehwa R,
— Nakdogg\R.
Seomjin R. \
351
.
34 o
4
=
=
33
124 125

Fig. 3-4-6. Spatial distribution of sediment organic carbon contents in the
Cheju-Korea Straits.
36 A - . . i
°N| NH9804 e /
Sediment Organic Nitrogen (%) , - Taehwa Ry
| ‘:I-*“ Nakdong R.
he Seomjin R. ﬂ
351 Wﬁ‘
A 3
. A %
8
. / ,r
34, . / -
L] = N <~ .',-;:;)‘
] g/_“.
33 . ¥, PN
124 125 129 130°E

Fig. 3-4-7. Spatial distribution of sediment nitrogen contents in the Cheju-Korea

Straits.
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283 9471 o x C & AA el 5l sigse EYxoln

7t AYEEE F AL e PFL s 048 mg C em? yr! olt} (Fig.
3-4-8). o] & s tEE AA WA (459 x 10° m)e} FHH 219 x 10" gC yr’
o frlgkast @l siAel oid dEd.

>

36 t 8 Yed —
N NH9804 w / :
Sediment Organic Carbon Bural C: Tachwa R. !
(mg Cem2yrt ) NakdoggR. &
s, ¥ Scomjia R. \I 2
. fe ol Yongsan R \ o % o
P e . SRl ot N
35, < Tamiin R )\: s
2.7 :$r amjin R. ”‘:»;,t/‘i;?.‘iv*::-';,,ﬁ i~e
L, ¢ /‘{"{_ }r"*‘:"—"k DSBS R
¢ {l:d”’ ;E é’ébig‘(f:f%‘_)- M (‘_\\) ° ‘9'/
L P E5N N e r E
NS AR~ =N iy
3 3 L \/ﬁ"a\ 290
. e A AN = .
./04 . /? : \v\\—f@— 8 i
T >
. L //‘/p\\; . < n
/ ) 1o
\/—‘-"/J/ £ *
C i T
334 , : : : I N
124 125 126 127 128 129 130°E

Fig. 3-4-8. Spatial distribution of sediment organic carbon burial rate in the

Cheju-Korea Straits.

[¢3}

ohi7bA] ez YAAd A4 sS4 YHFEe HF 008 mg N em? yrlo|x
(Fig. 3-4-9), Fal &% @A HF (459 x 10° mHe F3H 036 x 10" gN
yr'ol f71AA7F gl siAC vid YHH ojF@A Ao

= 013 x 10"g N yr' olth o|E HAHZAAM 4

=

[
8 ALAEOR BE M 8 4 Q0¥ ok 357
e
i=}

o

50 mol 17, &2 92 km® yr', A &2 A8, 39
y
714 B3 REL of$ 72 BHozA &5 AU Eou FILEY A

9%
4, #1589 A% Sol Basd,
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e
°N| NH9804 - TE :
| Sediment Organic Nitrogen Burial -~ Tachwa R,
iy Sy

mg Nem2 yrt ~ Nakdong R. 3
(mg yr) s é Scomjin R -

| ¢ g Yongsan R.

35,

34-

33— - : . : N
124 125 130°E

Fig. 3-4-9. Spatial distribution of sediment nitrogen burial rate in the
Cheju-Korea Straits.

1 Add %2 §712 ¥ ExE AARe) 24 3 Fdew FEHC Ao,

=
ARE FHEE T= (dmg/)e =ou FREAW #F71gS FF vlEol v
& ddaley, dARFED TEE Bouy dAAERIIEE FF vlE] w2
A BAY, 283 %e A4 FRHER 5 (Klmg/het w2 dAGR/R71D
& ggules 7Hd 1 (3345 psu)e] ez YE 5 Y & dAA4
FHED FFE Holv AAdddAMY FUEgs THFHEL 2% v|Tely, FE
& FxAF £33 FFHCE AEEFIAEY A%l T AUBAFNA
€ 10% ooz st 2228 Ul 784 TF HE EF AAFMs &
AR Ao e 5o oA AdgAMe AR FEL T 4TF0l %
Az FAH AAY, AABAGAMNE HEEFIE] YA F bt A4

F7)eka gHeto] - HEM.
2. 33 U2 gAd il gJEHE fUivA 2 §U1AAE A7 219 x 10
3] A &

g ALMdEoE B 714 & 4 Jud oe Y57 d 83
ok 50 mol 17, 2 9.2 km’ yr')e] 5 uj o]4to|c}.
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PR ES B
51. A&

s Foll A AEZHIE
EFAE] ¥ AUAE FFtd FUHAE /RIIER % 3‘?}’\]?]% 44-7‘3 013} ?% T
g1t} (Falkowski and Raven, 1997). F3A4 #HAHS Fa& Axkd gz, A, =
F3ELS Y AelAY Yolw (food web)# EA+F (material flux)oll A} o)A
SHAR] 98-S B38te olF HolR = FHIY ¢ HEES FAAMNZ
ot ofyet A ES (microbial loop)e] Z¢¥o] H7|= o} EEgH g
of 9% FAAY sFL HZ 7|F A Fagd 4gE F
olA FE HFL st7] fEol HEEFFIAEN AT AN
SFAEA 2L HolAkEo] oA AEAY HF B ol @i

T8g o338y YM T 423 T2t (Malone, 1977)
017'(1 H G AANA 72t FoANE EF3 T, A T3 2 Asi v

Aol 712404 dgt dFe mRE HeHolth &3] AF= ojFe ¢
3 S5 92 At B2 HEo] A dx, AL dhFEy gt

TG Tl BH 5t & trlE 5 BL 49 JYERE 2T

g 3 EAEY ol AEFHLZE o|Fo] o Fao AtE o} AFFHHL
2 592 E MTALF (West Korea Coastal Current)®} FF5 = ZHE FUH=
Wbt FE Bl s8R HAES £33 dgd FEAE] FYHA
(Suk et al, 1996) FalE AT 270 ¢C m?¢] £& AJANYS Ho|= Aoz B
150 glt} (Chung and Yang, 1991). £3] F4-& T3 A4E F71EFdEL 3
Aol oled], gl e AN FEY AL ARIF EVFUHAA ARy
o] 7% 1% vk FAa ol A Folut et 22 Ao s AP
o] 50% AHE7} 2t} (Suess, 1980). 3]l 7122 F7]ESL HFHE W A
HAG A4 L BARIL AN Ro)E Y2 oA £FHE FEH] 5L U
A AR 0}7] v‘f‘ Fafell A Add g JANE dTe e dLE
o] ARgEE & Holl oA Fasith

o
re
N
P
ox
(>
g
ae}
=,
o 3
o
-
<
g
=
Q
[oN
o
8
Q
=
O
N,
r
oA
0
HU
1>
U

2

52. Alg 2 oY

AFsge 71244 (primary productivity) A+ 1999d 29, 89 & 23]
44 dRAFATE BN o8 F ol gdtel £YRAY. 24} BYL Fig
3-3-13} 2t}

¥ AF L Li-S305A quantum sensorE F2hgk Li-1000 Data logger (Li-Cor)&
g3t 8129 BFg 12D 2 s12390 YA wlke Secchi discE o]
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g3t ERrE 2A3 T FED54(100%, 49%, 30%, 14.5%, 3.5%, 1%)EZ 5
¢ Niskin }57]1& o] &3t A3t
Secchi depthZ -8 #%Z2] Zol& Aisle Wi thS3 2o

e

pY]
Ol

=

5
A
T

D, = -(In 0.01) / k

D& o] Ex5E ZolE Y3, k& A3AFolH Pool and Atkins(1929)
of s AA"E k = 17/Ds (Ds = Secchi depth; @ m)E A&t
Steemann-Nielson(1951)d] 23] AAIR HAM] TAYALE o] &3 Wigol 7]1&3}
Parsons et al.(1984)2] A @Azt we} HASHTh 100%, 49%, 30%, 14.5%, 3.5%,
1%, 0%<] wWo] Eug 4 == Z+zZt nickel screen(Stork Veco, Bedford, MA,
US.A)e 2 7+# 250 ml polycarbonate bottlee]] 8|48 2 & HFF5Z7t 4 G
7 =& “C-NaHCO:E FYste dFexe] AdH dtollA 3A 5T wF3tsd
t}. Hjoke] B e 25 mm FE A {3 A (Whatmann GF/F filter)2 oJ3}3t
thg 12 N HClZ A& F(acid fuming)g AlA dolgle 7184 E AA3ALH,
o] 7)ol 39 (scintillation cocktail: Lumagel Safe) 10 mlg 7}3le] qA HFAF
7](Liquid scintillation counter, Wallac Model #1405)& o]&3}o Sizo| &3l
YCHIAb B dAae g AT dA AdH] Ae AA A3 A7
AN 239 dpmzd F oltEgeAaF I HlGAIZES Aste] G RIT Gt
¥ g2%538mg C m® r')2 AFA F, 0|8 OA 8% F & FFo| st
AR5 mg C m” day’e2 #atald:m, ZolHEe AAEd mg C m” day”

2 FAsigth 2€2 quantum meterd] FAFEFOE A3t FHEFS

53. 4 3}

dale) AdE xR HEALE olssty] Hsl L 24dE A7 A (3=
AT, 1997, 1998)9 19993 2483} 89 AFeP A 2HE Edz e
stk 1999 293 89 AFHP @ANLT AABAH | hF A E = Table
3-5-19} 3-5-20) YER AT

8.3.1. S

19999 29 AFI P AT RIS At A AlF AN 77
12.89, 35.08 mgC m” h' 24 ©& AAdd) vls) 73 e 448 -e 2.
AHoge BEAM £1, FAS wet §43] Fdadte $Fe EAT (Table

35.1; Fig. 351). ol BUE +38Fo2 U3 JFde Fpsh, £3 BUH
B Azosny ARAY AAMTREAL AF 9N F2A (733 £ o
10 mpo] A4S WA UEhlE Faos 4487 MEoR Ardch
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83.2. &4

o}zl ALEAS Boly 3¥ (19974d) B2 (100%%} 49% LPD)e] 7jxAatade
1.96~5.16 (mean: 3.16) mg C m> h™ ¥ 24 FH3ol Wgs}t ul¢ 2t Byw
A £& HEG AL 2856~86.79 (mean: 60.99) mg C m” h'z A 2911}
o). 99 wuA garEe 2858~8679 mg C m? d! WY (LA TL,
1997)0]t}.

49 (19984) ¥29 7|24 L 03~29 mg C m'3 h' (Hd: 141)0]31, &9
ok ZAES 7)2ANEL 344~3719 mg C m” h' MYz 3¢ o
o} (S EATA, 1989). Y THHAY sjxAYAEL 19.6~2120 (FT 78.8)
mg C m” d'2A FHz 12 ¥ o2 & olE Yehlm, A4 tiu4o] 49

of dolgs 1 o wi¢ x—% oz }E‘ﬂﬁ} 4 H°D‘°ﬂ*1 Chung and
Yang (1991) 28] 1989 4] =49 HFg (1,727 mg C m” h')a Hlmd o
T ol W gholth 4% ZALOlA oA Y ZxALH] we 2Fyd AL B =
AF713E HJLH HEE 9498 B2 (WEE 300 £En m? s' ojsh)eE ety
T

r oft
4

£ F

Yol GusA ZHr) MRz AW oldna sxgte] +HET wF
204 7% w3, 24 Fvbel wel gastel 5% oF 50% Sl 713
e ANRe B9 393 vz,

8.3.2. 3HA

1999 8hells AA A20A 2579 mgC m” h'eg 297 u&s e gre
Hgov, AFZs AY A Al2dlME ZHZ 16246, 7531 mgC m*h'2 ¥oh.
dY SAATY 712 AAHEL 20113 - 1266.98 mgC m’°d*2A HXE Chungs
Yang(1991)9] B39t fAbstth ol FE2 523 dxF9 F7hd 7|dT Re=z
Helg FAHozE AY AL Adstie BF FFY & 10% FT F4ddA
A ztS 29 (Fig. 3-5-1).

833. =4 (& YA T, 1997)

909 (19979) 9HEAT FF HES PAHAEL 9Y] 43.44~10299 (mean:
11211) mg C m™ h? (FFa|FATF 4, 1997) 24 5L ZAPIES 19974 3%011 H]
3} oF 84% Z7bstTh. U w@SlW AT MaEe 377.6~1964.5 mg C m* d'olt}.

119 (19989) B9 A $2ARY (AL 30.09~4853 mg C m” h',
Jol oA G 7| 2L 1604~5265 (BT 3446) mg C m” d' HY (3=
A TA, 1998)2 4 1989d 119 s ddMe HFAF (517 mg C m” dY
Chung and Yang, 191)Bt}= Tha ¥
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Table

3-5-1. Primary production in the South Sea in February, 1999.
Stn. %Light | Depth(m) | mgC m™ h" | mgC m™ h”
Al 100 0 1.27 12.89

49 4 0.86
secchi 30 7 0.67
10 m 15 11 0.04
3.5 20 0.53
1 27 0.11
0
A3 100 0 4.40 35.08
49 4 1.85
secchi 30 7 1.25
10 m 15 11 1.15
3.5 20 0.96
1 27 0.02

Table 3-5-2. Primary production in the South Sea in August, 1999
Stn. %Light | Depth(m) | mgC m” h" | mgC m* h™ | mgC m* d*
A2 100 0 0.11 25.79 201.13
49 5 0.44
secchi 30 8 3.20
11 m 15 12 1.52
35 22 0.07
1 30 0.09
0
A9 100 0 11.03 162.46 1266.98
49 7 9.23
secchi 30 12 6.93
16.4 m 15 18 2.86
35 32 0.12
1 44 0.03
0
Al12 100 0 3.81 75.31 688.26
49 6 4.42
secchi 30 10 5.02
145 m 15 16 1.58
3.5 29 0.08
1 39 0.04

- 261 -




Primary Production(mgCm "hr ¥ Primany Production(mgC m-Fhe I/
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Fig. 3-5-1. Vertical profiles primary production in the Cheju Strait in February
and August, 1999.
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Fig. 3-5-2. Surface irradiance during the August, 1999 cruise in the Cheju Strait
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541 ARASe] BE A2ANY WS
dale nRugYs dohdRe AYngYe dIALre Jwe 2A 2
g 2o ol F FH7F Be HAY FIUA dF =2 ZIANES HAdG

(Chung and Yang, 1991).

AREZE SA X, AZse] ¥ Eges A @2 B, 5 BAA
B AZFo2REH ARFH AT REZEE AT HE F7tE d& 7P w2 4
248 BE Chungd Yang (1991) 3 Gafolld ALHE & €gx2 A%
S A7 dAANEE FAAUTT Basigo.

av EACA AZ HolEBA FBUHUCAA W2 F %
3 AgE HFEIH WL i AgHo YAT FEFe] TR
o2 uU¥ol Ao ol ¥ olv] o AFAEe] odsiA ErEA vk 3l
(Dugdale, 1967; Eppley et al, 1973; Chung et al, 1989, 1991). ti3-&9] A S0
A EF3 50~30% 4 FToM HdE HAdeH (Fig. 3-5-1), ol ¥
shu, #2439 EAZ dd) AFoEHH JUYFE ol AgEH7] o

g NEEZAEC] F24F T2 7IESAY Ae
goz o2 U2 HEZTIE MEEC] B F79 FBe
2oz Rao HE2=YH 71U 4 o} (Goering et al, 1970; Pingree et al.,
a @ 2L T FHRE £3 Bl @S 2o ¢
)5 1;]. A

HoAe
ol
ol
id

i

AF e AESFAEN 9§ EF GHATT 712848 54 2€)9 1
2~44 ZA @Q)e] 1.1~27, A (8€)el 0.1~11.0, A (11¥€)] 50~56 mg C
m> h! Y92 B2 AMo|L ¥& (29; 56~8.6, 49: 28~3.1, 8¥: 05~3.2, 11
9:15~77 gM)9} C/N H&& °F 622 7SS AFa Pl o] AHE HEE
PaE0 o3 BAQTHS AN BE FA (2¥9)d 143~524 FA (@¥)dl
13.1~32.1, 37 (8€)ol 1.2~131.0, FA (11€)e] 595~66.7 xg at-N m> h' o]t}
olAL 7 AXE EF AR FEE WFolA tumover times FEHH 249
68~163 U, 490l 4.0~89Y, 844 1.0~173¢Y, 11¥0] 1.1~48Y =X 1986\d 10
2 23 Mgsld (08Y; Chung et al, 1989) @ 1991d 7¥ 33 SYE &9 (L
5~58%; Chung et al, 1991)Bt} thA& ¥} ol g3 Zo| 71 $ Utk A
e Gzt B3 MEEld 2 ] FEEH A HlE NxgLHe] e B,

AT St g el va] dH oz fF2RE FFT FLA FFEe] F
2 A$2 & 4 Aok gele A 71xA44Ee] o 270 gC m? yr'2 A )
(165 gC m? yr'; Chung et al, 1991; Hong et al, 1995) ¥ T3 23 W3
(>180 gC m™ yr’; Koblentz-Mishke et al, 1970)e] Hla] &3, 3] F2al9g (23
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0~470 gC m? yr'l; Shim et al., 1985)3} #A}8ict. wetA] Fafjo A turnover time
of galddol Hsh & olfE YR ERE TR A2 FUgol FFH7 BE o
2 8 & Qlth AFE o5 Jol R gL Al gL suso 32
23, AFLule AR FuH gda) FABAFo] YA W 2 urlg
d Be ¥ YULRES TIY A5 FYc] A&Ho2 o2 A
3 2 A7 0. AFNEES S48 B2 FR)ME AFHEL Feto
sz Bolee Az Aitele P AdelR FYAJL ZZ 6.05%10°, 036%10
mol yr'2A AFsF e dalE FUHE Dol P Aol FYP2E @
A% 2 Fege BF A% WEFERG Adolee o 212, oL
6180 ¥} ol T ﬂé}%@%% G AFARI Fale At 73y

ol _llm o}m

—
[=]

l

O,

w42
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6. 5142 "Ra/*Rast A}ong%%%&.w (5°0)% ol§@ &= dalel
A 7198 Aele &

61. A &

AFef g R-2olA NP 7tA] FHAZ 2n T MM AFE Alol
of Gl sty 3 ASWSF FAALF, duldFasez o ook
FH7t EAste Ae2 dEA o o= EHT‘E‘ F23 A5 &g ETF
EA 710 FEolth ek 22 HddAe A &R9] d&g o] wowm
2 FL dgrd FHAEAM BAF slFo] ogstdAn. a8l oA safel A
ST E BT AL ‘@7—](5]-1— TAHoZ & EFE GEoAM BHA BE4
el 93 7183 24 FTFY Ut A3l UR GEo wdg TEi A
s FRAFHoR -r“"f]ﬂ Aolgte AML 849 HAFHYEE FAHCE
o (Kang et al. 1994). F3lv AZo 2= AFIYE, 5Ho2E W3l
™,

o
=2

0

ot

]
!

o]

=

5} FAlo] 100 m u|gte] H3A sfolc}t. AFsFY AY L2
olslH (Suk et al, 1996) AFHY o= 2709 F o] &3l BHZEo 3

D

o

Ml of o o

)

=

MY el
o v nlo

gefj AR e A¢ AdngE P nJFAFE olFolA TG (AF3AF,
Cheju Cold Current). 283 dAdE ZF7tE U7 F2571 AFE A GHq
U217} 4 TAFT 1 Y Fo EYsm ole gAl AFHFo AEFH
(entrain)= o] AFHFozZ FUHIT (o]F, 2000). o]Z <13 ANI3e AE )&
SANANE BT dE de TAeRE EAY 1endel goldfss

ATz &S 3 (AFEF, Cheju Cold Current)dtd AFHPF S 53 FYol
Aot 2 AF FFY AF-Fat dHS T3 GEHZ FAdEh F¥E #4
g e e ¥ YA g ges 53 FHE wx g (Lie and
Cho, 1994). matX Héle TFGAFYLS drfd i AEnGYL 35 £ 52 A
7t ME2 AHIHA TR RSt dF BEFS eEAS 2. 53] 34
e TH YIYEFT IGELAES T AL M5 AFAES S+
el Haslde S5 Zalz wAUZeZA (Chang et al, 1995 Suk et al,
1996) Fele] SFEH FEEXA 4TS TS U g FEG 5EEH
5 g Z‘]d*}F‘ ] A ZAA 3k HlFo td olsle gAY FEER
= ° o] FHo2 AL ook e}

3’4% BEF3e FHRAZAM $27 GES oL AY At
L EHE Eﬂ@"ﬂ)‘ib 229 ¥slg Qldle F£2& BEA] FAHAZE HIU|e o4
(Torgensen, 1979). dWtH o2 YA F3& FEIE FHAZAM ZF (Ra) &
AA 2} AN FFTAHELE Bol /\]‘%5“:}

73)7 ZRa (d77] 16204)e A U/Th AQ wAL
AE "111 FEIAAY AE7IYY dAEEZRY &3}
tt} (Elsinger and Moore, 1984; Reid et al., 1979;

d
=
[«

s kol A P*Ra (2717 5.
T AFo2M T2 ASH
(desorption) = o] Hotdd FF

r°"
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Okubo, 1980). #l ol &7 FF&34 8 LEEHELS A4y dHEF
AN AFAIZEe] /1L v e R ol R Fo] AL} dEFHY HAHEANA A
A e §hdd o5 Ra SANEL d5FoM 314 2 PARAES AT i
SHoR B8 £8d 93 FAHT $WEEA dFAnA) FFE o)A Age
ZRE ZolPo wet FRY = 7ulE Yehdoh 538 *Ra/*Ra vBle 27 w
7717 e PPRag] E ool ola] watety] wEol s 2 4 wel X3 o
2 EAZE B wetA o]5 Ra FHAAELS thdst g 7olAe HAo] A&
02 Fige 54L& osista, AAF S EHY FEE AT F

22 F83th (Moore et al, 1986, Okubo, 1980; Nozaki, 1989). && ‘F3l<}
e e 90l Hear] AstelNe Wt °kzwsv+ At 2502 By
o] *Raz}t *Rao] TFE&S votsteiol ok 1y ke Z& sl A7t
A olg @F FTHAIS Wi dFE F3l (Okubo, 1980; Harada and Tsunogal,
1986)9t ti3talld (Lee & Kim, 1998). 18]3 FF5 =& 2 EF sl 4, &

3l 2 sl (& o], 1999; & F, 2000)°1 ] A= ul Ao, ‘#SHEA %
) 2 FEIE dETTY £ 7Y T2AU Zﬂ—’?—fSH’EOH sl = vluvlsioh

CIESES) L_)c%ﬁ%*ﬂl (Po/*0)e Fun Zgol estint F2 Mt o}
A Ao A< g 7 sigddAMe FH 87 4 gslol] RIS 22 st

4 AR A% A4 ol ABHART, S8 HA4S 24Ed 34 Ra

o] s|&E WUHAN 2HHD FEIJ FA ﬂ’ﬁai Y &2 FFEHE 5AHo=
Adste] std5 AARThE 7 AWALIN T PAEAYE RIYE PR
T 28 359 darFHdae T EH—”F”«I Tl o8l ALkl 2A
H7) fEd g5y 79EE A, E FFY NaFH das xRS x4
wpgtA] B9 (fractionation)® 7] wjiol sFridol et AP HA F4o] 7ttt

olelmel B ATE RA, FAFAAZN F830 48P & A& AEFAA
SEE 23stc] BN FESAAC] W4T Y FERE S4L selsin

SA, HEEAAG VLEAULE QLT ABAAE o] §3d AFHPAMY
Brlde FAsE, A, TN BPY FHA2A FedAe FABH NS
g z2Ae BEizte 2Yd ERREE WIEW 3HE T

62. 1Y 2 As

gale] sl EX EAI 1 719& 7HE] Astd AFHE L ddsd e
Tatel gl A Aol EXEANLS olsiaty] 95t 199%6@ 109 EE 19994 2¢
72 6 el 23R 5 FEFAANG AHFLTALLNE FHET] AT Al
2 43 2 d%F 428 AdAFE A8 AR BHEL Fig 3-6-10 YA

ez FESYAE AEIARANE =HR 278 ALY (Baskaran et al.
1993). EWE 2 m 49 EFFE Ao AXE HFHFZE o] &3t dFe=
Fol &8 RFAE FHAE F 3 /9 o 7}Eﬂ11 HEg2 d4% AHf-F&
2YAE EANAY. 315 ¥ £5E 30 L min' o]a 1000 Loj4+g o3}stg)
1=
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@ Korean Strait

@ Cheju Strait

® South Sea (Sheif area)
Y SO U Y e e

354
poa .
i ’_ 55
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34 . @ !
ca-0
1 o
cB11o “‘M Z“": [ J -.1:\ 3 i
CA130 T ;
cB140 L] e _OE1A0 Toe ‘,{
® — @ safio 2wl X
,_/ 4'{—’("‘—/’:/;\-' i
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Coorr T
33 e e Ao I ;
125 126 127 128 129 130

Fig. 3-6-1. Maps of sampling stations in 1999. in the South Sea.

R WA FLEYA] ZEAE BF GAE FAN] AT Aoz HEY 1AL
0.5 gmolth. T WAL M WA FIEAR = FE2L FtEF A o|t} Sachs et al.
(1989)¢] HAnohE, Zo] 25 cm, A% 6 cme] oI AEA = ?”ér% o2 AN §
< Zgzzgd 4 ddve] EYzzEd HE4E 72 AGF HAR9)e A
g3t Ful st O%FH}EHX]—“— 20-2 B E0] Eot2E Fof Fut ZMb HHow
AHsHT AHe A (i) BIFE, (i) 01N NaOH €9, (iii) 0.1M HCl £9 4]
z+zt 50CE 8A17t gao] FAth AFddHe Adgde g7 Ax A H o
g2 Fo SHRFE AFHSGAT AHE AFHFEZ A £33 KMnO, €9 (250 g
KMnO,/ liter)o]] 50CeA 12417 1224 MnO*E FUA L. o]gA FA3F
F27lEYAE AR 510%9 MnOE §§3tth. KMnO, B1X] (batch) o3 7}z
o ZHIEYAE FHFTE ARl AHsd ETt2E FFo LA

AEaRH F Mn BHE JFateq SRHRFE Mo dES AAT g AF4=E
SRre . A A Mn ZEE FAStY A7]2A 550T 9] XA 6413t
14 2Nz daHD Fe Ao FAE FAHS T Aok A5 FE (10 ml)d
Aot

Zrl ZZ7) (Canberra™ GCW2523)% HPGe2.Z 59mm o], 57.5 mm 2 7<)
closed-end coaxial well crystalo]s A& ] &4 23] (active volume)L 138.6 cm’
A 2R N2Y 25FE ALIAT BelsE YCodl thste] 122keVelA 1.37
keV (FWHM) o]z, “Co o whatedxE 1332 keVellA 2.07keV(FWHM)o]x

o
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peak/comptontl &= 45.80]0], AtHE &L 1332 keVellA 268%0|ct. vl A=
Hog 2357 Y8 v IPLAMA FUT y EFAH (341-30 Alg=2)E S
of Zt Adg AUAE &F3sta, 7t AT F4EEL Knee hight gt
Bole A%d xZFAAo] §17] Wil oyAd ZAMEEAE FotA F
©A] 100keV o4l R EMYF ®APAL Fstth IPLAY 77 HREFAIH
well Z4dM 6 cm wolo] Fi A3t Azl HAEEIHE
Natural U &89 (02 EPM EFAIE 1843-1) A28 %E 9£HFL ol7n
e BHF ®Th, *Pb, 2“314 JazRy ) AHELS TNk o5 A
WAMESY dRHAMELEE Bt AARE 7 F F&EFE
RojAe Aol EgH ”SUA geEEso Zolg A5 RAEARE HBF3)
Aok 2gln o] FEE AHEE F/FAE 7 T HH A XS AUA
A AMALS WA A A& o] AUA-HFAREGY] AAHNE ME =
ol7} 20mm ¥ w log(e) = -1.00817 X (logE)*+3.793754 X logE-3.70710] 31, &A7| X ¢
= AAEEL, EE AR otk A8 well W9 Fo] AXHEAHL 2000 dpm<]
Uranyl actate §9%& 3|43t} 7~35mmeo] Alg@Fold] Wi AT FHASF
g 2489 olgA s T Eol En A F = -0.0005xH+0.01542%
H+0.89160] Atk ol ZA 3tad A4 PRao] FAME L 0249 ©]Ud, intensitys
0.1240]th o g& ol&sted ®Rad AFHE A} T2 AT GF
ALRM7E T3 Bt AFA2de AF7le PRae dA 2 A HHE X
#E 73 (Standard Reference Material) % BZE 3 (Certified Reference Material) 2
o] 7}A] geometry ®BZ ZHAsAth (IAEA/RGU-1, Isotope Products Laboratory
AF ™Ra §9). *Rad] A¢EAAY A ARe BEEL2 A3 2 2
7}, low energy levelo| A= (46keVe}l 63keV) self-absorption B A& Q3 A &gt
ot a8l BZA189 ®Rad] Ulg dpm/cpmHlE M EFAA 1854, 712 PN E
153109tk AF &3 (1 E2AUK)E PRaA ™ Rac] Wl e 1-30%0]1, FHF
1-A|2vb-A -9 2} (1 Alz29} 2%}, background B A, —’é§} HAANY A%
BE e 9z AFfFtEZ A2 AT oF 80% olUoli F WA Y HALFo] v
e o7 ey A$= of 15%9] g3ttt

25Rast ®Ra A4S Y3ty AE YEF 209 AFHA AR PRa (w7
7); 5754) 24¢ 98t PRaxt GARF (seqular equilibrium)& o] & & &F<

S

ro
i o

g

ot

2
k1
g
i
32
o
bkl

2Ac (3383} 911 keV, ¥H7t7); 6.13A17H)S ZA8AL, “Ra 4L JdPFL
2 o slzol 2Mpp (352 keV, ¥b7}7]; 2688)S ZAsFTh. A& 7oA 338, 352,

o1 keVel M & viRgrol SsHA Y

drziee] #% 5ge 2 Y FUE FE71E Yz A2 2
EE2AE AUALT. o A9 EEe 488 Vil 22719 2 ol
7T, i 277 BLsdn MR B F &
7= 1-F2/Flolth. 714 FI% F2e 2 WAS % wal 28709 948 332
@5 Folth AFFe] Ra FAAEL o$ Yo 2
of <i8E FH H(sie)Eol (04l S Saeels Zaeln *
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238 A AFLAo] thdtedA = Baskaran et al. (1993)0] AASHA 7] 5 o
o)
PA

&, GEARE AFHLATA (1997, 199, 1999) A8 E 1&3AT).
o] AAFH A (180/160)% g Imle EkLFd ¥ o|4dsaA g
FUS T 25°ColA 6417, mloFEtAl myhs ®EESIE AF HO/CO: H3¥ 7|
(Isoprep 18M)E o] gsta] a4 AaFHA NS} oAk AT 4]
£ ZFo] =27l Z(Epstein and Mayeda, 1953) ©|4t3let4 7|4 & THL4an]
AR A7) (Isotope Ratio Mass Spectrometer, VG Isotech SIRA 1I®)o] ¢l& sl
HrEALNE RN e 44 EYQaME EFHS (Standard
Mean Ocean Water, SMOW) of i3t Athz<l vlg2X olget Zo] ¢ E7|UYE
AFE-3EH Y (Craig, 1961).

3 'O = (("O/"*O)sampie/ (°*O/ “O)smow)-1) x 1000 (%)-

@ 03 (atch)ol 20718 ARE EHSAT, oF 2470k ABA B
ARl 2R EAS REaUch BAPd A48T AW EEAFY 50

L -0.12+ 0.08% ©lx, & AEEv+ 0.13%°]t (Kang et al. 1994)..

6.3. A3}
6.3.1. FtEEHA X

1996 @ R-E 19993d71x] z ZAEEE daloAe StEF TH9A 24 Z2RE
Table 3-6-1¢] e U}

63.1.1. &7 (98 49)

¥%25% PRa e AFANE 2 HE5E oA Zzh 0.071-0.294, 0.067-0.263
dpm I' M2 A $2ANNA sjzoz 242 gasin, B3 RSl B
Zaste] 345 psu olgelA 010 dpm 1T o3tz vtk wiwe] gigsiPelAME
0251-0.417 dpm I" W2 AFE 2 SE e uaA FuHez &1, @
E 34 psu o] PSR 025 dpm I o]4folTh.

“Ra ¥EE AFNY, WEES 2 S PolA 242t 0147~0178, 01350227,
0.136-0297 dpm 1" ¥el24 Ra % 2x 9} nlarstAZ & 346 psu o4}
TF5AA 0.15 dpm I' o]s}o] .

6.3.1.2. 34 (19961 104Y, 1998 99)

F22z PRy o AZ2E (9898 9¥)olA 0.189-0.335 dpm 17, thetslg
(9613 10Q)ol1A] 0.075-0.334 dpm 1" B2 A P4 (<32psu)dl A 0.20 dpm I o]
Hog =or}, 34 (>34psu)dlAE 010 dpm 17 o]stoltt,

FAME 239 AFHFAN PRa EE 4%9 (W CD5)olHE AZHT
Zo] ol ®Rac] A EHHEZEE HoE 1% PRage FFol o A
2 A9 o S de AFTH FH CDRAME EFET A3l

jo
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154 o} A& HFHEol 2 379 F29 ¥ 2#o2 A5¥th PRa FrE AF
Ay 2 ogsigalA 22 0.091~0.161, 0.093-0178 dpm 1" ¥lzA PRa ¥E
of HisjAe WYFo] At

Table 3-6-1. Ra isotopes activities in the South Sea of Korea.

Temp.| Sal.  ““Ra | “Ra | ®Ra
() | (psu) (dpm/D)|(dpmv/1)| #Ra

Korean Strait

St. Latitude | Longitude

1998.4.5-11
KB1-0 [35° 00.00'{129° 00.00"| 12.356 | 32.775 0.215 | 0.136 | 1.586
KB2-0 134" 55.00'1129° 00.04'| 12.756 | 33915 0417 | 0.297 | 1.405
KB3-0 [34° 50.07'{129° 00.07"| 13619 | 34.187 0.352 | 0.255 | 1.379

KB4-0 [34° 40.00"1129° 00.01'} 15985 | 34553 . 0.251 | 0.143 | 1.762
Cheju Strait

1997.3 17-27
CA4-0 |34 0599|126 17.40"| 10.037 33778 1 0354 | 0.175 | 2.03
CA7-0 |33° 55.96'|126° 17.50"| 10.994 | 33.990 ' 0.246 | 0.114 | 2.16
CA10-0 |33 46.02'|126" 17.72'| 12.718 | 34330 0.16! | 0.126 | 1.28

CA13-0 (33" 36.09'{126° 17.75"| 14.249 | 34.432 « 0.09 0.120 0.75
1998 45-11 ‘

CB1-0 |34° 30.82'|125° 52.78'| 10.349 | 33259 0375 | 0.317 | 1.184
CB2-0 (34" 20.00"|125° 53.13"| 10.051 | 33.204 | 0.382 | 0.291 | 1.314
CB3-0 34" 10.10"|125" 53.04"| 10.089 | 33.088 + 0.347 | 0.274 | 1.266
CB6-0 |34° 00.01'|125" 52.98"| 10.237 | 32.879 © 0.393 | 0.234 | 1.684
CB11-0 [33" 44.97'|125° 5294’ 12525 | 33.611 0.278 | 0.301 | 0.925
CB14-0 [33" 29.99'|125° 52.98'| 14.805 | 34.330 - 0.146 | 0.234 | 0.621
CC3-0 |34° 10.04'|127° 00.01’| 10.635 | 33.354 | 0294 | 0.260 | 1.132
CC6-0 {33° 59.99'|126" 59.93"| 11.526 | 33.325 | 0.271 | 0.147 | 1.843
CC9-0 |[33° 49.99'|127° 00.06"| 16.635 | 34.617 | 0.071 | 0.156 | 0.459

CCl14-0 [33° 29.99'|126° 59.96" | 14.553 | 34.219 ° 0.157 | 0.188 | 0.836
1998.9.24-26

CD5-0 [34° 04.89'[126° 32.94"| 23900 | 30.945 | 0.335 | 0.161 | 2.072
CD5-20 |34 04.89"|126° 32.94"| 23.171 | 31.130 | 0.241 | 0.115 | 2.097
CD5-50 [34° 04.89'|126° 32.94'| 16.732 | 32.837 | 0.259 | 0.125 | 2.072
CD12-0 |33 41.29"|126° 33.20"| 23.276 | 31.323 | 0.189 | 0.091 | 2.072
CD12-25 (33" 41.29'|126° 33.20"| 24.098 | 32.627 | 0.154 | 0.070 | 2.216
CD12-33 133" 41.29'|126° 33.20"| 23.030 | 32.827 | 0.250 | 0.120 | 2.072
CD12-50 |33° 41.29"[126° 33.20"| 17.255 | 33.051 | 0.197 | 0.089 | 2.216
CD12-75 33" 41.29'|126° 33.20"| 13.660 | 33.466 | 0.232 | 0.112 | 2.072

CD12-110[33" 41.29|126° 33.20"| 14.024 | 33.720 | 0.274 | 0.130 | 2.102
1999.2.22-3.3

CE5-0 |34° 04.60'|126° 33.10"| 85728 | 33.001 | 0.279 | 0.214 | 1.31
CE5-30 |34° 04.60'|126° 33.10"| 8409 | 33.012 | 0.776 | 0450 | 1.72
CE7-0 |33° 58.40'[126° 33.04'{11.6824|33.8673| 0.245 | 0.168 | 1.46
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Table 3-6-1. (continued).

S Latitude | Longitud Temp. | Sal. | ““Ra | “Ra | “"Ra
. atitude | Longitude ;
¢ (C) | (osw) |(dpm/|(dpm/} *

South Sea (Shelf area)

1996 10.2-13
SA5-0 |34 31.63'|128" 22.37'| 22.14 | 31954 | 0.334 | 0.178 | 1.88
SA6-0 (34" 24.26"|128° 27.95"| 2296 | 32.856 | 0226 | 0.140 | 161

SA11-0 |33° 57.76"1128° 50.13'| 24.98 | 34.013 | 0.075 | 0.093 | 0.83
19973 17-27

SB3-0 |34" 42.36"|128° 05.13"| 9.722 | 33.908 | 0.262 | 0.185 | 1.42
SB6-0 |34° 24.29'|128° 04.29'| 12.632 | 34.418 | 0.193 | 0.194 | 0.99
SB8-0 |34° 14.33"|128° 04.86'| 13.926 | 34.466 | 0.078 | 0.100 | 0.77

SAB-0 |34 04.35'{128° 04.85'| 14.667 | 34.489 | 0.080 | 0.063 | 1.28
1998.4.5-11

SC4-0 134" 35.02'|128° 00.04"| 11.511 | 33.839 | 0.207 | 0.188 | 1.102
SC5-0 1347 25.02"|127° 59.96"| 12.421 | 34.031 | 0.232 | 0.227 | 1.021
SC7-0 134" 15.00"|128° 00.00"| 12.371 | 33.830 | 0.263 | 0.211 | 1.247
SC10-0 |34° 00.00"|128° 00.00"| 17.090 | 34.640 | 0.067 | 0.135 | 0.500

SC11-0 |33° 30.00"|127° 59.93" 0993 | 0.271 | 3.666
1998.9.24-26

SD1-0 135" 05.55"|128° 39.04"| 23.658 { 29.926 | 0.253 | 0.114 | 2216
SD2-0 135" 00.10'{128° 46.33'| 23.703 | 30.264 | 0.263 | 0.119 | 2216

= 0.105-0279 dpm 1’24 g2t AZez
o8 ZFE gade AFZ ndF (343psw)ollA 010 dpm I'24 wou}
I A@E (<B3psu)ol e 020 dpm 1T o] olt}. 53] dA¢d A% (P CE5)
AME 0776 dpm I'2X FF4o o 28u] ¥o} FA9 vlastAZ PRag] Fg
TEEl AF HAZREH dg <5 Atk
Ra FEE 0035~0214 dpm 1" H2A PRa FEEE 9} nlRx2 HF2
3l 5 (>34 psu)oll A 0.05 dpm 1" o]kl At AP (33 psu)elAe 15
dpm 1'o]}o 2 %3, 53] AZd|A 045 dpm I'0.2 FZ459] o 2.1ujolc}.

632 A&} FF FAAL A
A U/Th AZG A4 8% Razt PRae F2 84 HHE22E gl
A3 FFHAY FE7IE AESEREH €3} (desorption)F o] dAtdd] FF
o 28y $47199 F347 8 2JEELS A%dH gE BN A FAZto
Hoj
°]E Ra THAEL 5N Sz sl B8 83 8o o8 ¥
3 A

A2 FAHD SHEHEA WALS T (radio-decay)dte] SJFR7A] FEFS vl
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Aoz HojRol wet FHIF HALSAH ] FHE el AFE g2 s
T T8 93 Ra 5HA FHAZMY F-&4E olafstr] sl 73 AF3)
H 2 F3 aFEHdMY B54F5 98 gF FI9ASTY 43 aAE s
2t} (Figs. 3-6-2~3)
; 2800 (Creiu Srat) ! 255 ((heu Strat)
1
05 0.4 —-
o4 oA .19973{ £03 s «1997.3]
§03 | === =gy |a1984 Sl . + | [v1984]
L 02 |- o ] [0 1%8.9’ o o . & e i°19989b
& 01 L _,'f:.; 19992 & 01 - e R 1990 2]
0 ' 00 : : ' ‘
30D 3 3 B H# 3B 0 A 32 B H# 3B
Selirity {cs) Sainty (reu)
{ J

Fig. 3-6-2. The correlation of salinity with “°Ra and “*Ra activity in the surface

water of the Cheju Strait from 1996 to 1999.

#*%Ra (shelf area) 22604 (Shelf area)
04 r 03 r
E 03 ————— . E 02 - » " —
s . . « 1996.1] S 02 fe 1996 1]
02 e g (B 1997.3l e ¢ . 1997 3|
& 1998.4 g0t Ll 1998 4
g 0.1 PO ] 2 01 L B
0 — J 00
31 32 33 3 35 31 32 33 34 35
Salinty (psu) Salinity (psu)

Fig. 3-6-3. The correlation of salinity with **Ra and “*Ra activity in the surface
water of the shelf area of the South Sea from 1996 to 1999.

A F3]F (Cheju Strait)
19973 39: *®Ra = 12.86 - 0.37 X Salinity (r* = 0.97)
P%Ra = 2.30 - 0.06XSalinity (r* = 0.47)
19983 49: Ra = 6.44 - 018 xSalinity (r* = 0.94)
Ra = 1.95 - 0.05XSalinity (r* = 0.25)
. ™Ra = 443 - 013xSalinity (r* = 0.83)
Ra = 4.39 - 0.13XSalinity (r* = 0.86)

19994 2¢

F3] 55 (Shelf area)

199613 10Y9: 2*Ra = 4.36 - 0.13XSalinity (r* = 0.99
y
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?*Ra = 149 - 0.04xSalinity (r* = 0.99)
1997:d 39: *®Ra = 9.77 - 0.28xSalinity (¥ = 0.74)
?*Ra = 4.94 - 0.14 X Salinity (r* = 0.36)
199813 49: “®Ra = 7.48 - 0.21XSalinity (> = 0.89)
#*Ra = 3.10 - 0.09xSalinity (r* = 0.66)

GE 33.2 psucl A PRa ¥=& HAAg (0393 dpm/)S 71 F& Z7}o] o}
23] ZAaste AN ZIFE 98 HUHQ 346 psudl A HAgk (007 dpm/))

r-{u

a Et PRazt At @ 332 psuclA Hujgh (032 dpm/)S 2@
FEZ7}o) wat gastd 1@ (3344 psu)dl A 0.1 dpm/] o]&t= wr}.

2y *Rao] Hls} *Rae 33 psu olgl e QEF 4ds] FEH Ao 4
BEA (° >074)8 RYozX PRa FEE AQFd s IA =dHdE A
4+ Aok

[of

o

64. E9]
641 2 FHA X 54

dutxog ®Ra @ Ra BxE FA0 Fx, AFY —‘-—‘%—%!% Holg dAtgd
A EohEF ARG PRa FE2E Ra ¥R woll 149 (>345psu) 3%
dHE des E1, ®Rag HUgH Aoy xole PRag] Aolrthes oF
Autgolth o] AL s 3 ®Ral HEHoRE 2L AFS AW Zze
oA 2ol (P*Rai1,622d, PRa: 5.75@)2 Qs oju] slEozHEle] AL
FFe vtk F PRay PRag AvgF FEIt 2L AS olE SAEFAA
B apaen) = 264 B} PRao] of 2830 wel HHE2RE YAHE PRag Ra
oh 10-100 ¥ B= o Atk webr FAo] 22 ARy FEe f40] He 9
A9 SFEt AdHoz 2 ®Rag 48T} (Yamada and Nozaki, 1986). ©]
2 EALZE U3 Ra THMEL sidd wet A3 th2r] wie zb 53
o] EA7 EEHAAE olsisted &3 FHARZ AMEE 4 Utk (Moore et al,

FE

L
of
It

-

0

PRa BEE QB F/EFE Z4aste] 34 psu o]doA PRa FEE 01
dpm I" o]s}olth B3] B Al & Hd 1@ (34.62psu) EAL zte 989 49 A
g CC99 #EFw2 Nozakis (191)o] 93] FEAQ Edolx ZHA gt (0.07
dpm 1")3} o} dalz U8 FiE nde] F2AL S48 FAse Aoz
Atg g,

#Rad] 719: *Rae *'Thel ¥ 725 A4dch Asjose *Rasl e
AdGHog & HWolg Holt d olt AAZEH WME Zg29 da4 e8] o
2} tt&t} (Chochran , 1980). 181 Rad] HEATHO] HAZ FE o *Ra =
28 F7hste 4% Atk & "Ra@ P Frhe "Racl 2¥E A} A2
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goh. *Ra¥ vl%F A2 Bag £4 U ol URE Si
A7 o] gad dFEsigorie *Ras FFT &ESi]
ghaFol ol 4@ BAE Bering ShelflME @Zo] =tk (Glover and
Reeburgh, 1987). theF Al AolMe sIHNHHE2RE 42 s4 29 *Ra THA
£ <0.0015 oA 021 dpm em®yr'2 i cheksln 22 B Zeo sstzrAuct
T H#H gl wulgsle Aoz vehgtd (Chochran, 1980).

6.42. FHEEA1 (*Ra/Ra)

AF EZo| M *Razt *Rae QT 2ol 3% 2L Fuo o3, JIAF
Zol AE AHd o8 F=7 "y 4 ok 28y PRa/PRa WAISH S L 97
43 9777 He PRag) BFo) Jsjw Wt (Moore et al, 1986; Key
et al, 1985). wWatA HEAQ Ra THAG GEHY BAE o831 49 &
217 &3, ARG L ojafisly] A FAHAZA o] &F F Utk EF o]E Ra &
AA TEEEE & 2 A o AR 27 g Ed I HFEA
ddol Mz t& FIAEY EAFH EFAEE JHlzsle FAAZME F&310
(Moore et al.,, 1986; Okubo, 1980 Nozaki, 1989)

Fig. 3-6-4v= 13t 23 Zo| A Z2AE Ra/™Ra WFAlsu| 9l AR 7L A
A ot}
228R5/226R4 ratio 1 + Yangtze River plume“
© "-* ; s Yelow Sea (Nozaki,
o 3 |- . . S i 1991)
85 | ’ xx Qo | & Kuroshio
& B A |
g S SO
*”;o;‘ . o Cheju Strait (1997.3,
. L ) . o 1999.2); Shelf area
0 ©(1997.3,)
20 22 24 26 28 30 32 34 36 ! xChejuStrait (1998.4,
. | 1998.8); Shelf area
Salinity (psu) |_(1996.10, 1998.4)

Fig. 3-64. The relationship of salinity with *’Ra/?Ra ratio in the surface water
of the South Sea from 1996 to 1999.

”8R /Ra A HIE 05~30 HYEA F2AL 9
raddelxe] Hdigk (104 = FAT4, 1998) 8 ok
A}‘Bl T3 GEF AF8] 45 Ao JBUAE HY
Fol o8 A FFE Ve AL & F U ity

e v B 533
‘a*%H—L: detHo g X1°5‘
o2 FEANL EFFol

oS



Ae] *Ra/PRa WHlsHlE 05 o3tz B3, ddoz F4lo] & &3 2 &
P A e e HQ_,ﬂ—S— 3~4 A= w9o|t} (Elsinger and Moore, 1984; Nozaki,
1989).
4912E 109 g8 T2 PRa/Ra WASHIE B Y
(30<Salinity<32 psu)e] &AL St AFHAAY TH (3346 psu)el FEAL
Ra/™Ra WAbFsHISt HAde] gl ol2g N A¥e dutzez o
(two end-member) A& T (mixing) o2 FAEH7| df &, @8l 559 7]
AL o8 YAAFEZY EFFES ¢ F Utk G g Zol FHE £ 9
th. ®’Ra/Ra 9] #HAbsul7} 3 ooz A & Faol GARsT BRI A 3
& (NSEF)7 AP S8 a2 4o 53, £F PRa/Ra o WAls
H7} 0.5 olatz #e Z2A LU FYHAAN HE EFH Fal] PRa/PRa 9
PAs87E AR EE Aotk 28y AL (2-3¥) FElAd I8 FEFAM A4
o] SRS 495H 10871714 23 XF3TY AQ AR (FAE d79)FA=
g g3 BE5ed o sk 71evE Eml A5 ol Wigt MEe A7 e
o 3 ASge AS HEFAANY gy AAe BFsde UdE 54
3 Zr} 1998 99 HLA PS4 (T<17TC, 32.5<5<33.5psu)e] EAL 713 A&
2= Ado gdARoZA A FAMLRTGE B B2 o e 71 E
zteth Chost Kim (1994)2 &3 gl T4 Y Aol EAlste ALAHEF
(T<14C 33.4<S<34.0 psu)9 719 & AFWFY ozt FEHAct webA
Foe g2 GAE LS 7HA ASSe Fi AFWSE2RH fUE ez g9d

°I1?‘~

ol

0

(o
2
MN

6.43. AA2FAAAE o]&3 I3 4 71D

AaRAEALL EAL A% AR 199%63 109 2d5E 124714 #3549
I AH Yx 2 249 ZAIE Fig. 3-6-59 Table 3-6-20] Jehf it

Table 3-6-2. 6O values in the surface water of the East China Sea and
the South Sea of Korea in the period of 2-13 October 1996.

Region St Location Temp Sal. 80
Latitute Longitute (C) (psu) (%o)

Korea Strait A4 | 34" 2426" | 128° 27.95' 22.96 32.856 -0.42
A6 33" 57.76" | 128° 50.13' 24.98 34.013 -0.13

C1l| 34° 09.77' | 127" 37.81' 22.15 32.143 -0.57

C31 33° 50.03" | 127" 53.98’ 20.61 32.450 -0.51

Gl | 34° 0491" | 126° 49.90° 21.59 31.702 -0.72

South Sea D2 { 34° 00.07' | 126° 00.18’ 22.43 31.806 ~-0.64
D4 | 33" 30.03" | 126° 00.09' 22.75 32.404 -0.49

E6 | 33° 43.98' | 124" 50.18’ 20.83 31.342 ~0.77

E8 | 34" 00.02' | 125" 30.06 20.15 31.929 -0.60

East China Sea B5| 317 29.89" | 127° 00.09’ 26.06 33.913 -0.24
DS | 32° 30.04" | 125" 59.88' 24.65 33.739 -0.28
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ZAHE BFBANMY §%0 e 013 ~ 077 %2M dxdel BAE heH
e 2o AunAE 2ET} (Fig 3-65).

80 = 025 x salinity - 8.52 (r=0.98)

(1996. 10)

024 180 = 0.25 x Salinity - 8.52

O-18 (0/00)
&
F 3
1

0.6 K : Kuroshio surface water

Y : Yellow Sea surfsce water

-0 8 (YS9209)
’ o : This study
Ki ¥ y - N v —r v v
0S5 31 S5 32 325 3 335 M H.S 35

Salinity (psu)

Fig. 3-6-5. The correlation diagram between salinity (psu) and &0 in the
East China Sea and the South Sea of Korea.

olg g FMe AuBAE EEF9 §°0¢ HHAIE FHo] I HE PR
S H3A 7] W o] kst A2 ot} (Schmidt, 1998), 2 AFA Y &
gl 1¢Ee end- members} P4l end-member7te] EdFz A AT
AT 189 end-member (K)& FEAILE HEY A9 (4° N, 125° E)olA g ¢
O  (34.675psu, 0.07%, SHZaFATL, 1993)0]3, N He] end-member (Y)= 3

ol %0 gold (BZsHUATA, 1993). T AN LA RS 02
& Aol 5§02 -85%-0lth o]ghe Zhang et al. (1990)o <l&] ¥R (7.1~
8.7%) 2 38}t (7.9~-88%)NX AP 6°0 g FAST} (Fig 3-6-6). 12m
Az f9se &7 2 729 670 e Z7 -11.1~-82%,-11.0 ~ 53%, L&
I FIlE A fFdHe ARJAL 78~ 53 oln HF L -7.8% °lth (¢] & 9],
1999).

8”0 gozE ARIFE 583 FRo| HA geo oy P Hie
FEA LS} AT = 2 & o] E4E dddEn. of#e §
YO 7 dEY L HAM HuBAE G st FBol e sHASFY £
ZAL YFFE FASH Ut FAZAM AP 80 o wsEy (8 ~
0%) Bohe g&9 Wil & (0%, stdg ~ 345%, FEALF)o]l ¢ 228 &
S o] &3t BFY 719E (fsampe) & TIHH, faample=1-(Ssample/ Skuroshio), T &+l
(A A4, A6)S1A 1.4-48%, F3(HA Cl, C3, G1, D2, D4. E6.E8) oA 59-8.1%,
)3 FFFE(B5, DOl 1.7-22%2 4 BalolA 259 Hfgol MgEn
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(1996 10)

1
- —
.24
’g .34
S
2 K : Kuroshio surface water
0 37 Y : Yallow Sea surface water
-6 (YSe209)
74 o : This study
p C : Changjisng River
? '|, H : Husnghe
¥ : 0 n 2 > % %
Salinity (pw)

Fig. 3-6-6. A 6°0 - S diagram of surface waters in the Huanghe, Yangtze
River, East China Sea, Kuroshio and the South Sea of Korea.
The value 8" of surface water of Kuroshio (0.07%,. 34.67psu)
The value &' of surface water of Huanghe River (-7.9~-8.8%,. 0 psu)
The value 8™ of surface water of Yangtze River (-7.1~-8.7%,. 0 psu)

644. AFAPAN F3l 2 FF T NFBFY Jlol e

AzsY EE5olMe] BT PRa/™Ra vl Fal R FAZT BRI
o] uls} F2AoAo]M e HIZtY AHAFe] ) o] AL PRa/™Ravl7}t £
a9 =285 (A7ME dEESL2 99) PRa/®Ra > 3)9} Ra/Ratl 7}
we 228 #F (Ra/™Ras )7} fgH0] oS EdA M2 ggges

Fale]  PRa/™Ra¥lyt ZRATE AL ovdnh. 9k PRa $37} o5
& (m 1xmg>o}~ 5 FAHE, G BEFTAALIE Ve AR
st 2EAe EFs MR oklAe Ead AFSY E24F AR

2 ] qm Ndge 78 4 ok
[®*Ra/Ralssxk = [fPRas + (1-)?Rax] / [f**Ras + (1-f)**Rax]
fo] theted A& Aelsid
f= [(®Ra/™Ra)ssk - (PRa/®Ra)k] / {(*Ra /®Ra)sx - (PRa/™Rajx +
226RaS /226RaK[ (228Ra /226Ra)5 _ (228Ra / 226Ra)SSK] }

f = a fraction of the Shelf water component in the South Sea of Korea.
SSK = South Sea of Korea (A 53] %)

S = The Shelf water

K = The Kuroshio water

A e 2

it
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2 zAF A9} Nozaki (1989)2] A7E 3l dg z2e Aae At
(*Ra /™Ra)ssk = 1997d 39: 0.75~2.16 (T 1.55)

19989 49Y: 0.62~1.84 (H: 1.13)

19981d 99: 2.07 (HF; 2.07)

1999 29: 1.31~1.46 (3 1.46)

(228Ra /226Ra)5 =35
(*®Ra/™Ra)x =02
?Ras = 131 dpm 10° I

Rax 65 dpm 10° I"
f =197 39: 80~286% (FF: 19.7%)
1998'd 49: 6.1~24.0% (13.5%)
1998 9Y: 27% (F: 27%)
19999 29: 16.2~18.4% (F7: 17%)

9 Fre 27l APHE 19974 39, 199849 49, 19999 290] A
He 71dE 47 197, 135, 17%o|t}. Hidol] 1998 d 9¥ 9] ZAfole & 27%ZA
g Ade] Hal 14~2004E Ach ol 9 Fuiy] olF2A, 53 8d AF
o FAFFG AEFZ Asl 43T A5} AFAY] 492 FFoz A
sE¥th

6.5. A&

1. Gl e HAAHERAL (67°0) ghe 013~-077 %2H 1
259 A B3 o }

= =z
th ARS ol&3d @5 71HE  (fample=l-(Ssample/ Skurostio) & Tl 3 &
(14-48%) L T3] (1.7-22%)B.c} F3f (5.98.1%)7} ©f =th

2. ®Ra/™Ra o WAMsHIZ} 3 o) o 2N B 9 YAAET B
A5 (WEEF)7 AFAES B3 G2 o] =3, =g PRa/MRa o WAt
547 05 ost2 @ FEA LUt FYHEM A2 EFH Fale PRa/*Ra
o Mabsuz 2" 23U AL (239) FEidt 9B EE2FdA AG &
AEL 498 10897179 F8] X259 AE SR (FAF ranTE g
Fs) BE25ol o 7 71718 B (F old g Ads AFrt Zasioh

3. 4471 sigsteE 1997'@ 39, 1998\ 4%, 19993 2¥ o] At #F 7o
= 74z} 19.7, 135, 17%°|ch. ®r@e] 19989 9€ 9] ALd= ¢ 27% 2 A B AR
Ha) 1.4~208 A% Atk ol& 99e Auly] o]F2 A, 53] 98d oS0 FA7H
o) g2 Q] AFE] AdErt AFaAYE 498 dgoz Asgoh

18
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7. %Poo] X EAN B AAFAA
71. A&

pog wtzhz)7} 13892 wlmA #H:, 35 FoNAM Aol Z7) W) s
Z BIEAFAZ ] vimH e P49 a2gd £8ch olgg *Poo] 23ty 43
g ol &3l 7|2, FEEFIES grazing, YA B 53 L &Yl
dojues AAFEH B3 F FALAAA gl A Az 2AYe FHAE A}
£5j0] gt} (Shannon et al, 1970; Nozaki et al, 1990). *°Poe] sjko 29 FFL
Z2 71 5 Fo ojnaqE Poo) wALE o) olF) o]FojFch oY o
N2RE FFHE FL FHo AuaFy < 10% ©|st2 ¥ A St} (Lambert et
al., 1979; Moore et al.,, 1973; Peirson et al., 1966; Gavini et al., 1974; Tokieda et
al, 19%). A F7A MPos] ATARZE FEIED H£ AFS In LA
Ath (Kharkar et al., 1976; Fisher et al, 1983). o|SHY BEujx YA 245 F
Mpoe] Fxe ojnjalEe pbe) wis] REze JeYAW, FeokE: Bz
100~300m AlololM e 23]8 HYoz2 EA3H, ol BFo A2/ HAte o
 AgHoez AAY F ARAse =F F71EY AEFHA s FEFoz A4
517] w&olg} st} (Bacon et al, 1976; 1988). o]} & o}lEZ RZA] *Pog
BJFe Byt olyegt Utk ¥ diFEH e AddAE FF Jeidd
(Santschi et al., 1979; Li et al, 1981; Bacon et al, 1988). & iM%} FH&E &
3ol A$ Mpoo] ZHIEH g8 MAH £F FAMN YAH £88Y] YE
of g wgA #AE (P*Th, "Pb)ol wls) AALEE7 =gz, e A A
ol ZA o Fel v F5FS Yehfevl vl8 Narragansett?ts] 7% A2
Hole #dFS YA, JEdde ofvdFag g2 F=& Yepdin A
(Li et al, 1981; Santchi et al, 1979; Tanaka et al, 1983). o]9} o] *Poe Wv+e
olgte X Yo we} AALE E AAHRFo| A2 tf2t}h ¢ Shannon F (1970)
v Kharkar 5 (1976)2 ZZ3IE F9 ®EA SHELRY FEE S 27
Mpoo] MPbs} Tho] wle] w1, AEEFAE 59 vE/} FEEFIAESY ¥
o vla] 158y sotn R

$3, 98 Uz Fusidels *Pos] AT 2= Nozaki 5 (1991)°] 7 &) 2
2289 24 5 "Poat ™Pool AFAZFL AL & A, Hong § (1999)°]
=7 el P47 TPb MPos] BT} AFAZE AMG A, 2dn A F
(1995)0] Bagt GLdv AEAW *Poo] £, & F (1995 1996)F o] T (199%)
o] 8 s|5F9] MPo FEEEY AFAT £ AAFY & 2aF Aol AA
gh il A7d e A9 floh

geld, £ dye 8 Jgt g s 2 dgdA F =
o, FEEIX EAL 31, FEETE ZAAde a9l disl n@sg v F
£949 oM A7Eeta o T FRE v RE 2
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72, g D

2 ATy @52 FA stA 28d A 5, EAE 19993 54 5d
oA 15¢ 77}11 ulm 23 P2 #UAFA R/V Roger Revelle® AMg-3le] o dts)
o 5d (FSA N9 27 A & digslg @ (BFFA 99 U A, stA=
G| YA TE A7 olox3E o] &3t 8Y 4UA 8Y 7A RAX AF
2 ode AFAYE (B A9 U FHAAM FAER fFE AFdAd AT
e B&2d 2L YA & Fig 3-7-13} Table 3-7-1 ¢ 3-7-20} Yehf Ao

N° 36
35
.3
34‘}
33 oo 7
126 127 128 129 130 131 132
E

Fig. 3-7-1. Location of sampling station in the South Sea (May and August
1999; NH9905, NH9908).

Table 3-7-1. Location of sampling stations in the Korean Strait
in May 5~15, 1999.

. Location
Station Latitude Longitude Depth (m)
N2 35° 12.17 129° 44 .4 132
N5 34° 415 130° 25.6' 118
S5 33° 32.5 128° 46.8' 143
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Table 3-7-2. Location of sampling stations in the Korean Strait
in August 4~8, 1999 (NH9908).

Statation LatitudeLocahoriongitude Depth (m)
A2 34° 044 126° 329 44
A5 33° 52.5 126° 329 67
A9 33° 40.6' 126° 33.0¢ 123
Al2 33° 37.% 126° 33.0 75

B Ao ALg3 AJRE CTDol #2d 104 23 AF71E Agstd A58 3, 2
F & 4kge AAgolAM GF/FARAE A835ta) ofnsie], sl4A89 g
25t & A EE Ao 6N HCIZ pH 2 olstz zH¥3tm, dadates |
5 BEstd AY4E MMM BEAHEAT sl se 38E 48 A
&l *Pox} Fe carrier 100 mgS Hrlsled gdEYolsyz pH 7~92 A3t 4
A3d FHE BHES Po FHAE 2T #448E I A 6N HCE ALE-3)

=9l F HEHo= 05N HC f4o2 ¥E& 243 & 239 Po TYAES
ZZAl#A Multi Channel Analyzer7} #2He o -spectrometry A}&3}e] Po 59419
2 g 2334 e dxstd PPo tracers H7He £ HNO;3} HCIO,
Z ALg3te] leaching 3l oztg & 1 YL Az LA Mo =
zg .

19994 593 899 &S ‘31 HerZa o] Mpoxt SPMe] A 8= Table 3-7-33
3-7-4¢ Vet dct. fale ALzt 10 2 YU

7.3.1. 19993 F4 ™Poo] AAR T EAN

19993 ZAle] &8} "Pos] AHAEIE Fig 37201 JEMIUTE RE BF ¥
FAd M gEg *Pog %E% 488~1274 dpm/100¢ <] #H$E, Hong %
(1999)0] SA o] Y7o ZAe gt (03~11.1 dpm/100 )3 2L F=HY
el At BE AHY EF F2dAMe LAUY UdA 48T 5= (488~
6.99 dpm/100 £)& Hol1, AH N2.4 ALE 44 50m7tA 278 & oA A=
o2 AFE ZAEAT N59} S5& F4d gt JAE Friste BFE
ok A N29] 135mE A 9)8l1, total Noj it &&d “Po2 plot s} , AT 1T
0704 Fe e AuuAA e wRe) chladl gajME tha Batol
ABABAE Boln Uk (Fig 3-7-3). Ytgo s *Poe JYF} vl A%
gtk gz At} (Kharkar et al, 1976; Fisher et al, 1983). & X %9 &
QB Ao osf AFEFIE AuHT Pox HEIYD ARt 2 A A s

flo n[o
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BaA B ¥EE Holx, F4lo] Aol wet gzt 2ol o FUat
7 Pox AEH e ¥EE JehlA P}

Table 3-7-3. Dissolved *°Po concentration of the Korean Strait
during May, 1999 (NH9905).

Depth  Dissolved ““Po concentration

Station
(m) (dpm/100 £)
N2 0 488 + 0.36
10 537 £ 037
20 6.70 * 054
30 698 = 0.48
50 12.74 = 0.78
75 818 + 0.62
135 . 543 £ 040
N5 0 475 £ 0.35
15 483 £ 033
30 8.03 £ 055
60 8§43 = 051
130 1092 £ 0.59
S5 0 699 =+ (043
15 8.02 £ 052
30 8.08 = 0.50
50 933 £ 043
90 11.56 * 0.46
145 12.58 £ 0.61

7.3.2 1999 314 'Poo] AFBYE EA

19999 #Ale] *Po AR XE Fig. 3-740] Yehdct. £28 *Poo ¥
4.58~46.59 dpm/100¢ ¢ HYE A7 4o wgt 125 o4 tﬂEfs}J’_ ;a
FEEEE EFHEIOA vnE Px, AFE OM 2 TEE Ho|A¥
A A59] A=3 A129] 20m HE2AA 7 L& g (> 45 dpm/100 £)S JERY
Atk A¥HegE EEF 59 TEE BZAEAN AFEZ ] gAsta 3
3, 53] AFA &Aoo AHSF HATZ Aldo] 20 dpm/100¢ o]} &2
FEE Jelz, AFEZY AEE ddFeE 2L FEE YR Stk o]
HE] ARElY *Po HEE 2.31~848 dpm/100 £ 9 WHE FZoA 23 AZd|
A EE FE e Ao ZFAM e xﬂ%E%Qi gFste] Frtsted Bl Zi
B ME FAH A5 A12¢]A 8 dpm/100 ¢ o9 & ¥EE Yt &

-§1 rlr

EF
=

__4

kd

2]

ol

_\_
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g2d Fof MPod ¥ I EFOIN B3, AFFIM g A

IR Tros} HRINE EE4 B SEE ATEROE gal BAZ 3718
3 Slth =S A2¢F A99] 20m H-ZolA 6 dpm/100¢ o]4e] &

FRIANE RAEZR Add vlg] AFEZ Atdo] Ajdos e FEE
JEpR ek

Table 3-7-4. ?°Po and SPM concentration of the Korean Strait
during August, 1999 (NH9908).

Depth ““Po concentration (dpm/100¢) Particulate ~ SPM Ka"™

Station _ . 3 1
(m) Dissolved Particulate (dpm/SPMg) (mg/ ¢) (cm”g")

A2 0 2017 £ 0.63 231 = 027 460 £ 054 0.28 4.2E+05
10 19.89 £ 0.89 284 = 032 606 £ 068 0.77 1.8E+05

20 1270 £ 0.26 392 £ 062 711 £ 112 256 1.2E+05

30 8.48 * 042 326 £ 059 6.05 £ 109 227 1.7E+05

A5 0 1129 £ 055 258 £ 035 474 £ 064 029 7.8E+05
10 1464 £ 086 292 £ 039 547 £ 073 025 7.9E+05

20 3116 £ 249 304 £ 033 611 £ 066 033 3.0E+05

30 9.75 £ 045 268 = 036 510 £ 068 022 1.3E+06

56 4450 £ 216 836 + 131 336 £ 052 161 1.2E+05

A9 0 398 £ 0.31 385 £ 037 671 £ 065 0.26 3.7E+06
10 1332 £ 057 253 £ 031 450 £ 055 063 3.0E+05

20 831 £ 042 497 £ 049 1096 = 1.08 035 1.7E+06

30 458 + 0.26 330 £ 036 732 = 080 035 2.1E+06

50 20.02 £ 085 255 = 030 488 £ 057 052 24E+05

75 2047 £ 0.79 274 £ 041 471 £ 071 070 1.9E+05

120 13.28 £ 055 599 = 0.72 958 £ 115 239 1.9E+05

Al2 0 577 £ 037 414 £ 036 778 £ 0.68 054 1.3E+06
10 6.61 + 0.46 318 = 032 678 £ 0.67 0.52 9.4E+05

20 46,59 £ 1.80 613 £ 080 608 £ 080 251 5.2E+04

30 463 + 0.37 531 £ 045 10.02 = 0.84 284 4.0E+05

50 584 * 0.89 848 = 0.68 1567 * 125 290 5.0E+05
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Fig. 3-7-2. Vertical profiles of dissolved *°Po in the Korean Strait

during August, 1999.
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Dissolved ¥'°Po (dpm/100L)

Dissolved 2'®Po (dpm/100L)

Fig. 3-7-3.

Y =5.67 +0.95x
L R=070
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Plot of dissolved ?°Po concentration versus total N (above)
and Chl-a (below)
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Fig. 3-7-4. Depth distribution of dissolved 2%po, particulate *’Po and SS, specific

activity of particulate °Po, in the Cheju Strait during August, 1999

- 286 -



olzg|dt BX = 99l 342 AAE 2L FAgA &R
X Blusty {% 4 £ ik SS9 FEEITE HY
ol3t2 w1, F4do] ZojHe wt Frsle] AHFRIA 1.
$EE dehdth £% HPEE AR s AFEE Aldol
=5 ®olxm gtk agdm AR *Po Hxol ths] SST plot A FBAF
o we ¥ 4BVAES YT AT} (Fig 3-7-5). AFRe) AeE 2% E3
oM 23 4ol weh Frth gty EEAN §E28 MPos $Ert R A
o F2o HEAAG o AP A g8 sl = Mpoo] aRHOE AAF
3, 20m 22X EL ¥EE Hole AL #7118 Bl o] *Pox A A
57 Rz AyzEch

O

-]

33. M%Poo] A lojx WAEAS) A%

gutzoz oo} AAE FHEA=29 RIHA FHRoe B JF
uptake7} Mot E#Hoz Fejx] Qlch (Fisher et al, 1983; Kadko, 1993). o|2| &
e TP EHMAFERE F & F vk BuAF K2 oldg 2o Hoz
2B AL 5 Aok

Ki™ = Cp/(CaX TSPM)

A71M G YAE, Coe €289 *Po 5 Ye 1, TSPMS 88
=5 Jehdch 1999 &A1 Ko g-e 52x10°~37x10° em’/ge] w9
o Ao uet 228l AfolE Vel z Qlth BE AHY Bl F
Hol1, o]AL EZoX "Poo] AEZHIE $HHCE uptakeHE A
sttt (Shannon et al, 1970). X3+ 7P @& g F2 HF oA b}E]-‘r_PE}. o]
23t Age e Aedx Holi (Hong et al, 1999), Wei and Murray (1994)
7} 2% Black Sead] EZFME 4] £ "Poo K ge Bt

Aotz Zo] HEUAY FE7F £2 A9 (310 mg/ L) YAtEkg Aol &
AEEL F2 UAEE &3} (Baskaran and Santschi, 1993). Honeyman and
Santschi (1989) Th3} Z-& ¥Ig-4 dAF o RulAfe =iz w9 Ao
A7 A3, Balls (1988)= Aol M AAtefot &FE Aol §&£dxe 5 £
T gAY o oEdttn Yok Hong F (1999)2 &3 ATolA &
Al zte] o8] PPoo] R Eo] AAEZ EAFTT ok TU B AL
e detdztel s=7F 022~290 mg/ Lo HHZ Fajo] uls] @1, A}
Mpoo} BlEE 8~59 %9 B2 o] nls] B}l *Pog K9 ¥€ERA FrE
plot 3l @A 0708 & 9 HAAES ARNY (Fig 3-7-6). ol8d AL
‘Beolt} ®'Tha} 22 o2 w4 AFANE Yehbed oRe gatel g 34
axetn std (McKee, 1986; Honeyman et al, 1988). 2.8y & dAFside =
AR wxx w3, dAE Pog ulgo] ] wEd olgd Axtel g A E
e glo] YA g2ste) Poo] AAHE Roz HzHrh

ol
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Fig. 3-7-5. Plot of SS concentration versus particulate ®Po concentration
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ig. 3-7-6. Plot of Log Kq versus Log SPM for *Po.
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74. A&

1) 1999 5€ digslg a5 = 828 "Po vxE 4.88~1274 dpm/100 ¢ 9
HoZ FZoAM 23, AEqM £ FEF YeUAG a83 JFEFY
=2yl Z713d wa £2g Pol Z18ln, 222W a9 AdBE g9
JAAAE EAH-

2) 1998 8€<) AZHY 315 F &6 2 YA "Po ¥TE EZoAM 23
Az e 52 Uiz, 228 2 A PPol HAEZE Alwg
Azl =1, A= TPo FE 2 FHYAY FEE AFEEH AlHAA
=2 ¥ & Yehfsich

3) MPog] AL HGEF] Pl gEdn Yn, BEZFAME JEZTHI
o A28 uptakert £28 ARAREZ AET, o}EZA FIIEES
ol *poo] s Fog AAHT
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8. A F I AF-dAaY s FolA AF AdoA=E9 37 x4
81. A &

k-7 ZAHEAelY LEEEH & £29 FH2d g VxdAFe @F
Folo2 £l 88ty Ao g Ageo FFHoF st Ag wokvh g
qolzZ Pz A vFFE&EAL] vigETd dig Ag5s E3] AFgdHo|t oy
3 AgEL drldA v dAEY 7IdE FHsted oy, AATFAHA E
A4 249 AYee=d PR (Duce et al, 1983; Prospero et al., 1985). o of
Z FejEAM9 FESH HHIY ol E-o EFE Fe, AAETH Pb I 2 A

Beo v AN E sldol Y= ™ (Broecker and Peng, 1982), AE3td U4y
AEe A ZF7H71E ReE gl MY (Zhang, 1994). 3 doj 228 tf7|o A
W AeA 7| AY TEe FA Fa% 4TS RE J|Fd & FFE 1
2ol o2& TR Pb, Cu, Zno} Cd 22 54 Fo& g AAEH
F&of oIt FAo] Fulsta vk wekA, Wr1FY vFdae 7|93 5ty £
Aol g BEEIEANY AL 7F2WY e olg FEHY AAHNE 8
AL ojsf|gtd] F 83t} (Schneider et al, 1990; Uematsu et al., 1983)

B35 olAlo} dlgn 22 A9 e A&EH] WMITH T  AARC R s}

of AANAM 74 BEXFo] B2 AYFY shtoltt (GESAMP, 1989). o] 2ol A
4 R 73-AATH Ade 2 EAste A ¢ A Fo|th
NASAS] TOMS Q13 YAo] &t 1998 39 28UF 4% 13Y¢ Alol9 doj2Z
FAtol 23td, o] IAte FHREHF S sA7A Egdte AR wein 5 A
B9 114%E AR YGolth (Gao, 1998). Gaooll 93, T= HRFF 9 HF A
oMo AxT I EHIY FAHL AAY 47]E o] F Eulude]

w45 F5ol

7103tk B nde E5%Y A Eojee &3 3719 FFLEHE EA
B z2A49dg gdolFe YHdgs drh BE ddd 109 o Fx9 R
ME FALE fEste 5ol AT 71§ 2E FaoA FAbE 2000 o] 4
doll 74 wEA ST (Gao et al, 1992). HIAMES Z3H3F F3o] AlEbz
Qe AARAR F o 64T km'7t B %] BEES ¥Fslu lod, ol FEE
B3le} BEZ o7tz 223 FEE Ao gy g@itdEol X3
dd F 0~

#? thri71e BAHEoIY. Fag ARG ?___]%01])\1 BA 624 =9
189 F< YEeite HaAHog 539 &<t At} (Uematsu et al., 1984). ¥
EolMe f&52AFE T3 A & < 5‘]?3‘ Atk FF EAY AsEE T
QAo g Aol Fuista AAE, A FAL #5H 24 T d7IER
Zyao o8 FHAAN ofF T ols|r} FFr}. old wt E AFeMe AlF-
R sl Y BAUSE RE I dol2FY EHEAE EWE (1)
BgA717te vgAL 71 E el A odlol2E JAA ety F&dadt AEe
FE A Q) G d71A o8 dA9 V1Y 7 Q) AdAEE dAA wF
A4 249 ALAEJA WEAD 7ls (@) dIIEIH 3358 248 AFsE A
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FAFHE 19973 11, 19983 49 = #ZA7Izbat v A7 993 11¥€ 1

19993 293} 5S¢0 ZA AF-hgaid siFol A Faizch Mk 25 o
< AAsH] s APIE A7 FER (MY 5~8m)e]l At HHE o]
T FAXNT AEE AFSFATD (Table 3-8-1, Fig. 3-8-1).

35.0N
M2
4< L
o ‘ﬂ
34.0 ]
o
< jr !
!‘ 36/51— 2 / M4 L ({-;Ezvj .
A | 2 (/9) \\1/ I\//|3.:» 4 ’7;/ P
- AT AN
n2 ; "}v o :@ AL .
e BN )
33.0 1 1 i. [ l l l l ] ‘.
125.0 126.0 127.0 128.0 129.0 130.0 1310 E

Fig. 3-8-1. Sampling locations in the Cheju-Korean Straits.

ARE-E AlZ2]3 Aele high-volume bulk aerosol sampler (flow rate ; 1.6 m’
min”, Kimoto Inc., Tokyo, Japan) ©|®, Whatman® 41 (20~25 cm) 93} A& A}
3t r1BNS AP YT} (Kitto and Anderson, 1988). Al2A1d £ AFAAE
g W] Yol E4 A 74A] YERT 3t AFHE Wstn Y A A
FELE B Fol2 SolY B4 itk AYE AHAXE Ay Mg ol F
st Akl F&dAaT Folg, Sole 2 AAYAS 92 (Pt Be)E e
sletd S A8

4594 B4 Aot AHA Y YRES
Suprapure HFZ B|Z & #3|&7]& o] &3l &A%t &3] B8 AgE
1% HNO; 30 mlZ 45t F&A4 £4E A3 dAE] Yo FHE 949 v
FFE BN §52% Zg=zvt 9A4wE 247) (ICP-AES; Perkin Elmer

;

N

Ultrapure HNO;, HCIO49}

I o
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Optima 3300 DV)$} =28 Zetzv} AL A7) (ICP-MS; VG Elemental PQII’)
2 olga.

Table 3-8-1. Samping positions, period, and air volume for the analysis of
aerosol particles in the marine boundary layer in the Cheju-Korea Straits.

Sampling Cruise Sample Sampling period Sampling track Sampling
Year/month ID Start End Start End Volume
Lat. (N) Long. (E) tLat(N) Long. (E) (m3)
1997/11  YS9711 nl Nov.18, 11:12H Nov.18, 18:12H 34" 58 128° 40" 34" 00 127° 195 692

n2  Nov.18 1816H Nov. 19, 0234H 34" 00 127° 195 33° 100 126" OO 819
1998/04 NH9804 a2  Apr 07, 0800H Apr 08, 2240H 34 00 1277 200 33 30 127 00 731
1 127 00
a3 Apr. 08, 03:50H Apr. 08, 1127H 33' 30° 127 00 34" 101’ 125° 5304 817
a4 Apr. 10 37 101° 125 5304 330 300 125 00 1458
34" 30 125 52 34 035 125° OO

a5 Apr. 09, 16:00H Apr.10, 02:12H 34* 035 125° 07 33° 30" 125° 53 757

ab Apr. 10, 02:40H Apr. 10, 1520H 33" 30" 125° 53 34 03 127° 3¢ 1101
a7 Apr. 10, 1909H Apr 11, 06.00H 34° 03° 127° 36 34° 15 128" Q0 1302
33" 300 128° 00" 34" 335 128" 43
a8 Apr. 11, 15:30H Apr. 11, 21:41H 34" 35 129 00° 34" 58 128" 10 636
33 34° 500 129° 00

YH9804 Al Apr. 16, 20:15H Apr. 16, 23:25H 34° 47.7° 128" 455 34" 245 128° 180 313
A2 Apr. 17, 14:00H Apr. 17, 19:05H 33° 589" 127° 172 33" 324 126" 346 454

al0 Apr. 23, 0850H Apr. 23, 20:.00H 34° 046" 127° 00.8 34° 490" 128° 458 1209

All Apr. 23 340 177 1270 23" 35° Q0 128 4% 456

1998/09  NH9809 S1 Sep. 23, 12.30H Sep 24, 02:40H 34° 48 128" 46 34° 107 127° 417 940
S2 Sep. 24, 0250H Sep. 24, 17:58H 34" 107 127° 417 33" 448 127" 399 1340

S3 Sep. 24, 18:00H Sep 25, 10.53H 33° 44.8" 127° 399 34" 183 126 474 1507

S4 Sep. 25, 10:55H Sep 26, 0745H 34° 183 126° 474’ 34" 11" 126° 51 1527
S5 Sep. 26, 08:00H Sep. 27, 1521H 34" 11" 126" 51" 33" 448 127° 399 1068
S6 Sep. 27, 1530H Sep. 28, 09:40H 33" 448 127° 399 34" 59 128" 41 146

1998/11 NH9811 NI  Nov. 23, 1530H Nov. 24, 0655H 34° 59 128" 41 33" 3¥ 126" 33 1167
N2  Nov. 24, 0655H Nov 24, 19.00H 33° 33 126" 33’ 34" 183 126" 474 1220

N3  Nov. 26, 1435H Nov. 26, 20:50H 34° 183 126° 47.4° 34° 31' 127° 415 585
N4  Nov. 26, 20:50H Nov. 27, 08:11H 34" 31° 127° 415 33° 559 127° 415 1055
N5  Nov. 28, 0230H Nov. 28, 09.10H 33° 559 127° 415 34° 33 128" 28 679
N6  Nov. 28, 09:10H Nov. 29, 01.00H 34° 33 128° 28 3¢° 15 128 57 1299
N7  Nov. 29, 13:.00H Nov. 29, 1715H 34" 15 128° 57 34° 59 128" 41 375
1999702 NH9902 F1  Feb 22, 10:34H Feb. 23, 2048H 34" 59 128" 4V 33" 35 126" 35 512

F2  Feb. 23, 20:58H Feb. 25, 13:23H 34" 00 126 25 33° 35 126" 35 1606
1999/05 NH9905 M1  May 05, 1610H May 07, 0925H 35' 03’ 128" 52 35" 00 130° OO0 1660
M2  May 07, 0930H May 08, 0800H 35° 00 130° 00 34° 30° 130" 42 2003
M3  May 08, 08:10H May 09, 06:15H 34° 30" 130" 42° 33° 21" 129° 0O 2240
M4  May 08, 1030H May 10, 08:00H 33° 21' 129" 00 33° 4§ 128" 22 1514
M5  May 10, 1150H May 11, 09:05H 33° 48 128" 227 34° 200 127° 59 2213
M6  May 11, 1330H May 12, 09.45H 34° 20° 127* 59 34° 17 128" 31" 2109
M7  May 12, 0950H May 12, 2LOOH 34° 17 128° 31' 34° 300 130° 42 1161
M8  May 12, 21.10H May 13, 1240H 34° 30° 130" 42 35° 03 128" 52° 1604

o
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Ind} Ir Y47t ICP-MSE A A] Internal standardZ o|&£3 o0 AEdrE FFEA
¢l NBS 1648 (Urban particulate)E 7 Zé stk Cl7, NOs, sulfate®t ammonia ©]-&
E2 oA dRAAN ZAHAH Z=F (Double deionized water) 50 miZ _’E%ﬂ
AHANE oBo0 08 B ABAA FEH, oIF Fol 2ot GolLEE oL
A2ulEae = (Dionex DX-100)-g ©]&3to] A3t

Zt AEEY EHTAAL FAHRA, EYAE (Collection Efficiency) 22]3 o
7INEY BHAYES 7|22 o] AP "Pby Bewtils e ARE oA
Ag DeE ARE AAZE FAD Pold AAET RIS olgskd 474
kevs} 477.6 kev oA dlo] A °Pbz}t "Beo] 7trpAML =R o)

83. A7 2 E9

xﬂT W E sidel & 354 AAHAN 257) A4} FES 2ASA 1997

Lol= 27K, 1998\ 422 3AL7]o 270, vI3FALZ)d] 87) A&7} 9€dlE 671 A

g, 1999“1 290|= 2] Al 283 599l 8/ AE7F 4 A HATE o] A

S50 di§ d=d Hagd JetET 28y TFHAY 22 FA g2 Table
3-8-20] AAH o ek,

Table 3-8-2. Aerosol chemical composition over the Cheju-Korea Straits (ng/ m’).

Date
Elements [Nov 1997 Low Dust Apr 1998  Dust Strom Apr 1998 Sep 1998 Nov 1998 Feb 1999 May, 1999
Avg Sud Avg  + Su Avg  + Std  Ave + Std Ave £ Sid Ave & Sid  Ave +  Sud

Na 9076 + 641 BT+ 181 6573+ 2184 5979+ 3072 4917+ 3182 2838+ 1245 3963+ 3145
Mg 2164 47 490 + 274 7233+ 3538 773+ 403 802 + 44] 659 + 37 669 462
Al 47 319 468 + 426 25672+ 14036 262+ 259 980+ 1068 2209+ 1054 911 569
K 228 + 15 257 £ 129 8626+ 5062 559+ 374 816+ 456 1233% 183 836+ 459
Ca ¥1: 45 419 = 384 20372 9607  359: 304 952+ 91 1501 x 337 667: 467
T 1694 916 2941 £ 2416 1407+ 719 122+ 130 6% 596 118+ 53 536 331
Cr 2042 005 107+ 074 276+ 132 238+ 180 305+ 127 661+ 494 231+ 162
Mn 3383+ 1503 1207 £+ 826 350+ 1863 - - 191+ 173 1333+ 136 1501+ 1354
Fe 125+ 692 333 £ 287 14150+ 7625 267+ 183 709+ 589 1364 755 633+ 378
Co 012+ 004 022+ 014 699 + 381 - - - - - -

NI 227+ 116 421 + 188 2067 836 157+ 190 52+ 323 - - 2642 366
Cu 552+ 191 191 & 53 112 £ 8 138+ 149 793+ 191 505+ 148 101 £ 80
Zn 208+ 101 3517 £ 1856 1478+ 668 - - - - - - - -

As 927+ 224 155 £ 081 198+ 69 - - - - - - - -

St 665z 006 457 + 298 10534z 4122 - - - . - . - -

I 066 022 069 + 061 3978+ 182l - - - - - - - -
Mo 029+ 002 083 £+ 026 286+ 128 - - - . - - - -

Cd 037+ 002 049 + 025 056+ 016 - - 030 022 - - 123 137
La 020+ 008 022+ 023 138+ 719 - - - - - - -

Ce 041 016 056 + 044 2756+ 1415 - - - - - - - -

Nd 017+ 01 041 £+ 018 {154+ 592 - - - . - - - .

Pb 488+ 10 1953 + 813 9265+ 5135 174z 201 392+ 107 273+ 156 356zx 226
Ba - - - - - - - - 884+ 1032 363: 299 941+ 654
\Y .- - - - - 108+ 114 200 M - - 468+ 282
Cl 18667 + 2076 4396 + 3610 5261 % 396 9347+ 4841 7877+ 4996 8361+ 1259 5314+ 4376
NO: 1323+ 197 5826 + 2869 8653+ 1364 5101+ 2604 6257+ 1629 5967+ 295 5599 |2
S0, 5025 + 50 8056 + 2119 17285+ 2430 5391+ 2751 6764+ 2781 8328+ 372 8561 4569
NH, 1515+ 259 1425 £ 1432 3790 + 32313+ 1350 2312+ 409 3126+ 976 2146+ 854
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olF AEEL Z4 9AES FRoA ARAHYA HFAHE BAFY] Hdstd F A
AEZ ERATh A9el gaAe A WEAdol A vehde AFel EA%
oh webA 7 A4 e AIFHHA HFAG distd Jig & Zolt 1€ AA
g o2 2o Al Txv HIEAZIY 429 Hls] 2~38] Fx =4 FFHY,
1998 49 A FAL7|E F AFPE AJREBNMY Al e HFEAR]
1998 49 9] AlsEd Bis] 1008 A= EL go] #&HUh

8.3.1. 5% A4~ (Enrichment factor)

WEEe ] 42T 9L HFH AEAZ FAolth e 2o] B
5Z A4 (Enrichment factors)<= Oﬂoii—‘—oﬂ/ﬂ we YiEo] WFAHQ Azt wE
oo €49 = v FAGE eSS BAF Jdoh o474, Al Na d4e
Atz 59 FE5ATE Addstet Hl.m d\.i ALE BT Al F-tghe] gl A A
7R e I doE2Ee HF FEAFTE 29 HoM AMEHYew, 1 3%
£ .2 Table 3-8-31} 3-8-49] A} A5} T}

Table 3-8-3. Enrichment factors calculated relative to average crustal material for
Marine aerosol particle samples over the Cheju-Korea Straits.

Elements Date
Nov 1997 Apr. 1998 Apr. 1998 Sep 1998 Nov. 1998 Feb 1999 May, 1999

Low Dust Dust storm
Na 34 16 0.7 64 14 4 12
Mg 8 6 2 18 5 2 4
Al 1 1 1 1 1 1 1
K I 2 1 6 2 2 3
Ca I 24 2.1 3.7 26 1.8 2.0
Ti 06 17 15 1.3 2.0 14 16
Cr 63 52 25 209 7.2 69 58
Mn 61 3.3 1.8 - 2.6 08 22
Fe 04 1.6 1.3 23 1.7 14 16
Co 13 37 22 - - -
Nt 122 36.1 32 242 22 - 12
Cu 238 1310 14.0 1691 260 735 355
7n 330 851 6.5
As 663 177 413 - -
Sr 20 22 09
7r 04 06 0.7
Mo 208 946 60 - - - -
cd 406 867 18 - 251.96 - 1107
La 08 23 217
Ce 0.7 29 2.6
Nd 07 45 23 - -
Pb 263 419 36 267 161 50 157
Ba - ! 2 2
\Y 6 3 7

- 294 -



Table. 3-8-4 Enrichment factors calculated relative to average seawater for

marine aerosol particle samples over the Cheju-Korea Straits.

Elements Date Low Dust pust Strom Sep. 1998  Nov. 1998  Feb. 1999 May, 1999
Nov. 1997  Apr. 1998  Apr. 1998
Na 1.00E+00 1 00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Mg 1.98E+00 1.49E+00 9.15E+00 1.08E+00 1.36E+00 1.93E+00 1.40E+00
Al 1.64E+06 3.41E+06 7.79E+07 8.73E+05 3.97E+06 1.55E+07 4.58E+06
K 6.78E-01 2.53E+00 3.54E+01 2.52E+00 4.48E+00 1.17E+01 5.69E+00
Ca 7.24E-01 3.99E+00 8.08E+01 1.56E+00 5.05E+00 1.38E+01 4.39E+00
Ti 2 10E+04 1.21E+05 2.40E+06 2.30E+04 1.68E+05 4.67E+05 1.52E+05
Cr 1.16E+04 2.02E+04 2.17E+05 2.06E+04 3.21E+04 1.20E+05 3.02E+04
Mn 1.46E+06 1.73E+06 2.09E+07 - 1.52E+06 1.84E+06 1.48E+06
Fe 2.60E+06 2.34E+07 4.15E+08 8.60E+06 2.78E+07 9.26E+07 3.08E+07
Co 1.21E+05 7.34E+05 9.71E+06 - - - -
Ni 5.73E+03 3.52E+04 7.20E+04 6.02E+04 2.45E+04 - 1.53E+04
Cu 2.57E+05 2.95E+06 ~ 7.21E+05 9.74E+05 6.82E+05 7.53E+06 1.07E+06
Zn 6.59E+04 3.52E+05 6.17E+05 - - - -
As 6.38E+03 3.54E+03 1.88E+04 - - - -
Sr 1.00E+00 2.28E+00 2.19E+01 - - - -
Zr 2.86E+04 9.91E+04 2.38E+06 - - - -
Mo 3.26E+01 3.09E+02 4.44E+02 - - - -
Cd 5.57E+03 2.45E+04 1.17E+04 - 8.37E+03 - 4 24E+04
La 5.97E+04 2.08E+05 5.44E+06 - - - -
Ce 1.73E+05 7.86E+05 1.61E+07 - - - -
Nd 6.99E+04 5.59E+05 6.55E+06 - - - -
Pb 2 79E+07 3.71E+07 7.32E+07 1.51E+07 4.14E+07 5.00E+07 4.66E+07
Ba - - - - 1.41E+03 1.00E+04 1.87E+03
\ - - - 1.27E+03 2.87E+03 - 8.32E+03
EFcrust = ([X1/ [Al])sample/ ([X]/ [All)erust (1)

a4 =A% (EFs)e A2H4 wE2A5e S48 Ag8d. 28 Bowen
o] B4olA BEFHA NagEst Al g4 vindaz AHgs ik

EFs = ([X]/[Na])sample/ ([X]/ [Na])seawater @)

Taylor and McLennan (1995)9] & R ztel|A¢] 49 =7 FAAREE A}
g3tgen, olme Al vEv AZAAHE FAHALE AMEIUTh g dEiA=
Bruland (1983)9] HFs4 ¥ES FuAgg AEIHeH, Nag iU 7199
zAsg oLyt 423 U, Al, K, Ca, Ti, Mn, Fe, Co, Sr, Zr, La, Ce, Nd,
Ba, V 94 80| A 19 7M7he e 7HAE ALE A xE sgrid €4
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i)

Ze #do] v AL F8 drh

HE, 3~5 o]§t9 F=A 4 (EFcurst or EFs)E 7l1x& A5 #HF AGEH
(e )Mt 2ol tr]e JoEEAME FAE P4 A5 FERE 7R
= Ao 2 289t} (Duce et al., 1983).

AT D9 sFooj2Zo|A Al Ti, Cr, Mn, Fe, Co, Zr, La, Ce # Nd & 2
2 H2EL T AGERY FFAFTYS FA HE ZAh Duce et al(1983) 5
o] A3 uie} o], sHARY AL, £2AM, Y 5 £ A8 s1F o
el A F Wi, A E2ASFULEE 259 FZ3ZH9 7ol xZAeARE
BE8tA FHE7 e oHY E3, Gao ef al. (1997) 5L Mg S ALz sty
71522 Alo] fFdE e AE AHsAt

Ni, Cu, Zn, As, Mo, Cd 22|32 Pb3} 22 945e A% a4 7] s
BHHOE Joj2Ed F5B ALE #HHIJUY (Table 3-8-37} 3-8-4). HFo}Alo}
&AM ol AAEY t7] 942 HAVY Boe FHdse A9 22
r AAgEE 93 dirlfrdel A Ao AlsEY

832 Satel Ui wlsfE B

A Taylore] A|zZ}HF Na/Al Hl8} dAjstA] k). 2222, si4H ZAHAA A
Jg dloAZZFM Naol g s 7Iqes AT e A Fo47 Has)
t}. Taylor?] Na/Al Hl= X zZtolM 03600y, FEMME HF Na/Al HlE=
015~0172 &= Ut} (Table 3-8-5).

Table 3-8-5. Elemental ratios of some major elements in the Chinese Loess and
average earth crust.

Loess Minquin Earth crust Loess Japan Kosa
fine  coarse Spring Summer average average Coase
particle
Na/Al 0.1458  0.2353 0.2265 0.1502 0.3595 0.18 0.25
K/Ca 0.2578 03116 0.3270 0.3517 0.1654 0.29 0.25
Ca/Al 0.5241  0.4595 0.8794 1.0551 0.3731 0.66 0.82
Mg/Al 0.1627  0.1463 0.3237 0.3572 0.1654 0.20 0.46
Sr/Al 0.0026  0.0033 0.0065 0.0061 0.0044
Cl/Al 0.0016
Reference 1 1 2 2 3 4 5

1: Li and Chen (1996), 2: Liu et al. (1998), 3: Taylor (1964) and Cl from
Emsley (1989), 4:Liu (1988), 5: Homes and Zollar (1996)
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Holmes and Zoller (1996)7} <133 Tanaka®] A5+ ¥R FE (32-63 mm)
o] ## YRSt (Li and Chen, 199). slFA 22 o dEE JAZ7E &3
o} FAUs oA 2~20 mmo]22 (Li and Chen, 19%), %2+ ZA}A| 719 Na/Al
HA4HE 0152 M. agm, o] Aoz fFdsHe 7] FEFL FdH gF
o ZRE J|Ysr] dEo vHEAd e Ha dEA7Ze] 94 HE ALERT
(Mukai and Suzuki, 1996; Hong et al., 1998). 3] %A Na2 t}g2] 2o 2]ste]
Ztol] 71951 A] & Nas 2 A4rET (Zieman et al., 1995)

[Na]marine = [Na]total {([Na]CTUSt/ [AI]CTUSE) [Al]total} (3)
H| 3] 3 sulfate (nss sulfate)e] == A sulfate FxolA 3]Q sulfated] FEE
BH“ %_9_&)\‘1 7—1])\\}_'% E}' 8“ °§ SUIfatE'E [Na]marine 0.252 (BOWEHQ] 3}]-{[‘—0}] }\—1

sulfate/Na & xH]) 4o 2 HE FAHE 4 Qlch

[I'ISS 504’2] = [SO4-2]total {([804-2]total/[Na]total) [Na]marine} (4)

Ago] tdt 2 d49 visig BasEd it EAX = Table 3-8-69] AA 5
ATt

Table 3-8-6. Non-sea salt corrected chemical composition of aerosols over the
Cheju-Korea Straits.

Sampling period Nov 1997 Apr 1998 Apr 1998 Sep 1998 Nov 1998 Feb 1999 May. 1999
Low dust Low dust High_Yellow Dust

Number of samples 2 7 2 6 7 2 8

Elements (nu/m ") Avp Sid Avy Std Avy Sid Avo Std Avg Sid Avpr Std Avg Sid
Na 269 160 168 = 125 3743+ 2184 941 512 352 & 455 794 & 623 327+ 393
Mg o5 = 43 181+ 548 6893 & 3538 654 % 672 253 630 414 &+ 183 232% 577
Al 747 & 379 468 + 852 25672 & 14036 262 431 980+ §53 2209 % 527 91l 712
K 1622 258 8521 % 5062 34l x 624 647+ 651 1158 917 701+ 573
Ca 320 768 20263 £ 9607 133+ 507 777+ 137 1423 & 169 527 % 584
Ts 169+ 916 294= 48  1407% 719 122+ 218 736+ 852 18z 267 sS4+ 414
Cr 204+ 003 107+ 015 276+ 132 238z% 030 305+ 018 661 &+ 247 231 020
Mn 338+ 150 121 17 350 186 - 191+ 247 133+ 068 150% 169
Fe 1225 692 333 = 574 14150 & 7625 267 ¢ 30§ 709 £ 841 1364 378 633+ 472
Co 012+ 004 022 003 699+ 381 - - . nd
Ni 227+ 116  421= 038 207+ 836 157x 317 526 046 - 264+ 046
Cu 52+ 191 191 106 12+ 800 138+ 248 793+ 273 505 738 101+ 995
Zn 208+ 101 352x 371 148 % 668 - - - -
As 927+ 224 155+ 016 198+ 698 - - - -
Sr 019+ 006 269% 060 103 & 472 - - - -
Zr 066+ 022 069z 012 398+ 182 - - - -
Mo 028+ 002 083=% 005 286+ 128 - - -
cd 037+ 002 049% 005 056+ 016 - 030+ 003 - 1232 017
La 02t 008 022z 005 139 719 - - -
Ce 041+ 016 056x 009 276+ 142 - - -
Nd 017+ 010 04l % 004 15 592 - - - -
Pb 488+ 100 1952 163 926+ 514 174 336 392 153 273+ 778 356+ 283
Ba - - - - 884+ 150 363+ 149 944 082
\Y - - . 108 019 201+ 025 . 468+ 035
cl 2823 + 2076 0 1702 396 - - 4683 £ 629 -
NO, 1321 2 197 5826+ S74 8653 & 1364 5100 % 434 6256 % 233 5966+ 148 5598 x  22)
SO, 2808 £ SO0 7409+ 424 16572 & 2430 3910 % 458 5615+ 397 7813 & 186 7646 £  S7I
NH, 15152 259 1425+ 286 3790% 300 2313 % 225 2312% S$85 3126+ 488 2146 % 107
pp 0554 028 075+ 021 715+ 04 238+ 034 3484 015 324 006 140z 006
"Be 1938 + 946 3845+ 252 388+ 759 316x 293 - 280+ 245 224: 046
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ols} e FBL AxzAY dtel YT WA we 24 uy] 49 FE
g Jehdch AF ool22 Na 55 19719 ulee 247k 19984 98] 97 %,
19981 1196 95 %, 99 4 40 %, 993 8Ko] 90 % olt}. WS o= HE st
R71RZe] AdHoz B2 Y71d Nag) W RFe Aoz Aggn. =
3 ti71RAe FEr B¢ 0 AA ooj2Ee Na Fae] AFoz sdelN 7|
Agtkn 7 & # Qe ol F2alok Aok dojzze HU7)Y sulfate Wl
& GA7Ie] 27 %, BBl 4 % HER FEHYC

834.U71F 594 T

8341 FA4E die vFda

qolzE Ale] Tx& FAL7[Ql 19984d 49 25672414036 ng m>, HIA}7]S
19983 4ol 468+426, 9Qol 262+259, 11¥ol] 980+1068, 18] 19993 23}
590= ztzb 2209+10549} 911£569 ng m° 22 BEE ) A7) Al BEE 3
oA #EE g FAA M B2 FEE EAT (Gao ef al, 1992). FA}7]zE
H7lool2Z 9] Na, Mg, K, Ca®} Al v5& H&EA7]e] SEEHT 1008 B =
& grolth 3k A B9 Ti, Cr, Fe, Mn, Co, Ni, Sr, Mo, Cl9] Fx% ¢
Al HlZA71e] ti7ldolgE srHuE 1AL =4 #=HUY. Pb, nitrated}t
nss sulfate?] & BI&AL7|O] vl 2 0] B2 FE Holx Utk @A ooz &
Cd wro] w&A79 Fx9 {AMSE gholth (Table 3-8-2).

3.84.2. Nitrate

Nitrated] FFFEE 1998 499 A}717E Fko] 86+14 mg m oA H]
G714 13162 mg m 2 FZHIUT. FAIEY dejgEo] uFalr)e o
olZEHT B nitrateS THHTE AMEE FRED. TF =AM B nitrate
B5EE 77 mg mPoldm (1992, 28-69), FAUHINE 19£12 mg m’o2
(19924 49) BEEAoD (Gao et al, 19%), BHHY AGol = 0751064 mg
m>0]Qt}h (Uematsu et al., 1995). &ALzl o]0} 22 nitrate ko] ZZ At A
TolM B2E g fARIGE AL Folgo

8.3.4.3. NSS sulfate

Nss sulfate?] HAEEE AL 7]7420 19983 4€o]E 16.1+24 mg m o]
) Bl3Al 7]zFo] 19971 119, 19984 49, 99, 11¢€ 181 999 2¥93 59 7
z}, 2.8+0.05, 7.4+04, 3.91046, 5.62+0.15, 7.81£0.19, 7.65+057 mg m°Z #=Z
519tk 7zt 717k nss sulfate BEFEEE 2~590] 74 mg m® o]0z Eoul,
9~11ge]E 39256 mg m>22 2} 3o o2 AP umsd, 22 P59
sulfate FF FEE 12111 mg m o]0, £2Zs|E 402130 mg m 0|t} B3 |
F-gtald A F9 nss sulfate FEE F3 FZTAGAGA H=9 vl FARIA
). B YoM sulfate gko] 1.7+2.0 mg m o8 B=FUct (Uematsu et al,
1995). Gao et al. (1996)2 F=Z3djodlAx =& nss sulfate F== methanosulfonate?]

- 298 -



;M2 dstod v HEZ1HL nss sulfate®] ol B7]l wWEo 7" Zolz} s}

At

8.3.4.4. Ammonia
ATAGY doj2EoA gEYole] HagrEe AT 98d 499 3.79
+03 mg m>o]H, RHIBAZIQ 97 1196 1.5 03, 98d 4Qo] 14 029, 9L
231023, 11€9] 23+0.05 221 999 2¥3 59 zZtzt 3.13+0.49, 2.15+0.11
mg m°22 #ZHUch HAHoF, 2~59 FF FRYole FE7} 215+3.79
mg m°2 ¥/ #ZH v, 9~11€ P ¢ryold ¥EE 15123 mg m e
2A BHHAG. FBF YEUol FE7F 04112 mg md HMY A¢AG
(GESAMP, 1989) #} 0.08 mg m><l BAelH ¥ (Quinn ef al, 1988)3} vlm 3} A
33 & F=ot F7IEFY £ HUAAANA driFeE o8 A Y
Z 4 3}3E (ammonia, amines, amino acid)So] fYHct di7]dA olgd 3}
&3}, 25 £ FARPFE Fd) AADT Quinn ef al. (1988)& of@
dEYole] FHde] 2 F USES AFIen, GESAMP (1989) & <

" =2 j=]
Y2 ARE AP 24§99 P FRATE He T

¢

8.3.4.5. Nss sulfate®} vlEFdA o] F&H|
Nss Sulfate 9} nitrate, Ni, Cu, Zn, As, Mo, Cd # Pbe] =%} Table 3-8-7
o ot

Table 3-8-7. Concentration ratios of nss sulfate to certain enriched elements over
the Cheju-Korea Straits.

Date Nov. 1997 Apr 1998 Apr. 1998 Sep. 1998 Nov. 1998 Feb 1999  May, 1999
Low Dust Dust Storm
Avg. Std.  Avg.  Std.  Avs. Std. Avg  Std. Avg.  Std. Avg.  Std. Avg.  Std.
SOy/nitrate 2.2+ 032 127+ 014 192+ 041 0774 011 090+ 007 131+ 004 137+ 0.12

SO/MN 1237+ 633 1760+ 187  802% 345 249+ 580 1067+ 120 - 2896+ 546
S0/Cu 509+ 176 388+ 3.09 148+ 241 284+ 610 70.8+ 557 155+ 230 760+ 9.42
SO4/Zn 129+ 59.7 211+ 253 112+ 533

SOy/As 303+ 734 4781+ 570 837+ 320

SO4/Mo 9978+ 731 8954+ 761 5800+ 2734 - - -
SO,/Cd 7589+ 432 [5122% 1769 29595+ 9504 - 18657 + 2344 - 6222+ 986
SO,/Pb 575+ 1.56 379+ 383 179+ 103 225+ 509 143+ 116 286+ 816 215+ 235
S/Ca 468+ 234 231+ 570 082+ 041 294+ 117 723% 138 549+ 066 145+ 194
NH./SO, 054+ 009 019+ 004 023+ 003 059+ 009 041x 0.03 040+ 0.06 028+ 0.03

oo} 2Z nss SO, /As HlE ATA DA 300~4700 H9] e lom, o] HE
e 4A2 % 49E Y9 Qindaost Xiamend| 490] VEY FSuT BHG
(Gao et al, 1996). 222 u|FFEHT nss sulfate7} | FoNAZE0 FSFH=
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AW 7)zto] EA) & Aot
835 AF- Bl E % ololzZ el oA By

8.3.5.1. nss sulfate®} ammonium<] Ar a3 A

doIZE NHs /50479 mole B8} ABBAE 19983 499 3FAlr|dle 051,
1997 d 119 1.26, B]3A}7]Q] 1998 4¥dE 044, 9LolE 059, 11¥0 041,
a8z 999 297 5€dE ZZ 040 B 0288 BEHAC (Fig. 3-8-2, Table
3-8-7).

5000—
: +
%
4000
: A X *
O
1
3000 -- .
: o, °
= L, < <
c i o A
E ; o A 9711
2000— h*¢ >(|2 % 984 (Low Dust)
‘ +$+ (OR K 98 4 (High Dust)
- @
++, 0" 4 + 9809
<& o9l
1000~ ©
A 9902
; O 9905
% x K
0 - I T | T T ] T 1
0 4000 8000 12000 16000 2000(

NSS Sulfate (ng/m?)

Fig. 3-8-2. Relationship between nss sulfate and ammonia concentration in the

marine boundary layer in the Cheju-Korea Straits

g Hoz 293 59 AlololE 019 ~0409 & grol uEbg Hkdd) 99
11 4 Abelell& 041~0599) £ #ol FFHIUT old &L Carmichael et al.
1997) So] AFTolA Bug g (~1.0) Kot AgAW, AFL 2 A3 g7
st HAge BEH AT H AE A Yeigth 3o, ofAlel A g9
BUol vjE FEFS ZAZE 39 UF7IE gEYol (N) & olitstd (5) vle T

SRAAM 1~2, dEoA 2, 283 T FHA 025 o]t} (Carmichael et
al, 1997). Carmichael & o]8]d AL FHA Eojow ngde AdF7]€
sulfurS FA £ Ao 2 st Jo.

8.3.5.2. nss sulfate®} nitratee] A4
715 A4gEe] FFHEL sulfate Bohe 4338 oAz, NOxe 713 &



FY9L& g8 daoly (Logan, 1983; Arimoto et al, 1996) vljd o}Alo} z
Aog Z7} & Aoz viuidct (Galloway et al, 1994). E3 2
S 2 AEAL, EYUAEY &5 HAREo2ZRE Y2 35 2
o, 4F7% diAY nE8E F8F NO9 F5do] do
Nss sulfate9} nitratee] AET A o]E F AHEES Alolole 49 AATAAE
Holed, ole o]& AEEY 3F9H AAd] Hxsirdes AL 9ndt (n=35,
’=0.69; Fig. 3-8-3).
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Fig. 3-8-3. Relationship between nss sulfate and nitrate concentrations in the
marine boundary layer in the Cheju-Korea Straits.

o]& 3t FAIS AL o o]EZF nss sulfate®} ammonia Alo]le] A A E
A}t (Fig. 3-8-2). Nss sulfate®} ammonia ¢ 1z 3AFAML 71&7|= 1.3~ 2.1§
Arimoto et al, (1996) 5o} AFolA 24 gt 1.7~18% FAHE AR ot
nss sulfate 9} nitrate®] 13 3 RFAA 71277} Tt AL A7t weg} rigdo] o
£ Jgo] 2AFL dudt F7e 2F guIANe gl B Aa9 3
8 ZEYoltt. ofro} ZrHES A4 wE koA sulfated} nitrated] H]E F ol A
301, YR 057 (Arimoto ef al, 1996) 7123 oA 1.7(1990)~1.3(1994)
Aol A Aoz WHgth F=e] SOx o WEFL 1990d o|F ARSAL,
NOx ¢ wW&ze ud 3pFEd JFrtste 5‘%1]‘3]1:]- (Korea Ministry of
Environment). 1822 B ZA} 7|7k 19983 4¥87 11€9 7| shite B
9% W, Bl 999 FBe BT Wi 7 % g otk W, FAP)
Q) 1998 499 Awe FRozRY 719 Hos 2RV dIJZE sulfates)
nitrate ¢ ¥EE 7799 Ay g8z Zo] BHEE gtk AE AL =&
g doizEe SHFED APUHAd 18 4 e N JFIEY e o

_:,__\
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F FEHES &3 A0

835.3. doj2Z& BFE 3} |

FHOZ Jol2E FEL FHYolEZEY YREEEL AXTE HE7YE ER
o 2 AT dolE2F FEY FHAZA AMEE AlF FAAQHe BAE 7THEH
gttt B nitrate/Al HlE 19973 1196 1.77, 813A}7] 19981 4ol 1245 ~1E)
A7) 1998 4€0)] 0412 #ZFH AT (Fig. 3-8-4, Table 3-8-6).
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Fig. 3-8-4. Relationship between nitrate and Al concentration in the marine
boundary layer in the Cheju-Korea Straits.

B} gAL7] 19983 499] 1245 k2 Arimoto et al. (1996)0] <9l&) #)Fx oA
18 g FASIS. Gao et al.(1996)2 nitrate/Al H]7} HthQoelA 31 gy
FosfollA 1022 Rugc.  ARA]7]O nitrate/Ale] BI7F HAHRE Hols
239 FERAD NOxdl dg 2FAYol G2y YEolg A28 2 =
NAdeeRy FIHE NOxd: T2A, SAE 2 A%d 2R By
oA BEB) ANG wulAbE 2o AQozRY 48 trRAolt
(Gao et al, 1992). Akimoto et al. (1994) 2 I 7|89 Fo TFILY
Shannzi ¢} Xinjlang |92 &5 @A NOx #&Fe] 14 %9k 27 % g 43}
3 ok wEkA NOxY WEAES ZAR 3y, oAl t7122e TFA A
nitrate/Al HlE @S Ao 2 7|dY. H{ nitrate/Al vl YE Kato A Go|A
395 € Q7| }etoljA] 15 (Table 3-8-3 in Arimoto ef al., 1996) 7}A] <¢F 3u] Ao
Helo] Utk BIZAL7] 19983 499 nitrate/Al HIZ} A #28 AL Fdulz B2
2o 719% 7|d L ZRE nitrateo] FFHIUZ @A Z ot

oot

rlo
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8354. ooj2& FE3 ik
dqol2Z FEUAT d71F SO F&AF By oilel, ti7|EA dxtet vk
o A4eE 3 A7) JFLE dth (Arimoto ef al, 1996). W71 E A S/Ca
Z Bl gA7)7F Fo 03~11 o3, HIZA7|olE 100~200 o)tk FFAl7|o v
S/Ca A% vl eldvizt Alte] EGYAIA &A% 8 (01~02)9 FAstth
(Tanaka et al, 1986). NagoyacllA AR dJZEAXE 06~079 & %<
Byed ole CaCO:¢ Sulfuric Oxide HEi= sulfuric acid (HxSOs)7} vHE-8-3ho]
Anhitrate (CaSO;)9} gypsum (CaSO.2HO)& A7 wjEolet Atz €
Arimoto et al. (1996)¢} Carmichael et al. (1997) & AFEo|A o2& S/Ca v
g 5002 Rustn Ut H FAlrlo #EHE 2 S/Ca vl & 72 md AF
T A B2 wadte Zlddes oz2A d7-slY BA 97]1E0A nss Ca

A3 A g iolgt AlREHY ol EYEIM &A1 CaCOs¢] gypsumol
U} anhidrite. 2 R@HML wWo] 7lggtEe} (S/Ca Hl: 0.8) S7} dojzEo) BHYo
2 ZAQste RS 9udth 5/Ca A= AlZtel BA S 318 Wale] 2 AR}
2l A A3 Winchester and Wang (1989) o <}3ld, vl3Aly] B33 11€9 o
EZL 2¥d FF L 7IAE v B FATY do2Ee Mg Aoz
A8} olYF Hye B =R AREY 4% I dozE Al/Pbe 94 F
o A7 siME 7% 2 Rl

AT A oo} ZZo| A nss SOZ/Al BlE 199733 11€9] 38, Hl&AL7] 1998 4
Yol 1580 F=Fgony, BAr) 19989 4ol 083 AP Fe FxH|7}
2359} (Fig. 3-8-5). Gao et al. (1996) 7} ®E3F SO, 7/AlvlE 2 FEoA
40, 3FZs A 210tk BIZEAL 7]17He] o2 EL 2 JjYES JHAT oY,
BAL7|17e) o2& EAL B A2 & B4 AYx Yk
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Fig. 3-8-5. Relationship between nss sulfate and Al concentrations in the marine
boudary layer in the Cheju-Korea Straits.
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835.5. “Pb3} "Be 9} oo} & sulfate FFEH|

Tsunogai et al. (1985)& th7iclA & dFEol AFL FHated Rn, *Pb
# &7 sulfure dioxide, sulfate2 7 A& AL ALAG. dh71F ol 7
B9 A% vrgAe el ti7lolA residence timed 7v=r7t A2 A o|4t
3837 PRne 7l FAME AFALE HRE B29A 7)Aol Sulfates}
phe B 7|HQ o]2staE PRnoA] A, A4E F ulz dolzE: ¢
A2 FZ9ch ool2Zo)A nss SO7/Pb (x10* g/dpm)ulE 1997:d 11€ 9
6.9~15.6 o|™, H&AL7]Ql 19983 4¥oE 3.8~31048 #=5 ]} (Fig. 3-8-6).
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Fig. 3-8-6. Relationship between ?®Pb and nss sulfate concentration in the
marine boundary layer in the Cheju-Korea Straits.

= = = 210 ju < :
23], 3471715 Pba} Al 3= 23 4BBVAE BAY (Fig. 3-877).
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Fig. 3-8-7. Relationship between 2%Pb and Al concentrations in the marine
boundary layer in the Cheju-Korea Straits
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BH dozz E3 AL F A dozEL s1gH dojEE R
pp Fx st =T .

‘Be (W1z+7] 533 )L thr]l AEZFA 3ol s AHE HAY 9F
olty. ‘Bed w7l dol2E YAtel] WA FAH7 W o2z AFH
A5 dFEY 453 3}H§—‘?’—Ei AZACE utE EFE (WAs 943, 4%
02 Y9 FAHEEE, 2&9 FAHFTE)S FEII AT /& FHAR AL
L9t} (Uematsu et al., 1994; Graustein and Turekian, 1996). #A|Fs|g = o 33l
Holl A, A2A7 Be B= Atole ABBAZ FA7 Fo A Jebgth (Fig
3-8-8).
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Fig. 3-8-8. Relationship between Be and Nitrate concentration in the marine
boundary layer in the Cheju-Korea Straits.

LA A7 BUHY FYANME BESHJEY  (Uematsu et al, 1994;
Uematsu et al., 1995), o]& A G 7|do] A&dolate vl oYtk a9 2
o %%o ADAAE JegAqAE BEHA 47 w7 (Uematsu et al., 1994),
o] qoj2 QA & ANE e UAFVILY 2Eez FAHER oY

ofAlol o 2RE RHBEY FLAGLE SAVY £49 WA
Aot} (Uematsu et al, 1983). 3A17|Zke] ofrjo} & A+F 9 7192
Mot @A 93 & IE (400~500 hPa) 2 A58 &, HAZFo] 23
2 ostel BYWY 2R 1/YVE FRAWUA BAAo2 FLBT
(Liu, 1988; Merrill et al., 1989). 55 el % A Fe] v @Zo] 23R (Andreae et
al, 1988), AAE 3} nss sulfated] FEe ofAo}l HFLZRE o|F& 7|do] F/
g olF= WRANM =A 3’&%35&‘4- oljo] ALHY FTx7t YA wsleA &
W 2ol Feigge] 54 FYAA Beo] A BEHE AL Aoz H5AY
fead 897 ge wuo] vk 2822, Uematsu ef al& 'Beo] AEARTIE
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HEdo2RE Y AAWULZ 314stE 7P FAAZA F83A4 A8 %=
Jdohe AL AP oA AlAe AF-thstslE A G s dojzZdA P
7 "Be TEAtele] %) A@BA ) o3t AZHAY (Fig. 3-8-9).
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Fig. 3-8-9. Relationship between ?Pb and "Be concentration in the marine
boundary layer in the Cheju-Korea Straits.

8.3.6. A=t atsl @ sate] uly] WAL
8361 A4 WAL

sedos YASE UAEREe B #9nd o He Aol Fge wAck
AF-gald o712 B euss 239 f5%e ASH A=A 9ol
22 st Fst 24 2R ATAGCE BEYAY RYLe BF
9727 FEE AEHA 23F £ Utk ZEFE 9A (10 mm) o HEEE
e FASEZ Astel FTAL A HHY Rolh olol2E YA AH
Ao trle dAd FE (Cain% A4 FASE (VAo Fo ANAT

o}71M Fa2 AAFHo o8] oiz2E A} #F5F (g m” s7) o[#, CairE
W7lelM o= 22 FE (mg m) olxL, VoE ANAH &= (cm s)E eI
o} A2 AZ o] oA YRA7]Y #HE ZAF A2 Gao et al. (1997)9] =F
AN =gt A4 AHAZLe AP £xo vAHAN 24PH S=E
A27), QADE, F& 220 AdgEe Gl 2=, 44 JASEE A

g3 FHsE Re Pk AAAAE F9 A 1P F GESAMP (1989)2
ANFH S2o i HF e 37HA 249 2HAYe BADTGT AA N

o
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2 A7 doZ2EY dARIT #AE HEIF U] g e A7
(1~6 Bl A dsiME 2 e JLhoH, ¥EA4 (019~1.70 HL)ol s

+ 055 &, 283 sulfate, nitrate®} ammonia (0.3~1.08 )l s = 1.09] gt
2 ApgslT
8.3.3.6.2. A}t

ZF8 e FF, S, RAAM B #ZHAY (Liv, 1988; Chung, 1992;
Uematsu et al; 1983). F% £ YAz #E3 AL ZAHZ Ad 603 5
<t BEE BA F 85 %E 397 68 Alolo] AW BAE A 0~18Y H
HAslgon FFHoeg Az 3590 AT (Uematsu et al., 1983; Liu, 1988).
19980l ZAle ATFARA 109 $ BAFOH, dujel PAo] A4
ATh o] FAZIE Fol BT AW £EE 48 am 572 st AL
(X.Y. Zhang et al., 1993; Gao et al., 1997).

8.3.6.3 4 4%

AR 7Aed g 583 FHo| Evbs T W, A¢E B3 7RIy AA F
L& 27PRA HE AMREA dATgith tirldA EF FxRE YubieE HE
A 1 B9 59 A Ut (Duce et al, 1991). I #AE 2710A v2 o}

S = pCr/Ca (6)
2o] W@ 27h8A Hlolm, G 23 F 2 2R BE
’ = 279 Ux (1200 g m?) o]},
=2
Fw = Cr * P (7)

q71M PE Z4% (m )& Uehdnh wek Co| 4 (6)d wel X$stH, 4

Fo=P-5-C/po (8)

2 (8)% AlR3lA, UiVlF EdEze HAHER aga A7pRAY HE AR

s sA0Ae 59 249 WRYFE 4 ¢ Aok St YAAY, IAY
B 233 g5z £347 ¥, ulg u7ge £3% 4xg zHae o
849 ggoln AESA I S FAHG7] ¥ GESAMP (1989)2 dAZE

A

FE EH‘H 100~2009] =717 HlE BRogon, At tis] 500~20009]
1 743 stk A ATk Uematsu et al. (1985)2 BlHF Agor] AH A

Aeid wlg 2FFow 1 el Wle 500~2000 oln HEgk-e 10000t

I
<>¥l
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B A7 el#H oA GESAMPH Uematsu $o] AA)s d3E A on Gao
et al. (1997)5 0] AA& th2 olrlol e g} dojz & FE
74 Age 27hiA B 3 X2 3= 500~2000 ol H
st
Aol 7128 P2 Ha g
1. (1997) So] o] XA B1us gt#d FAMeth A7 718 T2 543
x_i 02 41 %, AR 39 %, AAHHOZ 20 %2 ztzt FA ) (Table 3-8-8).

Table 3-8-8. Depositional flux of non-sea salt corrected atmospheric chemical
elements and compounds in the Cheju-Korea Straits.

Elements Annual total flux (ng/m2/yr) Relative contribution  Total aeal flux
% wet% yellow dust (g/yr)
min max avg

Na 4.88E+08 8.33E+08 5.54E+08 48 28 2.50E+10
Mg 3.27E+08 4.85E+08 3.57E+08 34 49 1.64E+10
Al 1.99E+09 2.95E+09 2.17E+09 4 49 9.97E+10
K 4 86E+08 6.44E+08 5.16E+08 24 64 2.37E+10
Ca 5.71E+08 5.85E+08 5.74E+08 2 97 2.63E+10
Ti 9.37E+07 1.30E+08 1.01E+08 28 58 4.62E+09
Cr 3.52E+06 5.96E+06 3.98E+06 47 29 1.83E+08
Mn 4.95E+07 8.57E+07 5.64E+07 49 26 2.59E+09
Fe 9.34E+08 1.29E+09 1.00E+09 28 59 4.60E+10
Co 5.48E+05 8.15E+05 5.99E+05 34 48 2.75E+07
N1 1.84E+06 3.38E+06 2.19E+06 36 39 1.00E+08
Cu 4.18E+07 1.00E+08 5.51E+07 54 8 2.53E+09
Zn 1.47E+07 2.83E+07 1.78E+07 39 34 8.19E+08
As 2.46E+06 5.03E+06 3.04E+06 43 27 1.40E+08
Sr 3.56E+06 4.82E+06 5.03E+06 13 55 2.31E+08
Zr 1.85E+06 2.18E+06 2.23E+06 7 74 1.02E+08
Mo 2.87E+05 5.52E+05 3.47E+05 39 34 1.59E+07
Cd 1.54E+05 3.59E+05 2.01E+05 52 12 9.21E+06
La 8.98E+05 1.23E+06 9.62E+05 27 60 4.41E+07
Ce 1.88E+06 2.64E+06 2.02E+06 29 56 9.29E+07
Nd 9.23E+05 1.38E+06 101E+06 35 47 4.63E+07
Pb 1.42E+07 3.04E+07 1.79E+07 46 22 8.21E+08
a 3.11E+06 4 61E+06 3.40E+06 34 49 1.56E+08
NO3 2.86E+09 3.65E+09 3.62E+09 60 10 1.66E+11
S04 1.87E+09 2.33E+09 2.32E+09 55 17 1.06E+11
NH4 8.58E+08 1.02E+09 1.01E+09 43 36 4.63E+10
210Pb 7.27E+05 1.04E+06 7.98E+05 49 37 3.66E+07
7Be 2.55E+07 3.10E+07 3.06E+07 57 5 1.41E+09

sk BES AR5 A ;H
oﬂ #FLHT dojg2Fe tE 94
%E ARG At -"4?&

66
FTFS nitrate7} FHAio|a Zro] 5]5]]0]\:]- 73_,};3 He HHAoF iy] = YASo
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o). Ao s (gwﬂa- 459x10" m?) o AAHY FEER EHPx
Az 1~2%x10° tono 2 FAHHLY ol AFAYez #FYHE F2 A
T2 s fFYdEHe AL HHE 0?4%4 °F 10 %& RS

84. 4 &

o2& AlgE 1997d 11€, 19983 4o 3FA}L719} vl 3AL717F £, 9€
9, 323 1999 293 59 5 Age szl AAZA zﬁﬁﬂﬁiu}.
199813 49 AR A7le QBEo] APAdelA B FAFAZI Y]
N, A ERE WP AWE £ AT E AT 22 £ AR o
239 2.

1L AF-fgsi g s o2& Az sjFoda Bd FE2& ol&ste 73
5;:174]_),:01] m2t 7t AAEE TFERS Na, Mg, K # Ca2 A9 &= R
Astgden, Al Ti, Cr, Mn, Fe, Co, Zr, La, Ce 3} Nd 94452 AGEREE

-,-E1 719893, Ni, Cu, Zn, As, Mo, Cd 7} Pbe Q17+ Ad@E oz ujEs

Rom gMds A4Z AT d7|FYe HAVIY Btk A7) Be ¥g AR
stn Stk ey, Cadt Sr2 7144%HE ARE 2AZ §AF FA17) 5
WEE T 5}557‘51 7143

2. BAANT B, A2 E Al 3} F& AT FET B ARG 4TI
EnoH, %AMI 710% HAAFE 19983 5 AF FA7Izto]l & 109 ol
dx E7stn A FHFY 39 %& AAY HZE At Yooz E FHR
Ao AL FA7Ie} BIFZALY] Atold] & AolE BRIth JAFIH 49 3t

2 )2E 552 FAAVIECHE G0l 2A tebdu

3.5/Ca ¥ Al/™PbrieZ ZAZ s}ol, vlFAT)Y W)-alE AAZ EA8E
o2& YAte A1 AAERT g d dr|Ezlelt

4. 9|0]EZ nss sulfate, nitrate 1231 & u]ZFL9] 59} YPha} 'Be Ex o
JBBAZRY 22050 2D dedE BTy, rlEd sl §
AZ2RH HEE & 2 158 FHAAN dFAGY U7 BAZFLE A
shahe 2l AT

5. 4% W71RA BiE $4AAS SOl 41 % FAZ 38 % 21 AAPHS
220 % %ol FYPE ATAGNN FAY ARAFAL WARA B
Qo) Az WEAE 2A 932 v Zolt
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-4 Zol7t of 70km ) AFHPL F| 2 FEIEMY g
Eol| YRt o|xE& FHINE g ¥ HSEAH FEF ¥ygs g g L
Aefg7o 2 4FE Fo AFHPFT AFE AEHGS daMe TFINE2F
B #Fsl= ‘E“E‘l Fol dirbdR7E fredel =9, stAlde AdX
A7t AFAPE T FdH HEAHE T3l FAHE wAU
1 1995; Suk et al, 1996). RAx 9] te dehs watye s 2
stHozRE RRFELGY AdT7E Fd=H] (Suk et al, 19%), Fafio] A

E &5 %2 3gEd vEEXd AP dFS uo (Wells and Huh, 1984;
Chough, 1983; Lee at al, 1990). =3 H2AInFIdde] s A5 Yo< AA
of wat gt &gsted AFNFES FHAstA Gl FFE v (Cho and Kim,
1994).

ol9tgo] AFHHE %fﬂ{ 2 FidEHe FERLE FFHoEE FA3A
AlZAQA Wol =3 7] Y AFHFLS T olFHe AT Y2
gt d+e gl FEd €8 9 AR AL olsfsted oA A
PHog olsfHolok ot

Atz oz FFolA EHY o]F2 o7 AFEA st o]F o|Fell 93}
o FALE ojFstA drh dEF HFE e BEFAFAME S FA
o3t EZolFo] Fasth FHol oA FEA L, drpdiyt dFHeE T2
& AFE A4AH Atk olgd T4 Wi APFFTU FF E EAAME =2
A2 8E 45HE 3g8Ed (Chen ef al, 1994, 1995, Wunsch et al,, 1983; Kan
et al, 1994)c] thgt AF7} 1990d o] FHE &3] o] 23 ot .

a8y AF P AFEF (Cheju Warm Current)9} A|F3F (Cheju Cold
Current)d] £A7} ADCP #Z& 53t ¥&z olg (Suk et al, 199), AF3F
o HetEd 54 SP27l SRl AN AAE vEL vinH TACR A
AT geiA B d7e & AE (BA)Y 54 23S EXE g Suk et al.
(1996)8] Aol thet F& Hgoz 3zt 53] 2 a ZAARE ENZ AFHY
< st 323 FYAY AH WHolet AW £EFE FAsted FHS
£,

KeX

=
[e)

3

_, F\’
;1

B Ad7Ade AT Jeldee HASE ot AFAE (126° 32E)oA

Fig. 390, AT 53 AVEI FG2E VHAIAD AIENT BIAY

O\i%i o5 E ol &3] 31zt 55)o] ZA FAHUTH 1997 3L} 9; 1998
23 119; 19994 8Y).
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Fig. 3-9-1. Study section in the Cheju Strait.

slA2E EZ5A (0, 10, 20, 30, 50, 75, 100, AZ)elH U237 4 A4S
o] &3t AFeAt FHFED FH FFEoEE FEML, A
F719%ER 2 dA4 frigaet Aaold.

| Z240E Winkler 339 (Carpenter, 1965) 2.2 XAdolx &AsIAc (BEL;
250 mmol kg'elA +05% mg 1), QAAREFERL Ao TA 2
Nucleopore #AA 2 HFAEE AR &, FHTE 563 AHsod &S AA
3 & WERMele NP4z Lub Parsons et al. (1984)o] oA ZHstHAot
(A3x; £0.02 mg 1), ANGL 238 FERINGASEGRE Ao slFA8E

FAd PR (CGF/HE AFg F Abxdol 10% 4 i Ulal A A3 20ml 1Y
= Zgoldal wo ol 20T o]stel AL A %% T T AP GG
2582 7] (Aliance)E o] &3t Grassoff (1983) i H}E]- Z2A3[9t. - =
AAE F7iEa ‘3—! %71@_¢—:— 550 T A 3A12F el & BA 33 47 9
B (GF/F;, 3377, 045um)E o|&std sFAEE AAT 5 SHFTE 56
3] M#Hsld FES Xﬂﬂo}%lli} A3d A8E YERAT F AdFgHE 2usElY
NZy)|z 27 gAde AAS e 2247 (Carlo Erba CNS)2 A &ZA3)

Qo (8= +03% ol3h)

E A5y A7Ad HagE ADCP (Acoustic Doppler Current Profiler)g ©]-%
o] YEIATh AFAPAME FEG 2/7F FAS7] dEA 2RAFLEC] AA
A HEEIE 245 Aol BFFHoloh WA ADCP ZAMA AFAe &&&
89 xEZ fX3ld ZHFEAES AANAN 24 157] 25A)e 2X 8% W
B@Z3gch ADCP Ag€ AH R of 18etd £33 Adez= o 300
m 7tAc 2, 283 FIHOZE 8 m HAC 2 AEE FHEFYT

FIE Jl
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93. A3}
AzaPe dRF L, A% D FHALS] NP FHREE Figs. 35200 1}
Bt 448 AEFL 24 (359), 87 (689), 24 (1Y ALY 7

! FAEE Had Yol FAE vlud FHEY] Edstn

A4 frlgs % Ast AREEZo s a7 (62) ¥ FA (1Y) A2E
[e)

rO
=
jati)

i

Bt
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SR
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Fig. 3-9-2. Annual average velocity, temperature and salinity in the Cheju Strait.
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7b $AS AFE 228N 05 uM
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o!

Yool g% £Xe 149 a5
° =

Z 1 ke sk
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£ N A 20—
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Fig. 3-9-3. Annual average DO, Chl-a, NH,", NOs, PO, Si(OH),, in the Cheju
Strait.
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ARF AYolL FF BIE ANAHoZ 3o R AFEEOR B5E F
73 Zadnh FAHo2E £457 W F43] Frksd $40 Fe AF
T 2% AUZ9 80 m FAolsAME 7 4M °1 oltt (Fig. 3-9-3). A¥T A
olg FFEITE Fiole FAE AFEZOZ AFE A AFE B2
EFME 01 pM olstelth. a2y $457td v 738 Friste] F4 80
m olstf A= 05 pM o]Fe g ¥o (Fig 3-9-3) APT FAEF X =9
AR Qakole I FASIY EFOME Wi FAZt wgd F23] Frtet
3 A4 9 Amolel ANRE R AFE ABBAA 12 4M ogos ¥
(Fig. 3-9-3). 9T P82 a FFL EZolA o4 F3d 4 o8 (>20m)el
ME 01 pg I' olstoltt (Fig. 3-9-3). A¥T UAY f71e4 2 F4gs £2 e
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FZolM ztzd 70, 17 pg 1! o]0 2 Zou} £4 20-30mE
&t (Fig. 3-9-4).
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Fig. 3-9-4. Annual average suspended sediments (SS), particulate organic carbon
(POC) and nitrogen (PON) in the Cheju Strait.

932 AF&Y 59 Hd dAF T sstE 22

AFfEE Tl ez Solee A7 s & FFEFS 19974 3¢ H 94
Z+zy 045, 0.58 Sv, 19983 9¥ 3} 11¥d] zZtzk 051, 046 Sv, 2|3 1999 84
0.66 SvEA AE HFol & sA(EHT 058 Sv)7} A (037 Sv; Suk et al,
1996) R A (046 Sv)oll Hls sl ¢ FFFo] It ol & Fw A% F=2
Al oMol FEake] tigk ATolA A7 7 2t Kan et al. (1994)9] 2
Fotx IA gt
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APGT 7S5 HT FFAE TEE 3 99U ET EFZEH2: FAHAEEXE
Fig. 3-9-5~69] UrE1Th

AE GYHAY gRUolole EYA MAE 5~91 pgmol m? sTEZAM YAHA
24 $£E9 fAsel BAE APALNN U, AFE BB ARE A3
< B (Fig. 3-9-5).

ol

Pogil-do < —> Cheju-do
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-120{ NH Flux(;: M/m?/s)
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80, | | \g S
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Fig. 3-9-5. Annual average material fluxes per unit area (flux-density) of NH,"
NOj, PO.*, Si(OH)4, in the Cheju Strait.
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Fig. 3-9-6. Annual average material fluxes per unit area (flux-density) of
suspended sediments (SS), POC and PON in the Cheju Strait.

ART FUPHT Aol g, ool D FA FH2AE A7 69~935 5~58, 9
3~1572 pmol m” s' HHEZAM YRANAFRED £ FEUo} ol EXE D3
olZ FE7} ¥ AFE BZHAWE 3075 m £AAA g BRoy, F4AF
7hel whet FAdte] Hao fE (08 am s1)E B AE (G75m)olM Hage B
Art (Fig. 3-9-5).

ABF SANAY YAYLRED B
e

¢

g HYe= 18~712 mg m?> s’z Yzt
(o]

AEFEd T2 % F&50 AH B3AA AdgE Hou, AFE
£O02 Zas, BY fAFS7M @ gadtd, AFe 5F APEEY AFA
2ge BT} (Fig. 3-9-6).

A%

WE ARNAY dAg frles 2 Ah Zoa wgE 27 0414, 007~
=
v =

=
2.7 mg m? 72X AR FZo)M 1, FAZE) gt Za (Fig. 3-9-6).
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Fig. 3-9-7. The relationships between average current velocity and average
SS(a), NOs'(b), POs™(c), Si(OH)s(d), POC(e), PON(f) fluxes per unit
area in the Cheju Strait.
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AT YAAEHED, Bl ¥ Adyole FALE ARETNE U
[R)7} 03 o]tz M E3l§ ABBPAL HolA] YU ot ol BAS Zys
= Hpsnde EARE £¥ol oEgdte AL duad 2au 74 53 9
ARGNGAE D A ZH2E FEHe A4BBA (R0l 07 ojdezA YAHA
%71‘% 2 Aax ZH2E HFSolge A2tk AFAPES T FEEA 9
=29 Table 3-9-1¢] Uehigid.

Table 3-9-1. Along-strait material fluxes in the Cheju Strait.

S.S NH¢/ | NOs | PO& | Si(OH)
(x10°mg s™") (x10° zmol s™)
Mar. 1997
Eastward 3.79 1.80 13.63 31.24 15.71
Westward ~0.56 -0.07 -0.78 -0.08 -1.16
Net 3.23 1.73 12.85 1.16 1455
Sep. 1997
Eastward 4.28 2.91 25.06 161 36.19
Westward -0.11 -0.09 -0.64 ~0.04 -0.77
Net 4.17 2.82 24.42 1.57 3542
Sep. 1998
Eastward 6.97 1.55 37.02 2.36 57.02
Westward -1.92 -0.44 -2.14 -0.19 -5.17
Net 5.05 1.11 34.88 2.17 51.85
Nov. 1998
Eastward 17.8 2.10 30.0 1.60 53.40
Westward -1.20 -0.10 -1.60 -0.10 -2.60
Net 16.60 2.00 2840 1.50 50.80
Aug. 1998
Eastward 9.28 1.16 27.1 1.1 58.20
Westward -0.30 -0.05 -0.60 -0.01 -1.86
Net 8.98 0.56 27.50 1.09 56.34

4 ZY2Z 99 (78%)S AYstns

AFNEe B nBHAE F AL
719 A2 2H 9% o4l 53

90% %, dueles XY $EY

%sﬂ %HOM ga) 2 FFIH2 wrle e °§% FERA sl ﬂ
M FE Eoll= ﬁ}f—f}“é«l ko] 1% wigto g ZAIE vt s}
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94. X9

94.1. FHBEATFR =24 =

JH
>

g2 fY8E 7o AR2E AFAEL B 4YHE AFARY AR 7
#lolE B FUAE GUIfE & £ A

AA7A 248 FUY A% 2 B2 SEARSS A8se] FEAFR
o soed BA~E 2Hs9c (Table 3.9.).

Table 3-9-2. The comparision of chemical material transport in the Cheju-Korea
Strait region.

Current Cheju Current Tushima Current Cheju+Tushima Kuroshio
(Chen et al 1994)
Area Cheju Strait Cheju-Kushiu Korean Strait East of Taiwan
Area width (km) 100 200 166.2 300
Water depth(m) 100 150 101 1000
Water transport(Sv) 0.52 297 3.49 295
Average NO3 (uM) 491 2.68 3.08 5.88
Average PO4 (uM) 0.31 0.2 0.29 0.40
Average Si (uM) 9.41 5.88 6.94 1343
Average S.S. (mg/l) 0.75 0.3 0.44 -
Total matenal flux
NO3 (x10” umol/s) 1.92 7.96 10.75 1735
PO4 (x10” umoV/s) 012 0.59 1.01 11.8
Si (x10” umol/s) 3.26 17.46 24.22 39%.3
SS (x10° mg/s) 0.73 0.89 1.54
Normalized with
width and depth
NO3 (x10° umol/s) 1.92 3.70 6.40 578
PO4 (x10° umol/s) 0.12 0.28 0.60 039
St (x10° umol/s) 3.26 8.12 1443 1321
S.S (x10° mg/s) 0.73 041 091 -
Normahzed with
water transport
NO3 (x10° umol/s) 1.92 1.39 1.60 3.06
PO4 (x10° umol/s) 0.12 0.10 0.15 021
S1 (x10° umol/s) 3.26 3.06 361 6.9
S5 (x10° mg/s) 0.73 0.16 0.23 -
4714 s g Al daf a2 frdHe g R %42 /I A
$Zoz g8 AgIUeY, 39 A5 FAUF P 2 sHesvH AYgE
gEFe ol o AT,

AF-742 AL 5 AFFEF ARE AT YBAY (B, A4E T

SEgAN ATARE BB 4EHE @ GuAE ATAGT ATE 9 39
2 Solot A454%02 WIRYD, J4BA FEES ¥ 9729 553
3 AR (FEAFATA, 19)8 A§3A
AZNE AFAR)S B GAZ Soler BT YAYTHEL, Aol
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401& 2 FA Sgae zhz 073%x10° mg s, 1.92x10° gmol s7, 012x10° 4
mol s, 3.26><1O9 mol st o]t}

o] digsigs Fa sz Jrte ?Jz}*é-‘?-vsé Aitole, Uatele 2
Tk EP2E 27 15%10° mg 57, 10.7x10° gmol s, 1.0x10° gmol s™, 24.2x
10° pmol s' otk AF-F%3 WL B3| Eoloe WA FfE, Aol
Aatole g Fa TEAE Zt7 09x10° mg s, 8.0%x10° zmol s7, 059%x10° 4
mol s*, 17.4x10° gmol st o]t}

getA diepdfol s AF-AHT HEE T3 FHE Solew HGEAEY
F EY2v AFdES 5% ALdFETG o 3~4u) Ak AFAYPHY AF-Fa3t
APE B3l G FYUsge Aol AL o 106%x10° pmol sT2A
APe ol Falz wAUrte % (107x10° gmol s')7 Aol 2ok a8y U
o]& (0.75x10° gmol sy @ Fa+ (223x10° pmol s7)2] ALo= UHPL 5
3 Urte datole (1.0x10° gmol s)F 72 (24.2x10° gmol s)e] <kro} <
2t Zh

gy oY@ EFH&e dgreF Aold we dEtds U7l WEd ol
HFol A& SEEF F4F AUEA JIdEE FRE Y6 dntdF (HE
0.297 Sv)&} AFsF (FF 052 Sv)9] sl4% (volume transport)7te] z}o]d
e HSE 3EE 432 XF3 (normalize)E 53 Elsllga v wslH ot

q¢ © F4Fd AdE 34D FFFEE Foo 7 AF&HY 59 43
3Ed ZTEre BHEFol 229x10° ton yr', gEULo]2-L 052%x10"° mol
yr'l, FAtol.e o 6.05><10w mol yr', QlAitol Lo 0.36 10" mol yr'l, AR 10.27
%10 mol yr'lol t}.

el sjde] uv3letE A ZelA (specific chemical material flux)E AF-8]F<] )
FyFFos TFEFSIY vnY, AFHFES il N FdHE vidAER

22 A7t ZZH 2 (specific suspended sediment flux)& divbdi{F (AF-747
725X10° ton yr') B OiUERA FEA e o FEe (725x10° ton yr;
Chen et al., 1994) Rtz ¢ 38] =t}

Hlg o]l & Qlatole ZTEAE tinpdd (AF-F4r 5.05x10", 0.47X%10" mol
yrl), F2AL (9.65%10°, 0.47%10"° mol yr')e] & FFekat fAsh}, FEA
(3.0%x10%, 0.06x10° mol yr') & 37 (0.5x10° 0.002x10"° mol yr')e E&
Azt WEgn Faro|ee oF 2.12u), Qito]e oF 6-1808] FE ET} (Zhang,
1996; Chung et al., 1999). &3 A Zs FXo X3 LT HFL T3 ol=g
olsi 2 wr sl FikolL (29%10" mol yr @ olatele (0. 095 X 10°mol yr- )

of vlsiMe 24z oF 28] & 374 Eo} AFAYPES 53 EF FYo] AZFE ¢
%= At} (Civitarese et al,, 1998).

ZAEHo =2 TR FGEHAES &
VoA A3 FAF 8L dne
gt Ao 433 Fag 9%s ot

ofy

Ol

F% AFsFI dalo Aty FRso
A dmdch w8 Yolrba Fael 4=
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VAR 8D, Aol 2 Aol EP2E AREHTGE FE A
o A 55 AAARVIGE 2 Ax FH2E dRsolne FeEy
AZAEE Bl RBHE F YANRAETD TU2F 99 (18%) S ASjanE
0% o, Witolee TYF SET/NGFFRE WALl 2H 9B% olol
SR o8l B3} 2 FFFALNY I AYPORA o) L FFI
o #7astel gk dale] 4B IS vA & Uk

- AFHEE THE FEE —‘.5:019_% At FEEAEY EYHA (gross flux) &
2o o) 229><1o6 ton yr!, gmijgolee 052><10‘° mol yr!, Aitolee
6.05%10" mol yr?, 912to] &g 0.36x10" mol yrl, F2H& 10.27x10° mol yr'
olth.
CAFAF g FEE fFYEHe A dAEGFEFER EHAE dehdF AHAF
-Far) R e R FRA|Q6 43 4FHEHgn o 3
H QAo FE¥2E dupdi AF-Fw) 2 uvERe A 93
SEFL AR, SR 2 Fes B AT wegEg Aol oF 2
o, Aikol &2 of 6-180 v =t EF XF TR HXT LUE HPYL F
8 ol=gols 2 wWA It ZJ"} 2 2 QlAtel 2o nisiMT Zbzh ofF 2u) A
378 o} ole FHI SFEHES TG AFAF Gl AAEH =
B AN A33] Fask “@' S AES AlAMRITL

>
Qo
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£ AFeldE 2o dgsel 84 £ Y AAKYH 479 Y@ez 4

E fef EAZA 4£9 Biomarkerd 7HXE zteE AW AR EAE F E3 Yut
gatract Agate] FF R AL 7 sl BE RAMSIAL o9t FAA il o
ol Aste HE F8 AM AEEY A3 249 =248 Hln YE 3

oz %%ﬂ BEe EA R E HPo2A ojge EAV AZE FEALZR
A9 7hs 4= Bls A

2 A 2 Py

21. 3l R A HF2A A5 £

211 @5 288 6z 2 F2A4

T3 EEe Uvt eubacteriadt WAT S WALE don FE AMEE WiAE
eubacteria®] 79 ZoBell W] A& AN AT Y AHS-= Bennet v A<} M3-1

A& AFR-3Y Bacto-peptone, Bacto-yeast extract & HjX] AR F
Difco A|FS AHE3tAD Ao AMG-E sl WEihoA F4AZ d+E £
AL filter2 AFH 3t 1y EAE AAST ARESAT.  71E s AR £
T A2k Sigma AFL ARSI o™ A AL otget ATt

ZoBell medium

Bacto-peptone Sg
Bacto-yeast extract lg

FePO4 10 mg

Aged sea water 750 ml

Distilled water 250 ml

(Bacto agar) 20 g : A vl AR
M3-I medium

Na,HPO, 0732 g

KHPO4 0.466 g

NaCl 029 g
Na-Propionate 02 g
MgS0,..7H20 01l g

CaCOs 002 g

KNO; 001 g
FeSO4.7H>O 0.2 mg
ZnS04.7HO 0.18 mg
MnSQO4.4HO 0.002 mg
Cyclohexamide stock solution 10 ml
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Thiamine-HCl solution 10 ml
Aged sea water 750 ml
Distilled water 250 ml
(Bacto agar 20 g, 1A WA %)

Bennet ' s medium

Glucose 2 g

peptone 2 g

Malto extract lg

Yeast extract lg
Aged sea water 750 ml
Distilled water 250 ml
(Bacto agar 20 g, 1A wjAl9] H-$

PH 7.2

212 A E AFH 2 HE uy

Alg AHT 19999 2 ¥ 19999 89 2 3] HAAHUAY. FE Y AEE F
2 #F2A Z FHAA HolEE 1 lited] :FE FH3to RN GF/F glass
fiber filter2 o331 AR PFEAS AFLZ S9sgq. 5 Ame
70 % EthanolZ W ¥ 1 liter E°| Nalgene bottleo] go} 4@z Lutslo]
2]8}$9 =] Eubacterias 10 ml, 50 mle] &4E 0.22 um membrane filter2 o7}
8te o) filterS ZoBell plateo] &2 25 °ColA 3 & 7+ #&3s wjdslgd AL
colonyE THA] A Z-& ZoBell plated]] 3 A} streakingsts] &4~ Ejstdch H4AT
& gAeke] 84 (100 ml, 500 ml)E 0.22 um membrane filter2 o33k & A2
defe] oA E g petridishe] Fo] 60 °Co ovenoll X 1 AJZHEt HERA|A =
A2 BASIA e UREEY dut MTEs AAT £ o] M-3I & Benette Hl| A]
Aol eHF 7 47t wigste] FA e colonyE EEsk3Th.

F& &= solid phase extraction® 9|3} ODS-cartridge (Spe-pak ODS, 600
mg, Milipore Co.)ol &A%t}

zZt AHA APdE ANEEREH 98 FFEL TAWMAAM &5 FE F
30 % glycerole &fdte FTFH 5ol 3 %ﬁ}oq -70 °Cell A 7] BE&sA

22. % 2 AAHAZZRE A A2 B

221. SFE2RE AW AR By
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C-18 Sep-pak cartridge &2,

AP 1 litere] si4= GE/F filter paper (pore size 0.45 um)2 o 3}3to] o)A}
E5 X33 particulated material€ A A § C-18 (ODS) Sep-pak cartridge
(Packing volume 5 ml)E& E#3td F714ES FHA7I o] 20 mlY FHF=E
AHsted &8I okstA F&4E vARA /71 EFE AAST YA 20 mle
MeOHE& 1838t AWt H&E elutiondtfth.  Z3tAl FE 489 AAE A
3ta] n-hexane2.Z F7} 828 ZA¢x JUAUSY o] A5 §FHE ol musd
ARAHQ BEAoME AFedet. HE2H E 2 RotavaorZ solventE A AZ &
Folch solution 5 mlE 7}8td AEE < F o7)d Hx g vAUA EAE
< filtrationdle] A A AT  ODS cartridged] & EHe &F f7]Eo= amino
acid, sugar, Y% nucleic acid F°] oy ©o|EL2 Folch solutione] FAE<I
chloroforme] &85 2 fowmz olz|zt Aoz AAY & Ut Folch
solutiono] &38 A HES Al ¥ T AL ¢V 93l TLC £4 & +
st TLC plates Merck Aloll A 18t silica gel F254 plateE AME-3l o).

A7 o . 24X n-hexane : diethyl ether : formic acid (80:20:0.2)
XA : CHCls : MeOH : DW (65355) -
AA A : n-Hexane : Diethyl ether (1 : 1)

olele WEZE Pyrex A A cap-tubed] AT F AWAAE] 5 % Methanolic
HCI 04 mlE 7}3t3 80 °Col Al 1 A|zt ¥h& A7 complex lipid AE]2 Exjshe
A 22 AWt WE o AHEZ transmethylationg @AHTE  ¥Hgo] F
A" 3 o] A8 05 mle Z2FFE 718l A 1 ml9] n-hexanel & 3 3] &
3l & n-hexane & E% F3l9 ©]F silica column (packing volume: 1 ml)ol] &
?] fatty acid methyl ester A&E F& A]71 & F7IE 3 ml9 n-hexaneo &
columng M Hsted FHHA B hydrocarbon YEE& W3 FEAA
Hydrocarbon A£& ©Z R o3 columng TA] n-hexane:EtOAc (11, V/V)o.2
Z 7 fatty acid methyl ester ¥ S £8]3 F ZZ& speed-vace 2 FF3t] GC
2 A

TLC-FIDE o] &8 A AW A XA

Speed-Vac evaporator (Vision Co, Korea)& AM&-3te] 244t S/ 2 &ulE A A3}
o g & AWARS FAE 2ot ¢ AASA.  olF ©Al 10 mg/mld]
#HIHE =52 chloroformd] =<2 % ChromaRod III (Iatron laboratory, Kapan)
o] mycrosyringeE ©]-&3}ed z+ 1 ul 4 loading &%t} Hair dryer2 &vi& <
A3 AASL o] $A AXNA AMEE o8t [AA Aoyt 717 A
stn A fulS AAT T FAXA A LudA AAZ7A AASFHRT. ol
28t o 1 719 ChromaRode]l AA A& F49 FHEE A/MANZ + 9

t}. o]2 TLC-FID (latro-scanner, latron laboratory, Kapan)o]A} scan speed 30
22 A=sgh HAE9 Zt peakt HP3395 integrator (Hewlett-Packard Co.,
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USA)E o83t} A st

v =3t 2 oo 2623}

Z} 38 05 M KOH/MeOH 1 mlE 718 & 80 °ColA] 1 A|75<F ¥hE A A
saponification (B]F3)&E &Zs orld 5 mle ZFFE ET
Hexane/dichloromethane (10:1) 5 mlZ 3 3] $%3}4 aliphatic alkane3} aliphatic
alcoholsol X88 T4 APAHELS ¥ o|E rotary evaporatorZ 1 2} ¥
g+ 3 t}A] Speed-Vac (Vision Co. Korea)Z 50 ul7lx] F&3}ch o]E Gas
chromatograph2 #4313} th.

g2 4& 5N HCE pHE 2 52 3% & 5 &0 5 mlz2 3 3 F&3]
o Akito] EXEHE acidic lipidE ok ol F=3%ld 03 mle 5 %
Methanolic HCI& 7}8te] 70 oCollA] 1 A|ZHE<t ¥h-&AlA Fatty acid methyl ester
2 methylation A}t HEE Ao} FF4 04 mlE 7}81 n-Hexane 1 miZ 3
3] #Z3t % n-hexane &8 speed-vac® 2 50 ul 7}A %38 GCE A3

22.2. Gas chromatography-—Er—/ﬁ,

F2 fatty acid®} hydrocarbon wAo g 3t AERAAE
transmethylation A}zl ¥ o]l& silica columno] loadingdt % hexaneo &
hydrocarbon-& elution A]7]31 ©A] 50 % EtOAC in hexane solvent® elution 4]
7 fatty acid methyl ester& o] speed-vaco.Z FZ3le Ztz GCE EA 35t

B4 24

Gas chromatograph+ Hewlett-Packard HP5890II plusE Al&-3 o™ detector=
FIDE A}&3t4 . HP automatic sampler (100 sample capacity)$} splitless
injector® AMESIE 2™ injection2 hexaned] =< Alg 1 ulg FYsIAT
Column temperature gradientE AME-3}H 3 (7S tableo] HA]) AFE-3F column
2 fatty acid methyl ester®] 79+ omegawax-320 capillary column (Supelco,
USA, 30 m X 032 mm inner diameter)S A3} .21 hydrocarbon®] 7%+
EC-1 capillary column (Allech Co., USA, 30 m X 0.25 mm inner diameter)S A}
£3lA9ch.  Fatty acid methyl ester®} hydrocarbon2] &7 standard sample2]
retention time2] Hlx 9} ECL (equivalent chain length)@tS AlAtsld AA ST}
GC EAoM standardZ A}E-F n-alkane®} Eicosapentaenoic acid (EPA)u}
Docosahexaenoic acid (DHA) %9l A4k Sigma A E& ALEstH Zb peak
+ Chromate data aquisition S/W (Interface Co., Korea)u} Chemstation S/W
(Hewlett-Packard Co)E& ©]&-3}4] internal standard¢l nonadecanoic acid methyl
ester (C19:0-ME)4 tricosane (C23HC)¢}9] HAN| 2 A H3H ).
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- Condition for Gas chromatography analysis for fatty acid methyl ester
and hydrocarbon.

FAME HC
A8 column Omegawax-320 EC-1
(032 cm X 30 m) | (025 cm X 30 m)
Injector temp (°C) 300 300
Detector Temp (°C) 300 300
Ti (°C) 150 180
Oven temp Tf (°C) 260 300
rate (°C/min) 6 6
Column head pressure (psi) 9 20

i 2 HAEANA EE AW AR 83
spectrume Fo} A o WHoRE £

aromatic 3}3E, hydroxyl groupe] A, steroid 3FE9 &4 & AT 4+
Noem E3| aliphatic compound®] E£A7} 308 4 AT 2t B HPH e A

29 o] Holx 4 mg o|FE BRZ FEZ sedimento] A FEH A AHES
4stede 88 90 2 F Joy sFy EREAAAY AW JRdE
£ oA7e A$HY 1 liter A7} ofel 2 uh AW Be ¥ )5 NS I
88 & Aotk

NMR £74-& Varian Unity-500-8- o] €3} t}. Proton NMRE 500 MHzol| A &
A3tH o™ chemical shift& internal standard 1 TMS (tetramethyl silane)ut
CDCLE o]&3led Z2AHgtt. REE NMR A3 Varian AlA FF3 Vnmr
software& o] &3} }.
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Sea Water

Sediment
Sample Sample
Subsampling Solid Phase
(2-3 g wet Extraction
4
Modified Lipid Elution with
Folch Extraction |—®] Composition MeOH
(CHCI3/MeOH/W Analysis
- P .
Cf))ry;ni:tr} » HC Analysis Concentration
ncentration GO)
»
Transmethylation Transmethylation
Y Y
Concentration > FAME <—| Concentration
Analysis
TMS- |  Steroid TMS-
derivatization Analysis derivatization
(Steroids) (Steroids)

Figure 4-1. General Scheme for Lipid Analysis from sea water and sediment

231 4% NE9 23 ¥ 24
2311. &5 2 23

Alg FA 1 g7 20 mle] MeOHE AM&ste 2 3] &3t /7] £ul5& AA
sl g& 3118 EZo] thA] methylene chloride MC: Kg & 1 liter)E 7}3ted 2
3 FE5T.  ©hA dFokdle AEE 7“—__}71] ZrolA) MC:MeOH (1:1) solution (Kg
21 liter)o 2 HF FE3AY. FE2H f7] 29FE 5 §3 H rotavapor
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g olgstel %7 $9HE AASHL o7l nBuOHS B £F 89 (11 (V/V),
2 liter) & 713t} Al25 9] saltE n-BuOHS} B Alole] partitiong £35ted | A3
. 714 n-BuOH 3& #3tel solvent® rotavaporg o] g3tel A|A3tx silica
flash column chromatography2 7} AE& ZEgsidc. Elution® 100 %
n-hexane- 8 5 % ¥ EtOAcY #&E#HS 70 % 71A 27 A 71HA F83tgn o]
Zo= 100 % EtOAc®} acetone 18]1 FHFH S Z methanol (MeOH)E & 53815
oz #HL vacuumg ZolM 3o elution Al7]E solvente] ¥ 7}
fraction ¥ Z 500 ml AT & ALL35}¥ T}

23.1.2. TLC A

Z+ 289 f7] 8ulE AAT F TLCE Ay A& E4& st AN
£ 2% n-hexane:diethyl ether (1:1) &8 Al&3le] A F plateE AZAA
kb Al ek (anisaldehyde-sulfuric acid: anisaldehyde 6 ml, ethanol 108 ml, sulfuric
acid 6 ml, glacial acetic acid 1.2 ml9] EFN)L A Z hot plated] A} 10 £t
7183t dehues vtldS st o] A B 2ANME T4 AAD o
zalm AAAY A g9 origind| A o] F3}A] @goug FA A 1A A9
A 2HHE F3E F Utk

2313, 28 A=A

EPA % arachidonic acid (AA, 20:4)¢] #HF £& AHA= HPLCE F83tHtct
Flash chromatographyE =33l NMR spectrum ¥4 ZA3} polyunsaturated
fatty acid 9] gHFo] & EHES Hol F3% F Maxi-clean silica cartridge (0.3
g FMZ filtrationdty] =R % EFES AASID 30 % EtOAC in n-Hexane-&
solventZ 3}a] 3 ml/min A% 9] flow rateZ HPLC F3sl¥ct AH8¥ HPLCE
Spectra-Physics P-1000 mono pupm (USA)E #33}3l detector= Reflactive Index
(Shodex RI-71, Japan) detectorE Al&3}t). AIEE columng& YMC-ODS
semi-preparative column (1.0 X 30 cm)S AME3F1 Y= peak®E EHH ¥
z51990,

2.4. Biomarker2 X 9] steroid 33229 4 7Y +=

Steroid FFE] FEHOE B 3-OH groupe EA9 polarityE Folx
olof wz} boiling point7} F5stEE 1 AelE= GC analysis7t E7HsstA Y o
$- oJE@. o] § free OH group2 A3+ nonpolar grouplE protectiond}o
nonpolar FEAE HEAZl T GCE &Ho] 7tsdd o3F FZAASE
trimethyl silyl ether29] A& F o F/H7F Uk Pyridine, hexamethyl
disilazane, trimethylchlorosilane, Bis(trimethylsilyl)acetamide, t-buthyldimethylsilyl
chloride, imidazole, N,N-dimethyl formamidex= Aldrich (USA) A#|F-& A3} T}

-TMS-derivatization
°F 10 mg9 hydroxyl 3}EE 05 mle] pyridined] %< & 015 mle]

- 330 -



hexamethyl disilazane®} 0.05 ml2] trimethylchlorosilaneg 7}3tch. o] Ed& o
vortexZ 302%F 4jolF & 5 1 R wES F3%h. d7A o] Hl o
o 4% (1 u)E HY GCo injectionste] E4Y £ v EE We ¥
rotavapor2 solvent® A ASL W-EEE 5 mle nhexane2 2 &3 & A 1
mie} &2 washingdt ¥ F- sodium sulfate2 EA|A MZE hexaned] =
A5 BAE 9t 93t 20 oColl B EFhT).

3. 2382

31. 4yt Ao ¥ ® #F BE

=8 dFse 47 713 Esiel g HALE AReH 70 °Co 24 W
Eao] BHESGY. dF £ %2 Table 4-1¢) BA5A

Table 4-1. Isolation of bacterial strains with substrate digestion activities.

714 R 2eg AF 5
G - Protfease 14
~ peptidase 32
2 - Lipase . 25
- phospholipase 17
o - Agarase 38
° ~ alginate lyase 4

A7)H WA B2 FF & 6004%F FoIA 71 Belse 2= Ao FIe wm
H 2tk 714 BASEe Y A¢ 94 FE o4l sldel &3 dolA
FEHE 542 23 9ol A% el vwd 59 JAY ¥Er} 28 BA @

N

o| 3} F Fol A o

agar)E& w3l|sl= &4l agaraseE AASl= TF7F Aot 3§

wR RS Motk ol B 2zFY Fa T4 Aed

algin {‘}% T3l alginate lyase 848 Rolv ¥¥ #F: EIEJG. 2

a7 WE sxfFol 718t st xR/ 72 AEQ] agaroser} alginic
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32. S5 AR ALY 35 2 27] 24

dytH o 2 Fgo] EFEZDY Fe S s AP G wf Hoj o

487 Y3l ¢ (FE)ste UHde B2 Aol nE2r.  duiyoez
5] Abg3tE liquid-liquid extraction -2 FEA|E9 F& £ul9 Huju]go]
19 o 71 5340 Aoz dEA Aok o9 slgeddlA ole{ g HhE Y AR
2P|l Uiy B2 239 Alse W& d8 8 3] mFo HAEF
ol I F%& A3 9A o9 wrEsle FP&A Feobd @ Ho|th ot
BEAY FES 93t B dFoA = hydrophobic interaction adsorptiong o]&-§t
solid phase extraction (SPE)¥#-& A}83lHth o ¥H2 Y3F 9 hydrophobic
interaction chromatography2A] hydrophobic ligandE 2zt resinol A|E2E 7A)
o]43}o} hydrophobic EATS MYHOR FAAZ F o8 AT 2% &
2 23 e ¥oltt. B AFd A= HP-20 resin, XAD resin, 28|31 ODS
(C18, Octadecy! silane) resing AM8-3tFEH ODS resin®] 7 cartridge?] Hej=
A#RHT Yo o A8 FAIAZEY F8&38th & resing AFAAA 47
packing & d}ojofsin 2 ’2@. L2} batch Felxtolr & 4 Uttt ODS resino]
packing ¥ cartridge®] 7%+ hydrophobicity7} AA F2& vl Z3tA doiut
ATk oA EL HejolnZ flow rated W2 A t=d oHEol Ut o] F¢ A
L8lE A29 ¢e g 200 ml- 1 litero] % 7F5at B AFME 1 liter2
BF 274< AAs49t. Hydrocarbono|y fatty acid 59 GC £4& fslqr =
H4 1 mgel A AEE HeE dted ® dFdA AME-$ ODS-SPE cartridges
°F 3 mg 74X 9 lipidE F&Y $ LB R o] cartridged] &3] E3td w7}A]
HFeE THAFE AL HIEY &E 7Bl & A8y ALE 5o =
o}2]& nonpolar aminoacids, pigment % lipid ¢]9]¢] f71EEE o= Fx7AE
ODS columnd] F&=Ed MeOHZE elution A7 & solventE A Atz o|E ¢
A) Folch solutiono] &3}A)17) = WY o2 lipid7} obd amino acids 9 §71€39)
AAZY b5tk 2 AFs 2ol AgdEde] F AR A FHARERS
&7 BEAoFA|Ae] ul$ Fa352g JlFHo|H T A|EE TYT 2UAM A
gsle Aol npEaEtt. X sdusmoA 319+E 96-manifolder &2 system2 o] ¥
& ODS cartridges} A2 AT S ol &3t FAd %6 A7A Y s+ AgE F
AN 4+ ok

22" AW AHEL TLCFDE EAME Zde orginolX 5383 &€
phospholipid9} Rf : 0.7 2 9] triacyl glycerol©] FAEAJL BHAFa oy o
phospholipide] TLC ¥4 ZAae ofFE9 phospholipid7} cholineo]t}t ethanol
amine, serine 59| head groupe] AAE FHZE Yelvde Hx Eolg f ol o]
28t phospholipidE°] 3] Fgo Atke RS AlAEIR Uty o714 TLC-FID
2ol dulE &8 AN AW ZEY =A4E ¢V A Add £ IHE 4

Flot

[y

fo

& AA T EAA W ARE de & due Moo F, FEE IA A%
HEol 1 ZAo] wet ChromaRod o] MjEE=mz 1 ZEAEC dg iy
FEE A& F A 2Y IS FHOET o WYL I 49 BF
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SolA we BAE Holtd o Iuay] A PHe PEs $EAe] we
spectroscopic HIHo] @AETH gy dx s EHe UV-spectrophotometry 1}
fluorometry= E2-& H&sted AeAdo] :o} chromophoret} fluorophorest ¢}
= B3R B3¢ #EC] HA Fv 2] 3o o] £ FHEEA gt EA
3. PBRE £ 7 J' $HLZE NMRo|] gle=d olg&dge

le 28 40 W
B A7 Holola goz Lojd Aoz Aggth. a8y ddAdiAE NMRe
ASSAZE UF =of 874 A5 A F&ste=d 77t . a8y 71719

24 NP7 Ao 1107K% FAE &4 £ Bo| Eobd Aol

238 4 AW AEE& transmethylation Al# fatty acid methyl ester$} A o]
NAAM = AHutxgog Ho|dk AWtk 2 hydrocarbond] ZAL Btk E3] A

74§ tetradecanoic acid (14:0), palmitic acid (C16:0)¢} stearic acid
(C18:0) 28] %Fz+e] oleic acid (CI18:1)7} FE L o|fE AFHA Al A9

54E& Holn om oy ¢ NMR Zdst & dxsxn 9ot du FHA
qE Alg9 A% palmitic acid9} stearic acide] B]go] 15 :1 AxZ Jehd=w)
o] ASE WFE AlzA o] HMFE HouA gt K EG9

oleic acid(18:1)¢] $teko| stearic acide] 05 Ao @ale AL Btk Y A
59 ZA$ Aqr]d AL E 5/ eicosanoic acid (C20:0) AE# docosanoic acid
(C22:0) A AL Fo] FZF EFH A AEAY Fd7 IA HIBE
o] HFo] wjg U HAgFT. dHE sited ¢ iso-pentadecanoic acid
(-15:0)9] &Fol AAFe vl A JYetded 2 Agade &4 /0 3T
o] So] EFE ¥HA Ade A S F1E ik

33. ALA RS AW QR B4 (999 28 A R)

F3 19999 % AL samplinge F2 |45 WFLE 4 FHNAN 4 Hojd=
& AMFAStA F 23709 AEE BAh. B #F A|EE YAZ GF/F filter2
ARst EHEAY BAFHAE FEHSL §EHY AW &L ODS-cartridge
£ o] &3} solid phase extraction® 2 33t ZF AJlgEE F&2d A A
9 ¢ BaAE B¢ BH S16-35molA 0.7 mg/l12 HAZE Holi S14-0m
|4 46 mg/l2 HUge Bt ANFHoZ= 1 mg/l A=Y g Bola U
tt. Hlde EFEAqA FEE AW ¢ S10-10mel A 0.1 mg/le] HAZEEH
S7-10mel M2} 42 mg/le) HUgE nyoed Aoz E 06 mg/l B9 e
Bolg AoZ YeyTh AWAELS Dol amincacidets g HAxtHoz H§
B F&HE AF¥S Holm Jon FIHo v AWAARET T Hol
ionic strength7} &2 &7 M+= 73E hydrophobic interactionol] 2lsle] ZA s}
= 7ol 9Jo2Z pore size 0.7 um@l GF/F filtero] 93 o1l 7|Fo g2 & o
3 AW HEF EREAY AW AE9] vl&L 5P AdeMe B8 A4S v
Ble AE2Z AEg A7 dda Alg"Edh 2 H]g(Dissolved
lipid/ particulated lipid: D/P ratio)2 8ol we}r Eolg ZFL Holu Yed

2
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B4 S14dlA HA 1.9 (1I0m)ojA BAE 153 Om)E ¥ln3d =4 Jeun glon
BHS10| & 14 (bottom sea water)FE 100 (10m)e] g Hlch a8 A
A S7A A= o] gko] BlmF Yo}l bottom sea waterod]A] 3302 Huojo]lx 10mel
ME 0302 Agtxgog veo 78 Rolxw otk AHA S169 ALE 08 - 21 F
9] D/P ratiog Holi Ut} (Table 4-1).

FEd8 A% &Y 2A4S TLCFIDE 4% ZAI+ origindlA o] F31A] Z=
phospholipid¢} Rf : 0.7 @A 9] triacyl glycerole] FAAEAE RogF3 glon o
phospholipid9] TLC &4 ZAzez dF£<9 phospholipid7} cholineo]l} ethanol
amine, serine 52| head groupo] AAE FEYZ Yelhtes HE 5ol o ole o
23t phospholipidEe] #38 FAol Uthe AL AAlstn Aok £33 22 HFH
AE Rf0.95 o YElte Yyt hydrocarbono] HIWE =4 UEUE HE FES
ettt TLC-FID £4olA hydrocarbono] HEHE R vludy dut fF/Fo 9
g 2do] thdt A& H sedimentoll Al A¥tAR o2 UEUE oz 4HA AUk

34. &8st Aty 24 2 X 24 (999 2¥ AR)

Particulated materialol 4] 2] Hydrocarbon #41 (Table 4-2, Figure 4-2)

A& S7, 510, S14, z18]3 S169A 34 1 literd] /¥ hydrocarbone] =4
ZAbetgct. AubE o2 hexadecane (C16)%-E] C317}x1¢] hydrocarbono] 7
gom 1 BEXE C17914 9 C260A 2 e HWXE HolE bimodal ez o}
Buz ok o3 AL 8WE 4¢€ AlFAdAMZ YElYT e deld. S7
o ZAf & B da gE ¢S Eoln Jed 4 F hydrocarbon?
o] 2 AHe HaAld vls] | 10 wj7x] & g Heolw . Hogt
20 m Zojo] Al YeEtvdm e (26427 ng/l) A% |42 hydrocarbon
gol 7H3 Ytk (1306.9 ng/l). C17¢] short chain hydrocarbon®] FHUX]E Ho]
I 9lem pristane®] gro]l C17¢] 2k 80-90 % AEES Yeiz k. C18%
phytane?] Z$% Zlo] 30 moA %t 20.8 ng/l19 phytanec] AEHUD o] 2
ol M= HEEHZR &ttt (below 05 ng/l). = EE Zo]dA] retention time 14
B Zxo M Jehvte SAHA Fe peakrt wl$ ¥L HE(2471 at bt - 350.1 at
20 m ng/)2 YeEldt, A2 B B peake] FAHL C22 AEY polyunsaturated
hydrocarbon®. 2 FAHw chlorophylle] side chaind £33 ZA#d A7le
isoprenoid chain® 2 AAZth o]# 3 A E9] peake retention time 20.1 Fol A
Uelde = o E peaks}d A5t Squalene. g FAHHE B peaks 7+ o]
A} 312.8 (bt) - 11709 ng/l (30m)e] £X & Ro|i 3t} Long chain hydrocarbon
o EXE Mo g BE ZoldA C298 HUZ st Ut

A s79] = & EAAL &@4g 20 s ©l49] normal hydrocarbon®] odd
chain HC$ even chain Hce] ®l1gdAE Yehdct. &, A4kg o] H]go]
S7(75m)ol| A 0782 HAZS Holi S70m)dlA 1142 Hdgs Hole 5 AurH
022 1 249 gL Rolx gled o]AL hydrocarbon®] XA FHix7 C29
Yoll= EBF3 Yefvts 2 o7|M dUebe ti#E9 hydrocarbono] Aj

0% 1o

Mo
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Frei7t ot petroleum FHYE BAFEH.

Table 4-2. Amount of extractable lipid from sea water and particulated

5 gutH oz QEA ] st A
A== hydrocarbon2 1 7}e}] ®&4A7} ©] 21 fatty acid2 F¥ decarboxylating ¥t
Lol osle] AAED Aol REE 9 fatty acid7} even chainoj22 Az o
2 A2kEl= hydrocarbond odd chaino] 2 A4HEA B

materials collected at Feb. 1999 (4 sites, 23 samples).

Amount of lipid extracted

Sites depth (m) (mg/1) D/_P
DOC POC ratio

0 14 2.0 0.7

10 1.4 42 03

20 1.1 25 04

S7.(7) 30 14 03 47
50 1.3 1.1 12

75 1.0 1.1 09

BT 1.3 0.4 33

0 1.4 0.4 35

10 1.0 0.1 10.0

20 12 05 2.4

S10 (D 30 15 06 25
50 1.3 0.8 1.6

75 14 0.4 35

BT 1.0 0.7 14

0% 46 03 15.3

10 15 0.8 1.9

S14 (5) 20 12 0.3 40
30+ 13 02 65

50 14 04 35

0 1.0 07 1.4

S16 10 1.5 07 2.1
20 1.4 1.7 0.8

35 0.7 08 0.9
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ol
2

o] diEF FoE2 HA AEY FFo] 4T Adorle sht ¢
Aa olg gxdte BAFE Holg #Ygo]mE o|F hydrocarbong
9 A3 §98 22 AlEdEY. Y 5109 FEe olgde £F UEH
AlE HCel 7% Adighel 579 B33 Ci79] ofet Cl194)A el
long chain HCe 7%= C29 dj4l C260l} C289 A4 etz L
) F% % hydrocarbon®] o] S7AHH Blstd wi¢ YA Jeht A
10 9 S Holx k.  AHA S149} S169 E AL short chain HCI| A C18
He Hz ge e Holth ey Cl8d &4 '«Hﬂ%i phytane&]
peak 71«] EE ZAHNA 49 - 11.8 ng/le] go 2 vephtn 9 oJRAL 9]
g o] #A oil spill ':4 A7t ARE THsAE AAEtL Alr’]'- é oil spillo]
ANE AF ol&F oil YEF 29 normal chain HCE 3ol 3243 HAF st
AT 9l F43) —,—BHE] phytane©]\} pristanes} Zo] petroleum A& &
At FiFe s B 52 o] dol QA He ZFSoln. Pristaned] 7
o] s ME 1.7 - 35 ng/l BT EXE Holx gloj S103 FAHE =8 B
ol 3l

Hydrocarbong] GC chrorr{atogram°1]/\‘] dojA= = tE g9o] unresolved
complex material (UCM)Qld £ A5 EolAe ALY ZAA= UCM Boe F
2 short chain HC 53] C172* oA groupl g uyelue UCMel &AdL. o
EZHQ Aol AE S10(50m)QlH] retention time 8 EEE 1480 ZH AL peakE
o] ¥HHel Yelyes Aot o2 ©AFE vF o benzen ringdl alkyl
groupo] EojQlE alkyl benzen AEZ FHHT. olHF AFE xR Hol=
Ao FA S149 Slel M AY Ee ZHol9 dF AsdA HAHIL U
3 %o 337 EX Yol AA resolved HCY ¢k 10-14 % =S Holxm ot

[o]

uh i

lo of ot rie

oL ©
2
_}1[‘

]

O

=z
P T
b TIT=
] 2=
HE

QLI-HH%Or_Qr.\,‘J
pata

_L\(‘P,:_.[O

Dissolved hydrocarbon £41 (Table 4-4, Figure 4-4)

9902 dissolved Hc¥E particulated Heoll B3t vl $- t}2 ojz) EAL Rojn
th. X BIZAANA C19-C239 ol2e FEQ retention time 12858 20% 7}
A A peakst Molx] Rtk 2 tldl 2rle ot wle We Wl 2
Uelds UCMe 2 7 groupe] #ZA"EG. 53] 158 # 168 <A F C20%
C1zAe UCMe 71 shy e S3iskn A9 e A=A dehtn ook
o]Z& Cl4-Cl5 Zoj9 HC7h REHR Ao YA SR FHHYT T
AHQ Z=AL gtk T thE EAE long chain HCY %7} vlw3 @A ey
= Qo2 o] o]F HC7 B9 &alxr} ¥ol dissolved formo 2= A EA)
S o g Moz oldE & Unh oF Ho: 45 53 dfdM guy &
A8t particleE 2] hydrophobic surfaced] F&&H+ ZASZ olsdatt. Dissolved
Heel 7b¢ 2 542 C25 249 of¢ E3F peak Tolt. UCMolgtz F27)
oAe 7t peak Eo| FHo] 7basht wuistA 3o e 1094784 w4 &
peak”7} retention time 3 £ W9 <ol YEhdnh o]EL C249 C259]
unsaturated HCE 3 branched HcZ A EHT o I Fx& wW$ Fol A
HC9 90 %A= E A3tx At} Retention time 23.3 ¥ 7H¢ & peake squalene

pc
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2 2% AEAdA Axere] Fo FA ARAU AFA e FHE AE
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Particulated Fatty acid &4

EHEAe AWt 24 wls destA vdetda ok F2 palmitic acid$}
stearic acid7} F&& o|F1 Yo.u Ayl eicosanoic acid7} <7t AA JERE
P2 o]F 1 ¢ut (Fig. 4-3). A9 myristic acid, heptadecanoic acid, oleic
acid7} 34 etz ded 7t3 & AL eicosapentaenoic acid (20:5) peakr}
A9 ZE ABoAM e =4 e e ddelt. o ANARE Y AE
o] Aoz F2 EFY microalgae T MEY FAHARLE dA 3
Ng7t 2 E559 20 m Holo FEFFE FALE B40] o|FF e
714 particulated material®] FA#-2 o|9} & phytoplanktono|t}t o] E-&
3l& zooplanktono] 2.2 o] particulated material?] F X|"hilo] EPAYS
% k. 23U EPAS}F 2L polyunsaturated fatty acide ¢ HA &3
o agA o] B 3P particulated material- & ¥l FH ANAE A
S ¢ F Utk a2y EPASYY A igA At Fa48E
docosahexaenoic acid (DHA, 22:6)2 A9 HEHA &3 St
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Dissolved Fatty acid ¥4
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el 88 AWALE 5o LDAHA 3 FE palmitic acid$9} stearic
acid7} £F& o]F= AU T QY (Fig. 45). v A9 mE
Al g oA retention time 16.5 ¥ HX 9| tetracosanoic acid7} UElUR glon B
i-17:09] 3$t=Folpalmitic acid®} HlS£S $F o2 Ueutm glo} o] A7l & 3
AX Mgl &Fol FAHTE AAEL Atk o]Yollx petadecanoic acidF 9]
odd chain AW2re] A& % ol 3 As)E AwAsm ot

N
S

35. EA ) A HE £4 (9949 8E A ®)

G 19938 = o F samplinge FE SFE Ao R 4 HHAAM 7 ZolE=R
rs QA F 22709 ABE A £ e AR liter)E YAE GF/F
filter2 o#sle] REEZD G52 :11%’5‘]-1 H& E28 Folch extraction ®t
Hog AWAHES FZ3 1 (Folch, 1957) &alE29 A4 ARL ODS—cartrldge
o] &3}4a] solid phase extraction® 2 F3lNct. z AlgdE F5d A4 A
o de &AHAY AF AH A2-0m, A2-10m FoA 03 mg/l2 HAGRS B
132 A12-30mol| 4] 1.2 mg/lZ2 3]‘4]7&;}—"— ok Hubxo 2= 05 mg/l AE
s Holx AU ¥tHe] R{EZNAA FEE A 42 A4-0m, A4-Bt Fo

01 mg/1e} HAZEE 9A A12-30mo A ] 0.9 mg/le] Hoigte RQen A
B o 2E 06 mg/l AE g Hole AR Yy &3 AW A2 F
FE-A A AE9 v]&(Dissolved lipid/particulated lipid: D/P ratio)& 3j ol
metA Holdk ZAFE RHoln isd AA ASAX HA 0.6(30m)olA A= 7.0
(bottom)Z A EA UEUT gom A¥ A2AME 1.0 (10m)%E 40 (20m)
ol e Rtk a3y AA A1 A = o] kol HAuEEH o 2 bottom sea waterd
A 1314 0me] 2002 Mmd T2 e Ho|x 9t (Table 4-5).

FEY AYARES gyl 248 ¢7] sty TLCFIDE ol 83t #4313
E}. AutE o g TLC originol A A7 &ojo 9J3le o] F3A] &= m$ polardt

A& (phospholipid & sulfolipid)e] tiF-E2 el glom o5 vty
Oi Al FutelF A EQ phosphatidyl ethanolamine©|u phosphatidyl cholineo] o}
Ui o]5e] & 2FE<l head groupe] A A phosphatidic acidy} A4t 1 7}7}
7b=E38fE  lysophospholipid2 Az €. Hoegzxo xHbAdRe] TLC-FID
chromatogram (Figure 4-6)olA4] A A2 A]lEv 40m A|lEE AYstacs
hydrocarbon, tr1glycer1de, pigment, phospholipid5¢] 124 velyta Uy 13
U 40 m A5 2] ¢ hydrocarbon T wax esterd] 3T HE peakr} v 1 F
A Jehte AL E4 129 membrane phospholipid (Rf: 0.35)2] &I % H|
2 A Jdehdz k. FA A59] 10meAMx olzgt Zdo] Holu gloH
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o) 9ggko] Qe Ao AlgdT FH AL 10m A FoA & HCo ggo] &
Z5 3 glem Omo|A e phospholipid®] Z4do] wi¢ HZFA3A vehvdtn ok
HC9} wax estere] 432 100m oAM= L}E]—‘r_‘H:]-. A A12¢] RE&EFAL T
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Table 4-5. Amount of extractable lipid from sea water and particulated
materials collected at Aug. 1999 (22 sites).

Total extracted lipid (mg) D/P
Site Depth (m) .
Particulated Dissolved ratio
0 0.2 0.3 15
A2 (4) 10 0.3 0.3 1.0
20 0.1 0.4 4.0
BT 0.2 0.3 15
0 0.1 05 5.0
10 05 0.6 1.2
A5 (5) 20 0.1 04 4.0
30 05 0.3 06
BT 0.1 0.7 7.0
0 0.4 04 1.0
10 0.1 0.5 50
0 | ol 0.4 40
AS (1) 30 0.4 0.3 0.3
50 0.3 0.8 26
75 04 0.3 0.8
BT 0.2 0.7 35
0 03 0.6 2.0
10 0.5 08 16
AL2 (6) 20 0.3 05 16
30 09 1.2 1.3
50 0.3 05 1.6
BT 04 0.5 1.3
$& AggdRo] FFEAAAN F2H A -‘?’—»} 7HE E AolE Hole AL
M 2 9] absorbance

pigment] &Exzjo|t}.

°o]& pigmente] EAE FEH

spectrumo] A= FUethti el F2 chlorophyll el e ring systemo| A
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carotenoid AIEE FHHT. olge FZ F&A TP FdE FuE FHsln
RAi ojEo] LA¥E {FEHHE GF/F filterdle ZAHA QL FA7|oE=
ODS-cartridgeE ©]£-3 solid phase extractionoA] F&® ZHog HAT. A
BEE AEBAAM 1f: 05 FxE9 XA o] pigment o] YElY A= ol H
Aol W& B A Holx FETh A2(10m)et A2(40m)o| M E ol2)g Aol
oFstE AOZ Holm A520m)St A5(B0m)olME sty Iy A2(20m)uh
A5(50m)2] 79 o] pigment7} HA FEH A ALY AY 70 %ol W =
< =2 Yeya gltd. Hydrocarbong] @& HA|goA A Yeiuz gle
U} A9(20m)u A9(50m), AY60m) 59 AlZME wmE B4 vdetn ok &
A A99] 7% vluA ARl hydrocarbone] 4ol e ALZ Alg T

36 AGNEY BaFat AR 24 2 BE 24 (999 89 AE)
9908 particulated material HC 243 (Table 4-6, Figure 4-8)

B g9 HC 2¥olA UBhde 713 & 54e 29 C23 AboldlA Yehts
£ peako] BltteE FHojth R peakd HC23:12 FAHHUEH o= C24:1 fatty
acidol|A] decarboxylation ¥r-g-9] Z3 AiEHE AE Fd HCE ®EJAd. B &3
9 BrE diws 12 EIZE Holmw gl A5(10m)olA 1409 ng/lol A
A12(30m)2] 198 ng/le] £F o2 HHd wat A9 Wy} gle & sl 3
T}, HCe EX: gubzel e = C17aA 9} C25o0A 2 72 Hulge Hols
bimodal ¥ejoltl. X A12(50m)o A& 56.1 ng/IQl Cl17HTh Cl6e] ako] 702
ng/le2 Folx= ZAF}rt YElyth.  E normal chain HCY EXoA C219]
A5(0m), A9(20m), A9(100m), 18]m AI2(50m)olA A9 A&z gu glon
C269) A9 A7 A129 BE ool sgeld UehtA ekstek.

A A2l = EEFolA 10170 ng/le] F HC S Holal Hzat Zold wet
287 A3 (@0m)olAE ThA] 20495 ng/lo g ZrlstE AgS Bt E3)
A2 ZoAE C26, C29, C31, C3271 A9 AZHA &3 Utk Iy A2(40m)d)]
ME C25HT C24 HCZF wl$ &7 dehdz . B A=dAE 57 23
226 ng/IH wHete C24E T8 660 ng/lolm E 241 A 1358 ng/ld] #He
Ho] A12(10m)eF A12(30m)o} A e A F tThE S Holx Utk g4F
20 7/ olAre] HeolA odd chain HC®} even chain HCe] H|&L djgk 12 - 1.29]
e Holm oy AFFoAY 0308 #AAdT. ol C4Y ®& TR 7
Adste Holv o] 1A ¥& AF ©E ol A HxT ge Holm o
o}.
wA Zolof wrg W3yt FA Jepa ot C219 H9 550
2 T BESFdAM AEHE Ho] Eolslch C269
749 20 molslllAE AEHA ¥ dth. O/E ratios A530m)e] 23L& A 9s}
e BEE ZoldA 09 - 1.022 E¥E dominanceE YERH A ¢re=th A5(30m)
o) A% ge Aol Had 5 FE2 AE (729 - 868 ng/)HE C247} 95
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