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Abstract

B0 Oceanic environmental research section :

Effect and estimation of artificial upwelling structures

According to the distributions of water temperature, salinity and
density in autumn, higher water temperature and salinity were occurred
in the northwestern part of study area, and in the southeastern part
of study area lower water temperature and salinity were. In case of
water density, vertical distribution was nearly homogeneous. In
relation to vertical distribution of water properties, higher water
temperature and salinity existed shallower layer than 20m in the
northern part (st. 02 and 06) and the southern part (st. 09 and 13).
These distributions of water properties seem to be related to vertical

mixing through water column after the broken of summer stratification.

Stratification of water column before insyallation of artificial
structures was installed existed between 30m and 40m, however after
installation of artificial structures, it existed between 10m and 20m.
It seems that rising of stratification have a close relation with

upwelling of lower temperature and higher salinity water.

To illustrate the variation of current field due to the
installation of artificial structures, current meter was deployed at
st. B (installation point of artificial structures) and st. C(the
southeastern part of st.B) for 24 hours at spring and neap tides.

Tidal currents around st. C during neap tide had strong east and



westward component, in case of st. B during spring tide northeast and
southwestward flows were strong.

In relation to the effect of artificial structure installation on
the current field, U (east-west) and V (north-south) components in the
upper layer and the lower layer in April when structure were not
installed had a little difference, and their periodicity was about 6
hours. However, V component 1in August when structure were already
installed showed great difference between the upper layer and the

lower layer compared to conditions before structure was not installed.

The average concentration of chemical oxygen demand (COD) in
November was 1.43 mg/L and its range was from 0.68 to 2.4 mg/L. This
concentration is comparable to that in August, but higher than that in
March and May, 2005. Except a few station, the concentrations of
nutrients (nitrate, nitrite, ammonia, phosphate) according to depth
showed homogeneous tendency in November, which meaned stratification
disappeared. TN concentration was 0.121 mg/L, which was lower than
that in August and comparable to that in March and May. TP
concentration was 0.029 mg/L, comparable to that in August and higher
than that in March and May.

Standing crop of phytoplankton at the surface layer were
1,077cells/ml in March, 738cells/ml in May, 700cells/ml in August and
319cells/ml in November, 2005. The mean standing crop of phytoplankton
at the middle layer were 1,054cells/ml in March, 469cells/ml in May,
1,923cells/ml in August and 261cells/ml in November, 2005.

The dominant species of phytoplankton showed Coscinodiscus

radiatus, Chaetoceros denticulatus, Odontella sinensis
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(BACILLARIOPHYCEAE) in March, Chaetoceros compressus, Melosira
moniliformis and Thalassionema nitzschioides (BACILLARIOPHYCEAE) in
May, Nizschia pungens (BACILLARIOPHYCEAE) and Ceratium furca
(DINOPHYCEAE) in August, Chaetoceros pseudocurvisetus and Eucampia
zodiacus (BACILLARIOPHYCEAE) in November, 2005.

The abundance of zooplankton ranged from 125.95 to 755.67 inds/m3
(mean 392.37 inds/m3) in March, 125.95 to 1070.53 inds/m3 (mean 537.73
inds/m3) in May, 125.95 to 503.78 inds/m3 (mean 256.73inds/m3) in
August and 125.95 to 1252.14 inds/m3 (mean 779.89 inds/m3)in
November, respectively.

The number of viable cell ranged from 200 to 3,700 cfu/m¢ (mean 800
cfu/m¢) in March, 200 to 3,400 cfu/mé (mean 1,360 cfu/ml)in May, 200
to 6,500 cfu/mé (mean 2,070 cfu/mé) in August and 1,800 to 17,300

cfu/m{ (mean 8,560 cfu/ml)in November, respectively.

The species composition and monthly wvariation with of {fish
assemblage around sea area of Maemul-Do were studied using trawl and
shrimp trawl gear from February to April, stationary net, fish pot,
small traw! and single-line fishing gear from May to December 2005.
During the study period, 13 orders 51 families and 81 species were
collected. The fish assemblage of low layer was dominated by Hypodytes
rubripinnis which accounted for about 83% and 51% in the number of
individuals and biomass. The middle layer was dominated by Apogon
lineatus about 50.5% in the number of individuals and about 45% in the
biomass. The surface layer was dominated by Trachurus japonicus about
77% in the number of individuals and by Seriola quinqueradiata 63% in

the biomass.



B Oceanic environmental research section :

Seawater reaction of artificial upwelling structures

An environmental stability assessment for the block made by coal
ash mixture (ash block) is very important to conserve a marine
ecosystem. In order to evaluate an environmental stability of the ash
block, field observation, appraisal of leaching heavy metals and
weathering characteristics, chemical variation of bottom sediments,
and bio-concentration of metals in benthic marine fish were
investigated. The Pb and Mn concentrations of nine samples collected
in the study area are higher than other areas such as the Gwangyang
Bay, the southwestern coast, and the Mokpo coast, but the
concentrations of Cr, Cd, Ni, Cu and Zn are lower. According to the
result of a column test that designed for oxidized and reducted
conditions, the Cr, Cu, and Cd concentrations are excess to the
regulation of marine water quality after 6 hours. However, the
concentration of these metals would be decreased by dilution of
seawater when this block applies to a marine system. AlIl heavy metals
are stable after 24 hours, and also most of heavy metals are lower
than the limit of regulation. Weathering reactions selectively occur
along micro fractures, pores and surface of block, and Ca leached out
at the weathered surface of the block. The degree of weathering,
however, is weak, and then a secondary mineral including a heavy metal
was not formed. The contents of major elements of bottom sediments
contacted with the block maintain as the average value until 5 months,

and there is no enrichment of any element.
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Metal concentration were ordered as liver>intestine>meat. For meat,
most metal concentrations were negligible but Zn ranged 2.1 to 5.1 mg/
kg. Owing to a closed season for benthic fishing, comparison between
the metal concentrations in marine fishes for post- and

pre-establishment of the artificial upwelling system were not made.

B Manufactured and dropped the blocks of artificial

upwel ling structures

We had been manufactured 4,800 upwelling blocks for the second year
allocation by finding the best mixture of industrial by-product called coal
fly-ashand structured large artificial structure In near undersea marine
area. The purposes of these upwelling blocks are to improve natural sea
water quality and increase principle production level and building fish
school’s induction by upwelling the bottom sea water, which contains

nutritive sales and dissolved oxygen, to the ocean surface.

Using floating crane with possible 4 point mooring, tugboat, DGPS
and Program of marine survey(HYPACK), we dropped the blocks total 4,800
at the N 34° 36.020°, E 128° 30.006°. After dropped the blocks, we
made a survey of structure with Side Scan Sonar and Multi-beam Sonar.
As a result of survey, the structure's shape was cone with a height of

16m and diameter of 42~35m.
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Fig. 1-1-5. Vertical distribution of temperature in December 9,

2005 (SN Line: upper, EW Line: lower).
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Fig. 1-1-6. Vertical distribution of salinity in December 9, 2005
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Fig. 1-1-10. Scatter plot of current with the depth of the mooring

site st. C in November 10~11, 2005.
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Table 1-1-1. Statistics of observed current

Minium Maxium 75 P
2005 | #& | %% | %5 | %% | w5 | #F | (o)
(cm/s) (°) (cm/s) ) (cm/s) (°)
E3 | 49 | 205 | 645 | 96 | 14.1 | 124 | 31.4
(8m)
e
19| 2% 0.8 | 203 | 617 | 8 4.8 108 | 24.2
e
A5 | 24 | 225 | 479 | 268 | 7.1 o1 21.8
5 g1 | 106 | 8.3 | 306 | 6.7 88 | 39.1
(8m)
R
129 23| 02 | 100 | 831 | 205 | 3.2 80 | 35.1
AT | o092 | 357 | 675 | 279 | 7.8 75 23.3
(52m)
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Fig.1-1-13. Vertical distribution of U-V-W components with

the depth of the mooring site st. B. (upper panel : April
16~17, 2005. middle panel : August 29~30, 2005.

lower panel : November 30~December 1, 2005.
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1.2 &4 873 A}

1.2.1. AP

FAZAFE 20059 119 279 A AFS

X 1-2-13% 22 A

ap|

Aol Al Niiskin sampler& AFE3td 5EH=E LA A

AMaFE AFEETHAE

® 1-2-1. A 9] $RAZAE] g9

Table 1-2-1. Statistics of observed seawater

O|AF ©

dEYol), ik A

et E2FE9-,,

, T-N, T-PE& BEA3549

SS,

ST WL (C) pH Sal. (mg(/)@ (anllgl/ ) (mgs,jl )
1 14.88+ 0.14 8.06% 0.04 33.81x 0.02 5.96% 0.45 0.55+ 0.20 9.00+ 0.34
2 16.12+ 0.39 8.08+ 0.02 34.04f 0.01 5.62+ 0.36 0.43t 0.18 8.74+ 1.10
3 14.39+ 0.01 8.07+ 0.02 33.75+ 0.00 6.12+ 0.11 0.17+ 0.05 8.49+ 0.70
4 14.55% 0.03 8.07f 0.01 33.81% 0.05 6.12+ 0.04 0.17+ 0.08 7.95%+ 1.79
5 14.42+ 0.03 8.04f 0.04 33.73% 0.01 6.04% 0.20 0.53+ 0.20 8.36% 0.72
6 16.26+ 0.62 8.05t 0.02 33.96% 0.15 5.41+ 0.47 0.20+ 0.12 9.26% 1.62
7 14.45+ 0.14 8.05t 0.04 33.74% 0.02 5.96% 0.29 0.11+ 0.09 7.86%+ 0.68
8 14.37+ 0.12 8.06% 0.03 33.70+ 0.03 6.05% 0.37 0.56%+ 0.23 9.45f 0.89
9 16.57+ 0.51 8.06% 0.02 34.08% 0.08 5.95f 0.25 0.17+ 0.04 9.04%+ 0.92
10 14.77+ 0.05 8.05+ 0.02 33.78% 0.07 5.85+ 0.52 0.20+ 0.13 8.25+ 0.38
11 15.23+ 0.24 8.09+ 0.00 33.89+ 0.04 5.92%+ 0.28 0.12+ 0.10 9.12%+ 0.89
12 15.32+ 0.54 8.06% 0.01 33.62+ 0.44 5.74+ 0.59 0.39+ 0.02 6.61+ 2,15
13 14.64+ 0.09 8.08%+ 0.02 33.77+ 0.08 5.69% 0.76 0.33t 0.24 8.60% 1.35
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1.2.2 ZALd 5}

9] I 8.06t 0.03°]

ez ]
X

8.00-8.10¢] WA, &l

pHT
Aol 7t 9

)

H2 Zatolrt

44

T 33.82+ 0.17%1 ¢},

)

[¢]

i, e

o3
M

33.12-34.17¢] H ¢

)
T

SEEE

4.81-6.28 mg/0e] WA 3,

5.88t 0.40 mg/LRTH(ZE 1-3-5).

B (ad1-2-1)E A

ky>
o

0.656).

A ATHANOVA test, P
HEH, T2 - 049 AH 084 A Jepwta, AH 064 FA

EFsk T
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34 37+

34 324

a9 1-2-1. 28999 £3E £EA4L FXE(20054 114).
Fig. 1-2-1. Horizontal distribution of dissolved oxygen in November

2005.
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1 1-2-2. 2499 844 242320059 1149).

Fig. 1-2-2. Distribution of dissolved oxygen in November, 2005
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I 1-2-3. A9 HF £33 55 (20059 119) (Bar:= &9x})

Fig. 1-2-3. Mean value of dissolved oxygen in November, 2005.
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o

ZAMGe 2283 ¥EE 0.05-0.82 mg/m'e] WP, AP 7e
0.31t 0.21mg/m'e] HAFHIH 1-2-4). ZAAAAY Y FE2EH-3 *
EE a9 1-2-59 Zo. AR AEE fodd HEEEY Xolst JEwx
(ANOVA test, P=0.001), 7}F§ &2 =9 HA 08& 7|22 AAH 03,
04, 07, 09, 11914 Fg zbol7} YEtRtr. 22} ol At i HdA
dtHo g HEHE E2Ed-a &9 HANY. E22d-a9 FHEX
£ AYE", A4 019 FH7F o0& A- vs ik A JebgA
59 A ol TV Bot HEgsA FEE ¢ ATk &, AAEY
o] XZFJMN BFHOZ TAdte FAE HolAT, AR 01 fAdMs
olglgt =HH] HGAst oA Frrete AYES FEE F AP (aH
1-2-6).

ZA 9 F BEHEA(SPM) 5EE 4.32-10.88 mg/ee] ¥,
7 8.54t 1.19 mg/LAtHaR® 1-2-7). A¥E HFs& vuedA(™
1-2-8), AA 127} 6.61 mg/4= 7FF wka, AAE 080 9.45+ 0.89 mg/d
, AR Foe FHTY S FEAMolE YERA
2k 9k} (Kolmogrow-Smirnov ANOVA test, P=0.590).

o

F(

AFFTZES AA FH 019 FARA &5 A3 EXIEE Ayr
A(a¥ 1-2-9), ¥ 4%l &5l ¢ 0.5C A %31 82 &5
Zhol ThAzZb] Zpol= UUAT, 23 G 93 M Fo] FAHA %3
oh. §EAATE 5-6mg/LE AHFo] thh w43, EEEH-av FF o
Ll :
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I3 1-2-4. A9 ¢ Chl-a 242320054 1149).
Fig. 1-2-4. Distribution of chlorophyll-a in November, 2005
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a9 1-2-5. 7 =AM AHE JF Chl-a 2AH2 (200549 119).
Fig. 1-2-5. Mean value of chlorophyll-a in November, 2005.
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3% 1-2-6. 2439 34 Chl-a FHEXE(2005% 114).
Fig. 1-2-6. Horizontal distribution of chlorophyll-a in November
2005.
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o
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a9 1-2-7. A9 E74532 55 2AZE (200549 114€).
Fig. 1-2-7. Distribution of suspended particulate matter(SPM) in November,

2005.
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% 1-2-8.Z AR I 2HE2 2423200549 1149).
Fig. 1-2-8. Mean value of suspended particulate matter(SPM) in

November, 2005.
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Temp('c) Salinity DO {mgiL) Chl-a (mg/L)
146 148 150 336 337 338 50 55 BO 0204 0608 10

1 1 1 1 1 I i —1 1

0 - L u

.10 4 L : i

220 4 L A A

Depth (m)

-40 4 - B - B

-50

38 1-2-9. AA 019 #2335 dAusE,

Fig. 1-2-9. Vertical distribution of seawater at st. 01.

A EE w2L59 244%E £ 1-2-2 4

i)

2 A77E

2
S
v
i,
2

gtata AbA @ TFH(CD)E HT 1.4mg/Lol™, 0.7914 2.4mg/L7kA <
FEYAE EAFAY. 4 FelMY e ¥ 1-2-100 YERAAH,

2
Ao 37HA du F AL FAR P Bol EAEG L 37k FH
Foll Al 80%F AFA B obAAT dEUolrt Zh 6%9k 1425 AHA
stgith, A AAE P 0.143 mg/LE 2 o™, 0.071-0.37mg/Le] W
AE BAFAH(adE 1-2-12). ofdid FAAE H 0.011 mg/Laks EA
°on, 0.006-0.02 mg/L9] WHE RAFIH (2 1-2-13). il gEY
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oMl davw Fd 0.024 mg/LekE HoF3om, 0- 0.19 mg/Le] WHE B
AFAH (Y 1-2-14). FEYolol o)A FERsIE & 12 BAA A
BT FoE VegledE T osiE ooz A7 oz #udE
. 7 ¥ TEFET DIN(EAM+obd g+t R Y oY Aa) S AN
ol 219 1-2-159] =A3FAT

FTAL0 T HF 0.12mg/LoE YEGHOr, 0.058-0.32 mg/Le]
98 BAFATHIAY 1-2-16). BAFolA 9 2k @7t LAE e, DINE
o0 2 S BAFAAT, B ARZRE d+ T dro gREL §E
B didd Ao Fhz SRS & ¢ AT dols A g 547
A BFeLe & AgzFE € F Ao

A Q1] HFFFE 0.027mg/L2ZA 0.006914 0.04mg/Le] HHE B
FAHIEH 1-2-17). FIL2 0.029mg/LF=ZA a5 oA Qo] i
=]

< &E A Ao EAgte AoE waEHAY. & FoM9 vx

rr

X

A9 Aol W 0.029 ng/Le BoFen], Hazks Aozt
#5}(0.021-0.035mg/L)o] Aot Al o] Aalel A wl¢ YHY BE

TEE VI &S BAFATH Y 1-2-19).
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¥ 1-2-2. AN QFAFSEY A5 2.9F (2005 11€274)
Table 1-2-2. Statistics of observed seawater in November 27, 2005

A CoD A% olda B zma aa zol
%)]_O] = 1 =2 ‘40]_ o =2 T (e}
A (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 Om 0.78 21 o) 0.008  0.021 0.16 0.022  0.024
25m  1.04 0.10 0.007  0.010 0.12 0.019  0.026
3Bm  1.10 0.12 0.006  0.010 0.08 0.029  0.030
45m  1.14 0.13 0.006  0.004 0.10 0.006  0.033
55m  1.38 0.14 0.007  0.024 0.06 0.022  0.035
2 ¥F 0.92 0.09 0.014  0.011 0.11 0.024  0.030
=== 1.72 0.15 0.008  0.000 0.11 0.026  0.033
Az 1.76 0.14 0.010  0.014 0.07 0.029  0.033
3 EF 1.4 0.09 0.011  0.027 0.10 0.026  0.021
% 1.64 0.10 0.007  0.019 0.09 0.017  0.028
Az 2.24 0.15 0.010  0.013 0.09 0.032  0.028
4 EF 1.32 0.12 0.012  0.020 0.12 0.020  0.030
=== 1.4 0.14 0.012  0.020 0.12 0.027  0.033
AZE  1.34 0.11 0.008  0.008 0.07 0.036  0.031
5 EF  1.22 0.17 0.010  0.014 0.12 0.022  0.031
=% 1.68 0.16 0.012  0.015 0.12 0.030  0.033
A& 1.34 0.17 0.007  0.008 0.07 0.023  0.031
6 ¥F 1.42 0.12 0.014  0.013 0.07 0.026  0.031
== 1.8 0.11 0.016  0.024 0.13 0.029  0.030
AZ= 1.72 0.14 0.015  0.016 0.06 0.027  0.030
7 ¥ 0.68 0.08 0.016  0.020 0.17 0.029  0.030
=% 0.94 0.13 0.012  0.009 0.12 0.027  0.030
AZ  1.00 0.07 0.010  0.014 0.12 0.026  0.026
8 TZF 1.28 0.11 0.016  0.083 0.06 0.032  0.026
== 1.16 0.15 0.010 0.014 0.12 0.035  0.028
A% 1.98 0.13 0.012  0.007 0.14 0.029  0.025
9 EF 1.48 0.07 0.014  0.001 0.32 0.025  0.028
2= 1.42 0.13 0.014  0.012 0.08 0.030  0.031
A% 1.58 0.17 0.011  0.007 0.16 0.027  0.035
10 ¥ 0.68 0.13 0.014  0.025 0.15 0.026  0.031
== 1.14 0.14 0.014  0.011 0.12 0.042  0.031
A% 1.82 0.16 0.014  0.024 0.16 0.027  0.031
11 % 2.40 0.14 0.010  0.010 0.11 0.030  0.030
=% 2.38 0.17 0.007  0.018 0.17 0.032  0.026
Az 1.78 0.19 0.007  0.020 0.18 0.032  0.028
12 ¥% 1.72 0.11 0.012  0.048 0.11 0.023  0.021
== 1.14 0.10 0.013  0.142 0.09 0.026  0.021

- 114 -






A= 1.66 0.16 0.013  0.020 0.12 0.029  0.021
13 = 2.28 0.37 0.015  0.007 0.17 0.026  0.026
=== 0.9 0.22 0.015  0.024 0.17 0.029  0.030
A% 0.88 0.35 0.009  0.188 0.15 0.025  0.031
2 A
1.43 0.14 0.011  0.024 0.12 0.027  0.029
ki
300
250 +
-
= 200 ¢
g’ OSurface
E 150 } HEMiddle
8 . |l Bottom

000

100

050

Station

18 1-2-10. 200549 11¥ Z+ 24 COD9 &=.

Fig.1-2-10. Distribution of chemical oxygen demand(COD) in

November, 2005.

- 115 -






a9 1-2-11. 20059 114¥ z} 38 CODe] £33 ¥,
Fig.1-2-11. Horizontal distribution of chemical oxygen

demand(COD) in November, 2005.
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1% 1-2-12. 20053 11Y9 7+ 38 A AL X,
Fig. 1-2-12. Distribution of NO;~nitrogen in November, 2005.
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Fig. 1-2-13. Distribution of NOs-nitrogen in November, 2005.
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Fig. 1-2-14. Distribution of NHs;-nitrogen in November, 2005.
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Fig. 1-2-15. Horizontal distribution of dissolved inorganic nitrogen(DIN)

in November, 2005.
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Fig. 1-2-16. Distribution of total nitrogen(T-N) in November, 2005.
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Fig. 1-2-17. Distribution of PO4s-phosphate in November, 2005.
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¥ 1-2-18.20054¢ 119 7 38 QAL Qo] SHEE,
Fig. 1-2-18. Distribution of total nitrogen(T-N) in November, 2005
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Fig. 1-2-19. Distribution of total phosphate(T-P) in November,

2005.
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HlEl 2005 88 A oM FUEIln BT FFM FIHEe] 27
Lrebtth(Table 1-2-3).
mEkA dEEs TEE AR F

Aoz 5% 2 FFAA FHHE

of
oQ
ug,

FEE TEZ 44 Ang o
Gz 9]

0$
S
2
o

e

DO (mglL ) Chlorophyll-a( ug/L )
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Fig. 1-2-20. Vertical distribution of DO, chlorophyll-a, DIN and

DIP at st.01 in March, May, August and November, 2005.
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Fig. 1-2-21. Comparison of nutrients(DIN, DIP and SiO2 -Si) in
September, 2002 and August, 2005.
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Fig. 1-2-22. Comparison of average concentrations of nutrients

in September, 2002 and August, 2005.
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X 1-2-3. 7% 7313 F3F Fo] g HTT
Table 1-2-3. Mean value of nutrients at seawater in September,

2002 and August, 2005

Date Layer DIN(uM ) DIP(uM ) S10:-Si(uM )
Surface 1.33 0.13 2.49
September
Middle 3.35 0.17 8.16
2002. Bot tom 21.84 0.73 21.63
Surface 6.30 0.11 10.72
August
Middle 12.42 0.51 19.73
2005. Bot tom 15.39 0.69 22.10
-5 1> A8 9] dutayd 22 37
. WT DO | Chl-a. SS
st e (C) pf Sal. (mg/0) | (mg/m’) | (mg/1)
0 15.05 8.09 33.78 5.15 0.65 8.98
10 14.90 8.10 33.84 6.08 0.57 8.57
1 20 14.95 8.02 33.83 6.20 0.82 9.45
30 14 .82 8.09 33.82 6.18 0.33 8.79
40 14.67 8.00 33.79 6.17 0.37 9.19
A 16.41 8.09 34.05 5.34 0.57 10.00
2 = 16.29 8.10 34.05 6.03 0.48 8.25
SF 15.67 8.05 34.03 5.49 0.23 7.97
A 14.39 8.08 33.75 5.99 0.23 9.28
3 = 14.38 8.05 33.75 6.17 0.14 8.22
SF 14 .38 8.07 33.75 6.20 0.15 7.97
A} 14.52 8.06 33.74 6.07 0.19 8.56
4 = 14.56 8.08 33.84 6.15 0.08 9.35
3} 14.57 8.08 33.84 6.13 0.23 5.93
A} 14 .44 8.02 33.72 5.81 0.72 8.69
5 = 14 .42 3.09 33.74 6.13 0.54 7.53
3} 14 .38 8.01 33.72 6.17 0.31 8.85
AF 16.93 8.04 33.80 5.02 0.30 7.64
6 = 16.14 8.07 34.01 5.94 0.24 10.88
3} 15.71 8.05 34.08 5.27 0.07 9.26
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A} 14.60 8.01] 33.77 5.62 0.05 7.34

7 = 14.36 8.09] 33.72 6.12 0.07 7.62
3t 14.38 8.04  33.74 6.13 0.22 8.63

AF 14.39 8.08  33.69 5.62 0.82 9.76

8 = 14.47 8.03] 33.74 6.28 0.46 10.15
5} 14.23 8.08  33.68 6.24 0.39 8.45

2} 17.15 8.06|  34.17 5.71 0.13 8.90

9 = 16.32 8.04  34.03 6.21 0.21 8.19
3} 16.23 8.08  34.05 5.93 0.15]  10.02

A} 14.83 8.05| 33.71 5.25 0.23 8.64

10 = 14.75 8.03]  33.82 6.15 0.31 7.89
3t 14,74 8.07]  33.82 6.17 0.05 8.22

3 15.49 8.09 33.93 5.61 0.23 8.52

11 = 15.19 8.09|  33.88 6.05 0.05 10.14
3F 15.02 8.09]  33.84 6.11 0.07 8.69

s 15.87 8.06]  33.12 5.05 0.37 4,32

12 = 15.31 8.05| 33.92 6.04 0.41 6.94
3} 14.79 8.06]  33.83 6.11 0.39 8.59

¥ 14.73 8.06|  33.67 4.81 0.05 7.20

13 % 14.65 8.09)  33.83 6.12 0.47 8.72
3} 14.54 8.08|  33.79 6.13 0.47 9.89

min 14.23 8.00 33.12 4.81 0.05 4.32
max 17.15 8.10]  34.17 6.28 0.82 10.88
mean 15.06 8.06]  33.82 5.88 0.31 8.54
STD 0.78 0.03 0.17 0.40 0.21 1.19
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3. AES =

1.3.1. A& EFIE XA}

1.3.1.1. A5 £ U9

2005 349, 549, 8¢ H 11¥9] E=3 F=(25m)ollA] 1LY A3Eh

Al Ad7gel A Bml9f Lugol £ReR nAF F APHR Wit 49
W 7k AsES WS ol8dke 10mlE FFHE Fo SRAS

AN

>

=
7)(Sedgwick-Rafter Counting Chamber)E AM&3td  Fstan) 7 (Nikon
TS-100)3}ol| 4] 100~4008]oll A ARSI Z} FL& AlFsty 4T dAEH
(cells/L)o. 2 ZHAalE oL, 1R (1979)o) wet st 2xAL A
1=

Mo

1.3.1.2. A EZFIE AEH 2 FXA4

A 2005 3Y AEEFHIE dEF U F2AHS 0¥ 1-3-1 ¥
T 1-3-10) Y. ZFOA £9d AEZFIEY AEFL 100~
3,600cells/L(E¢1,077cells/L)e] WHH =2 YUelgon, AA 194 /M4 %
& 3,600cells/Lo2 3, A 063 04014 zHzt o2& HHuEo 4
Ao Z ¥& 2,400cells/LS 1,900cells/LE YEIGT. F59 H&FL
100-2,600cel1s/L(38¥F1,054cells/L)oller, AHA 013 12014 AdiF
2 = YERG.

lo

%=
AFY 86.4%5 zA]8tR I, I 9 JHHUZF} LHEX

£
F7F A7 15 2300.0%), 15 1FUSWLE YEET. FE2FY
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Coscinodiscus radiatus, Chaetoceros denticulatus, Odontella sinensis<
2E 2 AAANA FQAGAT. FALNN A Be UFo FESYD
I FoA BE ZAF AHM Z@3 C. radiatus, C. denticulatus®] -
Asteieh.
AL Y] 2005 59 HESHIAE ASH
i

¥ 1-3-2¢1 YERATG.

B3 7, 83 9dlM HUALE FA YEY 3dIHE thE Foldt. FF
ol HEFHE 100~1,000cells/L(#H469cells/L)o.2 3¥HT} Az o
ARoer, AA 1, 67 1394 t& HPEG FdHo=z A Jelwd.
TEAL 124 16F0] €98t ¥R EHFT7F Fed, o F T
F7F 104 14F o2 AA 28T 87.5%5 AA|39 1, JHE 2FI} 2
2%(12.5%)0] =439y, 27 Chaetoceros compressuse A7 o))
A EEse ® oidEl AR, 2 ¢ wHEFY Melosira
moniliformis®} Thalassionema nitzschioides®) 733+ tt.

EE5S Fohgt $£(2005d 8Y), ALY AEEFIE AEF 2 T
z d 1-3-3 % E 1-3-3°] YehldT. BN AT HESHA
E9 dFEFHE 100-2,900cel1s/L(F#700cel Is/L) 22 397 54xtt HF
AEFo] Aer, A 0loA dHHLoE A deht 393 fFAkgE 4
Aok, 28y AF9 dEFL 100-6,500cells/LY HAR Vel on,
B @EFo] 1,923cells/Lo2 393 5HEY Wif A Yelgt. 53

g8 &3l ABEEFIEY ZXAL 154 23F0] EFsIGY. o] F

M
TEFE 124 16502 393 59ET W2 69.645 AA| T W] UE

ZE2= 98 5%03 397 598 21.7%2 391, 393 590 =
Z3slx] FUE ST 7} 1£2%(8.6%)°] &d3A AA 07

- 130 -



ALt BE AHNA &S Nizschia pungens©] 7} A3, 9HE
ZFACeratium furca® ZE AANA &H3Yc}.
FAME9 9] 2005 119 A EZZIE AEF 2 F=
R ¥ 1-3-49 GERAT. EFolA Ede AEIFIAEY dEFS 100
~1,000cell1s/L(3 ¢ 319.23cells/L)S] HHYZE Jelwted, FH 13914 7}
4 =& 1,000cells/LeZ E@EA, AH 023 040lM Zzh ofE AdE
AR o2 F2 800cells/L3} 900cells/LE YENGT. 59
100-600cel 1s/L(38261.54cells/L)olA o™, HA 053 1004 FoiHog
sA YeEtstth.
TXAAL AEEYE F 128 15%F0] &dsigion, o] F 7EF7 105
13202 AA £dF9 86.7%2 X8, 1 9 JHURFY 2HEZ
F7F 47 15 126.7%), 1% 156.7eE YEwHY. #2F4

v}

Chaetoceros pseudocurvisetus, Fucampia zodiacus, Pleurosigma spe U
2y 2 A6 2ASAT. A 10004 7% Be 630 AN
AZSEFIAEY dEFH(2E 1-3-5)2 EFAE &5 F3t < 3¢9
590] 22 Fab $9 893} 1190 ula) 4B EFAEC] o WAL
2 2

1-3-6)ol M= &5 F3} o]
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1% 1-3-1. 32 3 2 £3(25m)olA 2] A ESPa L] dE,

Fig. 1-3-1. Standing crop of phytoplankton in surface water and

25m depth in March, 2005.
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Fig. 1-3-2. Standing crop of phytoplankton in surface water and

25m depth in May, 2005.
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1% 1-3-3. 89 ¥ 2 $3(25m)olAe] A ESFAEY A&,
Fig. 1-3-3. Standing crop of phytoplankton in surface water and
25m depth in August, 2005.
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Fig. 1-3-4. Standing crop of phytoplankton in surface water and
25m depth in November, 2005.
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Surface
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= alig
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I3 1-3-5. EFA ) AETFIES FEF

Fig. 1-3-5. Standing crop of phytoplankton in surface water.
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Fig. 1-3-6. Standing crop of phytoplankton 25m depth water.
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¥ 1-3-1. 20059 3] SIF A EZTFIAEY T4
Table 1-3-1. The species composition of phytoplankton in March, 2005

Station

12 3 45 6 7 8 9 10 11 12 13

BACILLARIOPHYCEAE

Asterionel la +
japonica

Chaetoceros
compressus
Chaetoceros danicus + + + + + +

ngetoceros n "
deciprens

Chaetoceros
denticulatus

Chaetoceros
laciniosus

Coscinodiscus +
perforatus

Coscinodrscus
radratus

Coscinodiscus
warlesir

<+

Detonula pumila + +
Ditylum briglhwellii +

Eucampia zodiacus

o+

Melosira juergensii
Nitzchra pungens

+ 4+ + +
+
+
+
+
+
+

Odontella sinensis

Pleurosigma +
elongatum

+

Skeletonema costatum + + + +
Stephanopyxis + + + + +
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palmeriana

Thalassionema
nitzchiol ides

CRYPTOPHYCEAE

Chroomonas lateralis +

DINOPHYCEAE

Ceratium furca +
Ceratium gravidum +

F 1-3-2. 20054 5€°) 23 A =FTFIEY F24
Table 1-3-2. The species composition of phytoplankton in May, 2005

Station

1 2 3 45 6 7 8 9 10 11 12 13

BACILLARIOPHYCEAE

Asterionella
japonica

Chaetoceros
compressus

Chaetoceros danicus + + + + + +

Chaetoceros
deciprens

Chaetoceros
denticulatus

Chaetoceros
laciniosus

Coscinodrscus +
perforatus

Coscinodiscus
radratus

Coscinodrscus 4
wallesii
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Detonula pumila
Ditylum briglhwellir
Eucampia zodiacus
Melosira juergensii
Nitzchia pungens
Odontella sinensis

Pleurosigma
elongatum

Skeletonema costatum

Stephanopyxis
palmeriana

Thalassionema
nitzchiolides

+ 4+ + o+

+

+

CRYPTOPHYCEAE

Chroomonas lateralis

+

DINOPHYCEAE

Ceratrum furca

Ceratium gravidum
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¥ 1-3-3. 20059 890 £ ANEFTHIAEY T34

Table 1-3-3. The species composition of phytoplankton in August, 2005

Station

1 2 3 45 6 7 8 9 10

11 12 13

BACILLARIOPHYCEAE

Asterionella
japonica

Chaetoceros
COmpressus

Chaetoceros danicus

Chaetoceros
decipiens

Chaetoceros
denticulatus

Chaetoceros
laciniosus

Coscinodiscus
perforatus

Coscinodiscus
radiatus

Coscinodiscus
wailesii

Detonula pumila
Ditylum briglhwellii
Eucampia zodiacus
Melosira juergensii
Nitzchria pungens
Odontella sinensis

Pleurosigma
elongatum

Skeletonema costatum

Stephanopyxis
palmerrana

+
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Thalassionema
nitzchiol ides

CRYPTOPHYCEAR

Chroomonas lateralrs +

DINOPHYCEAE

Ceratium furca +

Ceratrum gravidum +
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F 1-3-4.20059 11€0)] 92 A EEFIEY T4
Table 1-3-4. The species composition of phytoplankton in November, 2005

Station

123 4 5 6 7 8 9 10 11 12 13

CHRYSOPHYCEAE

Dictyocha speculum + +

BACILLARIOPHYCEAE

Chaetoceros danicus + +

Chaetoceros
lorenzianus

Chaetoceros pendulus + +

Chaetoceros
pseudocurvisetus

Coscinodiscus sp + + 4

Cylindrotheca
closterium

Ditylum brighwellii + + +
Fucampia zodiacus + + + + + + +

Leptocyl!indrus n
danicus

Pleurosigma sp + + + + + + + 4 +
Rhizosolenia setigera + + + +
Stephanopyxis turris +

Thalassionema
nitzchiaiordes

DINOPHYCEAE

Ceratium sp +
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1.3.2. T8 E33IE £A

1.3.2.1. Al ¥ "4

20053 349, 59, 84 ¥ 119d AEZHIEHR FTY AHHNA
Norpac(+7: 45cm, H5: 0.
27 s 5% TAEXETHOFT uAEHY. HE FEEFIAELS AV

Aol FEGIAF/M)E BASATH

BEZYAE] FEE O 1-3-79 ¥ 1-3-59] JeERAAUTE. 3499 F
MYE 125.95~755.67/0A /m’oln], WF FEE 392.377]/m°olt}.
ZA ARE FEIYIE TR BIXE AEEY 3dde AH 1294
755.6770A /2 7bF A YdElon, AA 01, 06, 07, 08, E 13°]A H
ZRT 22 40070A /ol e 2 Yelwtony, A 030 713 wgiot,

599 Exo WYt 125.95~1070.5370A /m’elH, HF FEE 537.73
AA/mE 39 Boh 24 Jebdth, A 388 Fxs A3 844 1070.53
AAN/m’2 743 BA dewen, A4 01, 02, 06 © 1004 FFE
60071 A /m’el o2 velon, A 033 13014 7HF wgtet,

899 EFxol W= 125.95~503.7870A /m’e) ™, HF E== 256.737
Am=Z 393 59T @A Yelko. 24 3EE FEE A 0lddA
503.7870 A /w2 74 EA Jehes AW 05, 06, 11, 130] 125.95704)
/m* 2 g G JEikt 5= Fa A3 FEIFIEY FE dsis

O

Y, Ad 033 04olXE o FrhEkou 3 99 HAdAE tha 7

N
oh
r |r
o°*'
mlo
L
o
P s
}L

119 £59 ¥HY= 125.95~1952.147Hiﬂ/m3°1tﬁ, Bd TEE 779.897)
AA R FAF we) Frwo} 7bg wo] yeh
I SEE AHEH HAH 029 0404 7+ BE EdFS B
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Rom, AA 1394 /M +& 2dFE 2od
Zooplankton
2500
-
s
2 2000 | -
£
39
8 1500 | Wz
S By
g QJ
| 1000 e
§ gug
.éé ks
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(=}
O 2
1 2 3 4 5 6 7 8 9 0w 11 12 13
Sation

2% 1-3-7.20059 39,59 ,89 2 11¥9 FEEFIAEFE R
Fig. 1-3-7. Distribution of Zooplankton abundance(inds. /m3) in
March, May, August and November 2005.

K 1-3-5. F5EYaE 47 =9 ¥$ (inds/m3)
Table 1-3-5. Mean and range of Zooplankton abundance (inds. /m3)

M\ Mean Range
March 392.37 125.95-755.67
May 537.73 125.95-1070.53
August 256.73 125.95-503.78
November 779.89 125.95-1952. 14
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1.3.3. AdF A}

712 Bgd Aol Addiv. M BES ice boxol E#sto] 4
42 FA A Ade AAsgn. vE EvE £ 2 i 10meol] A
T Iy Yol 10-27kA] 3|43 %, Z} 52X 8N8 Marine Agar mediacol 1
w4 5, =Este wjgaiit

1.3.3.2. A#59 &%

2005 1199 AHE AdF BEXE 1% 1-3-89 Jeldddt. AdF
o] I 1.8-17.3 x 10° CFU/mee] M= Yelgon {7 Ya+E 8.56
x 10° CFU/mE Jehdh. A" o7olM 713 & HF5(17.3 x 10° CFU/
m)E Bdony, A 02, 06, 09, 12914 12.8 x 10° CFU/mME Hido=z
A Jerwth. wrde] A 033 10914 2 x 10° CFU/me M Z @A e
$ob, 1A E(EY F9 A, 39, 59, 899 2xdE(EY B4 F, 1
d)o] HE AdTs Id 1-3-994A4 dERAT. 20050 39 2.51, 59
8.23, 8¢ 11.6 281 119¥ 85.57 (x 10° CFU/m) &2 o HA AF57}

e & & Aok
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10
CFU/ml(x10?)

Station

19 1-3-8. 200549 1192 EZ(1m)lA e AL,
Fig. 1-3-8. Distridution of CFU(Colony Forming Unit) in sulface
water(1m depth) in November, 2005.

o M3

100 r

80 r

4 @4 (CFU 60 |
X 10_2) 40 +
20 r

O ! 1 t ]
3¢ 5¢ 8¢ 128
4 (month)

% 1-3-9. 2 44 H & AT
Fig. 1-3-9. Average ditribution of CFU(Colony Forming Unit) in

each month.
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1.4. o]F4 &4}

1.4.1. 9 873

1.4.2. AS 9 9y

1.4.2.1 21819 & ZAbo]T
20053 29RE 1297tx uiEx HI2E9 128°25°~ 128°35°E, 34°3
0 ~ 34°40'N(ZE 1-4-1)oA olFRALE AAsigion, FAEZ #Ho
A A%, F%, BFFE Yo 2AEIGY A ARZE A 28 A
Sz, 4%, B, 9F WA 59 ofFE AT
AZolFe 20059 29%H 497hR] dAAEFATFALY, M2 E
AR Ao sAlEe FARSIG o, 45~Tm(FdTA & 57.5m) FA
AL wWol &zt AQl Zejx]go|don], AREHE o]F9 Fv|e AT
B o] 20m, BEF F mPon, ddEEs ¢ dkn/hr2 3t BT 14|
A 43 wkE A Retgien, 4
So®, 2005 5EFE 12973 z
AR FZF 2 EFOFE udez zAEGeY, TFFE
<

el

> o
rg
2
rlo
12
oo
(o)
(@)
o
e
Q
Rk
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AL 25~30m(H ¢ 28m)HR o,
Mol sAste ZAlEI o, ofF
ok o ofjQle; o] FE £EE ¢ 0.5km/hE 3

ok
— — -
I 48] REAGSgon, oJAAAL 16,00m Yo FALe oF 20~

12m WS,

%4% <= .'t i?‘:“' Y 0
g S0 | Ji
E s

“K"

25

IR 1-4-1. AFAY 2A4E AAS HAE,

Fig. 1-4-1. Location of the small trawl and shrimp trawl area.
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=

Sl 254 3 23 A AAES 4d SAHSAY. FEAL,
A(1977), Masuda et al.(1984), Nakabo et a/.(1993), 7 S(2001)% wsk
on dAHy FEEL JIFFEEFTI(1997)] sttt

Zb sAEE g9 o]FY EFRA O ARE o]&3d  JiAIF g
Shannon-Wiener® ZtU=
1949). Z+ FAER Fo oFd g FIEA

2tk (Shannon and Wiener), $A%=(Simpson, 1949) AFE T3ld H%

(cluster analysis)Z 93

= 2 o-eUXxE A (correspondence analysis)<

AAEGlon, FAAZTE S MVSP 3.0& o] &3F3ith.

r2
)
S
to
z
EJ
o
Sat
}..
:10

1.4.3.1 oj£EE
20053 2¥5E 129714 AHE AF= F 27 13% 523 83F . 9]
% 2%0o] nFAHA Foldt}. AAFEESLE S Z,

A ZFo]7} Class Chondrichthys
Z o] & Order Rajiformes
7}2 2] 3} Family Rajidae

1. 3o Raja kenojei

Z%7)7F Class Actinopterygii
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W A-0) & Order Anguilliformes
B0 3} Family Congridae
2. B3 o] Conger japonicus
Jo] & Order Clupeiformes
P23} Family Engraulidae
. B2 Engraulis japonicus

3
4. BB Thrissa kammalensis
Z ) X &5 Order Aulopiformes
o] 0] 2 Family Synodontidae
5. W&ol Saurida undosquamis
Mu]E )& Order Myctophiformes
¥ =X 7} Family Myctophidae
6. Y5 Caelorinchus multispinuosus
5 Order Gadiforme§
E W3} Family Moridae
7. EWF 35 Moridae gen sp.
o} & Order Lophiiformes
o}A 3} Family Lophiidae
8. o} Lophiomus setigerus
% & Order Mugiliformes
%013} Family Mugilidae
9. <o Mugil cephalus
231715 Order Zeiformes
G317} Family Zeidae
10. @317] Zeus faber
ZWol& Order Scorpaeniformes

orB-2r3} Family Scorpaenidae
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11. =7 Helicolenus hilgendorfi
12. U9 X Hypodytes rubripinnis
13. &71v] Inimicus japonicus
14. AR Scorpaena neglecta
15. Y& Seabastes hubbsi
16. B& Seabastes .inermis
17. /NEZ Sebastes pachycephalus
18. =9 EZ Sepastes schlegeli
19. 8E Sebastes thompsoni
20. &¥yol| Sebastiscus marmoratus
Zv]9 X3} Family Aploactinidae
21. 9B X Erisphex pottii
A3} Family Triglidae
22. AN Chelidonichthys spinosus
23. W@7Y0| Lepidotrigla abyssalis
kel 3} Family Platycephalidae
24. A FE) Cociella crocodila
25. %FH) Platycephalus indicus
HAx=# v} Family Hexagrammidae
26. v Hexagrammos agrammus
27. AXxNU| Hexagrammus otakii
%% /0% Family Cottidae
28. o13Yl Ricuzenius pinetorum
23} Family Liparidae
29. oWV EH 7] Liparis agassizii
30. ¥X| Liparis tanakai

50]lE Qrder Perciformes
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5o} Family Moronidae

31. &9 Lateolabrax japonicus
S EAZ 213} Family Acropomatidae

32. VR EAZX] Acropoma japonicum

33. BYZF =X Synagrops philippinensis
vl2] 3} Family Serranidae

34. Env}el Epinephelus akaara

35. 57391 Epinephelus septemfasciatus
5453 Family Apogonidae

36. 9578l Apogon [ineatus
RaH 3 Family Sillaginidae

37. X2l Sillago japonica

38. WBlE Sillago sihama
A2 2 3} Family Pomatomidae

39. AEX] Scombrops boops
233012} Family Echeneidae

40. WA} Fcheners naucrates
Z780] 3} Family Carangidae

41. ol Seriola quinqueradiata

42, A 780 Thachurus japonicus

43. 1M 780] Uraspis helvola
%523} Family Leiognathidae

44, F5 X Leiognathus nuchalis
3t~ %3} Family Haemulidae

45, WAL2] Parapristipoma trilineatum
%u|3} Family Sparidae

46. Z= Pagrus major
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o} 3 Family Sciaenidae

47. B FR Ayrosomus argentatus

48. Oy Miichthys mifuy
3}=Z7+A o] 3} Family Kyphosidae

49. W5 Girella punctata
=% Family Pomacanthidae

50. &5 Oplegnathus fasciatus
}Abo] 1k Family Embiotocidae

51. WA+ Ditrema temmincki
Z}2] &3 Family Pomacentridae

52. A8\ Chromis notatus
#7135} Family Labridae

53. |X & &7 Halichoeres poecilopterus

54. &7 Halichoeres tenuispinnis

55. && 7| Pseudolabrus japonicus
S 7 X3} Family Zoarcidae

56. S7YAIA Zoarces gilli
7780l 3} Family Stichaeidae

57. I E8}R| Chirolophis japonicus

58. I EWE&}R| Dictyosoma burgeri
#FEW =2}X] 7 Family Pholididae

59. W|Z=2}X] Pholis nebulosa
7h}el 3} Family Ammodyt idae

60. 78] Ammodytes personatus
eto} X3} Family Champsodontidae

61. &+ X Champsodon snyder i

%¥%=u]g] 3} Family Pinguipedidae

- 151 -



62. ¥57V8] Parapercis sexfasciata
E 793 Family Uranoscopidae

63. FHETY (Gnathagnus elongathus

64. YEZFTY Uranoscopus japonicus
Z=e| % Family Callionymidae

65. =UE) Repomucenus lunatus
503} Family Gobiidae

66. =345 Chaeturichthys hexanema

()]
Q

. UEo]F Gobiidae gen. sp.
315913} Family Scombridae

68. 159 Scomber japonicus

69. X Scomberomorus niphonius
M E 3} Family Centrolopidae

70. M E Psenopsis anomala
o]} Family Stromateidae

71. Yol Pampus argenteus
7}AFal& Order Pleuronectiformes
£ X2 Family Citharidae

72. 9| Citharoides macrolepidotus
Y x] 3} Family Paralichthyidae

73. YA Paralichthys olivaceus
7}24v] 3} Family Pleuronectidae

74. E7VA0| Fopsetta grigorjewi

75. BX VYA Limanda yokohame

76. =048l Pleronichthys cornutus
G 3} Family Soleidae

77. ZYA MW Pseudaesopia japonica
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ZFA )2 Family Cynoglossidae
78. XY Cynoglossus abbreviatus
79. 2 Cynoglossus joyneri
80. /WA Cyvnoglossus robustus
-0} & Order Tetraodontiformes
FH X3} Family Monacanthidae
81. FHA| Stephanolepis cirrhifer
82. WH A Thamnaconus modestus
253} Family Tetraodontidae

83. =&l Taksfugu vermicularis

1.4.3.2 #7744 28%3

ZAIE 5 ARE olFS EREE vuwsid, o5 (Perciformes)ol
2032 A 9] TH(Family) 9 SFTT9 o 5592 7P -Hsislen, &
o] & (Scorpaeniformes)2 732 °F 13%, 7FAFP|E-(Pleuronectiformes)< 5
2 2k 10%, Eo]E-(Tetraodontiformes) o+7}F 232 <F 495 z}A|slR o,
1 9 ZojE(Rajiformes), WHolE(Angulliformes), *o1=(Clupeiformes),
Zol R E-(Aulopiformes), AR]EXE(Myctophiformes), t+E-(Gadiformes),
o}7] & (Lophiiformes), sol&(Mugiliformes), @i7|E(Zeiformes) o7& %4

ZF IR oF 268 YEFGTH ™ 1-4-2).
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55%

O Rajiformes O Angulliformes O Clupeiformes

O Aulopiformes Myctophiformes O Gadiformes

O Lophiiformes O Mugiliformes | Zeiformes

O Scorpaeniformes O Perciformes O Pleuronectiformes

O Tetraodontiformes
a9 1-4-2. E574d S84

Fig. 1-4-2. The aspect of appearance by the grouping classification.

1.4.3.3 AZF
7b F2 R T
Al 2005d 29FE 497AH] A1,
3 % 27 12% 58%, 29,005¢Me), °F 567kg?] olF7F AHHALH, o F
AA 74g wol AR oF v A (Hpodytes rubripinnis)2 A 7NA
so] oF 83%, WA AAF oF 518% AA T, T Heow BEE, 4
s7ke], B7pAm], BX7A, AAUZE A7 AA A o 2,085 A
Astgleon, WA YA7E F 109, FAZEAA, ofAzk A7 o T, %
s 7} o 6%, HE, B, E7PEE A7 208 AESlth(E 1-4-1).
T, MAF, AAF, TOGEAF d¥es B, AFTE 28
o 26%, 392 35%, 49 43Folen, MAFE 24 9,04772, 34

9 545m}E], 49 10,4959t2IQlew,  AAFLS 29 205,600z, 3¥

Aszdoz AL 2

)
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165,039g, 49 194,832g0.2 2¥°A 492 ZFE A5 moAE B¥E
2ok EF, AAlgel o3 FULGEAF A 2¥eM 4dB ZFE 5

bk ARe BATHIY 1-4-3).

X 1-4-1. A Gl A A, AF-2Fo = HH3 o] Fe] 4 WHF
Table 1-4-1. Monthly variation of the fishes collected by trawl

and shrimp trawl in the study area

- 24 3d 44 g
= A BAF AT BAF AT BAF AT BAF
=0 69 1,650 45 1,175 40 1,444 154 4,269
B.7}o) 92z 135 250 w0 2318 307 7,475
== 5 46 25 250 0 0 30 296
A3 0 34 25 237 5 25 30 296
o] £-0] 0 0 0 0 5 203 5 203
ZH) 53 0 0 0 0 5 1,033 5 1,033
ETFelF o 0 0 0 5 600 5 600
o} 25 382;’;1 5 261 40 1,988 70 37('75)43
g7 12 4,382 5 1,495 10 2,500 27 8,377
) o 5] 7,900 94,800 8,000 96,000 8,200 98,400 24,100 289,200
(87) (46) (84) (58) (78) (51) (83) (51)
2=711] 0 0 0 0 15 3,750 15 3,750
AFAFR 0 0 5 73 0 0 5 73
Zy = 0 0 5 1,100 0 0 5 1,100
22z 0 0 0 0 5 117 5 117
Eu| o X 0 0 5 93 5 79 10 172
A 23 6,615 0 0 0 0 23 6,615
edl== 04 e} 0 0 15 545 15 1,100 30 1,645
77FA] % el 0 0 5 69 0 0 5 69
Okl 12 409 110 2,722 15 650 137 3,781
A= n 0 0 0 0 10 537 10 537
Aol 31 g 0 0 10 24 10 35 20 59
ol AEH|7) 0 0 0 0 10 65 10 65
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1] 0 0 8 40 10 48 18 88
9] 0 0 5 1,650 5 1,600 10 3,250
HREAIZX] o 0 0 0 5 20 5 20
AHSHFA 0 0 0 0 5 18 5 18
A 0 0 10 175 0 0 10 175
g9%718E o 0 5 25 50 257 55 282
AR ey 53 2,062 0 0 0 0 53 2,062
nzg 115 2,070  245(3) 4,333(3) 185 3,008  545(2)  9,411(2)
78 0] 7 344 0 0 5 300 12 644
FZ3 46 316 5 28 10 32 61 376
B3 129 6,110 5 380 75 2,682 209 9,172(2)
Tl o] 2 2,300 0 0 0 0 2 2,300
x1-4-1. A%
Table 1-4-1. Continued
oNE 29 34 49 A
< HAlw BAZF AT BAFT AT BAZF NANF AAF
=5 2 179 0 0 0 0 2 179
S 7FA) A 5 275 10 341 55 1,689 70 2,305
I o} 0 0 10 117 0 0 10 117
H Z= 2} %] 2 43 30 763 50 775 82 1,581
oto] 2] 0 0 0 0 5 350 5 350
=] 115 10,100 225(2) 12429(8) 170(2) 9455(5) 510(2)  31984(6)
FelEy 0 0 0 0 10 581 10 581
JEEA 0 0 30 2,098 30 2,828 60 4,926
= ok 0 0 15 202 210(2) 2,828 225 3,030
=3YgE 0 0 95 723 120 1,054 215 1,777
5o 0 0 0 0 5 60 5 60
H o] 0 0 5 168 0 0 5 168
=47 9 408 0 0 0 0 9 408
24,000 30,000 54,000
| A 0 0 5 10
(15) (15) (10)
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8,337 12,362
57} 2}v) 18 600 205(2) 3,425(2) 320(3) 543(2)
(4) (2)
N 31,783 2,620 3,494 3,7897
FE2]7}1A]  368(4) 75 85 528(2)
(15) (2) (2) (7)
=g 7 1,346 0 0 5 1,150 12 2,496
ZF A A ol 0 0 10 1,234 5 250 15 1,484
LA ) 0 0 30 610 0 0 30 610
A 0 0 0 0 175(2) 2,008 175 2,008
2883 6662
THA o 5 544 135 405(4) 545(2) 10,089
(2) (3)
A A 7 546 5 185 5 339 17 1,070
-z 2] 7 1,817 0 0 0 0 7 1,817
=g & 12 1,371 0 0 0 0 12 1,371
A 9,047 207,670 9,553 165,409 10,495 194,664 29,095 567,743

«akg] | (%), g/80,000m’
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29 1-4-3. ZAN DA ARG AZF.
Fig. 1-4-3. The fishes of low layer collected in the study area
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22 F9 olF 18%Fl st

o F8 ofFd g AFAIY FAEE Piankad] FEE I &

o H7bEAbEd el g FIEAE AT 1 AR Fa oFE &
E 0.758 7122 IA vl 2F22 YE F AAH I 1-4-5).

THEA 2= d3LAZATS A AT AoE YElHT,

ZAZ O] AZD F2 oFY AY JATE JIELE HEYAE

ML ANt ARE Fo oFH ZAPIZIE A4 43 go2 3y

Eo]gk &3 (Singular value decomposition)dll 2J&] T3+ Eo|gS inertia

e AR A3 A 1xkdo] gRE FEFS o oF 85%E XA 3HloH,

A 2xkdo] A shE AEFL oF 1002 JEFFTHE 1-4-2).

T TAEN Aol we, 2§ 19 £% d¥/tEE, A, =
FHE 48 F2 A} oARolH, 2F 20 £ d55TY, =3I E
<, GH, HE2A, 7k 39 F2 AFE oAFold, IF 39 &
& olF, gar], F5A, EFAE F2 249 AP Foln 1 9 A

. ¥}, Folx FEHoZ AW ol

du £
M
_)1_1‘
N
N
a
0%
OH\
N
&
_ﬂi

E1-4-2. 78 AZolfol A B $UARH Y Fo|gt £
Table 1-4-2. Singular value decomposition for the correspondence

analysis of the dominant fishes

At Solgk Hl & (%) THH & (%)
0.11 85 85
2 0.02 15 100
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EE_ _
LR oy T
FH A{CH = n=5. *

P -1 il " s 1 o
ggltEHEan} T & 2%
dstel s

2xH3
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- p

o

&

I3 1-4-4. AL 93 A 7] 2h A 5 F80]F9) AP £ X,
Fig. 1-4-4. Dimension scores of the dominant fishes and three

months induced from the correspondence analysis.
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FAEA S

4BHEE 0.75
ag1 B/HAA
E%H
dE5TTY.
=995 | |
ag2 %" ‘
=gy |
g7k |
o}
g17]
F5 A
Bz
=3 A o
T2 7}Ake]
#5714
2eEd
23
ol

0.5

0.667

29 1-4-5. 8 Pl 942 Fo o Fe T,
Fig. 1-4-5. Dendrogram illustrating the classification of the
dominant fishes on the basis of their occurrence

patterns.

1.4.3.4 T3+
=

7F. o FES
ZAP717HE 20053 5ERE 1297HA] FFAARFE ZASIG o0, A3

g o]FL F 174 115 287 38F <IN

Z 717} Class Actinopterygii

W0} 2 (Order Anguilliformes
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% &o] 3} Family Congridae

1. ¥#&9| Conger japonicus
o] & Order Clupeiformes

H X3} Family Engraulidae

2. BX| Engraulis japonicus

3. A Thrissa kammalensis
Ao 5 2% Order Myctophiformes

MH] 5] 3 Family Myctophidae

4. W5 A Benthosema pterotum
o}#A & Order Lophiiformes

o}#A 3 Family Lophiidae

5. oVA Lophiomus setigerus

2 317]5 Order Zeiformes

2 17)3 Family Zeidae

6. ©3L7| Zeus faber

Zulo] & QOrder Scorpaeniformes
=23 Family Scorpaenidae

7. 339 Helicolenus hilgendorfi
8. U9 A Hypodytes rubripinnis
9. $HEE Seabastes hubbsi

10. B8 Seabastes inermis

11. /NE= Sebastes pachycephalus
12. #4o] Sebastiscus marmoratus
A3 Family Triglidae

13. M Chelidonichthys spinosus
oFell 3} Family Platycephalidae

14. %Fe) Platycephalus indicus
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A= v]) 3} Family Hexagrammidae
15. V] Hexagrammos agrammus
16. #Hx=:Nv| Hexagrammus otakii
223} Family Liparidae
17. /A Liparis tanakai
501 E Order Perciformes
REAZ X3} Family Acropomatidae
18. WRABAZX] Acropoma japonicum
vl2] 3} Family Serranidae
19. 54X 9] Epinephelus septemfasciatus
=27+ =3} Family Apogonidae
20. €=7V8] 5 Apogon lineatus
B2)A3 Family Sillaginidae
21. Be|8 Si/llago sihama
5 A3} Family Leiognathidae
22. F% A Lelognathus nuchalis
3t~ %3 Family Haemulidae
23. Wx}8l Parapristipoma trilineatum
E=1]3} Family Sparidae
24. 25 Pagrus major
Z+8] &3 Family Pomacentridae
25. A8’ Chromis notatus
=27) 3} Family Labridae
26. SX&8)7] Halichoeres poecilopterus
27. &7 Halichoeres tenuispinnis
28. &= 7] Pseudolabrus japonicus

E7}A1 2 3} Family Zoarcidae
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29. S7YANA Zoarces gilli
Z780]3} Family Stichaeidae

30. A=A Chirolophis japonicus

31. 2EME& X Dictyosoma burgeri
ZEW =2} X 3} Family Pholididae

32. Wl=2}X] Pholis nebulosa
%%&v & Family Pinguipedidae

33. 4572l Parapercis sexfasciata
7h 2l 3 Family Ammodytidae

34. 7V8] Ammodytes personatus
7 X 117]3} Family Sphyraenidae

35. WA 117] Sphyraena pinguis
Z %3} Family Trichiuridae

36. ZA| Trichiurus lepturus
7}A 8] & Order Pleuronectiformes
7}Au) 3} Family Pleuronectidae

37. A 7YA Y] Limanda yokohame
ZFA )3 Family Cynoglossidae

38. WA Cynoglossus robustus

=
ZANZE Bt AR F NASFE 3,273vHe] oF 134kgol ATk, o] F A
o] 1655vtel2 Al AFY °F 50.5%2 M} A
o ZA 7t oF o45vfE] oF 28.9%, B FOIUE oF 4.9%9 £oE Yo

%ﬂaﬁré%ﬂﬂiﬂgkmwﬁiaﬁﬂ%ﬂ%ﬂ‘#45%37m}%@ﬂ
Roew, FFE o 9.1%, ob¥ oF 8.9%, ZA °F 7.9%9 To= UnETH(Z

2
rr
e
ol
E
i
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19 1-4-6. A Gl A AR Fool 7.

Fig. 1-4-6. The fishes of middle layer collected in the study area
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% 1-4-3. FFolwe AMAs 2 AAZ

Table 1-4-3. The number of individuals and biomass in the

middle layer

Species 5~8% 9~12% A 8] 2(%)
N B N B N B N B
3204 105 8,736 57 1,696 162 | 10,432] 4.9 7.8
o x| 0 0 40 196 40 196 1.2 0.1
=k 0 0 20 225 20 225 0.6 0.2
5|0 x| 0 0 6 100 6 100 0.2 0.1
28] =% 0 0 9 148 9 148 0.3 0.1
ot 1 52 25 11,920 26 11,972 0.8 8.9
=yl 0 0 10 1,365 10 1,365 0.3 1.0
Z72+H 1 141 0 0 1 141 0 0.1
o} od x| 12 139 0 0 12 139 0.4 0.1
e gl 1 67 0 0 1 67 0 0
g2t 6 474 0 0 6 474 0.2 0.4
NEE 2 147 0 0 2 147 0.1 0.1
T 39 4,798 0 0 39 4,798 1.2 3.6
A 0 0 3 388 3 388 0.1 0.3
QFEH 2 634 0 0 2 634 0.1 0.5
Lejol 2 226 0 0 2 226 0.1 0.2
F| 20| 1 274 0 0 1 274 0 0.2
= x| 1 16 6 1,201 7 1,217 0.2 0.9
R = 1 8 0 0 1 8 0 0
sS40 2 556 0 0 2 556 0.1 0.4
A=zl E 5 29 1,50 |60,498 | 1,655 | 60,527 | 50.5 451
HalH 1 90 0 0 1 90 0 0.1
FEX| 0 0 6 21 6 21 0.2 0
Bl X}2| 0 0 1 6 1 6 0 0
S 6 12,256 0 0 60 12,256 | 1.8 9.1
Aal = 10 1,800 0 0 10 1,800 0.3 1.3
Xl =i 7| 54 3,572 0 0 54 3,572 1.6 2.7
e 36 3.404 0 0 36 3,404 1.1 2.5
=) 5 453 0 0 5 453 0.2 0.3
EVINES 4 82 0 0 4 82 0.1 0.1
2| £ 2} 2 830 6 369 8 1,199 0.2 0.9
S E2H%] 11 709 0 0 IR 709 0.3 0.5
Bl & 24| 21 545 31 117 52 662 1.6 0.5
4= 713] 3 129 27 920 30 1,049 0.9 0.8
k2 1 20 0 0 3 29 0.1 0
x| 17| 0 0 19 1,350 19 1,350 0.6 1.0
2t x| 0 0 945 [10,584 | 945 |10,584 | 28.9 7.9
2 x| 7}Xla| 1 104 5 1,123 6 1,227 0.2 0.9
WA H 0 0 15 1,628 15 1,628 0.5 1.2
BHA| 3,273 (134,155 100 100

sulg], (%), g/10,000m®
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Z 7|7+ 20059 5YHE 129712 EZOIFE zAlEIgoH,

Zo = 17} 8% 173} 23F o]},

zZ717+ Class Actinopterygii
WMol & Order Anguilliformes
%oz} Family Congridae

1. &9 Conger japonicus
ol & Order Lophiiformes
o} 3 Family Lophiidae

2. o}# Lophius Iitulon
o5& Order Mugiliformes
%o} Family Mugilidae

3. %9 Mugil cephalus
21715 Order Zeiformes
2 17]3 Family Zeidae

4. G317) Zeus faber
Zy ol & Order Scorpaeniformes
%E23} Family Scorpaenidae

5. &322 Sebastes schlegeli
50 = Order Perciformes
5013} Family Moronidae

6. 9] Lateolabrax japonicus
B}2] 3} Family Serranidae

7. %¥l2] Epinephelus akaara

8. 5X 9 Epinephelus septemfasciatus
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F 2% Family Apogonidae

9. @%728lE Apogon lineatus
A2 X2} Family Pomatomidae

10. A2 A Scombrops boops
A 780]3} Family Carangidae

11. W] Serilola quinquerqdiata

12. #7890l Trachurus japonicus

13. ®"AZo| lraspis helvola
TZu]3} Family Sparidae

14. 25 Pagrus major
%4013} Family Embiotocidae

15. 43o] Ditrema temmincki
=713} Family Labridae

16. &A= el7) Halichoeres oecilopterus

17. =7 Pseudolabrus japonicus
11593} Family Scombridae

18. 1159 Scomber japonicus

19. %A Scomberomorus niphonius
ME 3} Family Centrolophidae

20. M5 Psenopsis anomala
7}2+0) 2 Order Pleuronectiformes
d 23} Family Paralichthyidae

21. WA Paralichthys olivaceus
Eo]E Order Tetradontiformes
# 217} Family Monacanthidae

22. AR Stephanolepis cirrhifer

23. WA XA Thamnaconus modestus
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gL
ZANZ B ARG £ AAFE 14,3199k F 4,142,248kgol AT
o] = JAF2E A7Polst 9,8810te] 2 AA MAFY F TR IHE A
st om wrojyl oF 13.8%, A7t <k 3.41%9 +OoE JERGom, A
oz = wolrl ¢ 2,578kg 2 A WA oF 63%F MY AFALH,
U 7b ¢k 14.9%, HA7; 14.7%, FHuielrt o 7.7%9 £22 YERRTH(E
1-4-4). 94 BuE std, 59l A7Be)7t 8ot AA AT o
93%2 7M& $Hsden, wol, o, FEFo] ¢ 3%, 2%, 2% o= FH
son, AAFANAE A7Jo)7} & 40kgo B AA FAHFY <&F 6792 T}
F eAstglon, "o}, $of, FEo|l 2zt o 14%, 10%, 8% £o= e
ok 698 3510082 AA AASY oF 9992 FAsen, 3
7F ok 19 ow, AAFoNA H7Polst oF 45kgo B AA BAFS o 90v=
A A8k, 74 Moyt rerlel 2 AA AFe ok 51%E M ¢
Hatg o, A7ol, AX, FEo] Zrzt & 34%, 9%, 599 o2 UEIHL
o, AR Fo A wrolrt ¢k 80kglE AA AT o 38 FHI}AFO
, AZol, 5, FAAIF D7 ok 24%, 24%, 15%9] £O2 YEET. 84
2 H7gol7} 365utEl 2 AA MAFY oF 4692 JHE SHEGeH, FE
Az, wol, EHulglzl 22 oF 28%, 11%, 10%, 4%9] £22 Yetgoern, A
AFoA e woj7h oF 60kgo 2 AA BAFY ¢ 39%E 7HF +HBIUL
o, &, #A7Bol, FHukel, AX7F &z & 20%, 20%, 10%, 3% £OE
Elutth. 998 JAlsE A7Bolst &F 2,000utE]l 2 AA ] oF 87%, ABA|FS
Faka]z) 300,000g22 AAo o 7362 7HF AT, 108 JHAlE
A7gol7} 1,250mbe] oF 88%, AAFL woisl 996kg oF 93%= 7Y A
Aok, 119L MAFE 1100vta] oF 84%, A FS Wo]rsl oF 813kg °F 54%
2 M $HEAY. 1292 AAlTE Bolrk eovke] oF 47%, MAHFL W
o}7} <k 6l0kg oF 8492 7MY ¢ AIFE EIHIE 147, E

N
-

2

l

(r

Ol‘
S

1-4-4).
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E 1-4-4. 323501579 AAa 2 AAZF(G~99)

Table 1-4-4. The number of individuals and biomass in the

surface layer(from May to September)

54 68 7¥ 8¥ oy
Species
N B N B N B N B N B
=& 0 0 3 480 0 0 0 0 0 0
ot 0 0 0 0 0 0 0 0 0 0
&0 15 |5,700| 1 300 0 0 0 0 10 | 4,000
=g 0 0 0 0 0 0 0 0 2 | 1,960
zEEgt) 0 0 1 70 0 0 0 0 0 0
=LYl 0 0 2 734 0 0 0 0 0 0
FHote 0 0 0 0 0 0 31 |15,000| 55 |300,000
s40f 0 0 0 0 0 0 1 11,200 0 0
dEIIRIE| O 0 0 0 0 0 1 8 0 0
A2 0 0 0 0 0 0 1 44 0 0
2of 23 [8,050| 0 0 |1,270(80,000| 76 |60,000| 160 | 10,000
H740| 800 [40,000| 3,510 {45,000 856 |50,495| 365 |30,495(2,000| 80,000
aIx ol 0 0 0 0 0 0 1 59 0 0
= 13 4,940 O 0 134 [50,000| 224 {30,000 O 0
atatof 0 0 30 [3,000f O 0 0 0 0 0
gx|&=207]| 0 0 0 0 0 0 0 0 0 0
Esel7| 0 0 0 0 0 0 0 0 0 0
Ink=1v] 0 0 5 63 0 0 0 0 20 | 3,600
Abx| 0 0 0 0 0 0 0 0 0 0
NE 0 0 0 0 0 0 0 0 0 0
=k 0 0 0 0 0 0 11 | 4,000 | 12 | 3,360
2 x| 5 900 2 500 | 229 [32,000( 84 {12,000| 28 | 7,000
UF x| 0 0 0 0 0 0 1 322 0 0
A 55590 50147 212495 153128 409920
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X 1-4-4. A%(10~129)
Table 1-4-4. Continued(from October to December)

108 118 129 A H| (%)

Species
N B N B N B N B N B
S&0] 0 0 0 0 480 0.02|0.01
ot 0 0 2 1100 3 1620 5 2,720 |0.04(0.07
=01 16 6,400 20 8,000 | 11 | 4,400 73 28,800 |0.57| 0.7
=y 8 7,840 1 810 1 780 12 11,390 (0.09]0.28
Zi gt 0 0 0 0 0 0 1 70 0.01] O
S0 5 2,450 1 690 0 0 8 3,874 |0.06(0.09
Heiel 0 0 0 0 0 0 86 | 315,000 |0.67| 7.7
540 0 0 0 0 0 0 1 1,200 [0.01]0.03
gs7i2l&| O 0 0 0 0 0 1 8 0.0t O
HZX| 0 0 0 0 0 0 1 44 0.01| O
ghof 98 (996,333 80 |[813,333| 60 |610,000( 1,767 |2,577,716|13.8| 63
MZ4ol |1,250| 50,000 {1,100| 72,190 | O 0 9,881 | 368,180 | 77 9
olddol | O 0 0 0 0 0 1 59 0.01| O
HE 8 2,800 12 1,440 9 1,080 | 400 90,260 [3.12]2.21
2atof 0 0 0 0 0 30 3,000 |0.23|0.07
xlz=ad?]| 0 0 2 360 0 0 2 360 0.02]0.01
2=ei7| 14 3,080 18 3,960 | 20 | 4,400 52 11,440 |0.41(0.28
139 4 320 3 550 0 0 32 4,533 {0.25{0.11
=E 1 82 0 0 0 0 1 82 0.01| 0
MRS 0 0 2 108 4 176 6 284 0.05(0.01
=R 0 0 1 |600,000{ 3 | 1,560 | 27 | 608,920 {0.21|14.9
F | 10 1,800 62 3,080 | 17 | 3,000 | 437 60,280 ([3.41|1.47
LA 0 0 0 0 0 0 1 322 0.0140.01
A 1071105 1505621 627016{14,319(4,142,248) 100 | 100

«N: 7HA=(mkg]), B: A= (g), g/3,000m2
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29 1-4-7. 2AN Y] B3l Fe) AAE.
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ZAZIE B, o1FE AR st e d9E F, disdAEHAAN
olgkisl Wl ol Solgks Al Az, Al 1340l FRF Fro ¢
& o 580, Al 2atle] HEF HE O F& o 225 AA|se] A 1xdH
Al 23kl Eshs AR FE& o 79RE YERTHE 1-4-5, 19
1-4-8, 2% 1-4-9).

Hedodel o 28 5 8 oAFY ALY X I RFTL

2 UFo] 51087, 18T, 12970 di8d & don, 3344 oF

J[m

O

g2, AEA, ¥E o2 o £ Ao (28 14-8, 2% 1-4-9).

® 1-4-5. EFo]Fol T dSLH Y9 Folzk 23
Table 1-4-5. Singular value decomposition for the correspondence

analysis of the fishes of surface layer

xH2d Sol#k H] & (%) T B & (%)
1 0.41 58 58
2 0.15 22 79
3 0.11 16 95
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Fig. 1-4-8. Dimension scores of the fishes of surface layer and

four months induced from the correspondence analysis.
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a7 1-4-9. RSANPH RN HE8 F3olFe) AU E2,
Fig. 1-4-9. Dimension scores of the fishes of surface layer

duced from the correspondence analysis.
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Iy 1-5-2. 35 3],

Fig. 1-5-2. A SCUBA diving set.
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I% 1-5-3. F& &0 735 ool .

Fig. 1-5-3. A barnacles on the block.

a9 1-5-4. F2E| 533 qo)0)F.

Fig. 1-5-4. A barnacles on the block.
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= KSLT (Korea Standard Leaching Test)&] 7150 H-3t5x] =vH(FE 2-1-1).

3 2-1-1. KSLT®el 93 A 445 U9 $55 §5%(Han et al., 2001)
Table 2-1-1. Heavy metal leaching amount of inderstrial residual

products about KSLT method (unit in mg/1)

Elements Cr Cu Cd Pb Hg As
Fly ash 0.017 1.140 0.579 332.3 0.001 0.001
Bottom ash 0.031 0.343 0.015 0.049 n.d. n.d.
Slag n.d. 0.017 0.044 0.237 n.d. n.d.

KSLTe] &&=7o] AA gFFHE Y pH, Eh 21(2¥ 2-1-1)F &}
o] mAu] Fo] Aolar] Wi HYFAFNAY FFEH $F B dFE
2 HHE PR FEEA FPHo ok i, It AR F
20kS AgS 58 FAFeR HriEoof it , B A
ZAA AHEEE 98 EFo| 2F ool EFE ASd EIUE 559

=9 a
A3lo] GFS v £ Jo=Z(Hitoshi et. al., 2003), oo digt AE

N _llm

S
S

rSL'

-
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Fig. 2-1-1. The ocean environment and seawater—block interaction.
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al., 1992; Bonen and Shark, 1994). &3] 34 Fo) ¥ 38 928 HAEE
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Table 2-1-2. Weathering reactions of the fly ash forming minerals
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20l 5 (pH) S} AFsle Y a9 (Eh)= pH/Eh meter (orion 250A+)E o] &

HAH AR QAR Fol AHISE oL, AHHE wBER ¢ F4
AE(F 2m)E AFAATHIH 2-1-4).

I 2-1-2. ARAFH HAE.

Fig. 2-1-2. Sampling location of study area.
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% 2-1-3. 979 o] &= A47]8 CTD.
Fig. 2-1-3. Seawater sampler and CTD (Conductivity-temperature-depth

sensor).
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2% 2-1-4. T2 E FobE o] £ =N A 2.
Fig. 2-1-4. Photograph of sediment sampling by piston core

sampler.
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2.6.2. J=EHY

HF HAES] Y= Zop ARCET s BFFEHAE)E dIY
o2 Fg3glh. 30g8 AEE 1,000ml HelAd @ 6% A FiarE
o] g3t H71ES AAFAT. FHFE LA GRS 23 AHsin

0.1N @itez ehitd& AASFATHIZE 2-1-54).

dAeld AMlas 40 AE ol&ste] F4 ALIFUTHE 5B). 49 ]
Azsto] 29 2571 (RO-TAP Sieve Shaker, L
d 50 Qs 1o Aoz A3, 40 olste] AE 3 HE SIAE

ox
1o
>
>
iy
g,
2
i
A
D)
i
flo
N

2 FAI(2% 29 Sodiumhexametaphosphate) 50ccE H7bslo] A7 £
s P E#A 7 (micromeritics, Sedigraph 5100, ¥ 2-1-5D)& o] &3}

BAstet, #4 AzlE Folk and Ward (1968)$} Ward
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(A)

() (D)
a9 2-1-5. 4= . (A) 2449 AA, B)sAEH, (O 2571,
(D)AHE =47,
Fig. 2-1-5. Photographs of partical size analysis process. (A)Decarbonization,
(B)wet analysis, (C)RO-TAP Sieve Shaker and (D)sedigraph meter.
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2.6.3. HYEY TFS &4

sob A Z (- Sem E
HHdRih oz &35t
(Shimadzu (ICP1000II), =7 APATIZ 4 sQtHz
2-1-6). o] 71719 3 W= 160mmol A 850nm 7FAolm REAESFE=
27.12MHz, A9 £ 1.6kWolt}.

18 2-1-6. w =22 Feh=vl HEE337).
Fig. 2-1-6. Photograph of Inductively Coupled Plasma Atomic
Emissioni Spectrometer (ICP/AES).
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(B)

(©)

a8 2-1-7. A4 o] &5l A,

Fig. 2-1-7. Photographs of column test system.
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(A)

Fig. 2-1-8. Heavymetal leaching process. (A) Reacting ash block
in shaking incubator, (B)sample centrifuge.



2.6.6. T=E ¢4AY A

H R g % M oW W § oW
BoAE L W R B W
mﬁm%momm%mﬁ
XS F o o &
HTM1pq_@%m%m
o S FE R Lo T OE o
g o, om0y W oN o
L ‘_WL 32 X Mﬂ = ™ 7 n
_ X ® S w R om B o
X 5 N 4 T o2p o
G- K oﬁ m- H_A _,_mm ~
& o B - o
oo o Eow S o Mo
3 Mﬂ ®oH 30 3 S Laﬂo oF g
w%ﬂqmﬂmx&aﬁ%%
roAR 3 =
R R
T o w;_ I I Mw o)
T gy T M ERE
< X L
w = n% il H m.f o v
X0 — oW s % -
TR TwmEN TG
. Fomo z .-
= n I Y (e mu o &
MR o W E T g o5 5
L A
K = | X % =T
C W oew T om o 5 3
nfy N S &8
MR ¢ - or o 5 5
<) B R W OE N
AV IR S Sy

(A)Circulating water tank,

- 198 -

(A)

(B)ash block in the water tank.

Block stability test.
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2.6.7. MHgAHE »ndg

T2 3% SOLVEQeH CHILLERE= YAtz o= fHAo] HE &I (A,
A8k, WM, 7 TS TR A vlgl AW A E(components) O Z
F3dstor gk, ZF AES A(system)E TEL + U Ha9 o3
AR o] Fojxn, e Aol g AR & xdL + . A
SOLVEQ®} CHILLEROIA] AbE-EH& &L 3753024 F=2 H+, Cl-, S042-,
HS-, C032-, Al3+, Ca2+, Na2+, Fe2+, K+, Mg2+. Cu2+, Zn2+ 59 v&F%
2 F&ol 27 Si02, H0T 9 AsHE WA ge B f718 Fo2 74
"doh. o 9 gstE oY 4Ee AYstd Bd¥t. T2 3 SOLVEQ
¢} CHILLEROIA A% zte] ARM(E-LA dswkg)dd o3 44d + e
22} A E-(derived species)e 25~300C7}A] 2] & ANgo] & st o]
1683, FE 159% % 7|A 12F°|t}.

SOLVEQ®t CHILLERE Foixl A&, & 2 Atz o Sol&3 <ol
29 A7 Fte Astd FoleFa Fol2Fo F Ha} o] Y}
E2 ALY & ¢ FHRE HIF A, olojr AZawrs
(Mass-action equation) R ZAZFR A2 (Mass-valance equation)& o]&
ko] Foi7 2A(XE, &8, F£8AYY T F)oA Yoz A
g o] B 2z AHE(RFE, 7IA F)9 Fg Aisth. ojd AXE 9
3 2+ 49eA dlolel= SOLTHERM diolE] stdel 250 glr},

SOLVEQFFM +<9g3at7] faixde 4= dolg = SOLRUNe] Fa3hn,
SOLRUNE @7} dido] Hl= +E&AW d&3 & % SOLVEQ7TH Altg
a7l A #4F HRI7F vE FaA P wep zHS ok ot &
TEAGE T AR L F2 SOLVEQS CHILLERAIA Adfire &3
Aol met F@Folok gt} dHE AR o SOLVEQE Foixl =
o2t FEAged Ao AR BIANSTIF F £ do

SOLOUT®} SOLPLOTe] =¥ Hth, SOLOUTS Fojz ZA(RXE, ¢#H 9 stz
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g
e

- 199 -



T, ppm EFE F)o] TFHO lor, SILPLOTE At AH

ks
e
i
i)
rlr

CHILLERAIM & Hz JEH = do)E 39L& CHILLRUNO] =
AlAbA 7= CHILLOUTS} CHILPLOTZ} ©t},

SOLTHERM wlol®] w2 SOLVEQS} CHILLERE F33s}7) 93 =
HolgE0o] 550} glth. o] dHoly UL gAY, 7tx9 J&
e e 9% dHoleg xgeta o). o] Jde FAR I
(activity coefficient), *3+#%(component species), 23} AJHE(FLN
), ks, e R a9 FHEA AR 59 R RREoE TAH 9
=

2.6.8. sl Ao mE Na3 BF9 FF Wz
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T olomie} AAE AUE TS FEANE 91 2407 o AN v
_‘E[S_‘_

vlo]ate o] 2 E il 100+ 5ColA 24

%
A& AL, FTHALE AoE A Hg vlo]dolA WY HHT.
223 A2Y ¢, okd, JI=F, ZF ¢ AL =A% Zzn W
Z

-

Z £37] (Thermo Jarrell Ash Tracescan advantage)® w4138}, zZ+zt
o] EAM oA YA TAHAANGH(THEFARSA, 1997)0l4 BAst= 5t
FS A5k, HlAe ICP AlZAPA K53 Hydride generator® &+
sty SAsAY. T FE 4L FZIANT ASAEE Gold
amalgamation- Pyrolysis®-& AF&3F Mercury Analyzer (NIC MA-2S)2 &4
3F9 ). olu} Carrier Gas+ Filtering AirE A}83tH 1, Detection limit
= 0.01lngo]t},

3) 482 NIST Standard Material(Organics in Mussels Tissue 1974 b)
= AFgste, Ad7ldl AAlg BRer A, O Ade F 2-1-3%
ig=3
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¥ 2-1-3. NISTel4] ¥4 ZEEZA RAAFER]) 9o FF
() ug/kg wet wt.)

iy

25¢ 2%

Table 2-1-3. Concentrations of metals found in Standard Reference
Material Organics in Mussel (Mytilus edulis) from the
National Institute Standards and Technology

(unit in pg/kg wet wt.)

Metal Concentration Recovery rate

Elements

Certified Measured (%)
As 0.80 0.61 76.0
Cd 0.16 0.14 92.3
Cr 0.23 0.22 95.4
Ni 0.11 0.10 91.5
Pb 0.75 0.67 89.4
Zn 12.30 11.86 96.4
Hg 17.00 15.23 89.6
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T A=Y Mpe Hen. ddd Fiol2EE(ele Asdd-dAENE

S A3, Hg3 55 Fo FTAHY BAH 19 pHE 7.96°]3 Ehe

67omVEA ArstAAgke]l w2 o SA4& wH, AR 99 pie 7.900]1
292 s dAEE Zen(E 2-1-4).

E 2-1-4. AFAFY &5, £EAMLFE, 9%, F£20) 239, 23394
A, A5 Aol AR(SAHL : 20054 49 6)
Table 2-1-4. Temperature, DO, salinity, pH, Eh and depth of studied
area.(Measured date : Jun. 2005)

Station Temp(C) DO(mg/L) Salinity(%) pH  Eh(mV) Depth(m)
1 11.49 5.51 34.53 7.96 675 60
2 n.a. n.a. n.a. n.a. n.a. 58
3 n.a. n.a. n.a. n.a. n.a. 74.7
4 n.a. n.a. n.a. n.a. n.a. 52
5 n.a.. n.a. n.a. n.a. n.a. o7
6 11.71 5.50 34.53 n.a n.a 50
7 11.85 5.49 34.53 n.a. n.a. 80.4
8 11.86 5.49 34.53 n.a. n.a. 54
9 11.39 5.46 34.53 7.90 606 52

n.a. : Not Analysed
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2.7.2. A3EY J=EY 29

ATA AN AAR HHE A=EN AF, 3 783 99 AN
= HEZF fAGRor, UnA MM ANEE2 Z7t A8
(& 2-1-5), Aol s A F& A4, 5, o)L 2eff, JE ¢
AE dxke] A e 27U (EE 2-1-10€ °183 2, 439 33
< YAAEAHEE 59 ode 7tz AbdY HAES AHHAE HAE

)

TREATG. AH 1, 2, 3, 6, 7, 82 AZ, B, HE qAe AEu|d
e oFH(IE 2-1-1DS olgsigith. O Ad v AHE 9EE i
& AHEY "AHER FAENeR, O 9 Ade 92 FHY JAA F

2 EFFA.

2
o

% 2-1-5. 3L A AP 45 FE(F9:%)
Table 2-1-5. Distribution of particle size at each station (Unit in %)

Sediment
Station Gravel Sand Silt Clay Mz Sorting

type”
1 0.43 65.25 8.26 26.07 4.53 3.37 (g)mS
2 0.46 59.51 11.00 29.03 4.44 3.42 (g)mS
3 0.37 59.92 20.06 19.65 4.64 3.00 (g)mS
4 0.00 70.65 11.60 17.75 4.18 2.84 mS
5 0.00 45.03 21.56 33.41 5.76 3.13 sM
6 0.04 66.68 13.15 20.13 4.47 2.91 (g)mS
7 0.22 44.11 4.98 50.68 5.92 3.87 (g)sM
3 0.17 58.88 14.58 26.37 4.79 3.30 (g)mS
9 0.00 33.45 15.21 51.34 6.81 3.03 sC

#*(g)mS : Gravelly muddy sand, (g)sM : Gravelly Sandy mud, mS :

Muddy sand, sM : Sandy mud, sC : Sandy clay
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004
CLAY 21 1:2 SILT
Clay . Silt Ratio
050
S .sand
C:cly
03e m’ mud

Z:sit
¢S clayeysand
mS : muddy sand

25 silty sand
/ / \ \ sC ' sandy clay
sl - sandy mud

CLAY SILT sZ sandy silt

39 2-1-10. 24, AE 3 A& i) vl & 2.

Fig. 2-1-10. Classification at the propotion among sand, silt and clay.

GRAVEL

MUD 7 9 11 3-1 SAND
Sand Mud Ratio

G gravel

M mud

S sand

mg  muddy gravel

msG  muddy sandy gravel

sG . sandy gravel
gM gravelly mud

: gsM gravelly sandy mud
gmsS . gravelly muddy sand
qS - gravelly sand

@)1 - sightly gravally mud
/ / 07 02 o 06 \ @)sM  skghtly gravelly sandy mud
o o? © & @mS sightly gravelly muddy sand
/ / 03 i) \ @S . sightly gravelly sand
‘} sM sandy mud
SAND mS  muddy sand

MUD

a9 2-1-11. A%, 2 2 A= Ak JRalo] e 25,

Fig. 2-1-11. Classification at the propotion among gravel, sand and clay.
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2.7.3. §3E9 TF&5 4 45
HAEY FF5 FFE BN 2y, 2EFS FHY 65ppm oA FHA
32ppm, otA-E FH| 82ppm oA FA 32ppm ©|th. ZLREE FHd] 106ppm ol
A #HA 25ppm olH, YA HHF 17ppnlE =7} 7MY 2 X2 28.9ppm

ojty, 7 vlAE H 7ppm, BB UL 1ppm, FF=F2 0.08ppm ©]5}0]

o
|kt

% 2-1-6. 334 I L 354

Table 2-1-6. Chemical composition for each station

ST1  ST2 ST3  ST4  SI5 ST6 ST7  SI8  ST9 average

Unit : %

Al 53 5.5 58 57 6.3 39 40 50 7.3 5
Fe 1. 2.1 21 19 26 14 19 1.9 3.3 5
K 24 2.3 24 25 25 24 16 23 2.7 2
Mg 0.70 0.83 0.81 0.82 1.06 0.48 0.84 0.80 1.39 1
Na 1.9 1.9 2.2 2.2 1.8 1.7 1.4 2.0 2.5 2
Unit : ppm

Cr 32.0 37.7 34.0 35.1 48.9 32.7 47.3 34.4 65.1 41
Zn 38.2 49.6 47.7 43.2 67.7 32.1 41.6 43.6 82.3 50
Co 106.0 55.5 98.2 97.1 20.1 83.8 31.0 25.5 30.1 61
Ni 12.1 14.6 13.8 15.7 24.0 10.9 16.1 15.6 28.9 17
Cu 51 6.3 6.1 65 9.1 51 6.5 6.3 11.4 7
Mo 2.00 1.17 1.01 0.77 0.93 1.04 0.53 1.17 3.19 1
Cd 0.09 0.17 0.09 0.07 0.08 0.01 0.06 0.07 0.09 0
Pb 19.2 73.1 39.7 20.1 18.7 16.3 17.4 18.8 24.3 27.51
Ba 483 485 512 489 450 492 244 466 420 449
Mn 350 359 363 345 451 269 849 329 549 429
Sr 375 367 332 408 298 192 960 394 337 407
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Ti 2114 2558 2452 1983 2710 2190 1735 1807 3265 2313
Li 30.2 37.8 36.4 34.0 51.1 27.6 30.6 34.0 63.3 38
P 181 264 245 192 241 141 269 201 353 232
S 2993 2819 2509 1954 2685 1496 1333 2403 4042 2470
Sc 8.2 95 9.0 84 11.2 6.4 7.9 8.2 14.0 9
v 34.7 447 41.4 37.5 60.8 32.7 36.5 38.6 78.2 45
Zr 90 101 147 93 104 139 63 61 123 102
As 91 69 79 75 56 7.4 6.8 6.7 7.1 7
Rb 98 102 95 103 114 76 78 100 141 101
Y 12.5 14.1 13.7 12,2 13.8 10.6 11.7 11.0 20.3 13
Sn 0.79 1.23 1.01 1.79 0.46 0.84 1.01 0.8 2.09 1
Sb 0.41 0.45 0.44 0.42 0.36 0.48 0.42 0.42 0.61 0
Cs 3.25 4.30 3.81 3.93 6.54 2.86 4.06 4.34 8.16 4.58
Th 7.95 7.44 7.95 7.32 7.92 7.20 7.79 6.85 11.13 7.94
U 2.7 204 206 2.11 258 1.48 1.40 2.24 3.39 2.23
R 2-1-7. A7A G B, AL L FxH L] FFE FE VR

(29 :ppm)

Table 2-1-7.

Heavy metal concentration

in sediments from

Gwangyang, Southwestern coast, Mokpo coast and

study area (Unit in ppm)

Mn Cr Cd Ni Cu Zn Pb Reference
_ Cheon et. al.,

Gwangyang 909 67 33 19 95 35 9000
South western _ Hyun et. al.,
coast 480 67 37 19 86 33 2003

311.
Mokpo coast - 954 - 74.16120.7 15.64 Na, 2004

8
Study area 429 41 0.08 17 7 50 27.51 This study
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2.7.4. 3 E9] REE #H &

A9 HHgo UF NEFYLRE) ¥4 A%, FIEFALY
AHERAzNN F& BodolE J1F FFHE Behis, Eush Tool

% 2-1-8. AAY I EF &
Table 2-1-8. Rare earth element (REE) concentration from each

station (unit in ppm)

ST1 ST2 ST3 ST4 STS ST6 ST7 ST8 ST9

La 25.1 249 224 224 24,1 18.3 21.8 20.9 30.3
Ce 50.1 48.7 49.0 44.8 50.6 47.1 43,5 41.8 61.9
Pr 579 5.71 5.36 5.20 5.46 4.56 5.16 4.90 7.15

Nd 20.5 206 19.9 19.1 19.8 17.0 19.3 17.9 25.9
Sm 3.83 3.92 3.78 3.57 3.83 3.31 3.74 3.41 4.95
Eu 0.70 0.78 0.77 0.72 0.80 0.58 0.64 0.68 1.00
Gd 3.11 3.18 3.22 2.93 3.25 2.74 3.17 2.71 4.28
Tb 0.44 0.46 0.46 0.41 0.46 0.35 0.42 0.38 0.65
Dy 2.38 265 2.61 2.3 2.63 2.01 2.34 2.15 3.85
Ho 0.48 0.53 0.52 0.46 0.52 0.40 0.44 0.41 0.76
Er 1.3 1.50 1,51 1.29 1.52 1.156 1.26 1.20 2.24
Tm 0.20 0.21 0.22 0.18 0.21 0.16 0.17 0.16 0.33
Yb 1.26  1.47 1.44 1,24 1.41 1.16 1.16 1.09 2.08
Lu 0.19 0.21 0.22 0.18 0.20 0.18 0.17 0.15 0.30
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Fig. 2-1-12. Rare earth element patterns of sediments from

different station.
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2.7.5. 7] 3% $& 4%
2.7.5.1. ZY Yl pll/Eh 7 ¥}

A7)k FEE FEAFAA Atz SR (Eh)E 27]
548mVoll A} AA]H o R 358mV7HR] ZAEHJLCH, 2F FREE ASHOR
et HFHoR 41mVE YeEhT. ddx 9 ASIdAdHAENE
Z7) 495mVel A 16F % 364.7TmVE ZASATH(IHE 2-1-13).

A7IAEZ(EC) & 4Hstel ez 25 & Wgrt sdden, $4
5= Mgz AoA 27] pH=7.6, 165 & pH=8.52 Z7/Igt}. SIzA
AE z7] pH=8.501A4] 165 & pH=9.42 F7IEHAT.

® 2-1-9. A% o) A7 Aol FE 20| LAY, A3PAAY, L% 2
AN AEEH 3}
Table 2-1-9. Variation of pH, Eh, Temperature and EC in the

column as a function of time

Reaction Oxidized condition Reducted condition

time .

(hour) pH Eh(mV) Temp(C) EC(ms) pH Eh(mV) Temp(C) EC(ms)
0 7.6 548.0 21.7 22.8 8.5 495.0 21.7 22.8
6 8.5 476.6 20.9 22.8 8.9 482.2 20.9 22 .4
24 9.2 397.7 21.9 22.3 9.4 405.0 20.1 22.2
72 9.4 372.6 23.0 21.6 9.6 408.1 22.5 22.0
120 9.6 368.8 23.2 21.3 9.6 380.5 23.1 21.9
168 9.3 358.6 21.6 22.0 9.8 344.1 22.0 21.7
336 9.2 405.8 21.4 22.7 9.6 414.3 22.1 22.6
672 9.2 415.6 22.7 23.1 9.6 347.4 22.6 21.5
1344 9.0 442.8 28.1 29.4 9.3 400.9 28.2 22.0
2688 8.5 419.3 28.9 20.0 9.4 364.7 28.8 20.7
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Fig. 2-1-13. Variation of (A)Eh variation, (B)pH in the column as a

function of time.
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NG A}, o]

en, olF AEHA FdH(z

A= 672412 7+K) 0.001ppmo]3t2 A E
Y 2-1-144). ZHES w2 {9 FASF JF(E 2-1-10)9A A3k

e dae ofyxwt £4 ZAx Z+zb 0.001ppm, 0.008ppmeldtz HEH
TH2E 2-1-14B, C). 7I=F2 7] 6A77HA a9E FASF71F &
TE 23y, A&EFHoR ZAaste 336A1F FAF Fole= 2 0.0007ppnl
2 ZAEATE. 2,683A12F T Jt=gY FEE 0.002ppnlEA] AEE H

T A%e JEiAT d9E FESHVIES 2FEA eI d

® 2-1-10. |98 S5 2ol ¢ A FTTIIE (FFFLAHE, 2002)

Table 2-1-10. Regulation of seawater quality (heavymetal concentration,

MOMAF)
Element As Cd Cr Cu Pb Zn
standard
0.05 0.01 0.05 0.02 0.1 0.1
(ppm)

old Aoz #ATHH,

AAFSt Qe dlgee) ol FEE 0.19ppm ©)H, Aol B FHEHA Fa
Hol FF wovt Ats, 39 27elA zZH2 0.07ppm 9 0.01ppml Z Fa
SATHIE 2-1-14E). AFL Aol ZAFHgte] we} &Fdo] 7o
336A12F Foll= ol 0.1ppm7HA] HEHALU, olF HA gaste s
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ASF 7]F0)32 WolAH(2E 2-1-14F). & BE ZAA 336A17
7 Fof 0.06ppm7tA] ALEHUA oL, o]F 0.002ppmol 2 FAHTH(
Y 2-1-146). EE2d3 vES 336417 & 242 0.02ppm 9} 0.12ppmO. 2
MAs Frtste AFoZ Bou, 6724 F HEHA FAtH(H
2-1-14H, 1). YA 672X 744 Atstep sz EFolA 0.01ppm7HA]
Asatgl ot olF 0.002ppmolatE At ey 2,668A179] Y

SEE 0.02ppmoZ Ag2HE AFE YeEpd(aH
-1-147). FEle Ash, 3 2ddA e e AEFE HAT. 2L ¥
HE 0.0lppmo]8t7kA] Zradiit, 168X olF A&EEHO FF HEJ &
TEG. Az AEE 1,344432F 5 0.03ppm7hA] S 7hsk, 2,6884) 2
0.000lppme & Z+A3le s FAFHEE IR Fevh. 28y

= s
FdxAe AlgE 2,6838A7F F 0.03ppme R F7tete] d9EH FASFF]

Fg AP H (Y 2-1-14K).
249 AF, NEAT WE FES §F FAL dadE U
mE pHet

2
FFe HAETH ot Astsl BARANA HAF-2E 5o
=

Ehsle] gafol] 71U Ao

- 213 -



As

0.05
.‘T"-' 0.04 | — Oxidation
g, —m— Reduction
© 0.03
F
£ 0.02 |
o
c 0.01
o
Q

000 Muny o . . —— " . " -

1] 300 600 a0 1200 1500 1800 2100 2400 2700
Time(hour)

(A)

I 2-1-14. A7) w2 ZHY F359) szl (A&, (B)2EE,
(CO)33, (D)ZI=F, (B)eldd, (A%, (O, (H)EYr,
(DO¥ks, DOV, (K)74.

Fig. 2-1-14. Variation of Concentration of heavymetal in the
culumn as a function of time. (A)As, (B)Co, (C)Mn,
(D)Cd, (E)Zn, (F)Cr, (G)Pb, (H)Mo, (I)Ba, (J)Ni,
(K)Cu.
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X 2-1-11. A7} A3} o} & A3FL A9 9 pH A3}
Table 2-1-11. Eh/pH variation by leaching of ash block as a

function of time

Sample added hydrochloric acid added ash block after 6 hour

pH Eh pH Eh pH Eh
Ash-1 month 5.91 696 12.44 214 12.49 206
Ash-3 month 5.91 696 12.34 205 12.50 225
Ash-5 month 6.09 697 12.29 247 12.42 243
Ash-7 month 6.09 697 12.15 240 12.33 234
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0.006~0.008ppmo. 2 o] &3] E=rr)

w2 8% TEE BAY. FEe deg vhgrzte] Uidd Y A

0.004ppm.E 7} #A WElen, I 99 AR

A& 0.002ppme 2 #HHE FAFF7)FES 0.02ppm ©]FE YEMRETE. o}

o] &% wEE 59 v Azko] 571 A IAIZFA] 0.002~0.003ppmo] H

s oke] wkgAlzte]l 7Y A e M3 EE4 0.0lppneE F71EHA

. 2y olE FEE ofdY Y F#dF37E 52 0.1ppnEt @

0.0lppmo)&tZ &&EF 3o,

T WwhakA 2 AME3 EF0lA 0.003ppnlZ JHE Eth. HlAa% =
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Fig. 2-1-15. Variation of Concentration of heavymetal as a

function of time. (A)Cr, (B)Co, (C)Ni, (D)Cu, (E)Zn, (F)Pb.
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Aers] 859 TH% sEv o] v AZH(L, 3, 5, 7 7HE)l
w2} FE=29.74~110.26ppm (BT 70.36ppm), ©}A=103.59~210.36ppm (H
7 181.00ppm), FLE=13.78~28.86ppm (H7 21.42ppm), LJ#=35.86~
43.13ppm (HIF 38.16ppm), T-8]=27.87~66.20ppm (H 55.02ppm), H]A
=3.54~13.26ppm (3 8.28ppm), 7+=%=0.11~0.42ppm (7 0.32ppm),
=16.65~33.37ppm (F 29.96ppm)¢]TH(IE 12). AAAHo= & o 52
AIZE Aol wpet ghgo] Ao g FrsteE A¥E Zon, 1 99

sEe FY WS Yeh) g

llud

X 2-1-12. %3 5 U F5% 5= :ppm)

Table 2-1-12. Heavy metal concentration in ash block (Unit in ppm)

Reaction time

(month) Cr Zn Co Ni Cu As Cd Pb

0 29.74 202.09 19.15 40.01 61.22 9.37 0.41 33.44
1 66.63 183.15 16.75 38.55 54.61 8.33 0.38 31.99
3 62.43 200.80 28.55 35.83 66.20 6.91 0.29 34.35
) 110.26 103.59 13.78 33.29 27.87 3.54 0.11  16.65
7 82.74 210.36 28.86 43.13 65.19 13.26 0.42 33.37
average 70.36 181.00 21.42 38.16 55.02 8.28 0.32 29.96

- 225 -



Ae3] E59 AAHA
2.7.6.1. A3

2.7.6.

93 8% 4R

Fig. 2-1-16. Photograph of cutting section of fresh ash block.
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a9 2-1-17. 493 &5 231 A (A)DA 8 24, (B)2/Y A3
Aeks] £F2] 29, (O)571Y 7o A3 &5 %

Fig. 2-1-17. Photographs of ash block surface. (A)Surface of fresh ash

block, (B)surface after two months reacted with seawater

and (C)surface after five months reacted with seawater.
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2.7.6.2, AAANZE #F A3

Aed] 253 sjaete] wkeol 98 zA3) spskxAe] Wl B 2A4E
o) AY oFE seotetr] Hsid FARAAATE(SEM) #F3 A EDS
(Energy Dispersive X-Ray Spectrometer)& ©]-&3% 3a4& w3,
AAEN Y B2 43, &5 59 5o 221 FEo] F3% Aol #EEH
o 22} FEQ A4S @Aty Yste] SEMo A 3,0008] = %
o 3 2% 35 el FE3 B AYE e FEs ddit(ad
2-1-18). EDSwAA} 2xhg=2 544 (Mg, Fe)5A1(Si3A1010(0M8), Y
(FeO(OH)), ZF2.2lvheo] E(A12Si05(0H)4, ~ElH}o] ENaCa(Al85i28072), E=u}
o] E(Calg(C03)2)9] FEZ o FErthay 2-1-19). °] AFE EDSEA] o
3 4 e Az Rddd 9% oagE A ZHE vgsta gt
(2% 2-1-23),

olt
>
rsu

o
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(B)
2% 2-1-18. 493 25 o) T3] 2494 (SEM) A3 (A) 715E
2

A E, (B) = FA 725 2 23 A E.
Fig. 2-1-18. SEM images of secondary minerals in the pore space of
ash block. (A)Secondary minerals of the pore space and

(B) Tabular and columnar texture for the secondary minerals.

- 229 -



Clinochlore

Goethite

(A)

Dolomite

e

(B)

- 230 -



R 31 £ i ‘ o ' .
- Kaolinite
Stilbite
i 1500
10008
500
i‘*‘*’ Aulbl a
R 7 e B e R F S 7 T S R
(€)
Calcite
40013
X0
Mal
it 0
o R T R T e R 77 e~ T Saataaas T e aii < I
(D)

a8 2-1-19. 2z 3Ee¢ EDS #A #ZA3 (A) clinochlore, (B)
dolomite, (C) Kaolinite, (D) calcite.
Fig. 2-1-19. EDS analyses of secondary mineral phase (A) clinochlore,

(B) dolomite, (C) Kaolinite, (D) calcite.
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2.7.7. X-A 33 ¥4 245

X-A &4 24 A3x XEIdo|E(portlandite), HalAl(calcite), =
Zrlo]lE(dolomite), A% (quartz) B3t diH o2 HE&sA AEHUS
(29 2-1-20). YAIFoNA 4.23A9 ZTEHAUCIE, 3.03A9 W4
Azt Adx g7 AEEHAeH, SALE T EFHAUE MIZEAY
Z3 A9 32 Aste YA BYES HAHA FUt. Aot whgE
ety EEoME 4.23A9 XEUTO|ES] HIrt AA ATFHIILH, 3
FA7A 5719 TREE 9.78A7 7.73A9 FEJ} PAHE AL AT £

4

o] FEo] 22 FEZ AAT Ao=R AAIT. =g H5IA sRdY X-
A Fd B AFgaEs 2.88A9 E=2ulo]lE ¥3rt AEdgoed, o
A Ngol s Faide] EZuoER AAHEE EEvto|EY 2Eo
2 BAE E2rlo]Ee A & U o] EA AW ER2ntolEY 27}
AZ AL ¢ Yrt. SErtolE 37} 5799 X-A FHE B Ao
g el AL ksl 9 233E FAdo] ofd A o o] &
AR EZnlolE WAz wadd,
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Cal: Calcite D: Dolomite
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it Iy - o " ik
D D Smonth
e insimnd VI SRR TP
Gmornth

it i s A bl L el .

S 10 15 20 25 30 35 40 45 50 55 60 65 70 75 @
a9 2-1-20. 93] £3589 x-A 34 £4 A5,
Fig. 2-1-20. X-ray diffraction pattern of ash block.
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of AdNoR AAH ] Fezrol BEHsL Gl ASE BTHTH A3+
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a3 2-1-21. Ae3] 534 vhg E9E 2F(257C) . ieA Rl wE 5ol
9] =g st
Fig. 2-1-21. Result of calculated ash block-weawater interaction
at 25C. Aqueous molality of anions of aqueous

component species as a function of log added grams.

2d® ZAstoAq wtgo] aPHe] wel ZAPE, JF2LpolER 23t
B0l AARAS BoFo(ad 2-1-23). HUA, Zglwolulgole, 2
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I
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& T3kl HAEE FA7.

Al3+ + 3H20 = YAFolE + 3H+

Z710l BEHE HAPIEE o|F 8 A&ZQ Hto] WER A3t pHrt 7
Ago] wel pH Wale WE SF E(solubility)d] WHIE Q3] =& RA
2 A& Aot AlolEQ A HFo] Al wel Bk we pH 370
A AT FE Tt EY o] wAg

2A13+ + 2Si02(aq) + 5H20 = 7} gL }olE +6l+

2da9 A3} da whgo] o3 544, S xoluElo]E, XHulolE,
A, HALIE, 7ty ES FEo] FdHNeH, T35S 7T

s
FES AAHA F2 Ao=E #PHET,

Na” Mg** cal

>

=

E -4 /.
g s'°2(aq)

S 6 A

8 Mn” /

=3

g s [ / / Fe2+
o

(]

-1

-6 -5 -4 -3 2 -1 0 1
Log added gram of ash block

19 2-1-22. A&3] E5-d4 ik 229 A3H(257T). AR wE
ol 22| 3 s},

Fig. 2-1-22. Result of calculated ash block-weawater interaction
at 25°C. Aqueous molality of cations of aqueous

component species as a function of log added grams.
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kaolinite

goethite

Log gram of secondary species

6 -5 -4 -3 2 -1 0 1
Log added gram of ash block

I 2-1-23. Ag3] £5-35 uk3 299 ZF}(257). A2 =&
223Ee] Firek A%,

Fig. 2-1-23. Result of calculated ash block-weawater interaction at
25T. Abundance of secondary minerals of aqueous

component species as a function of log added grams.
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2.7.9. Ag3s EZ9 FFHsS

4 QAo elg Aus) 2%e) FRwsls a5 BHNA e 4

o} g3k Agrs] EEL senkg el 5%(490.08g) Eth 9.40g
499.48g0 2 2% 712 B, 2709 Bt St vhSd Meks BEE
3RS H o] F3(442.55g) K.tk 16.66g Z718te] 459.21gE ey
2-1-13). o]gldt ZF=eo] WaE 105C 24417 ARAA FEx] ge 1

HE e <

£

o|X

7t

flo o

32

TH(

o

o] T &3 22FE I A% FHFRNE AZdu. o)HT A

= Ags 220 di4 A4 g8 A5 YR} sl 449 23
%

£ 2-1-13. A7t Wi 3}e] w2 M ets] £59 FF W3}

Table 2-1-13. Weight change of ash block as funtion of time

Before reaction After reaction

Reaction Time

Rate of change (%)

Unit in g
added hydrogen peroxide (Hz02)
346.41 347.09 0.2
exposed to seawater
Imonth 490.08 499.48 2
Zmonth 442.55 459,21 3.63
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AEA Y

2.7.10.

4

A o2 Eoh(E 2-1-14).

AskA o,

(Kwon and Lee, 2001)X.c} & X 3}A Wi, Sung and Lee(1993) Z Jeoung

et al.(2004)°l &g AFAe} v =8 JehyATt.
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E2-1-14. 8% F2% A7 oA AR oI5 W) 334 55
(29 :mg/kg dry wt)
Table 2-1-14. Concentrations of heavy metals in the sampled fish

(unit in mg/kg dry wt.)

Date
Elements Organs
17th Feb. 1st April
Liver 1.74 1.2 1.2 1.8
As Meat 1.1 1.6 0.1+ 0.2
Intestine 0.9f 0.8 0.2£ 0.3
Liver 1.7£ 1.8 0.3t 0.7
Pb Meat n.d. n.d.
Intestine 1.6+ 1.4 1.4 2.9
Liver 2.3+ 1.8 0.1+ 0.3
Hg Meat 0.3t 0.7 n.d.
Intestine 1.5+ 0.8 n.d.
Liver n.d. n.d.
Cd Meat n.d. 0.4t 0.6
Intestine n.d. n.d.
Liver n.d. n.d.
Cr Meat n.d. n.d.
Intestine 0.1+ 0.2 n.d.
Liver 0.2+ 0.3 0.0+ 0.1
Ni Meat n.d. n.d.
Intestine 0.2+ 0.2 n.d.
Liver 7.0t 3.3 23.3t 9.9
Zn Meat 2.1+ 0.4 5.1 4.1
Intestine 1.6+ 3.3 16.0+ 6.8
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o}z @7 Ao o]gHE Muts] E=o &4 AAA Bkl dE 4
FANE a%ed o3 2.

h AZBESATY, {FAE FEO0)E  5.5mg/l, AStELA
(Eh)=600mV, FF240]2%5 X (pH)=8.0 olt}.

(1) HHE9 dxE 93¢ FHT UBA HFHE0] $AEA g
FEol A% A9dE

(th) ZANY HAHEY $3& dF F AFL A 6sppmolld Ha
32ppm, ot A 82ppmollA A 32ppmolth. TIAEE Hdi 106ppmell A
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NZHZ Z78tgth. F3YEZAL %27] Eh=495mVollA] Eh=364.7mVE ZA3%
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Fig. 3-1-1. Manufacture of artificial upwelling block & Scenery

of open storage yard
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Fig. 3-1-3. Type of artificial upwelling block
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Mo} FAAE Aste] AN FTEgez g

E 3-1-3. A3 #=AE 54

Table 3-1-3. Core picking compressive strength measurement

Z B A8 1(kg/ ) A8 2(kg/ cnt) A H3(kg/cr)
ZARE 257 202 209

2ol AT 268 211 218
A A 232.3

E 3-1-4. V| ERW T o] & A5 E 574

Table 3-1-4. Schumidt hammer compressive strength measurement

T ¥ g3

B HEAEER) 30.6
B3 whdA = (RO) 33.7
&A= Fik(kg/ar) 254.1

A WM z2A71s st
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Fig. 3-2-1. Production process of artificial upwelling block
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T2ES AXE ARLE AR dEEdA SEAHToRE oF Tk Eo
A gRoz HEE N 34° 367, E 128° 30708 <AL 54m~ 64mo]th
(28 4-1-1). 2005 84 AZ7]All N 34° 367, E 128° 30 & "ol A
FYPH 2F BSAY 2FE AT sFo] AMAHNY EF, FF,

AZzo Al A& 242t 54.4cm/sec, 52.0cm/sec, 46.44cm/secE FA}

4579 EE29 AL JIE Im, AE Im, ¥°] InE 7H HFHAZ
{57 B2 MAFL 1x0AE 6,2157, 23PAE 4,8007) o]},

AT F2RE JHs FREY IBAHE HAstd ¢ B29S 4FFH
gdom, 20006 ~2002d0] FHH 7%
z o] §%7%A7} hs/h=0.34 u
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1FE T = 6,215709] E2(1x 1x 1Im)-S N 34° 36.000°, E 128° 30.00
0'9 X FE3Fst To] 18m, ZF 45me] YFFHZ MAAIH(ad

22pdz o] AT BEE & 4,800700l0 =FH9 F wEH(EAM)I 94
45 TEREY FFo] F3o] HES 7] st 2xbdx9] TR

4-1-5 3} 7o) N 34° 36.020°, E 128° 30.006 =] Hel F3}3}c
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Fig. 4-1-1. The Map of structure installation
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Fig. 4-1-2. Scatter plot of current with the depth of the mooring
site St. B(N 34° 36.020" , E 128" 30.006" ) in August

29~30(right), 2005.
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Fig. 4-1-3. Three dimension and two dimension of final structure
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Fig. 4-1-4. Image of structure(three dimension).

- 259 -



N 34° 36 027°, E 128°
30008

B

3
[<)
-
A —
N 34° 36 000", E 128°
30 0007 e
9o
a
—y
w =z A
B

18

15

45

¥ 4-1-5. 23095 AR AF dEx,

Fig. 4-1-5. Plan cross section of structure.
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Mooring

39 4-2-1. A Fel A Fi7pA] ] FAHE.

HH(OFEZE)

Fig. 4-2-1. Process of structure installation.
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¥ 4-2-2. k&7,

Fig. 4-2-2. Open storage yard.

a7 4-2-4. &, % 4-2-5. 7171 L QA

Fig. 4-2-4. Ground transport. Fig. 4-2-5. Floating crane and tugboat.

% 4-2-6. A4, 1% 4-2-7. A<,

Fig. 4-2-6. Shipment. Fig. 4-2-7. Check of shipment.
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a8 4-2-9, AR,

Fig. 4-2-8. Marine transport. Fig. 4-2-9. Mooring Buoy.

% 4-2-10. A, a2 4-2-11. 3},

Fig. 4-2-10. Band of blocks. Fig. 4-2-11. Dropping.

% 4-2-12. GPSe] v &, I8 4-2-13. sEsk= 2 12 (HYPACK).

Fig. 4-2-12. Beacon of GPS. Fig. 4-2-13. Program of marine
survey(HYPACK) .
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Fig. 4-2-14. Dropping method of block
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Fig. 4-3-1. Air view and systems of Side Scan Sonar.
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Table 4-3-1. Specifications of Multi—-beam Sonar
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Fig. 4-3-2. Air view and System of Multi—-beam Sonar.
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Fig. 4-3-4. Side Scan Sonar's image after dropping(blocks = 3,208).
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Fig. 4-3-5. Side Scan Sonar's image after dropping(blocks = 4,800)
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Fig. 4-3-6. Image of structure(two dimension).
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Fig. 4-3-8. Image of structure(three dimension).
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