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Abstract

The value of beauty and the resources in the southern coastal sea is most important not
only ecologically but also economically in Korea. Since 1980s, intensive use and consequent
coastal water pollution have caused an increase in the frequency of red tides outbreak in
this area. In this study, seawater and sediment were collected in summer and winter of
1998 and 1999, respectively. The status of seawater eutrophication, sediment oxygen
demand(SOD), and nutrients release from sediment were measured. There was an
obvious trend that COD and total phosphorous concentrations of summer sediments
obtained from aquaculture farms were higher than those of winter sediments. It was
concluded that sediments accumulated in the shellfish farms of southern coastal sea caused
oxygen deficit in the bottom layer of seawater and played an important role for
eutrophication.
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Fig.1 Map of Sampling Site in Southern coastal area

® : sampling site of seawater @

: sampling site of sediments
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Nt Aoz FAHEAY. B9 £ vz
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oAz, HAES wEx uidelA o dmAER
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o DO 32 dAS AAE Fu AlgsA
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Fig. 2 Sediment Oxygen Demand reaction chamber
used in laboratory experiments.
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Table 1 Average concentrations of COD, nitrogen and phosphorus, and TSHtrophic state index) in the water

column in 1998 February and July 1999

COD | TIN |NHsN | NO.N | NOsN | TIN | POP | POP | ..
(mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (#M) | (mg/L) | (#M)
VIV Ms:;“ 55 0774 | 0244 | 0007 | 0523 | 2267 | 0023 | 024 | 9
n | Jinhae 33 0475 | 0110 | 0088 | 0277 | 1265 | 0015 | 016 | 2
t bay
e
o | coastof g, 0256 | 008 | 0002 | 0169 | 768 | 0008 | 008 | 06
Tongyoung
s | Masan 86 0681 | 0249 | 002 | 0356 | 2058 | 0028 | 030 | 16
u bay
m | Jinhae 5.4 0466 | 0116 | 0007 | 0343 | 1234 | 0020 | 021 | 4
m bay
e
coast of | ¢, 0583 | 0062 | 0006 | 0515 | 1183 | 0012 | 013 | 3
T | Tongyoung

* : Trophic State Index(¥ < %32 4)
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Hol et o F AR FHUS S
°le] BHEFEEE Table 19 veEhugth AddEE TSDE Hrbst:E A7 94 F RBIHN972]=
apatvke] g FF1E LS dAER v=Y A sG] FAGE AREAN HARE °%*\?3-‘E ]
A4 Wart 3 Futh 131‘4 S o] AbAlE *d TERE 1Y FALGEE BAHIYT 2
e FTEAe JEe FFEA, dAEY T 7] AL A AE2FY MELY 1,000 cellsy/LE
Z7F AgRT ?ﬂﬂE BEgE HaeH 53] o9 BAZ2 Fod FERFA EIE B2 083
Eo] ALol uia FF7)A27F 24, Ao) 158  mg/LCODEA 10 mg/L)E 71§22 £&F7A
z713he Byl AF 714pM, Q4EL 048,MS FdF3A ¢
e FE7HEA - QNAEA FEREE AEYE, 12 3o Husdg
AFPEZ o7ty Aolvh Jou AAAQY FRE
ohal - vkl TRl BEALRY U &2 &, RggE=
AZE F EREV|A 2 HY s FPALY
AL AFEES} 0256 mg/LE A FEAT o) COD(mg/L)XDH\g( Zémem—P(#M)
AZ 04 mg/L ol4e FAste FxdA dAF '
=01 mg/L)E 84 z#stn glo] g +#4 o] Ao o3ty ATEHAe HAAHAFE A
NEoz MEgdd digstAh AR EE olabne] A= Alde] #AGlel B9
daef EAFHERe Ay diel FEL guxe 498 ¥92 & F AR 28
7HE w=RT, YRYoHY Hae FRIXE 006 Asute AeE G2Hol AL Hstd R
~ 025 mg/liz ABHEE F Hol& BYSH vh g4} 77 AR Fobele A%E HA
Abet dimtolu &7jof 23 dgkg W A AMAR #A37t S & F A} B FEA
=A YERRE ore ALolw RUFyl AP kAT o
AxHI Y HFHFFEE 0008 ~ 0028 mg/l =Zoi= sde] sz AsA WYL o 3
2 H2EAARAFE0015 mg/L)EA XS 9
BAFE1 Qlow sildgy FAV|Foz] & I HHE2S A A dF F A2, 9 3%
58S YEHA o] &3 A= Table 29 2. dursfga FA3
At o] FdUd=(Trophic State Index, =% s 2myl HLMTl 2o =gon
Table 2 Nitrogen and phosphorus concentration of seawater by different uses
Site TIN(mg/L) PO4-P(mg/L) N/P ratio”
Winter Summer | Winter Summer | Winter Summer
A (mussel) 0.073 0.661 0.004 0.020 60 : 1 951
B(oyster) 0.100 0.709 0.003 0.030 54 1 128 = 1
Aq“:::;t“re Cloyster) | 0.494 0.360 0.012 0018 | 171:1 49:1
D(oyster) 0.110 0.682 0.005 0.039 103 : 1 211
Average 0.193 0.602 0.005 0.027 71:1 721
E 0.461 0.378 0.004 0.012 88 :1 58 1
¥ 0.405 0.496 0.004 0.026 55 11 711
others
G 0.461 0.447 0.002 0.020 751 53 :1
Average 0.442 0.440 0.004 0.020 74 .1 60 : 1
Masan harbor H 0.661 0.758 0.012 0.028 103 : 1 83:1
Se“’ai‘;e‘;“tfans I 0930 1173 | 0027 0039 | 205:1 131:1

* molar concentration ratio
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12 Jehd Ao 2 N/PH|ZF 16K 2 Ax
A FALSFEF AA Frldddrg SR n
2 Qo] A& EFaEY AAAT Az HA
L=,

16325 Fo® Wit ARATAAT o
Aoz @A AHIYFAAFA [199),

Mitsumasa [1996], ©] [1997]). &A}717F &< N/P
e 168 ZA ZFslg e (Table 2), o181& 4
e 2ARAY B3], FAF siFe HEEHIE
AZARIAE AdE & F Ak ol IFHF
AR E91995]0] AsE AR GA AFelA
ZAM S AFet YA g

olxd YT sldo] FAFo] e AN HY
Erh da, R &S olf T e A
2ol AT FA AL FHFot ZF gl A
Aoz oF3t o] A3H FANE jHEY
dAA7|7E A7) wEel UGN R HIER
A ARSFHFSHFAR T (1993]). 7120 A
e AFH HHE Uy /71ES ARE &
HEHA BaEo] Fata T8 AL Ay A
gdo. on HAE A T gERYols}
Jiad9 FEE AsA7IY EEF, 883 agn
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qt
ra
fob

BEEH ARZe o8 FFEoR ALE FHo
Ak,

32 ANF HH29 RIS

Table 32 4 AFolM Addz qHFE HH
WY f71E =& 24T Aot HHEY
YAl F 7 5 BE¥E ot @
T AAT AR A4 F #718(COD,
TKN, T-P) &7t = o FHU &
8] COD% T-pel 4 Felatn
TKNS 7Z$ H=g =& Uit A=
FARH egFEF] g wx FE] M Y
2oudd R - s RS wad w,
¥ edHdey 4

_,,
N

do

oY)

&

o

nze] 24 HYE #ov]
F % CODY A2 = @ud o Jajodcte) A
Eo] nonpolluted® FEHALY < 7FEFEER
#ad w EHY HAEL heavily pollutedZ
TEEch Y9 CODS HwE uf oFe] vpitg
% 3} - #Hg BRAFY HHEL pollutedZ T
HAw ole Zriuic} trE dd 5 e Aot
o] BAol 9sle] Aozt Ue RAoe: AZHTh
COD9] 7% oj&c] A&z vlmsld 58] o] =
o FASHE A8 FAAIRITHIN A
A% 294A" COD 71F 20mg/gel THSFAY
Z233S o F ook T-PY AS oA24 AHg
&g ¢ %7} 2~3 mg/gl®E AL
vgte ¢ =22 o4 5 Ut
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=
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Table 3 Concentration of COD, T-P and TKN in the bottom sediment collected in February 1998 and July 1999

COD(mg/g) TKN(mg/g) T-P(mg/g)

Site winter summer winter summer winter summer

98 99 98 99 98 9 98 99 98 99 98 99
A(mussel) 30 20 120 90 066 045 029 043 03l 013 28 255
Aquaculture B(oyster) 34 30 320 190 052 047 023 050 016 007 238 201
Area C(oyster) 30 72 176 300 051 05 027 036 004 011 264 265
D(oyster) 20 20 168 110 070 030 033 043 009 005 207 25
Masan Harbor 193 224 420 270 041 059 037 057 010 020 295 288
Sewage Outfalls Area 430 352 320 390 066 08 033 094 010 011 309 323
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33 B&M GNMEO| L3 Fu
F2o] 15~20T¥

i Fagde] AS JhEHE
Y NH,-NZBHHZ H¥ 44 mg/ind - dayd) 94 E
& wiAdetn Bas3 vh(Ji Rubao [1996)). *
3 EYPFAATYY) AFRR(1991]0) 9N 2
1 AAFE K712 16
ton/day 2 Fa o] ol A 228 mct 7uint
By Budy glon FFAFre wjaE
o ok YEFEFH0] g olF & 20~30%7t
FAAIA ofefel] A% - YT Bmgrc
FARAME  wjHEe]
Table 5914 ZAl® wWlMdEad & Fule A3ZAw
& upgto @ Table 6ollA 34 FAAWE] WA
o] ogh QFEA Ra#Ee AEHT) 1had &
e xug BEFatde Fx5adzd B
o] £ x BFZNG MAF X BES =had RAF
(1.988x 105705 42)7F b5 1 had WA 5ol A A
o WMESS B haW WAEFo] AEHHc)
o) 7h&dl ok 20%7 FANM Woew HHHE A

ARgge

o
Y W o

o)
)

o2 JHEE FAolgo] wed FAAMFAH
H-222842 ha, TH676 ha ; FAAS-Z:363
A, 314 )Y A AFEAAA B 9
3 e@xs¥L BOD, T-N, T-P7} z&Z 213
kg/d, 7.85kg/d, 9.17kg/d2 A At}

Ay A% P4 A BIsdelE o 68
E/de] WA o] 235kmel] HASm, Nare] A
Sole oF 64%/de] HHEo] 142km™e] P4 Fol
AHa A5 fEol 9 A4 Adng A
Aoz pokst Aty dgHAEY = .3 &
N watael of 16w A vehd sty
F8 odee BN AF FAFYL ¢ & 3
. $AolA §UsE e@ReEY YA} 2
Ant A} dPHH nA= JIFL Q3|7 F
A SR Gage) Ak FPALY A% 2
0.33kg/km” - d, 2 0.39kg/km’ - d.& vElytc}

b

34 EH 22| SOD

ZAAHE 2] SOD ¥£X 9 §FEL Table 73 2

Table 4 Guidelines for classifying sediment (mg/g)
Moderately Heavily
Parameters Nonpoliuted Polluted Polluted
Volatile Solid < 5% 5% ~ 8% > 8%
UsA COD <40 40 ~80 >80
TKN <1 1 ~2 > 2
Phosphorus < 0.42 042 ~ 065 > 0.65
COoD Polluted : > 20 mg/g
Japan
Total Sulfide Polluted : > 0.2 mg/g
(Giesy, J. P. and Hoke, R. A. [1990D)
Table 5 Excretion amount of shellfish(Oyster, Mussel)
Cul Research Range Average Davs of
Oruatnuirs; References Period (mg/day/ (mg/day/ cult{x Sri::g
g (months) ind.) ind.)
NFRDI*([1991)) 10~2 64.7~82.7 74 June~next year
Oyster Kusuki ([1981]) 6~4 42~ 287 110 April
Havens etc. ([1966]) 5~10 500~700 270 (334 days)
NFRDI'([1991]) 10~2 30.4~63.3 52 June~next year
Mussel Kusuki ([19817) - - 68 April
Havens etc. ([1966]) 8~4 14.3~149 60 (334 days)

* | NFRDI - National Fisheries Research and Development Institute
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Table 6 Estimating of shellfish farm excretion rates
Parameters Oyster Mussel
Excretion rate per individual 74 mg/day 52 mg/day
Long lines per rope 142 ~ 200 142
Ropes per ha 17 ~ 20 20
Bunches per line 3 ~ 40 35
Individuals per bunch 40 40
Existence percentage 50 % 50 %
Number of individual per ha 1.988 x 10° 1.988 x 10°
Excretion rate of culturing organism 209 of total excretion 209% of total excretion
Deposition percentage 10 ~ 30 % 10 ~ 30 %
(average 20%) (average 20%)
Excretion rate per ha 147 kg/day 103 kg/day
Deposition rate per ha 29.4 kg/day 20.6 kg/day
(T3 A+d, (1998])
Table 7 Nitrogen and phosphorous release rate, and sediment oxygen demand(SOD)
Parameters Nitrogen(TIN) POs-P SOD
Coastal area (mg/m' - d) (mg/m’ - day) (mg - O/’ - d)
Masan bay 615 165 847
Jinhae bay 300 3.0 718
Coast of Tongyoung 135 09 660
t} SOD+E vhibel 847 mg - Oy/m’ + d, A&t 718, o|F9 Ay A B2 A2E 878
mg - O/m1’ - 4, %°§ ¢t 660 mg - Oym' -d &2 wet HAF9 44 3FE of7] AlZlth Honjo
2 eyt st 33 Age] SODe 44 N9l st AFe u® FHd #71E9 &
g3 2Agge WA R ) S0l AT A4 @A) Fusdel G4% P A48T Qud,

ol FAF BN drzvE
4; B

SOD &#4x¢t A2 COD9
A4 AA Y COD F=7 &
A aFHE LT T
o AAZREY Fx, AT IFS
L BFIAE Foub, AW f/7
of 93 BaHo] A Qo] I L3
;47114 A3t - FAkEo] Ete JAFEAA FE

g Aad o] EFEHo HAEY I35 F
1—15401 FAsoz A3 AFor ojFdvn B
3l vk [1995]).

gAAe 2 Ao vlg SODZAAY I
24¢ £20] B¢l o) kAo AL} )
MEF e MEHAY §71250] A= HAEH
22 AFY Ve dFEFEY F=E I/

F7N7e A

f

drvelyd ALV AF FHFoz £FHY 4
H, o] d¥de]l FEFHZE FEIVE T2
B a3l

Ao o
3w

g & AT A g5 ALY FERL
ag, £3 SY9dotn FaAFo] A AHE F
Aoz Adadel Fx9 AdA Wz o F&
o 4 JATHFig. 2, 3, 4, 5). EF724: FEE
opibgkel A9 <l eiEvixlE WEsr 322 $2
wide] Ay BPAgS 1 AFF Ast A
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Fig. 3 Contours of Phosphorus during the
mer in Masan - Jinhae bay
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Fig. 4 Contours of Phosphorus during the winter
in Masan - Jinhae bay

Fig. 5 Contours of Phosphorus during the sum-
mer in Coast of Tongyoung

_31_

Fig. 6 Contours of Phosphorus during the winter
in Coast of Tongyoung

Fig. 7 Contours of Nitrogen during the summer
in Masan - Jinhae bay

Fig. 8 Contours of Nitrogen
Masan - Jinhae bay

during the winter in
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Fig. 9 Contours of Nitrogen during the summer
in Coast of Tongyoung
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Fig. 10 Contours of Nitrogen during the winter
in Coast of Tongyoung
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