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The Physiochemical Characteristics of Seawater and Sediment
of Marine Shellfish Farm in Jindong Bay
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Tongyeong 650-160, Korea

ABSTRACT

Seawater and sediment quality analysed was
calculated to examinate the present environmental
characteristics and pollution load was also calculated
to evaluate the effect of farming area on the coastal
environment. The measurements for seawater quality
demonstrate the coastal environment has relatively
eutrophicated with significantly decreased DO (0.2-8.5
mg/l) and elevated COD (9.6-31.2 mg/l) in summer. [t
was also evident that the water quality in Jindong Bay
has been influenced by residues tide from Masan Bay
with high metal concentration in August of 2002.
Annual total pollution load (land and farm-driven) was
estimated at 37,316 ton (SS) /yr: 9,809 ton/yr (26.3%)
of land-driven load, 23,576 ton/yr (63.2%) of coastal
sedimentation and 3,932 ton/yr (10.5%) of feces of
cultural organisms. When all ark shell seedling farms
are permitted species conversion to ascidian farm, the
poliution ioad would increase by 196%, which may be
another source for accelerating the eutrophication of
the environment in Jindong Bay.
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Ishekel 239 2e whow Ay vhabAl A4

9] Ak 5 47 "ol W3l glom HiF
A< w4 vk EA4E A4 Y
dlzRe] A 3 ARG o] PA=| v, wF
7% o)FAR1Y At W o] AEHo|on (Kang ef
al, 1996), 2% oFale] sl dHgez 53] Azl A
1ot gol #eleign} aey A2 At 2., FAR
A7ked 5 B3 89 g8 Hwd 452 Az (Kim,
2003; Kim and Hong, 2003; Kim et al, 1999) <} dl4kA
437 (Kim and Kim, 2003) 7} AlAos dAg w2
ckAlzke)l A o] "ASA hastn gick. HZele ol
ol12 wxAl, AFex] 9 9 P F4FHT glo
(Cho, 1991), BAH o] AA3lA Aslit FARLE FAUES
AL 23k gich

e g HAols iAok HAYER HgEel $
o}, HZoll 2% zEyo] MuEEA AAA F|EAFLR
W s gk AED FgA mtge 19773 5-E I
2 AgAe] ¥ A& AH o2 FelFig Ho] Aol
o] s A2g FAFFOR dhFH Uk 28, o}
712 wlely ofAlejgl e A|AeRiEe] #Poiger ZF
512) oFA A o)) 7129 FAAES diFste] ko] ol A)
Qoevg vinlyg FARlY] AE 9J5te 7]&e] A
o] Akl Z § AFHa] AR oFAEF AIo] g
A7 o]t}

vjtiE Foll @3k 97+ Rho (1968) o &3 35 T2 #
£33 A8y 9 QAF7] A (Lee, 1976, 1977) & 2
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7] 2 9 A& Eel 98 24} (Na and Lee, 1977), %A
71e7Neoll B3 A7 (Park ef al, 1997), A58 F3 =
2} (Kim and Moon, 1998) % =|5j9e] A& (Ahn et al,
1993; Joh, 1978; Lee et al, 1975) off T3 Rl gl o
w, vleg FAsige] £ gl AR 3l Bk n s itk

32 AFe 79 3G9 oS ) oy}
Ags o o]gL 7|Ee] Ay Aok Ate] oA EE
A 978k Sk Eu, sG] AE 2slR) ¢
< FAEF ABL & oE A Heleder 4y )
Ao gernz of gt Ay} As=ojor & Aojr}

o] A7 £AL A5uk siFFAgel 4 F+ &
HqEE dobsta, o] e gReere Agste dxe +4
I5ES Adsina) Aok w3 w@lF FAgo) njdy ekAl
Ao ARHGE A5 LQHEE dSsln FF A7)
A GEgE s

= A Uy

1. 324

AR 9] sopslsty #AE A3 8 12709 24
AL WAL (Fig. 1), 20024 7938 20034 19714
Y 138 73jo] AX FARARAE LAY L, G
E, T2l 2FE (pH) ¥ 4244 (DO) & dAolM 544
4%77] (SBE-19, SEABIRD) & %32% g F4 =3
AT, AL ARFE F 2AANN 2550} AES 2
liter?] Apste] AT gnlsle] EAsQT, FF584
Bpols A4S 2 mIAE F43190 ek g 7o

(COD) + WEA Adieidi o 43l ¥4
HEA (89 2 3 4% FAE ¥2 e
GFCA#} 4] (Whatman Co. Ltd) o %#3lo 80TCelA 24
A AZAA ko] & wo] FAE FAst FA Aoz
ARG o|F o] ARAFE 450T A 4475 7Hd
39 e 4AER71E (POM) Fo2 3igich
kg2 £4]& HACH Company (Colorado, U.S.A.)
2] whHo) u}2} DR2000 spectrophotometer& A3} u]
Aoz ZAslgc. gdrUold Ar (NHeN) & 33
655 nmejlA Salicylate method (#8155), o}ZAAAAA
(NOs-N) + 585 nmolA ferrous sulfate method
(#8153), AR (NOs-N) + 507 nmo)4 cadmium
reduction method, 314+ (PO4-P)+ 890 nmoll4] ascorbic
acid method®)] W} 72t F434le}. 4t (Si0y) & 815
nm©jA heteropoly blue method, 235 (8) 2 665 nm
o4 methylene blue methodo] =} ZAsgc)
Chlorophyll-a 32 Parsons (1984) ¢ uhi& ot}
T84 E4E T dl4= pH 45904 #7138k Aeo]
E: APDC/DDDC &) o] 93} v)]3A #7343} 313
2% 94Y $ 2228F (CHCl, HPLCR) o8 2233
ok 71Eel o3 29 AEs AN dBs ol&
stel 32 AxAR F AHEL 0.2 N 2484 20 mlo) o}
Al 4318 o} ICP-MS (Thermo Jarrell Co. USA) & #
Asidc). FAFEL =R (Cd), ZEHE (Co), 2F (Cr),
T8 (Cw), A (Fe), W7 (Mn), 3 (Pb), ¥4 (Sn) 2 o}
(Znye A3 FAFE 245 2F2YL Kanto
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Fig. 1. Sampling site for water and sediment qualities in Jindong Bay.
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Fig. 2. A map of drainage area influencing on the Jindong Bay.

Chemical Co. Inc. (Tokyo, Japan) ] 3&h+-48& A&
ARg3kgic),

2. A=A

ARz 200249 1295 20039 599 23]0] A AlA|
3Rk 218y 2AAA 7L A YR AR} E718E
oh A4S A3 ARARY AH e AF 3 em9 ZopY7]
£ o]83in, Ao R e 3 em A= AL AYFH R
Hste] APAR futsle BAsge). ZFdde L) & 55
0CoA 2N 7 7FE% ¥ S S8 (FE4RE4,
1985). AR 3}8k4 A4 e FF (COD) & LotelA Azt
AZENE A9, 0.1 N E|lRJAYEF folog o7
Aol AxAR 1 gol tiE CODE A4bsiic) £3318
(total sulfide, TS) & 331& 7| ¥HGastec, No. 201H)
< AHgEle EARiTh

3. 24N

$A o999 55 sy sfEidE R dEA)
AR} Yok stojelolol ¥ Bash vk 2ANGY &
A 719 2GR whAere wlEdE JAsE Au g g

A B3k Akt (Choi, 1991; Choi et al, 1992).
AFH e FHAGL gFo] FojE AYgo|mg Q& 5F
< 7|1EoR H43ck

zA1Y F49 F92E 23l (Fig. 2), +99] HF,
g7z, A7 @ 7, AA0 49 2 EASRASE
7t AT HHE ARl e QRSIF AR rlxAR
2 ARy

FAR 719 GRS Y A, FANE Y
g WA= e AAREEH $5%S 5t T3k
A AFa e FAA AHAZL Table 17 2o} kA7
o] A7AEHE Cho et al, (1996) ¢ TG AFutoA =
A 3G9 kA4 (10.3 g/m¥day)d WA (1.53
g/m’/day)9] B AAFE ALEAT, SN TS
2 60.3 mgf/individual/day (Cho et al, 1996) <, |t
92 55 mg/individual/day (Park et al, 1997) & z}7 &
31k widE F A7134 ¥ ©ae ¥R CHN
analyzer (CE Instruments Co. Ltd) & o|-83}o ¥43}%
ot AARRE $25E a9 Qe $94) ke AP
(Cho et al, 1996) & |83} AH&3}3lc

dubdo 2 AL FARE AHA e 1z
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Table 2. Range of the measurements for water quality in Jindong Bay, Korea.

Station

1 2 3 4 5 6 7 8 9 10 11 12

W.T.
pH
Salinity
(psu)
DO
Tr.
NO;—N
(ng/)
NO3;—N
(ug/l)
NH;—N
(ng/)
DIN
(ng/)
PO4s—P
g/
Si0;
(mg/1)
Sulfide
(ug/l)
SS
(mg/1)
POM
(mg/1)
COD
(mg/1)

6.2-27.45.8-28.05.3—29.05.8—28.8 5.3-28.75.3—28.75.6-28.75.8-28.46.4—-28.1 5.6-28.15.5-28.8 5.8-28.7
7.8-8.97.8-8.97.8—-887.8-8.8 7.8-8.9 7.8-8.9 7.8-9.0 7.8—-8.4 7.8-9.0 7.7-9.0 7.8-9.0 7.8-8.9
18.5—-3 184- 18.2— 184—- 181- 179 18.4—- 179~ 18.3-— 181- 18.1- 18.3-
2.5 32.4 32.4 324 32.5 -324 325 32.5 32.7 32.5 32.5 32.5
1.2-7.31.8-750.5-8.32.8-7.8 0.2—7.9 1.5—-85 1.4-8.4 1.1-81 2.5-85 1.0-74 0.2-74 2.0-8.2
19-14216-13.01.2-8.01.5-10.01.5-9.5 1.4-11.01.6-12.51.7-10.02.0-7.8 1.7-11.01.4-10.52.6-10.0

45-32.04.1-32.035-15.02.0—-22.53.0-27.02.56—25.52.5-33.52.5-30.03.5—-19.0 3.0-16.0 3.0-15.0 3.5—22.5
25-10530—-110 25-10520-95 10-100 25-110 30—95 30-80 25-70 15—-90 15—-80 20-80

0-165 0-65 0-115 0-125 0-110 0-55 0-40 0-100 0-60 0—-100 0-230 0-75

29.5—- 40.0— 385- 355- 350~ 36.5— 40.0- 415- 335- 23.0— 23.0—- 24.0-
216.0 152.0 210.0 1505 137.0 1355 153.5 1355 139.0 136.0 2495 1425

20—13525-75 25—45 20-60 10-60 10-35 15-60 15-95 10-40 10-85 10-35 15-50
0.3-3.70.3-5.00.2-5.00.1-7.7 0.1-6.9 0.1-5.2 0.1-4.5 0.1-5.6 0.1-46 0.1-5.6 0.2-7.3 0.2—4.1
1.0-3.51.5-4505-550-6.0 1.5-5.0 0.5-6.5 0.5-4.5 0.5-3.5 0—-4.0 0.0-3.5 0.5-5.0 0-3.5
3.7-22122-22014-2281.9-12.32.4-11.92.2-14.32.0-20.21.8-23.34.8-25.22.5-11.01.5-12.03.6-10.1
1.3-8.60.9-9.01.1-8.31.0-6.7 1.0-7.5 0.9-6.1 0.9-8.0 1.3-8.6 0.4—8.2 1.4—-4.5 0.9-6.4 2.2-5.5

24-13224-16.01.6-2041.6—-17.62.4-20.41.6—-12.01.6-15.21.6-23.22.4—-28.02.0-27.61.6-27.62.0—-24.8

Aol oo Agsue, AFAG & e e@Rs o] Atk GR FYREL ABANE 2ARA 32 F
EE A VAAES S 40} ok mebd YRS Hos @ AZsidel Bu STt
F& AHIT ojFo] Aol WAE LRSS spelt W 91199 ZFLAGE A2k Fo] HF Fol vla) Tha W
7 ich AR e AEAAY FAHE oz 24 BE vk a8, A

gk Park et al, (1997) 9] A8E A£3}91, Bertalanffy 9E g
AR o 2R 13 ALTEFE o4t AEsg) Fao|EFEE 7.7-9.0¢] WG, BEFE A o

2} W3lrt Alste 7-8€0l: 8.0-9.09 #T A B9tw
4 & 0% 99EEE 78839 WL WA 1E RED
Qo Ao H¢ 7.7-8.39) W2 ¥EH AF visy L2

Agurel $£AzAL Aal= Table 29 2tk 482
5.3-29.0C<] WY, 119& Aeslae g H3elA
F&o] WA Yehyit) 7142719 7-8490lE BAFT
o} Apo|7} Fa, o]F 1149 ]gt £ AFe] FA=T,
THEA 3 ST & 3ol7) §lo] A wixdt &

QAT 8-94e] i wglet

£E44E 0.2-85 mg/le WA T, 99 A 2AAH H

Table 1. Present status of marine farm in Jindong Bay.

¥ E vehygich Area
Taxa Type Cases (ha)
AP 9] A 17.9-82.7 psu 9] HH G} 7-109e0E o 1 T o a
N o s N t
AEnct A5 SR} 2A Yeht dRAZe] FA: Oyster  gootd ST o o3
e & 5 Msloh 58] AFAHQ 7-84 Felele 259 Mussel Hanging culture 7 60
A5t FH AAsigod, 114 o|Folle g A% Ascidian  Hanging Culture 8 33
Ark shell Seedling 48 171.5
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4 * 1.43 mgll2 7P B, 12-199] 7.0 mgl ©)4
22 gk £57 $EALTE Ao} 71 £ 9= 84
)P, 99 o|F+ AslE7te FE o)} o}F FHgr)

ZA|Ge FHEE 1.2-142 me) HYR, 84e] H =
AR HE 1.7 + 0.36 m 7P Qoky 14e] 105 +
2.1 m= 7} &gt} E3) 84 1.4-2.0 m9 HYE T4
=7} oy sk £HEE AL F2 Fx AT 24
A3 30 o ZAAA HiE da B $EE Hgon,
gk o] p4x BRI Go] thr w2 AYS 2yrh

S8 0.1-25.6 mg/le] HHAE HEo Zo| vl Ficl 53]
9, 10, 189l A AP AIA HF 4.6, 4.4 U 3.6 mgl2
ohE 2AR viE "AAEA Yokt dhE 1049 17.2 mg/l
2 7P w9k £HEXE A 3] X S A
<99 AT} 3, F2 UKo T FYLF WE) I
o] it

FHEL 0-11.0 pgN®) BAYE, 452 0-11.0 pgl 2
352 0-6.0 pgle] WHE A5 ¥ES Zo| thh o)
7|7 RE 11499 1.0 £ 1.1 pglo® 714 ok 8
ol 4.0 = 2.9 pglo 2 M} ¥Uoh AP ERE 3
2719 2 WA thi & A gleon} AFoAE
548 Aol ik

ZA 99 CODE 0.8-31.2 mg/le AT, A= 3}
5 EF usd $35 3o 78499 afeldE 37
175 ¥ 17.2 mgll2 "% 52 CODZE ez, o3
UG 2.7-6.Tmg/1 2 kel mAAAER = vl YSy) o}
Fo| Zerle 433 ¥ £EE Yegly, o3 A
A #Hgo] v&d 2xE Jehygich

ol A A 20| TS 1.0-54.0 ugne] HYAch AEL
=& oS 1ol 8US Ay EHo) uis) WS
Fo] Atk 2ARAERE 25279 8¥e] A 2AAA
W 242 + 178 pghR 7P 2340k £3EZE F2 1)
Fo| ¥, oj8d AL 142r)d B} HEeigch At

AR FL 0.0-140 pgNe] HAQT, 24279 7-89
o B 84.2-85.4 812 EUth £HEEE HFY 55
#2032 ANA tha B4 Uepda o)HE A3e u4
2719 Beh £530A e, v 95e] thh 2 Ao
RAoich kmjolel WA ke 0-460 1g19) WHD, ¥
M2 9o 100.8 + 114.5 4 gE /M4 Egich. $3Ex =
AL T 5] 1, AFL W USo] ¥ FoE A
ek 53] 2AAA 112 1427]9] Asl57e) o7} wljs-
A yepgtet o4k ghe §ste] 73 DINS 14.0-474.0
ughdl 2, 8-99 tha wo} B¢ 1454 + 721 W
139.1 + 112.0 pg1% %9t} DINY +3EEE AL 7t
&) thx E1, 3wk viFo] b 2 BE 4L Y
e glet.

QjAbd 2 10.0-160.0 x£gl9 WYQT, ZAAEEE 1
F27)e G Aprle w3kon, +HEIE tk] A&z
9)Zo] tha Egth 4] 5 31.0-13365.0 «gle) ¥
Az, AR EE 9490] HTF 5436.3 = 4196.1 g/l
2 7P 93, 1249 187.6 = 50.2 pgl® 713 Wik
TFARE 5ol v 23] Ws}Eo] WAl Fu, 53] 9o
Aol A wi$ E=stot

2. 394

Agure) £34 zAEIE= Table 3% 2k sl=F ¥
< = 213.9 ppbd] R, 84S A3 A 2|7l
AE 2.2 ppb ol3t2 AEHGH 28y, 8¢d= 2AAA
1-3e At o} £& SEL¥E VAT S+ 5 FUE 3
£ < 7.3 ppbe #$A 1, 9, 10€e: L] AR A
A EAHoz A&=dh 2 &3¢S < 23.2 ppbY FE
HHE Yehuigla, 9, 1090l diiie] A E5)
Aoz AZHUT) W+ F FHTHFL < 8.9 ppbe] FE H
AR 2T 5 05T B REE 25 S5 F 4 &
2 1.7-37.6 ppb<] WA, 1199 7.9 + 4.6 ppbE 714

Table 3. Range of the measurement for metals in Jindong Bay, Korea.

Satation 1 2 3 4 5 7 8 9 10 11 12
Cd = 2139 <2041 <1795 < 146 <157 < <121 <130 €85 =107 <09 =12
Co =15 <27 =73 =13 =19 < <14 =14 =13 =15 <14 <186
Cr =148 <232 <160 <187 <216 < <172 =181 < 143 =163 <132 < 225
Cu 04-41 0.4-41 0.3-3.8 0.5-2.8 0.5~1.2 0.3-14 0.3-6.2 <15 0.1-7.8 0.4-8.9 0.5-2.3 0.3-1.6

Fe 54-21.249-17.07.9-29.54.7-16.12.5-17.44.5-37.63.9-30.62.8-15.61.7-30.42.9-20.6 3.1-14.7 3.2—-24.3

Mn =24 <22 <04 <20 <127 £33
Hg 2.0-6.8 16-81 1.8-7.0 0.5-6.2 <
Pb =80 <90 =94 11-73 <

<

71 25-8.0 1.7-7.0 2.0~-7.0 0.7-6.6
7.8 <1489 <59

<12 =12 <128 32 =02 =02
33.2 09-7.6 3.6-7.2

8.7 0.1-55 13-84

N IAIA

<937 =72

Sn < 1229 < 164.3 < 462.3 < 166.1 = 170.8 < 85.6 < 182.4 < 137.3 < 151.8 21-794 < 56.8 < 177.6
Zn  8.7-34.34.8-34.24.8-29.63.2—23.83.5-13.64.6-30.64.8—88.44.0-42.82.3-24.12.8-24.62.5-10.53.4-12.7
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k1499 14.2 + 6.5 ppbE 714 4=t dl 3 W

e < 12.8 ppbo] WD, 1199 43 AANA #A
Yehd 2g A9 slrs gy 3.3 ppb ©l3kE Wkt £
ke < 33.2 ppbe] TR, 849 A 109 ®

ol 33.2 ppbl Z& ALEH, < 8.1 ppbd] FEEXE
vepdick sl & d 3% < 93.7 ppbe] FEHNY T,
949°] ZAEA 89 AFE A 14.9 ppb °lF}=E ¢

& FERIGT F4L 2APIZE 9 AR we Ao
7} A3z, ofRE 100 ppb ©)8lgw, 9, 1040d= A9 A
57 o= FtE gyt 4T ofdPFL 2.3-88.4 ppb
o AT, 199 =AAA 79 3FedA 7P w4 2
o] FFHo AT A AH] (AR 1-3) v ¥4
vehbs Akl Uit

TS (mg/gDW)

COD (mg/gDW)

1L(%)

1 23 45 6 7 8 9101112
Station

Fig. 3. Measurements of sediment quality in Jindong
Bay. The value and bar indicate mean value
and standard deviation.

3. M3

zAHE ] AR zAMA T Fig. 35 2ok AR IL 3L
9.4-20.3%°) W91k, G juka} fuke] IL #egule) A}
o|7} #&EHA Yept, 53] s Jjnke] 2AAA 54 7}
39T (10.2 £ 1.1%), 2ukell AATE 2AAA 1904 7t
A =9} (18.2 £ 0.3%).

AR 3}ehA Abk - 7eke 90.6-78.2 mg/Qx/dry mud$]
WG, A =PI § #Hd CODE 517 = 154
mg/Oyx/dry mudo)gltl, ZAHERE 840 419 = 9.23,
124°] 61.5 = 14.21 mg/Oy/dry mud2 52719 129
of 3t} &4 Yehgrh COD Y +HEEE Y9 &
ZARACA ke 24 Jeiyich AR A9 o35
ol 9x)g ZAARA 190] 71 W9k (33.9 + 1.0 mg/Ox/dry
mud), A4 100] 74 E34ct (64.5 + 19.4 mg/Oy/dry
mud).

2399 AR F TS ¥ 0.0-0.76 mgS®/g dry
mud® HHGx, AR JFFL 2AHH 271 043 =
0.04 mgS”/g dry mudZ 7V E9t3, FAAA 8] 0.02
+ 0.03 mgS¥/g dry mud® 713 Uit} A|7pE2E 8o
0.16 * 0.11, 12€ 0.24 + 0.25 mgS?/g dry mud2 A€
o] B} &4 vyt

4. 29%%
AFA) JFE FE 599 BE, 44, 4T % A7
£ Table 4% Ze}. o] s9ol] A%A 2 GF& WHE 3

FFE A= BTG RE vk AF5H, AEH, AR
L 42} 4670 wkgo] giot AARL g e =
177) w2 FAH0) 91, $94 7,231.8 ha® 2,122
74l Q1= 5,4787°] AFsaL glch ARHE FHF
25 1570 nhgo] 9m, HA 4,232.3 havlo] 1946 71,
5,033%¢] AFsk Qo) ¥ AFHL A 9 1479
gl glw, o] Fele 3719 Ae] itk WAL AA

Table 4. Populations in the studied area in 2002.

District Area Hous.ehold Population
(ha) (families) (Persons)
Jinjeon 7,231.8 2,122 5,478
Jinbuk 4,232.3 1,946 5,033
Jindong 3,294.3 3,191 9,808
Gusan 333.7 109 293
Total 15,092.1 7,368 20,612
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Table 8. Parameters for feces production.

Cultural period

Dec. to June

Cases
Mean area per each case
Length of long—line (m)

No. of hanging line (criteria: 0.6m)
Number of animal in unit hanging line

Excretion rate

7
4.428 ha
8856 m/4.428 ha
14760 lines/4.428 ha
1700 individual/line
66 mg/animal/day

3,628 haolx, 3,300 7}+ % 10,1019 0] A3}z e} &
o] HA FoA AMA] 47.8%% 7 WL HAL A3}
AL, o] AEH (28.1%), AFH (24.0%) <=°ldch 181}
AFSE 232 AFHo| 49.0%% 714 o} QlFAET} 7}
2 Aoz 2AEYY (Table 5).

ASHGY FHolA 55 7158 4 4,090 vhe,
H2) 38,504 wie], B 23,205 vlE], 232 266 n}E U 7)€}
6,167 ulE|7} A5Fo)Qie), AAwe 4 2,331 vwiE, A
5961 ©l¥], & 22,246 2], 22 266 v}z ¥ 7|e} 1,680
uiE|2 o2 o H)s EA w2 ARveE Yepligle, A
o] & 1,399 nl, six] 27,273 vie), & 405 vle] 2 7)
t} 3,137 melgick AFEL 2 360 nlE), =2 5,170 vje,
¢ 554 v 9 7]e} 1,350 w2 g} (Table 6).

FH SARHEE AT GFE v AY L qysl
o R T1Ee) g3 sk Aes 2AEN T, A9
2 RY, A 2 4¥3pt /M w3k BODY A4, A
TutllA P A9 2 9R-skEE ¥zt 3,025.0 tonl
2, °]% A& o] 1,648.1 ton (54.5%), A1A™e] 935.6 ton
(30.9%), A5 ™) 441.4 ton (14.6%) <olch SS+ A+
A%k 9,582.6 ton T AEHI AN o 89.3%F ¥
3= Je® 2AFYUY Axe QY] wEFEs ASwA
56.8%%} 59.9%% TjE-E-g 2}x3}gc} (Table 7).

EAolgd%e w2 Ay Ao R AFuk g
FE #99 HAY eqysgE 2R A, g 2 9%
+ FE & "o s |7k BOD #3139 47.6% (67.3

ton/yr), 8S¢} 47.3% (50.7 ton/yr), =229 45.8% (21.4
ton/yr), 9] 43.9% (4.0 ton/yr) 7} A= Aeg %
A et o9 AR AFHY 29N 20-30%A %
At} (Table 7).

ARG FHAe ZHAE A9
2,160 ha°lx, & 9 wldgie 22 3]
333.5 haol 3|3t} (Table 1). o] BAE ALl Q7+ A
S AlAbsla, oA=L 12,537.93 tonfyr, ¥]okldL

g,
lo
2,

Table 5. The present status of land useage in the studied
area in 2002. (Unit: ha)

Paddy

District Field Farm Forest Others
Jinjeon 903.7 307.3 5,848.3 172.5
Jinbuk 671.9 149.9 3,297.1  113.8
Jindong 440.2 142.9 2,472.5  239.0
Gusan 45.9 10.3 276.0 1.5

Table 6. The present status of domestic livestock in the
studied area in 2002.

District Cattle Pig Poultry Others
Jinjeon 2,331 5,961 22,246 1,680
Jinbuk 1,399 27,373 405 3,137
Jindong 278 5,170 530 1,190
Gusan 82 - 24 160

Table 7. Annual generation of pollution load (ton/yr) from non-point and point sources in the

studied area.

L. Point Non—point
District
BOD SS TN BOD SS TN TP
Jinjeon  935.6 4,020.9 153.3 97.8 67.3 50.7 21.4 4.0
Jinbuk 1,648.1 4,529.0 269.2 204.6 40.4 30.7 14.1 3.0
Jindong 441.4 1,032.7 51.5 39.0 30.5 23.5 10.2 2.0
Gusan 23.4 119.0 3.8 2.2 3.1 2.3 1.0 0.2
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11,037.76 ton/yre] #7deFe] A= oz Ak
ZABN AN FAlde] HH HR{-EL 15.4%d ] <k
Ao 2AEke A Y A7) 53.2%F ARk

uejy ckalgo] A% e A | F3E st}
71 S5t <) wod G wiAdFE ARG, olF
S3le] A9 g} o] M2 FAFe] TA=YE
o] vjAdzke] Wisle Abgsigic). i) @) kA AT v
AeFE A7) f1%k 712 s2talel= Table 8% 2t o4
9 A8E B3, 8719 3Y 71EoE A B] A H A
Z gy ARG 5,964,912 AAGch 28y FalFel A
E9 MAee Y dAEA dornz s HAES S
sto] Ay Ao HBLE wsleiof sha, wiHdFE kAl
7K o] AL wAE e Fgo st witge sAE
& Park et al, (1997) 9 A5 FE3lx, FA7|7he
Park et al, (1997) & 21 wje} 12988 4 64717
Z TIEE J1E0 R gt

a2, FARA ] B AR s FAPEC] F3
& sz, o MAYES P LA HHYER
FAYET clEo] Ho| AL WolA el webA o)
ZAAE] 3 29 JgE neslodof gt} Arakawa et
al. (1971) o] ZoAR] wiAdZE AR A FAEels
FHAE0] wjdEo] o 209% AES AA = Aoz Ry
Aok wege] PEEE FAF 27147 100%04 37H9H)
Fe] AR} dehdr] A& sle] o] F13tel w2t )
AHge] 718t sk <kar)al 646l o 31.5%9] SiAb
& Bol& oz ¥eA v} (Park et al, 1997).

NG wldRe e 60.3 mg/individual/day
(Cho et al, 1990), »|ti9<L 55 mg/individual/day, &<
52 mgf/individual/day, 84 97.2 mg/individual/day
(Park et al, 1997) & 72} H4319 (Park et al, 1997),
ulee] oFA A 1 had ¥ "AESE 88.3 ton/ha/yr, ¥4
7 6.39 ton/ha/yr, HA%A% 5.56 ton/ha/yre] WAHES
AR Ao AR, @ oy FARAG A
S} AXFFE ofgsle 9 mivy HaFs F8la, o7
of ¥ FANYE FASE 43l & vvy okHAG
FAREFE T AT, FAIE F D] AR LA
% % 304 ton/ha/yr2® ol w|vdg wiAdEe] 41.3%
of sishe w2 Folct. whebA A FAANA 7oA ¥
Ao iy AAEE 9¥3S A4k 3,932 ton/yr
2 FA=5lh

oy WAEST F71 44 04-0.7%% 1L, F7I9AT
FE 3.7-9.3%% 2 MAES f71A2 B i3 g
g2k W9lsict (Kusuki, 1981). ©1& #7|& =& wjAdEd
Hgsid, FAAYEL 239 9] vioy oA wjAds s

==

f71d4%e 0.35-0.62 ton/hajyroly, f7|gta: 3.27-
8.22 ton/ba/yrel #Psh= Aes A=) oeby ARt
o] Aoz BE] wEsE #7124 E 15.9- 23.6 ton/yr,
$71ek At 145.2-366.1 ton/yre] WGk

o
A AR L AFL7)de +4 253 A3}

Rovy a4grlelE 357 71EXE 23t ok 53] o
24 A& DOE A Zastd 0.2-3.2 mgld W=
FAZ NARAFEHE o] gk v AR} da 53
74 SEiEel 443 2444 19 DO7L 71 Wkt st
A58 DO sEo e F& 8U0& #uA HF o
£ 3R EAE  Pearson ATEAF ¥, DIN
(-0.833), DIP (-0.948) ¥ H¥-5x (-0.984) 7} & FA#
BAE Bolx, SS (0.732) £ AFHIALT (p = 0.01).
ol A G AFAH JUEF S F2 Ayl AT
FAZHE 73D olFel A3l FU JUAF E3Hel
A2 w7} S7bEE AeR A7

Antz) o g WlAbrey) o] AL GAFHEY oo 2
A=)l (Takasugi, 1996), A2 &4te)] 80% A=, +HolFF
o2 20% Ax7} A=) (Isobe ef al, 1993). SAZH
B f909 9L S ¥ mFH o3 oS
oj= Ak} vt & AL SRl o3 shkstx, o
AF digte g el A5 FEoz TR fdsEe A
22 ¥3t} (Kim and Kim, 2003). wetd EZo)A 47
AF7) Adshe vad Aol ZL AR 1 B2 Y
< 24 FAF7 YUY 02 YA B Fo}
A AFe] 7t Aol AR n3ke] vmtA L&A 4]
571 Sod ez 7=t

e F54 s QY AE AYsid o2 g7 v
FEolgont 20024 84 TAA A 169 F
7t BASHA wokek o] A ARAE YEA
ikl e f25 d4o] S PR v
=}, Kim and Lee (2000) & wlibil $H3Y
179 54 vRlatelA sz dsla nhaukg Hlo]
15 E0 2 Agsle] Aguk S olA v ApeEe.
2 9571 A4ss Ao Rusty Qv webs vjilgke
2FERAL 4T A3 AFute] GFE v, FE ubo)
SEEel GE n|A Ao A=t 92 2AEIAE Lee
and Kwon (1994) < ZA#xc} E3 =34ck

Hooz fedsle £ LQHE AR AH, A7 A5
Hdoz {e=HE L9FEFE FREA VIELER AA
37,316 ton/yr® FAE UL, o|F £47]4 F-3kFe] 9,809
tonfyr (26.3%) 3, HY APF 23,576 ton/yr

S

L lo w0 afy M
(o3
y

3] Y
r)l

e
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(63.2%), FARAESY wld3fo] 3,932 ton/yr (10.5%) & ©f
FEol sige) Agel 2J3 Ao A= SAGY
3o WMol ok AA =7 ofd, AFuke mzs) Yy
A& oY AR FFABAL A, AA FelRe 4
&3 0% ok 196%7} 713 72,998 ton/yr7} H1, FANE
o] wjAdre 109 A= F7ksHA o] A5k 2 9RslE
7HsHA "

AETRe o 54 ikaen 2 Hzrh Whish 2Asiae
Qerz vty PARE ARe] ALY A 24953 7}
8 Joz ggee] o AFuke AN £859E v}
ofste] ARG FAEFo] A Ad=elok & Aok
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Food Selection of Haliotis discus hannai on Various Diets

under artificial conditions in aquaculture, the various
artificial and natural diets, which are nutrient and
easy to be devoured or digested, should be fed to the
abalone according to different developmental stages,
including some benthic diatoms and wunicellular
microalgae, such as Navicula, Cocconeis, Nitzschia,
Phaeodactylum, Chaetoceros, Tetraselmis,
Chrysophyta, etc (Wang, 1993). In this study, we
designed an experiment to do some investigation on
the selection of abalone to different artificial and

natural diets.

MATERIALS AND METHODS

1. Rearing samples
The abalones, Haliotis discus hannai, were collected

from the inshore area of Yosu City, Korea. The
average shell length of the abalones was about 5.0 cm.
After collection, they were bred in four breeding
troughs, which is 1 meter long, containing filtered
seawater immediately. Here every 100 individuals were
bred in one trough, and all the abalones in four
troughs were reared at the same environmental
conditions: temperature 22T, salinity 33%, except for
the feeding diets.

2. The diets
The abalones were put at one end of the trough, and

four different diets, including Ulva pertusa, Laminaria
Japonica, Navicula spp., and artificial diet, were fed
from the other end to each of the trough, respectively.
The artificial diet was prepared as the following stuff
(Table 1), and these four kinds of diets were different

Table 1. Preparation stuff of artificial diet.

Stuff Mixture percent (%)
White fishmeal 15.0
Soybean meal 15.0
Sea mustard powder 32.0
Wheat flour 10.0
Sodium alginate 20.0
Squid liver 2.0
Mineral mixture 4.0
Vitamin mixture 2.0

Table 2. Proximate composition (%) of the diets used for

experiment.

Kind of feed Crude protein Crude lipid Water
Artificial diet 24.2 3.3 13.6
Ulva pertusa 2.1 0.2 94.6
Laminaria japonica 1.9 0.2 88.7
Navicula spp. 2.1 0.3 95.4

in the content nutritionally (Table 2).

3. Examining the migration rate and growth
At 6 h, 12 h, 18 h, 24 h, 30 h after the breeding

and feeding, the migration of abalones to the dietend
in four troughs was examined respectively.

30 days later, the shell length of abalones in four
troughs was measured. The daily increment in growth
and the specific growth rate were calculated as the
following formulas: Daily Increment (um) = (Final
shell length (mm) Initial shell length (mm))/Rearing
days (d) x 1000; Growth Rate (%) = Daily Increment
(um)/(Initial shell length (mm) x 1000) X 100.

RESULTS

1. Migration rate
At 6 h, the migration of abalones in four troughs

had no significant difference. The abalones were all
within the range of 0-40 cm. The migration rate of
0-20 cm range at four diets, Ulva pertusa, Navicula
spp, Laminaria japonica, and artificial diet, was 59%,
55%, 57%, and 67%, respectively. The rate of 20-40 cm
range was 41%, 45%, 43%, and 33%. At 12 h, though
the individuals were all within the range of 0-80 cm,
the migration rates showed the difference. The rate of
60-80 c¢cm range at Ulva pertusa and Navicula spp
groups had reached 67% and 65%, while the artificial
diet group was only 10%. At 18 h, 79% and 82%
numbers of abalones at Ulva pertusa and Navicula
spp. groups had moved to 80-100 cm range, and only
9% and 8% individuals were still at 0-20 ¢cm range. At
the same time, at artificial diet group, there were just
11% abalones within the 80-100 ¢m range, and most
of the individuals (67%) was at 40-80 cm range. At
Laminaria japonica group, the migration rate of
80-100 cm range was 57%. At 24 h, most of abalones
at Ulva pertusa and Navicula spp. groups had
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Table 3. Migration rate (%) of Haliotis discus hannai after 30
hours in experimental tank with Ulva pertusa.

Table 6. Migration rate (%) of Haliotis discus hannai after 30
hours in experimental tank with artificial diet.

Elapsed time (hour)

Elapsed time (hour)

Range (cm) — 12 18 24 30 Range (em) — 12 18 24 30
0-20 59 13 9 - - 0-20 67 47 5 - -
20—40 41 6 - A 2 20-40 33 31 17 3 3
4060 - 9 - - - 40-60 - 12 31 25 15
60—80 - 67 12 4 3 60—80 - 10 36 26 12
80—100 - - 79 92 95 80~100 - - 11 46 70

Table 4. Migration rate (%) of Haliotis discus hannai after 30
hours in experimental tank with Navicula spp.

Elapsed time (hour)

Range (cm)

6 12 18 24 30

0-20 55 15 8 - -

20—-40 45 5 - 5 3
40-60 - 10 - - -
60—80 - 65 10 7 6
80—-100 - - 82 88 91

Table 5. Migration rate (%) of Haliotis discus hannai after 30
hours in experimental tank with Laimnaria japonica.

Elapsed time (hour)

Range (em) —¢ 12 18 24 30
0-20 57 10 9 5 -
20— 40 43 17 - - -
40-60 - 21 23 9 6
60—80 - 52 11 10 7
80-100 - - 57 76 87

migrated to the range of 80-100 cm (92% and 88%),
the numbers of which at artificial diet group was just
46%. At 30 h, most of individuals at Ulva pertusa,
Spp., had
congregated at the range of 80-100 cm, the rates of
which were 95%, 91% and 87%. At artificial diet
group, the migration rate of 80-100 c¢cm range was

Navicula Laminaria japonica groups

70%, as well as the rates of 40-60 cm and 60-80 cm
were 15% and 12% (Table 3, 4, 5 and 6).

2. Growth, daily increment and growth rate
After rearing for 30 days, initiating with the same

shell length (5.0 cm), the final shell length of abalones
at Ulva pertusa, Navicula spp, Laminaria japonica,
and artificial diet groups was 8.6 ¢cm, 8.1 ¢m, 7.7 cm,
and 7.5 cm, respectively. The highest daily increment
was at Ulva pertusa group, which was 120.7 pm. The
smallest one appeared at artificial diet group, 81.7%.
As to the growth rate, the value of Ulva pertusa
group is 2.41%, and the second was Navicula spp
group, 2.04%. The third one appeared at Laminaria
Japonica group, 1.77%. The artificial diet group had
the lowest growth rate, which was 1.63% (Table 7).

DISCUSSION

Haliotis discus hannai is dioecious. Usually, it is
liable to inhabit the marine area with ample algae,
Under
natural conditions, if the sea area has a certain inflow

clean water quality and smooth current.

of freshwater, it won't survive. The juvenile abalones
mainly eat the benthic diatom, while the adult
individuals are polyphagous. Its diet mainly includes

Table 7. Growth of Haliotis discus hannai reared at various diets for 30 days.

Shell length £ SD (mm) _Daily  Specific

Food increment  growth

Initial Final (um) rate (%)
Navicula spp. 50 £ 1.0 81 £ 1.1 102.0 2.04
Ulva pertusa 5.0 £ 1.0 86 £ 1.4 120.7 2.41
Laminaria japonica 50 = 1.0 7.7 £ 0.8 88.7 1.77
Artificial diet 5.0 £ 1.0 7.5 + 1.2 81.7 1.63

Data presented as mean £ SD
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Table 8. Amino acid content, ratio of essential amino acid (EAA) to total amino acid (TAA) of
various diets used in experiment.

mg/100 g edible portion (%)

Amono acids Artificial diet Ulva pertusa L;I;;Z?Za Navicuia spp.
Alanine 1371.3 (6.6) 123.0 (10.6) 96.2 (4.9) 10.3 (8.1)
Ammonia 230.0 (1.1) 19.2 (1.6) 12.4 €0.6) 2.8 (2.2)
Arginine 1199.9 (5.8) 79.8 (6.8) 35.4 (1.8) 49 (3.9)
Aspartic acid 2205.9 (10.6) 1449 (12.4) 608.2 (31.1) 0.9 (13.2)
Cysteine 166.2 (0.8) 24.2 (2.1) 13.8 (0.7) 1.7 (1.4)
Glutamic acid 3817.6 (18.4)  149.7 (12.8) 571.0 (29.2) 16.3 (12.8)
Glycine 1222.9 (5.9) 75.6 (6.5) 53.5 (2.7) 8.6 (6.7)
Histidine 337.4 (1.6) 12.8 (1.1) 15.1 (0.8) 2.0 (1.6)
Isoleucine 777.2 (3.7) 40.2 (3.4) 31.0 (1.6) 4.8 (3.8)
Leucine 1665.2 (8.0) 72.6 (6.2) 62.8 (3.2) 9.1 (7.1)
Lysine 1007.5 (4.8) 38.1 (3.3) 45.8 (2.3) 4.4 (3.4)
Phenylalanine 928.2 (4.5) 57.2 (4.9) 41.9 (2.1) 7.1 (5.6)
Proline 1339.1 (6.4) 49.8 (4.3) 19.4 (4.7) 6.9 (5.4)
Serine 1011.3 (4.9) 72.4 (6.2) 58.5 (3.0) 7.4 (5.8)
Taurine 36.1 (1.7) 9.4 (0.8) 33.1 (1.7) 0.9 (0.7)
Threonine 982.3 (4.7) 73.2 (6.3) 87.0 (4.4) 8.1 (6.4)
Tyrosine 662.7 (3.2) 34.1 (2.9) 29.0 (1.5) 4.0 (3.2)
Valine 915.6 (4.4) 68.4 (5.9) 49.9 (2.5) 7.7 (6.1)
Total 20803.2 (100) 1165.7 (100)  1958.6 (100) 127.0 (99.9)
EAA/TAA (%) 33.1 31.8 17.4 34.9

the Phaeophyta, Chlorophyta, Bacillariophyta, as well
as Rhodophyta, spermatophyte, lower plant, and a
little other small animals, such as Globigerina,
Gastropod, Copepod, Foraminiferida, and Hydrozoans
(Wang, 1993). The abalone has a strong selectivity to
the various algae. They often firstly eat their
preferred algal species. Under the conditions of
starvation and passive feeding, they are very sensitive
to the diet, and usually perform the feeding day and
night.

In our experiment, the abalones fed with Ulva
pertusa and Navicula spp. had a relatively strong
locomotivity. 18 h later after the feeding, most of
individuals (79% and 82%) at these two groups had
migrated to the range of 80-100 cm. At 24 h, almost
all the abalones (92% and 88%) had reached the diet
end of the trough. At Laminaria japonica group, the
rate of 80-100 ¢cm range at 18h and 24h was 57% and

76%. As to the artificial diet group, the trend was
weak. At 18 h, only 11% individuals moved to the
range of 80-100 cm, and at 24 h, this rate was 46%,
much lower than the former three groups. Concerning
the final result at 30h, 95%, 91% and 87% abalones at
Ulva pertusa, Navicula spp. and Laminaria japonica
groups had migrated to the diet end. Only a few (2, 3,
6 individuals) were still at the range of 0-60 cm.
While at artificial diet group, the migration rate of
80-100 cm range was 70%, and there were still 18
individuals at the range of 0-60 cm. From these data,
we can infer that, the abalones prefer Ulva pertusa
and Navicula spp. to Laminaria japonica, and the
artificial diet has the weakest attraction to the
abalones. Analyzed on the basis of component content
and total amino acid (TAA), as well as essential amino
acid (EAA) (Table 8), we can deduce that, though the
artificial diet has a high content of protein and lipid,
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due to the high content of flesh-eating component, it
is not preferred by the abalones. On the contrary, the
natural diets, Ulva pertusa and Navicula spp., are
more useful.

In the daily increment, the Ulva pertusa group had
the highest value, 120.7 um. The lowest value
appeared at the artificial diet group, only 81.7 um.
Concerning that the abalone grow slowly per se (it
may take 3.5-4 years to grow from 1.5 cm to 6.5 cm
for the abalones), this
significant. At Navicula spp. and Laminaria japonica

difference is relatively
groups, the increment is 120.7 um and 88.7 um, both
of which are lower than that of Ulva pertusa group.
The specific growth rate has the same contrast; Ulva
pertusa group (2.41%) > Navicula spp. group
(L.77%) >
(1.63%). Concerning the amino
acid (AA) content and the size of these diets, it is

suggested that, though Laminaria japonica has a

(2.04%) > Laminaria japonica group
artificial diet group

higher AA content, the abalone may take more energy
in chew and digest this macroalga, so it has a weaker
effect than the microalgae, Ulva pertusa and Navicula
spp., on the growth of abalones. As to Ulva pertusa
and Navicula spp. obviously, the high AA content,
which is 1165.7 mg/g and 127.0 mg/g in Ulva pertusa
and Navicula spp. respectively, leads to the well
individual growth.

Analyzed on the amino acid composition, we can
observe that, the diatoms had a high content of
aspartic acid and glutamic acid. These two amino
acids may play an important role in the larval growth
of Haliotis discus hannai. Aspartic acid and glutamic
acid are two kinds of neurotransmitters, which have
the effect on promoting K* to transfer to the cerebral
portion. As to the effect mechanism of these two
amino acids, we suggest that, they can stimulate the
larval sense organ, such as the pedal portion and the
third antenna, to promote the individual growth.

Some researchers performed the similar experiment
to study the effect of different diets to the growth of
juvenile abalones, and the result showed that, the
diatom had a better effect than laver. It is
corresponding with our study. On the basis of the
above result, we suggest that, when breeding Haliotis

discus hannai, the diet, which is easy to be ingested
and digested, as well as contains much nutrient
content, should be used. If the artificial diet is used, it
should contain low concentration of flesh-eating
content. The green algae and diatom have a good
effect to the growth of abalones.
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