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Benthic respiration and chemical fluxes were measured at the sediment-water interface underlying the marine
fish cages floating on the open coastal waters off Tong-Young, the South Coast of Korea. The effects of cage
farming on coastal benthic environment and on mass balance of organic carbon in the benthic boundary layer
under the marine fish cages are addressed. In a growing season of caged fishes of June, 1995, benthic chambers
and sediment traps were deployed on the sediment-water interfaces of the two sites chosen for this study: 1) Cage
Site, directly underlying the fish cages of the farm at 18 m water depth, and 2) Control Site, about 100 m away
from the farm at 32 m water depth. Benthic respiration rates and chemical fluxes were calculated from the
evolution of dissolved oxygen and chemicals in the chamber water, and mass balance of organic carbon in the
benthic boundary layer was constructed based on the vertical flux of particulate organic matter (POM) and
chemical fluxes out of the sediment. High organic dumping (6400 mg C m’d") and high benthic respiration (230
mmol O, m”d”") were observed at the Cage Site. Equivalent to 40% of vertical flux of organic carbon into the
Cage Site seemed to be decomposed concurrently and released back to overlying waters (2400 mg C m’d™).
Consequently, up to 4000 mg C m”d” of organic carbon could be buried into the farm sediment (equivalent to 60%
of organic carbon flux into the Cage Site). At the Control Site, relatively less input of organic carbon (4000 mg C
m?d") and low benthic respiration rate (75 mmol O, m®d") were observed despite short distance away from the
cages. The influence of cage farming on benthic chemical fluxes might be restricted and concentrated in the sea

bottom just below the fish cages in spite of massive organic dumping and high current regime around the fish
cage farm.
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Fig. 1. a) Location of the fish cage farm at Chodo off Tong-
Young, South Coast of Korea, and b) schematic diagram of
in situ benthic chamber experiment at two sites in and
around the fish cages (Cage Site & Control Site).
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ZA17H1995 62 2220-262) w9 A 11A0] =43
7FRE T 22 18.1~19.3°C, GEL 34.0~35.2%, pHE
8.01~8.07 ol it} AHAZYA AFIL vl - WEA T2 AL
& AN, AFTele A+ F-FEo] o] AA}
50 cmE A FATh AFe] HAES 2L Rert A
A olE(mud)2A tha Bae RIYHE B3, o|8E
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HAZ T30 9 229 B7MA}EF, Asterias amurensisS}
Asterina pectinifera®t Z80] T patchH &2 EA3Mg ,
AvlE/HteR7 7hE Eoll E B UE ANEEL Holx| ¢
gkeh. Wb HAE Lol MAsks WMEES TEF &3
T LEGXAFo| Z18F]] Capitella capitata7} 385+ 9
Stk a3 AZdE 230 WA E 7l gL 715 E,

Fig. 2. The design for the benthic flux-chamber: 1) visualization
of the chamber deployed on the bottom, 2) the cross-sec-
tional view of the chamber, 3) the plane figure of the
chamber cover. a. chamber body (PVC), b. chamber cover
(acryl), ¢ & d. vane and stirrer (stainless steel), €. tubings
for sample suction (0.5 cm of inner diameter and 40 cm
long), . clips for fastening the chamber cover, g. kncbs for
grip, and h. o-ring. This chamber contains 21 liters of bot-
tom water and covers 700 cm’ of bottom sediment when
adequately deployed with 10 cm digging depth (from Kang
and Shim, 1997).
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Fig. 3. The deployment of the benthic flux-chamber: 1) the chamb-
er body (without chamber cover) should be deployed at
first, 2) & 3) the pre-deployed chamber is covered carefully
and tightened when the disturbed bottom layer is fully re-
turned to its natural condition (about 1~2 days after the in-
itial deployment), 4) experiment starts. Samples should be
taken with syringes in time, and stirring of chamber water
is recommened before sampling (from Kang and Shim,
1997).
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th A& Z<rdte] chamber waters} 9 42 zhzh 500 ml
% A3t

q

7Hrel A 2 oiul A Holl A A 5719 benthic chamberE A
2 Aol 48 da AP AAE 1, oF S0AI St
aboll AF3FATHin situ incubation). 3 -&olli= SA17F A0
ol e 2447 o A4dteiv). 2B chamberol A
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th Al g Hgol pHY LB A543, &2
A5 Winkler-azide A 0.2 AR 5e] =26} v} (Parsons et
al., 1984). kR olE Al A ANEE AFAUE A
FEF Z4319 cH(Parsons et al., 1984). 19] JLAHFE= A
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Sediment trap& 028} &) 22X} BZ

#gTSol AFE sediment trap W-E Bl Fol] &3] BE7
Ak 7167 YRS, HHE vhe 71744 sediment trap- Al
25k ALEaIthFig. 4). B d¥o] AL2E sediment trap-&
2173 7 cm, Z o] 100 cme} PVC pipe9} 4+2Hdd, sample bottle =
45 0] glth PVC pipe2] )-(trap mouthy= vlehol A 1m
7FeF "oz glon|, sample bottle &Aoo 2 A &EF T}
W7 PVC pipest HZHE A Fol] A7 5, Bf-Bol et
7VE 71 HeE 1Y), sample bottle& ¥38}1n}. 745814
3 thu] Aol 24z} 2704 9] sediment trap-g chamber ol 4
ApskaL, 70A2F 7hg AFE ), de8le] sample bottledt PVC

Fig. 4. The design for the modified sediment trap (plane figure): a.
trap body (PVC), b. tripod for the stable standing on the
bottom (stainless steel), c. sample bottle (PE). This mod-
ified trap can be fixed tightly into the sediment, and the
sample bottle can be recovered in time from the trap body.

H
g A5 YF-5 Carlo Erba CHN Analyzer2 ©49F F24E
& BEAglg o™ (Verardo et al, 1990; van Iperen and Helder,
1985), Q14 B2 Aspila et al.(1976)0] wz} 2454t

Sediment core A|E B4

Sediment coret= 2174 8 cm, 2o} 30 cm®] PVC pipeE Al&
sho] A sk on, AR 30, dulFFdA 37, 1
23 Ao wa A 4ge Jhesty) 93 7+ A3 F
I HAAME 3709] sediment core A|BE FHsIYTE Hol=
ANt A E o] 448 =33} Carlo Erba CHN Analyz-
erZ BAa ¢l AAAAEL A8 31(Verardo ef al., 1990; van
Iperen and Helder, 1985), 914322 Aspila et al(1976)° wha} &
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91%l chamber water®] &34k}
(Fig. 6) 3157} Ak 5] @3] AR Eo), Wit -230 mmol m’d
‘o] fluxZ % $ich(Table 1). tiu)AHo A= 7HEel A8 H k=
thA gl LEAA BAE RO, B 275 mmol mPd'e) fluxE
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Incubation Time (h)

vl Chamber 1 wwfiywew Chamber 2 <@~ Chamber 3

- - & - -Chamber 4

- - --Chamber 5 - O --Ambient

Fig. 5. Evolutions of pH of chamber waters during in sitw in-
cubation experiment on the farm sediments. Chambers 1, 2,
and 3 were deployed at the Cage Site, and chambers 4 and
5 were deployed at the Control Site.



25

7Hrel gt e

Bl AR

Conc. (mg/l)

Dissolved Oxygen

20

30

40 60

Incubation Time (h)

| ——Chamber 1 —#— Chamber 2 —@— Chamber 3
<« --Chamber 4 - - & - -Chamber 5

Fig. 6. Depletions of dissolved oxygen in the chamber waters dur-
ing in situ incubation experiment on the farm sediments.
Chambers 1, 2, and 3 were depolyed on the Cage Site, and
chambers 4 and 5 were deployed at the Control Site.

Table 1. Benthic respiration rates and chemical fluxes out of the
sediments in a fish cage farm off Tong-Young, the South
Coast of Korea in June, 1995. Chambers 1, 2, and 3 were
deployed on the Cage Site, and chambers 4 and 5 were de-
ployed on the Control Site.

(unit: mmol m’d")

Chamber #1 #2 #3 #4 #5

Dissolved oxygen  -221.0  -304.0 -174.0 -81.0 -70.0
Ammonium 14.6 10.9 16.2 6.0 3.0
Phosphate 2.2 2.5 1.4 0.5 0.2
Silicate 1.0 4.5 1.9 18.4 8.4

Table 2. Benthic oxygen consumption rates of various coastal sed-

iments.
Benthic
Location respiration Reference
(mmol O,
m? d'l)

(Summer)

Signy Is. 80~90  Nedwell & Walker (1995)

Long Is. Sound 81~137 Mackin & Swider (1989)

Marian Cove, Antarctica 13~27  Kang and Shim (unpulished)

Deukryang Bay, Korea 5~1 Shim (1994)

Chodo (Control Site), Korea 80 This study
(Annually)

Signy Is. 123 Nedwell & Walker (1995)

North Sea sediment 2.8~4.6 Nedwell & Walker (1995)
(Fish cage)

Bohuslan, Sweden 90~180 Holby & Hall (1991)

Chodo (Cage Site), Korea 220 This study
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Fig. 7. Concentration changes of nutrients in the chamber waters
during in situ incubation experiment on the farm sediments:
a) ammonium, b) phosphate, c) silicate. Chambers 1, 2,
and 3 were depolyed at the Cage Site, and chambers 4 and
5 were deployed at the Control Site.
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o] AxpAYAoll AA AL vA F Qg AHoE Bl
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UM7HA] Z7bebget. 2eln 2598 1S5 A oA B 2.5
mmol m?d"e] %l ov, ojs| HoIH = o] urh 260} Bo| &
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7) Al S 43 chEE mebd ApReel va Aoz
HHgo] Fe PRI E FAREAI} BHE2O &
A5 =EFe], o Bol FaAY & A ANET. 9w

LT R

o

719 WAEES T2 @i

3

A5 FEHE AR

H O FL0O = 0.0 O
ALAREE ek ASS &

e

e
¥

o

Sediment trap0i] EE|El H22X}o| MEEE} TXE

Sediment trapoll L H A74UFe] TH &L 7HF] A H oA
= AFFoz ok 211 g mid'elY 3, /FEE A 100 m 7k
ozl tulAPeME ojutt He ¢k 151g mdo|3iT)
(Table 3). THE A= F FEAHEL 7152 A -7 e A
ol A 24z} 3.8%9) 3.2% .29, F78aE 22t 3.0%9 2.6%2
& B9 fYEer ARy, Feirl 75l giejA
A 247} 8.0g m’d’, 48 g m’d’, §r|gdAE 22 63 g md?,
3.9 g m*d'2A tu)g gl vl sHFel g o v B #
PEFS AZY 5 dAh

3 Are AT, AFHAYAA L1g m’d”, RG]
A ok 0.7g md'e FUBS By o, F99 A= JHFE
FANAM 1.0 g m’d’, e FHA 0.1 g m d'2A JFFE) AP
ol A oF 10v] =& FdFS 2t {7l 8% 747 0.2
g m’d'9}, 0.05 g m*’d'E X8k spFElGHo] el Aol

Table 3. Partical fluxes and the composition of the particles
measured in a fish cage farm off Tong-Young, the south
coast of Korea in June, 1995.

Cage Site  Control Site

Particle fluxes (g dry wt. m”d™) 220.0 151.0
Compositions of particles (%)

Total Carbon 3.8 32

Organic Carbon 3.0 2.6

Total Nitrogen 0.54 0.44

Total Phophorus 0.49 0.08

Organic Phosphorus 0.11 0.03

a) % Total Carbon b) % Organic Carbon C) % Inorganic Carbon
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Fig. 8. Carbon contents of the farm sediments taken from the Cage Site (Cage) and from the Control Site (Control); a) total carbon, b) or-
ganic catbon, and c) inorganic carbon. Carbon contents of the sediments taken from the mid point between the two sites (Center)
are also plotted and connected as reference for contrast (dashed line).
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HlEl oF sl = gk Btk 2%y B ATHFig. 92). 219) A%, FFFARPANE F19 F
ool dHr ko] Ml de] u)F A vl AF o] HAE Zlo] 20 cm7bA] AAM3E| FAdhe v, 7702
o2 FAARFAZl oF 14 Zom, =3 o) wet 2~ HAE Zo] 5 cm7HA] FAT FAE BAeH, duEHA F
108 £& FU=E S & YAk olgfd s ARl EFAAE A3 7109 Zolol wE WAyt A Ark(Fig
Al 71918 B2 o] Yxte] fdEMtte] o2l O AEolxE A b
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B, 21719 WA E, B F1EA, Ah, 7710 T 71 HFEAERGA €53 22 AL T fdE AU
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T, T ghiol vE], W) Q1 dejHog we
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BlagtEr 7hFeldade] A, 9AE B3 Fekacdke]l U
oF 4~5%9] obF w2 Fe 13}7}, ool wet Zhaste 5
AE oF 20 cm Zlolol| M= 3.5%9) g H G TH(Fig. 8a). v} EtA, ZlA 32|73 212] mass balances
Azt wﬂxlﬂ(ﬂrﬂ% iy g2 o] F2k 7hrEEelA <F 50 m HY8 302 ¢ Q% AR89 A2 s A
o7 A E oA 25-3%9] W& 7S Bom, 7 A(regeneration)S A& THA] HF-HAE AAHE B8 sz
ool W& FArt AA &sirh frlE@ATES NAFIA-Y  FEHA vlH EHEA X e G EFEL HH
FoN MR 3-3.5%) F AW (S 2.5~1.5%) Bl3] =& & F Hwol viEdT B 93?011/\1% 7P T sg-EAE
HYow, Sem oMo E du ™ S gt vjs: AAHM Y BB E0] AT El(steady state)Z}i= 7HA Bt
g & 1.5%2] gHakghe B chFig. 8b). W] R ebaggke ¥R E FEow %?J—ﬂt Z1E-2] mass balancesE Th53} 2
HHE A Zolo| A 7t e A ExHERY & Ao T3l HKlump and Martens, 1987).
2-38) £ g2 EATHFig. 8c). 7HFeAH e} HHEo] Uiy
AAat Z7kA "] §HRo| vl Lr|Ekio Feko] o A Jio = Jou+ Jour
<, HAzol 5 A= ol (E3] FAF)S W & J, 1 B3 HAER AYEe B4 ¢
A olg o] Aol gt ghaldee geog Wl Jou t EF HYEAM FEHE 29 &
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Fig. 9. Nitrogen and phosphorus contents of the farm sediments taken from the Cage Site (Cage) and from the Control Site (Control); a) to-
tal mitrogen, b) total phosphorus, c) organic phosphorus. Nitrogen and phosphorus contents of the sediments taken from the mid
point between the two sites (Center) are also plotted and connected as reference for contrast (dashed line).
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Table 4. Mass balances of carbon, nitrogen, and phosphorus in the
Sediment-water interfaces of a fish cage farm off Tong-
Young in June 1995. (unit: mmol m*d”)

Jin Jout Jbur
{(influx) {efflux) (burial flux)

Cage Site

organic carbon 5275 198.1 3294

sedimentary nitrogen 81.0 13.9 67.1

organic phosphorus 75 20 55
Control Site

organic carbon 3272 64.2 263.0

sedimentary nitrogen 475 47 428

organic phosphorus 1.5 0.4 1.1

£ 527.5 mmol m’d'gg o™, 1 FoA] 198.1 mmol m’d'e] &
35 2, Y2 329.4 mmol m‘ld"ol HA50 2= A0
AL Qe o] zhe FEEHE FrleaUxe) 2z 38%9 62%
of #lddte gholvh Axre %?3%*(81 mmol m”d")e] 17%7}
2aiE 3, v A 83%) 32 slE 67.1 mmol m7d o] B o]
EEHE Aoz A=A AL FUHE 49 o 28%(20
mmol m7d")7} Ba)=dtt. oy A " (Control Site)ol] A&, €
o] AL f9d=ke] oF 20%¢1 64.2 mmol m*d’7} BajE 9w

E
£9) A%E §9%e 10%9) AT 47 mmol mid, A&
=) o 27%%] 0.4 mmol m7d'7} ZHzt F-HHEAAE
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5% 323 BEFE AR 2, ARl FEEE
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stels Alert R (Tsutsumi et al, 1990; Chareonpanich
et al.,, 1994).
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