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Abstract — It is necessary to review the effectiveness of the environmental recovery techniques by marine self-
purification, considering its economic cost and the possibility of secondary impact in the aspect of the environmen-
tal improvement of the long-term aquacultured coastal farms. In this study, geochemical factors of the environment
surrounding surface sediments in fish cage farms in Namhae-gun located on the southern coast, were investigated
to diagnose recovery indicators, period and variation characteristics according to fallowing. The initial TOC and
AVS of the farms exceeded the environmental standards for aquaculture farm. The C/N ratio ranged from 5.91 to
8.92, and most of the organic matter in the surface sediments was of marine origin. The organic matter concentra-
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tion (TOC and TN) decreased to the control level in the environment where hypoxic water mass did not appear
within 11 months of the fallowing, which showed the possibility of recovery, while seasonal variation were
observed in AVS, SOD, and release DIN, DIP. This case study provides a basis regarding the introduction of fal-
lowing and recovery system for the eco-friendly management and sustainable use of aquaculture farms.

Keywords: Marine fish cage farm(®]57}+2]%F2]3), Fallowing(F2]), Recovery indicator(Z] 5 4] i),
Recovery period(¥]+-71%}), Aquaculture farm management(ob“oi )
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Aoz Q] AXE=E 52 B °H‘% 7 S TH(Pearson
and Black[2001]). =W]2] 735 of xRS 20121 3,183F ton
oA 20211 3,820 ton® = TSI, 1 Aallkalo] 1,489
A tonollA] 2,398 tonSE FASH T7IBIITHKOSIS[2022]).

o7 Rl A Al TR A EA] 982 o] Ak E Wl
AR Y A fTlEe] 2% ﬂ Azl kA FH4 =], kA
e o] %ib AR} gF2lo] o] Fo A 11 Gl A28 B A

= U f71E s=7F 4 X*Ei t #=A JERdth(Hwang et

al.[2021], Holmer and Kristensen[1992]). |50l 219 ]g
l";rfsﬂ ol A AbA o] ke, ZAbs), kA gk,

e ksl ol 25 7}F ¥ItKLee ef al[2008]; Lee et al. [2010]
o]a}s]— 31,],760] 1]5\—5401 AP~ _T’_Q'O] Qtﬂ '637]/\-] i]-%lpﬁg Azt
w31, @71 Wl ellA sfuol, Gelarar, vigk 5ol aysto]
A Al R o e} FAAAEE AR AR SJslE At
(Hargrave[2010]; Yoon[1998]). ©]&]3 EAHES s dsl7] lah
o]xl—:?i]—ﬂoﬂ 1:]]?‘5]— 7H/\ tﬂ-o]—o] Z%ZL %;\(lﬂ 9,,1"4'

o Ak el aA BAE A, o= A,
4] 72 B o) AR FA)7E ek ol g i F u)e AR
A% 2843, 22k B0 The S S ol A9 ES
FEshs ogFo] a&dolehe A7 Al (Lee et al.[2022]),
AFAE T vt 3R ATrEo] o)FolA| AL Qlrt. A
& AA B old F FAVIRE B¢ o8] IEsEe wets|
e A= A sk, e ABE Vo] ATt Q)

FHAYLE D8] A oFA 12711€ o] %2 {7
A= %E‘?ig} Od?(McGhle et al. [2000]) oFA] o} A o]

A S7b 2T o RS A A
A AT Macleod et al.[2002]). o] 94011 7a} @] FAe i
FNE % 31EAT 5ol 2oH (Macleod ef al. [2004]' Macleod
et al.[2006]), 3F8H4] A%+ T2 HAE9] f7]E, 93
Tetste] A7} o] Fol KTt

AEdtA A2 /7o 8] #d AT AAARE
(Kletou[2018]), T2 AMAE 39 AZAFE Agste] A3}
Rom, 2d o = TN Fde) o] Btk ATt At
SlthH(Karakassis et al.[1999]; Keeley et al.[2014]). 3}5H4] 3]&0]

N
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o 1=

AL 3B R wEA 385 A7) WA ek ok o
4 T 1570 T 3ok, AEsH slio] UehdA] ok A
g% A TH(Pereira et al[2004]).

o|H 7 =elol= theket Ad3Ak Bl A-so] WaE o] glu
Sells skt oA R7FFEl A ol Aol whe AMdE
W3} A (Park er al[2021]) 5] YA, E|AE 2 Awo] WElE
SRS ABFRIAL HEEA 9 33 713 Aol tigh = 719
9= Aot}

a2 Aol AE vkt %‘—vﬂ A FollA] dojr e
Q93%j3ko] & o] Fr ek
2P A maks Adsielth. 5 o Aol
71E st -E 2w BAE 7
Tpelstal slHA % gAY gl s 7)1
4 & EEARI o gL vl S 913k 71 2ATE I

2.1 XA

o) g3 gloks 91l 4
Aolell Sl o7 FE T) & 72}(St S)¥} Q1 o (St.Oye
02 ZAE FAEIItH(Fig. 1). 715 9F2o] 9l St.St 1999

WHE oF 20:7F o2 93} 2019 112 <F 60 m A
o] QI djdor oA AR upel A oz FHA

34°43' N

Gyeongnam
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128° 01" E 128° 02' E

Fig. 1. A map showing the study area and survey sites in Namhae-
gun coast of Korea.
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St.C= oka) o]Fo] glom, ZAF| IS S 14-16 m W=

T O 1
AR e Aol A4 st

2.2 7N

skl EelA] 5495 eletarat stsellAl 2018 119 22¢014]
129 77K 159 o3 7IRFERE SEFEEEHE5A| (FlowQuest600
ADCP, LinkQuest Inc., San Diego, CA, USA)E- dlj#]ol] Ad%|35}
T AHEFE ISt ASAEE 5@ m), 59 m),
AZ(14 m)e] AARE F7gste] #oje 35 Tetsisltt.

B AR AE A7|= 71T FA 9 S ool
NGt Aol 455 Bot ATOE tiA] E o] 7]
& Fato] AR AERE Al
W 887K #7125 4w, F-E8E AAWE 24 Y
Z(flux) ZAFE 33T

H&= A5+ van veen grab samplers ]85l 2 cm ©|U| ]
BT HHES AFESI, AFE Alae @A W Haste]
APAR 7HA e} AT B3-S 5, TV ¥ A (total
organic carbon, TOC), 24> (total nitrogen, TN), AF3/d 83}
(acid volatile sulphide, AVS)= 3193+ 3 A8 715(MOF, 2018)°]]
upeh AT A IS4 10% QA AFHSEH
715 9 SIS Ak AAE 378 F 4 00.0625 mm) 3
FAE o] &at] £HA (24 0} AHA (<4 0)F SIS =
HA BAES A2 Aela, AHA 45 Micromeritics
Instrument Corp.(USA)2] A% %=2497]71Q1 SediGraph 5120=
ol-gsto] FASIIT 4 & HAE §% 7+ Folk(1954)¢]
AHtjolo] 73S o] 2313t TOCSE TN AF 3 %5 HA &
ANEE A AxslaL o) E EEEIEE o] g3lo] {7 wWol oF
10% SAHHCL)YS olg-3fe] §ted FE& AlA 2 1z & A4
#27](Perkin Elmer, US/2400, CHN analyzer)= 7 %3} 91T}
AVSE 33 FAE 1 g2 255k, ks Hrtste] Wshs 3
345 7R (Gastec, Tokyo, Japan)ys -85t S5t}

TFo-HA4E AARNA Y 24 FEYF(Tlux)S 57
ellA et A4S | (Bel HE ol83te], 2T EHAE Ul
A AR S (sediment oxygen demand, SOD)} E|8Z5ol|A 4502
L= £557124 (NH,+NO,+NO,, dissolved inorganic nitrogen,
DIN), £57]21(PO,, dissolved inorganic phosphate, DIP)S %

=
FEWSL 71275 v R e EYAE YRS Akka
E&2 Al A s o] 9l =AM E o] 8ste] A

nich 4318031, AlZtel| e @ HA Y ARARARES AFESIS]
ok FU £ A W s E A AR Askslan, 9
okod 2}%E-4 7)(BRAN+LUEBBE QUATTRO, Germany, Auto
analyzer)= w2330t}
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(Black and McDougall[2002]; Choi et al[2011]; Jeon er al.[2015];
Yokoyama[2003]).

St.S AN SFEZUREAE o] F3lo] A BT, TF
Ao 755 4 B 579 ZAFE Table 10 YERASIC 25
(@ m), 559 m), AF(14 m) 217 HR58 33 Aol 23.6 cmis,
11.9 cm/s, 11.7 cm/s 93 Aol 21.9 cm/s, 10.1 cm/s, 11.3 cm/s%
LFERSEIL, ZAZ IR 5k 240l whE 598 S 3.7-4.8 cmls,
3.2~3.8 cm/s, 3.2~3.8 cm/sE YEFGTH EF2 A H 752
94.1%7} 10 cm/s ©13te] 455 YeRaL, = Aol i WEk
EE5o] Y Aol Wk o] tha aA vEksit 5
221 99.8%7} 10 ems ©1312] 755 YERAAL, 2 9 H2A ol
Wk Eabdo] tha A VR A% 5552 99.2%7F 10 emis
olete] 58 YL, A3l 5% e s50] YA
ole X-F5¥ TYsH e Aol tha Al YRk 7k
T &) F3E BEA 14 emss, 169.5°, 504 0.8 cmis,
137.9°, A=A 1.1 em/s, 122.4°% YERIT},

A QA 759 B 7552 3.2~4.8 cm/sE HEFE U]
QX3 AFLo] F25(5~7 em/s)B.TF =2 A LFEREA T, slA o)
A= Bdoj] 7} @ AgE Y ETkSim er al[2020])3 EE] @
il M AR E9og]7t ek skt whebA] A
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Table 1. Tidal current speed and direction of the Namhae-gun coast of Korea

Max Average Residual Residual
Current
current current . . current current
direction e
speed speed speed direction
(cm/s) (cm/s)
Surf Flood 23.6 4.8 S 14 160.5°
urtace Ebb 21.9 3.7 - ' '
. Flood 11.9 3.8 - .
Middle Ebb 10.1 39 i 0.8 137.9
Flood 11.7 3.8 ESE
Bott: 1.1 122.4°
otom Ebb 113 32 -




156 HEH AR T4 - 0FA o]zt - AES - 05 F - ol
Table 2. Sediment size class and type in Namhae-gun coast of Korea
Survey site Sand (Soz; Clay Type
Namhac-gun St.S 1.96 22.78 75.26 C
St.C 3.45 24.98 71.57 C
FEAEC] FE o el HAHS 0% Al 40.00 eSS —ste
3

32 EXME BY 2

HAE Qus ANAOR AYTFE 712 Sl 2o Hae E 200 o
7P AL Qe B Are] Al e HEF O] 71.57~75.26%% o]
7] e, Folk[195419] Ab7pTfolol 1l olgae] H A%
8 573 3= C(Clay)Z YERLTH Table 2). g'gg

EHAEL] 715 gk 9 QAXEE TOC, TN, AVS S°] L -e—StS  —=St.C
(Choi er al[2013), W2 ATFFRIRAY 2ol BE E 0 |
& TOC, TN, AVSE Fig. 20 YERNITE ;_2

TOCS} TN 72} 11.28~28.65 mg/g dw(E 18.57 mg/g dw), £ 200 |
1.46-4.85 mg/g dw( T 2.67 mg/e dw)i UEbsto). stsell A g
TOCE o A AN tizTt 7o Hashe o vl & 0.00
QF S+t 25.58 mg/g dwZ MOF[2017] 4 HAE -8 A7)F 9 4.000
?5‘—/11%0\1 20 mg/g dwa J_ero]__ ;r_o 303 E?}X]‘ﬂ', ‘:Hi ——5t.S ={=5t.C
T SO T 20204 68HE] ZARER AWM W 1772 F 3000
mg/g dw= St.Ce} A F5 5 Ko /\PEH ZLOE e odn %" 2.000
Fdske Aaks Bl ¥

TOCSE TNY) B3 718 Fm e we] 542 Adn gl g 1.000
o], AlRE TSIk o= 5A40] Sl dl A T w3, Al <

ek = AREA) OkAlE|edQ) oJ 2Pk (Choi ef al [2013])F X5 (Lee 0.000
et al.[2020])5. 0} A YERANE, = 5 ek s elel A

SHAF(MIFAFF[2009]), 24 %H(Lee et al.[2017]), AFeFit(Hwang
et al.[2018])7} B]3HAl YRt Bk F2 7= Afo]ol| $JA|¢t
o}:)dx}o] OL‘:_ Eoi 7{}-]] qiq}g] o].rr7}_rg] Okﬂxl—iq_ Q;HU

A o] 0.8v SHA UERY 297 B4 Fell
2tolE B l3]'(Table 3).

TE 5%

Fig. 2. Temporal changes in concentration geochemical component
(total organic carbon (TOC), total nitrogen (TN), acid volatile sulfide
(AVYS)) the surface sediment in Namhae-gun coast of Korea. The dash
line indicate the quality guidelines for TOC and AVS concentration
in the sediment of aquaculture farm suggested by MOF[2017].

el B35 H2E TOCZ TN 0.869~0.991(p<0.01, p<0.05)2]
T2 AHPAIE BOEH|(Table 4), o= F41E TOCSF TNO| B [2007]), TOCSH TNS] 7] ¢lo] Fdst 21 0= sjAeh 4= Qlrk. dwt
A ol FAS £5/9 2 E(diagenesis) v AF=TLE HOE ONratior 77189 37 719S 18T F Ue AAA=
(remineralization)©] ©]F]fth= S o vt 2 Z(Kim ef al. 2] AFEE I ATH(Yu ef al.[2010]). 12 oL w] =AISKE, A
Table 3. Range and mean of total organic carbon (TOC) and total nitrogen (TN) concentration in Korean coastal sediment
. TOC (mg/g dw) TN (mg/g dw)
Study region Reference
Range Mean Range Mean
Geoje-Hansan Bay 12.9-27.6 18.7 1.7-3.7 2.4 MIFAFF [2009]
Yeoja Bay 4.3-12.1 8.4 0.5-1.5 1.1 Choi et al. [2013]
Goseong Bay 14.5-21.9 18.3 2.0-3.0 2.5 Lee et al. [2017]
Jaran Bay 15.1-23.9 17.4 2.0-3.3 2.3 Hwang et al. [2018]
Jinju Bay 9.1-15.7 13.3 1.4-2.4 2.0 Lee et al. [2020]
Tongyoung-Geoje Coast 11.8-31.8 22.7 1.7-4.7 34 Hwang et al. [2021)
Namhae-gun 11.3-28.7 18.6 1.5-4.9 2.7 This study
Environmental standard for aquaculture farm 20.0 MOF [2017]




Ik ol RER A FrAlol) W A sfekIAke] 1

40 v - -
/ / Oceanic ./ /
35 [ Terrigenous /7
Phytoplankton
30 / ﬂ—’o,
— // i/ O //
3 25 )
20
o 20
E
8 15 Bacteriagenous R
- »
10
5
O Namhae-gun
0 I 1 1 1
0 2 4 6 8
TN (mg/g dw)

Fig. 3. Plot of total nitrogen (TN) versus total organic carbon (TOC)
in surface sediment from Namhae-gun coast of Korea.

it

Hg 5 QAT SAA FEE S 7191 5718 0] I (Greaves
AEEFIAEES vehdl= HeolH

715 3128 4= ArKStein ef al[1991]). 5 0131 HA H715 =
ghel| 2o} 7] Qo Faet A EZ o] E¥ th(Lee and Fuhrman
[1987]). ¥ AF-oA CN ratio= 5.91~8.92C3 ¢ 721)E X5 H
e U §7152 Ui i 7199 f71EE daEh 53] o
TR FAEe] 548 IS W T2 o AR, oFAR
Y dEolA FEek Ao ® Al Erh(Fig. 3).

AVSE 0.005~3.396 mg S/g dw(E 0.724 mg S/g dw)= LEF
Wk St.SellA AVSE MOF[2017]8] HAE oA 7% 2.4
G221 0.5 mg/g dwith Ut =7 YeRdth ol F7 R
AA AF AR 7% vk 02 FASH Yol A
RIARE, Aol F5=7F ThA] S7Feh= WskE Blth McGhie et
al.[200012- 12711 B<t o) FF271E 7HEAIRE, FA o 2R E
719 AR =e] doklthar selt, # ATtelM® V& %
5 HA 5| FAEo] s ERTE] v Easto] sl 4
o] Z71gel w} AVSS] 7t F7kehs 210 % 3] a1, TOCS}H
TNREC} Ao w2 =2 Wl vIzHe Zlo % 1o},

33 o=-EIXE A S

&2 FE i sloF 719 B fT1ES BT EA B et
of mgEol oJgh el delA EAE Uie] AkaE AR f
718 Eafloll AkA tifato] AREAGE, AAks), Sl abe) 5
iz AREM, AR o] A& o] ol F7 A et
wlo] AEA FAAR] JeFS w|Z = AT (Lee ef al.[2008]; Lee
et al.[2010]; Park et al.[2012]). B1A &S] AbARIslel 49 &=
25 mjekslr] 918k SOD, 37 POCS} DIN, DIP 8532 Fig. 4]
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Fig. 4. Temporal changes in concentration (sediment oxygen demand
(SOD), sinking particle organic carbon (POC), release disolved inor-
ganic nitrogen (DIN), release disolved inorganic phosphate (DIP)) of
the surface sediment-water environment of the Namhae-gun coast of
Korea.

HeRHSITE.

SOD+= 40~219 mmol O,/m*d(*3+* 78 mmol O,/m*d)= YE}
WL, ZAPZE 5]t AR sHAll S sk AEEE BTk
SOD+= =%5of e ¢Jgfo] 71 av, 257 =31, AF9] §&
2ba ST e E A ERP] wiEel A ERQL ikl 9
3k 710 2 kgt (Jung and Cho[2003]; Lee[2015]).

A7F POCE 0.3~1.5 gC/m*d(3+ 0.9 gC/m*d)Z LFEFSLTE
2019 11€S AQlska st.S7) st.C Xk 37 pOC7 H 3270 Lt
ERgtar, AAA 0w fAkeE A3S Bt 2020 680l o

E 7 718 7 Bk ofug} 2ok Aol uhE A
= FAY g3tz AFor wE BE f& o f7]E0]
A EEsto] A Fhael] YES vH= R Hold, 10Y

ol Aol EaEA ool A3t %-A4S T wekow H7)
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Table 4. Correlation coefficient between major geochemical indicators (acid volatile sulfide (AVS), total nitrogen (TN), total organic carbon
(TOC), sinking particle organic carbon (POC), sediment oxygen demand (SOD), release disolved inorganic nitrogen (DIN), release disolved
inorganic phosphate (DIP)) in the surface sediment at Namhae-gun coast of Korea

AVS ™ TOC Sinking POC SOD Release DIN Release DIP
AVS 1 412 .346 -.464 881 901 .970™
N 1 .991™ -.627 483 .567 918"
TOC 1 -.665 .350 418 .840°
St.S Sinking POC 1 -.188 -.203 -.541
SOD 1 .979"™ 784
Release DIN 1 .838"
Release DIP 1
AVS 1 -.638 -.555 618 368 -361 211
™ 1 .869 -.178 -.395 .898" 717
TOC 1 .045 -.352 793 .988"
St.C Sinking POC 1 -.391 -.073 .146
SOD 1 -.702 -.393
Release DIN 1 766
Release DIP 1

£p<0.01, **p<0.05

POC7} S7Fek= 210 & At dth

DIN¥} DIP 8532 7217} 24~453 mg/m¥/dC3+ 133 mg/m?/d),
3~390 mg/m¥d31 58 mg/m¥/d)= VEREL, St.S2 o AA A
ZA5-E] SODS} Al ZHadhs A e Blvt s AR sl

25 Al mE H4w 5 714 et SUleke] 84
e gl 71 A= WskE A (Kim[1996)), ElAEe] @714 g
AL A5 YEAFY £=0] Tt 371 Y A A
HH(Cho et al.[2011]).

%3 H3E U AVS, TN, TOC, SOD, 37 POCS} DIN, DIP
S5 AUIAIE X8I TK Table 4). o177 1FFE]R21go]

St.SollA= AVS$l SOD, DIN, DIP -£&30] 217} 0.881(p<0.01),
0.901(p<0.01), 0.970(p<0.05)2] F&AAAE A vk tfZ7<!
St.CollM = frolsk A do] vrEREA] ashtt. ol sk A= oF2
% ote 35 B =l FAEIE AT Ee SJgh o R
=

3.4 HlZ OIR7ISRIYAY SISTICH

obg87 1 Suel el e B Adel 2o @
Aol e B917b L 7Ile] 205 o] Rigsic. 3

Ak o] 2] Aol sl mob ke A B & i
QA 550 FHo® Ha S wl(Lee et al.[2019]), TOC, TNZ}
o] oA F ol FrEld ] o4 wTF 2 ofHo] gl
U7 o' adto] A&l FAkskAl vepdrhd S E
AAA, 19124 WEo] gle wl 35 7FsAol w2 Ao w xdd
T St

TOC, TN oF 1170 uje]l st.coll 33 =507 3559,
o]F 3% M3} tulEte] st.sE St.Cot AR A W HisE
(17.72 mg/g dw, 16.14 mg/g dw)E 2.3t} AVS, SODS} DIN
BT ofF AA F 3 EATE QAR U FFoR 3
5 o]l tlz79} the A BolA A wE wso] 7
e o g 8l vk A3}l A B R AdehA] etk &

30 - wzzzzz BHI —e—TOC 4 100

)
------- BHI trend line == == TOC trend line 'g
{8 | &
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Fig. 5. Temporal changes benthic health index (BHI) and total organic carbon (TOC) in Hadong-gun (Park et al.[2021]).
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Park ef al[2021]¢] SHET ofFrFReloRa g FAlo) nke A4
AEA AL E H7FE $138F A A 5E A< (benthic health index,
BHI)®} TOCS] #AIE AH R A ZAH]7H44 month) 5
TOCY FEE X3 golxn 3 &sl= 43S B (liner
regression, R?=0.44), BHI'= 2~45 Alo]olA] 254 356
AEdFS RYAT TOCK = H $A YEFU(liner regression,
R=020) the A7 Ao A2 3%t 5519 520
w2 A Y= Aoz lEdtH(Fig. 5). Go et al[20221= 3}
F ORI ol B9 4718 Ralh A
Ak, ol WAES] BT} olde] e SR Holglthal &
ST}, Fallite] - Park et al.[20211% Go et al.[2022)7}
o SHE} ) AP QIoko w ALARE Bola] w2
& & RIFTE Q7] e, skl nisl whE 717 el 3]E0]
A8 Ao Alme.

& el TOCSH TNe| o) 387 8l dsd A|s}sh #|3%

% Age 2o e, of 1119 U] R FEOR 3
3 7P5 e ngleh, ol as el g Aol A
= A

A&l gaete] taTt el =

o =
-

T &k 5 oS aqlo] B3R 9FS vE F 3l
D2 g5 seid Jela FARTERE AE A7 28 A

()
P Y
ENEE

3} ogF2] 270l TOCE EIXE o g3hyr|a 294
21 20 mg/g dwE ZHSIAINE, oF 170 dell iz 2
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