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This study was conducted to better understand the impact of marine fish farming by estimating mass balances of
carbon and nitrogen. According to the results, 94.55% of carbon and 95.66% of nitrogen inputs were from the feed
supplied in the farm. Of the total carbon emissions in the farm, 47.28% was due to fish respiration, which was sub-
sequently released into seawater. Advection and diffusion in the farm contributed to 30.29% of the carbon released.
In the case of nitrogen, 50.70% of the nitrogen released into the seawater was produced by fish excreta, and 31.37%
was advected and diffused into the system. The sedimentary environment received 3.82% and 3.10% of the carbon
and nitrogen released from the farm, respectively. The fish feed used for healthy growth contained 11.64% carbon
and 9.17% nitrogen. Since the feed type was floating pellets, the load released into the sedimentary environment was
relatively lower than that released into the marine environment. These findings suggest that the identification of an
optimal fish feed that respects fish physiology and preserves a healthy ecology is critical for the future of aquacul-
ture. Furthermore, ecosystem-based aquaculture systems that decrease environmental burden, while endeavoring to
improve environmental health, are required.
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Neofitou et al., 2019; Ti¢ina et al., 2020). E3} 3f| & 2] 2145
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A=y o] A& Hojm el A HaL, A AEoA 25 4
= o

2 b sfe] QIzbo] Bk 44k A1E] Qb 91
o] 511 9lek.

o]

= Uil

HheH (Hargrave et al., 1997; Carroll et al., 2003; Hamoutene
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QATOIAE 2 B, A, lo] BASA B ulEro R oF4] 9
A& Bk, BEAR AR B Bk A S 9)
tH(Alongi et al., 2009; Brigolin et al., 2014). Uo7} 3HF o2
5= L A=E Folgs daAl7]7] lsf of FollAf vl =
A9} S i T S Aol E-85te Hek Aol
e At & =ALA] 4P of| ek A7t HarE| AL Qlek(Park et

=

al., 2018; Qi et al., 2019).
eeehs 72 37 0 454 5 shrelold sanee
o] &3t &AA| A7t - E UTH(Kim et al., 2000; Hong
etal., 2000). T3F ALk QFAA ol Taf A= vk Ayt A
#19] 99F 4)(Choi etal, 2017), 254 v]el ] 4|} o]
7 2 AE7HR AN 5 BAFol A9 S8 A
A (Park et al., 2012a, 2012b) 170} 7 FAl ol A 2] Jorelw
(N,P)ofl thgt &2 4=4] A=H(Choi et al., 2023) 5] SAtt. -2
Lz Aol A FA] A eF S7tol| what A9t 275 2] 2 Hol
7H:31%] 31 9) 1 (Choi et al., 2013), A1 ol A B2 =] AF
4, 789 B7H 5 HEHARl 712 AR E 7|HEe ' g A
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Fig. 1. The location of fish (mullet) cage farm in this study.
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Asheter. A W72 UAERE 0.7 um GF/F o]
& A TSFAL 0.1IN FAkS o]-g-sho] AFA 2] & 2
Flash EA; Thermo Scientific, Waltham, MA, USA)
o] AR -7]EkAx(particulate organic carbon, POC)
7174 2~(particulate organic nitrogen, PON)E- 212}
CER BRSO a2 AlegEe v H
BelcF2: o]-8-5Fo] Z451%1L, Belel 1= A&
F2|9F oA 2] & 3]4eskelt 50 = s
BelcI®] 8] (in-situ incubation)of 4] LA A]
ot B[ A &5 AN §EALE AS 54
5o A4 AT -E(sediment oxygen demand, SOD)-& A4S}
1, redfield ratio (C:0=106:108)°] u}2} etk o 2 3hAMS1S]

LTl E 8EE = AT A Belel AH] 9] viHEA|
oflA A AT AFE o2 Y H A RE APERE &
Al ZHFsEo] JFY A-52471(QUAATRO; Seal Analytical,
Mequon, WI, USA)E- o]-8-3}o] 8-E5 7] 2 (dissolved inor-
ganic nitrogen, DIN)E 7d 33t} 8-&57|dae o}
A 2x(ammonium), P4 A (nitrite) D 2 AR Ax(nitrate) 2]
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Table 1. The estimated carbon and nitrogen losses considering of
respiration and excretion from fish in the system

Type Percentage (%) Reference
64.3-67 Huisman (1976)
50 Angel (1985)
40 Gowen and Bradbury (1987)
Respiration 40-50 Hall et al. (1990)
(Carbon) 50 Yang et al. (1992)
52-68 Yang and Somero (1993)
60 Corner et al. (2006)
40 Brigolin et al. (2014)
52 Hall et al. (1992)
_ 51 Growen and Bradbury (1987)
(Er\ﬁrrggt;grr:) 51-57 Qietal. (2019)
48 Brigolin et al. (2014)
64 Lefebvre et al. (2001)
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fll

Wke -2 F-Eokl et A4 s &Sk (excretion)> A
(Table 1)oll A AFREQ] 9] 50-65%E WERL} 2 Aol A= 3
T 32l 53%=E Aklstglon, A4 o7 9 ke =3 §
SOl A &S Wl gho 2 YERf Sl

E?‘ﬂ T3 FAS AAHNA BH S EHFoA 53
E70] A F-F 5= WH(benthic flux)S AAEH L, B 22
X17}Ek(S)°ﬂ A 420 2 2 3-F#H(benthic flux) < WA ]2 =
o] uj &%= oK(burial flux) o & A AkstSict.
Zdup A nFE
UArlolg

AR AR 7ol FAAE Aol(1dAhet Aol 212t 77
ZOH RE L}ERo] oF o, 20194 19 7| A
o= 7Hre] & 7 6- 79kt 4] 5 77z YA E o] )
AL, Z]o]= 2019 SHof 159k ute]7} 1 7 2o 4] = it

oF9 Yol FFEE AlRE AR (raw feed), SAHR
(moisture pellet, MP), =4 AL (extruded pellet, EP), HH<5
AbiE(soft extruded pellet, SEP)Z Uss 4~ 1o, o|% EP2}
SEP= Atz 2 B R E ch(Kim et al., 2013). $1LTi AT 9F4]
Al 35k s A A 271905 Aol 519
< m Aoje} AojolA BT ARE FRHAL, HEe] 1)
Z Y 0-8,680 kg2 AlR S FE5FAth(Fig. 2). vhH 547

ofls A4 o2 QIFE AEY AR Tpol7} o] BEE o1A
7] wfj&of|(Barton and Iwana, 1991; Kang et al., 2007), 14
A 2ol = AR E SaohA| gt en, 3URE AR E H3 5
7H17 B, o) Lol L 7ol S A
Fstelch

o] S Al L, 20199 590l 9141 % H+t 0.005 kg
of AJofi= 1040l H 0.05 keo.2 AAste] AFako] 10 4]
Z7Fehict. uhe Aol 19e] 0.1 kgoll Al 1096] 035 kg7t
A g7sto] Mol 3.5 v F7FsFRAAL, X|ofe v|sl A&

A3t 99

o] A o &= Wekth(Fig. 3). & A7 17F 5t HARE-S 2o
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g 4,000 2 Juvenile
H Feed Input
T
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Fig. 2. Monthly feed amount per cage according to fish age in this
study.
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Fig. 3. Growth rate of fish according to fish age in this study.
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Fig. 4. Monthly fish mortality according to fish age in this study.

oA OF 7%, Aol A oF 14% 3 L aL, X] o9} /g o] o] #AL
gFo] 7}5=2] 1702 & 212 20-100 kg@} 20-900 kg © = 2
= lth(Fig. 4). 53] ALRE wolshA| g2 717toll= AP 7HA]
7F A O] TR A] QEGE oL, o] % Abm o€k A THsol 7t A
st Al HAbFo] HA; F7kete A Bl
EtA 3 EHA XY

At 9 7Hgo] O] Al b} T} 4 FHES Table 2

70.

off vkepwleh. 7ol AW o] Bt THE-2 70.1% (n=10)3>
o, P2 0 &2 B 54.6% (n=10)2} A4 7.4% (n=10)2 74

o] BASA) A a7

A A 0 & =9FtH(Czamanski et al., 2011). 3HH 71501 9F4]
oA ALSERE B AFRE SOl 14%0] 0], ek W A%
7} 217} 43.41%2} 7.43% = /3 =l o] Q1T 2ol #1A]gkof
T A Aol A ARESH= AAFR (dry pellet)=H4- 43.5-45.2%
2F A4 8.0-9.6%7} EFHE 0] A S (Pawar et al., 2002),
2 AFAuti ot A ohR2 fAlsh A thd =90k BE
], 2 gfo]o] Qlof QFAolA] ALE AR Bk ol
oF 50%, A4 T oF 6%o]m(Corner et al., 2006), AEl
of YIx|gE FANE FAFANA FFE = TRt AlRES
el FHFo] 50-52% (Hall et al, 1990)0]11, A FHaFe
6.6-9.4% (Hall et al., 1992)& LFEFL} 2 1700] AL2 U Bk
Sheo] thas Wkt o]of 22 A= FAEE W AR A2 Y
EENERTIE

A= = =P Ny
SE-EHET 2XE

o5l AN HAFEoR Wk A 7]
EF2EHPOC)S 2.2-25.7 g m? day! A, AR G7]
A4ZHPON)E 0.3-4.0 g m? day” #1912 5 9ITHTable 3).
gha 9l A0l b= AFR SR BlEeklal(Carbon:
R?=0.9965, n=4; Nitrogen: R>=0.8358, n=4), At 2 0.2 A=
£ Folal elokel 1903} AL ofe] AR g FET 490 B
L, 2ofe] 71 JA|(5E)T A AR FAF S7HE sl 7
4, 104, 1299] 37E2 =30t dutd o 7 AR
of %7, FoIeF © FolAl7], 441 5 coket 273 A3 H =
ol whet M= t=A Yekd 4= Slok Syt 599 o
7HrE] FAE Ul e Bl A4 0) Hot 7R 7217 3.3 gm?
day", 0.3 g m? day'9.0. ], oj%ee] o] 7hEe] OpAgpe 7
ZF1.7gm?day’, 0.3 gm? day’ 2 & AFHP= A Ho=
oYtH(Park et al., 2012b). Y Eof| ]| gt 2= (red sea bream
Pagrus major) 2 %] (yellowtail tuna Seriola quinqueradiata)
QFAAOIA 1 HESH TEE $7eke A7RES 1549 gm?
day’!, A4 7S 0.20-0.70 g m? day' 2(Tsutsumi et al.,
2006; Table 3), 2 AALRCh= A2 0 2 v Urefie), gt

Table 3. Fluxes at the seawater-sediment interface underneath the
fish cage farm

Eo] U3t gHH Bg oA ol Al thefet FA o1 7(163)¢] Sampling POC PON SOD DIN efflux
A U(Whole-body) B4~ W 214 gefke 747} 43.7-58.7% (3 date (g m?day) (g m?day) (mmol m2day) (mg m? day)
Tt 52.1%, n=8)2} 7.6-11.3% (*F<t 9.0%, n=16)5 UEHY, & Jan. 2019 2.2 0.3 191.2 384.4
AL 7hsololl vl ' FF2 ARIACH A April 2019 6.3 0.8 1315 149.2
July 2019 242 24 272.3 1,050.4

Table 2. The water content and chemical composition of carbon Oct. 2019 24.0 4.0 213.4 1,732.6
and nitrogen in the feed and fish (mullet) Dec. 2019 25.7 3.8 276.1 1,138.7
Type Water content (%) Carbon (%)  Nitrogen (%) Average 16.5 2.3 216.9 891.1
Feed 14.00 43.41 7.43 POC, Particulate organic Carbon; PON, Particulate organic nitro-

) gen; SOD, Sediment oxygen demand; DIN, Dissolved inorganic
Fish 70.10 54.63 7.36

nitrogen.
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(a) Harvest (16.5%)
Fish food (94.5%)

uveniles (5.5%)

Fish loss (2.1%)

Fig. 5. Mass balances in the fish cage farm. a, Carbon; b, Nitrogen.

Ze|Hofl $1x| 3t A--of(milkfish; Chanos chanos) §417g014
L g7)eka J7keko] 43-37.1 gm? day!, 7124 0] 274k
2 0.3-1.3 g m? day' 4912 FAFSIcHHolmer et al., 2002;
Table 3).

S 1 oA Lo] A B ZE ] AbasmEkS 40.5-276.1 mmol
m? day!(H+t 216.9 mmol m? day') H$|E 231 (Table 3),
§715ke W7 oFo) ATAS BATHR=0.6451, n5).
A ] FFE AL HolE S5 LAY A 355k
H 197492 Hol 5 355 7Y, 108 E 129 E T At A o
B AR B ot Sejuel 59 9 =9 o] 7ot
T Ao HF AbA s eRe 247t 116 mmol m? day ' 2
34 mmol m? day' & 2 A7} At o0& Qth(Park et
al., 2012b). ||| |3t ZAFo] FA2 HAE Y Ak
2HF= 61-265 mmol m? day' 2 2 Lo A AL Fol7}
A 192 A Q) ghat f-ARE #191E 2 S ch(Holmer et al,
2002; Table3). RFH =2 ¢Jo] 9] ¢o](Atrantic salmon Salmo
salar) %A Ao A= 65.8-102.2 mmol m? day”! ¥ 9] = 12 o
B} uko 715 | $th(Bannister et al., 2014; Table 3). o] 2%
a2go]9] o AL 7HetE T A= s
zhsto] golg B AlZ|E 245ke 5 Wi AlAIR o2 & 2
e Az Qlok. ey 2 Aok e Awo] AR 71E
O A Al A o2 SgE|o] Akr o 1) Fwo] EF =
o m O {7l FobaE AL, T Ad =29 o] Aof
AET AR A W o] =fThal ek T

HHZA $FoR SEHE & WEL &
66.3-1,732.6 mg m? day" 9|5 LFERdtHTable 3). 82 =
71A % 718 Bl shE YAHI 7 R4 Akl
=7 UeltaL(DIN:POC, R>=0.7435, n=5), &2 & W] A4z
kol =& AZ|(74, 109 X 129 AR FUF =)ol 4
Hog =2 ZYHAE HIATHDIN:SOD, R*=0.4034, n=5).
2 Aol M= & F71AA0] §57 S YRy okd

AL

—

O‘q!
1
R
ox
o
ox

N
O
ox
e

. Harvest (13.1%)
Fish food (95.7%)

uveniles (4.3%)

Fish loss (1.7%)

2(>85%)7F AAISF AL, Sejuet 59 E o, L, 2
o], 2] of FFAHH 3
o}, AR FAoll A AAIZE Rk =3 35 Al AH]
=Ak1s, unpublished

[e]

i)
Hir
Mo
of o
0,
uis
m
i}
I
[>
uj
T
s

= &l Y53 Ao BEHEHY

data), 2018 €] 2019W7}1A] v 5€-10¥9] 7Hd 2oz
T3] §E4th w27 3 mg L' ofske] wiAtaa | 7) Ay
SFRILE. o|eF o] A gl sl £5 EA =0l S
7lEe A5 WAk 2 g0l whE A7 BlE Ret
AL, olofufet & AT S P oR §EH AR
e

214

B o B ARES g0 2 PAPTE ShE2e] &
Ak 7hso] 7 e] FAA] Ehash Ak 44

A= T 100% Foll Al 7hso] 21019 27|47kl 5.5%,
7hsole] Hol2 FFEE AR} 94.5%S AFA|5HIc). v
A2"oA fEEE S 100% SollA 16.5%7F 8o,
2.2%7F AAAxbgo] ot Ao 2 AP E Qe 3 o] 9] A2
A} BH5o] W2 TE.0R 47.3%7} CO,9| FEHE &5
L, o] -2t of A 92 mhA U e ol 30.3%E AHAI5H

Table 4. The estimated carbon and nitrogen values of each factor
used in mass balance calculation in the fish cage farm of this study

Factor Carbon (kg)  Nitrogen (kg)

Input Juvenile (J) 8,126 1,095
Fish food (F) 141,110 24,136
Harvest (H) 24,562 3,311

Output Fish loss (L) 3,211 433
Water release_(R) 115,760 20,706
Sedimentation_(S) 5,702 782
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