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Abstract

Coastal shellfish in the shallow aquaculture waters form carbon contained shells as they grow. The existing
researches showed that carbon flux can be improved, if the shells are re—treated by the carbon stored methods. In the
present study, firstly, the mechanism and the quantitative flux of carbon dioxide in the shellfish individual have been
analyzed. The re—treated methods of the useful by—product in the shellfish aquaculture, shells, have been reviewed.
Finally, the potential effects to reduce the greenhouse gas has been suggested, if the shells can be properly re—treated.
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oS0 27kA] F8 71FoR gofd 4 ok
CH,0O + O, :> CO; + H,O (2)
2.1.1 Mg|sh(Calcification)
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Fig. 1.

Carbon cycle related to bivalves in the marine ecosystem (source: modified from Jansen & van den Bogaart, 2020).
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2.1.4 INE 23 Bt 8t 2 9 B4 WlEere 2x48 ™o} 9= Aolch

oFA] W&o BALFS LA} oW oo o Filgueira et al.(2019)= Htoh A=t o4 7o g4
Uebd 2= glon] of7]o| A S8ke AQlshH 2 A4 b S F8E& flste] izt AKRE o] Z7te] ©a
& R g4 o] Hrh(Fig. 1. 7202 mif= 525 FAs o2 Pt FA WRo @A A
Z=2o] JJEA A} W B2 &dlo] Polaty] o] & = 295k WS ARl oo Al Mzl ©
Tol Mg AT wWEde] Hx wjzte] FAHE g & AW T RS AT A7Ee] vis dRd Yues
Ms B EF FaF Ba 0E ol ook o AASHANTable 1. 2 A7 4= Filgueira et al.(2019)
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Table 1. Estimation factors of carbon flux for bivalves in marine aquaculture (based on Filgueira, 2019)

Norwegian suspended
Factors Description mari—cultured Mytilus
edulis (g C/m?/yr)
Harvested shell” stored carbon of harvested shells (+) 273
bio—calcification discharged carbon caused by the bio—calcification of harvested shells (-) -164
Pﬁi\i‘s’zd Tissue growth stored carbon of increased harvested tissues (+) 218
Shell respiration it is estimated to be 10% of the total individual” (-) -106.4
Tissue respiration it is estimated to be 90% of the total individual® (-) -957.6
b?;(;iii:s Burial of excretion stored carbon of excretion buried under the sediment (+)
Deposited | Sediment burial of tissue |stored carbon of deposited tissues caused by the sediment burial (+) 737
bivalves | Sediment burial of shell |[stored carbon of deposited shells caused by the sediment burial (+)
bIlZEiLs Mineralization of excretion |discharged carbon of excretion mineralized (=)
Deposited | Mineralization of tissue |discharged carbon of deposited tissues caused by the mineralization (-) -7
bivalves Mineralization of shell |discharged carbon of deposited shells caused by the mineralization (=)
Total carbon flux -177

"Harvested shells are assumed to be re—used for carbon storage
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Table 2. Comparison of chemical composition of shellfish (C: carbon; N: nitrogen; P: phosphate (% dry weight)). Adashindicates
no value presented (van der SchatteOliver et al., 2020)

Species Tissue Shell Reference
C N P C N P
Opysters
Crassostrea gigas - 8.4 - - - - Ren et al. (2003)
Crassostrea gigas 44.90 8.19 - 11.52 0.12 - Zhou et al. (2002)
Crassostrea gigas - 7.4 - - - - Linehan et al. (1999)
Crassostrea virginica 44.72 7.72 0.83 12.17 0.2 0.04 Higgins et al. (2011)
Crassostrea virginica - 7.54 0.99 - - - Sidwell et al. (1973)
Opermeand SO | Goo | gio | aos | om | oo | 0%
Mussels
Mpytilus edulis 45.98 11.40 0.708 12.68 0.55 - Zhou et al. (2002)
Mpytilus edulis - 10.6 0.80 - 1.13 0.05 Haamer (1996)
Mpytilus edulis - 8.1 1.24 - - - Cantoniet al. (1977)
Mytilus - 6.2 - - - - Miletic et al. (1991)
galloprovincialis - - - - - -
Mussel mean(1 SE) 45.98 ?(1)2 8?2 12.68 8%3 0.05
Other spp.

Arctica islandica - - - - 0.05 0.003 Westermarket al. (1996)
Chlamys farreri 43.87 12.36 0.839 11.44 0.05 0.09 Zhou et al. (2002)
Corbicula japonica - 9.81 - - 0.22 - Nakamura et al. (1988)
Mactra chinensis 42.21 10.57 - 11.52 0.19 - Zhou et al. (2002)
Mactra veneriformis - 9.67 - - 0.09 - Hiwatari et al. (2002)
Macoma baltica - - - - 0.1 0.03 Seireet al. (1996)
Arcuatula senhousia - - - - 0.82 0.05 Yamamuro et al. (2000)
Pinctada imbricata - 9.82 0.74 - 0.39 0.03 Gifford et al. (2005)
Pinctada imbricata - 10.5 - - - Seki (1972)

Ruditapes 42.84 10.76 - 11.40 0.56 - Zhou et al. (2002)
Philippinarum - - - - - -
Anadara 45.86 8.71 - 11.29 0.07 - Zhou et al. (2002)
Kagoshimensis - - - - - -
oo gm0 | 3 | 3% | | hs | e | o
44.86 9.28 0.88 11.72 0.32 0.04
Overall mean(1 SE) 0.54 0.40 0.07 0.19 0.09 0.01

A&7 FAH7] "ol AgEs dager F4 Hch(Table 1).

= Zo] ggsict,
2.3 f2|Lt2t ¥ TR W Heo| M2 ojMsiEts

Hzke] ga wiE FEL D) TFOR QT olitsiEAs
Mael W7 BEe AA TEF 10%2 ZHskn Mzt A
(Filgueira et al., 2019) i) =iz} Ao 43]5} 7oA St A AATEE BE @2 20219 @Az <F 50
Clstag viEsH st iAo i FRE WA g gz oy o)z 32w 3uEC] FREA oF 653%5
T ool A&Her L& s FolA FdHS o j}.]]f)‘].j_ oIt} wata Z28tEl WjE o] mzo] 2|l u]
= sl e, w5 257t 7H ErhEIGAA, 20208 Table 3),
SH szbel] oigh g4 2% 7122 ) 4" HAE & TE]‘%BMW 20214 AAFE wj= AHo] tjste] Table
g Asto] g & A mizto] gA7F AHFEIL i) 19] Filgueira et al.(2019) Hrsie] oJaf ot Ae} A4 2]
Z

ndt _IEL

ey
2 mjzto] AHof migr]= 7|2l o) ©ATt A% B4 222 A4k B Table 49F Zo] oF 34,573 E9]
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Table 3. Domestic shellfish and oyster production of Korea (Unit: ton)
Year 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

P“’i‘g&gﬁ oF | 440,164 | 446,686 | 432,818 | 346,185 | 418,501 | 408,795 | 420,649 | 490,215 | 513,085 | 532,883 | 500,866 | 506,000

P“’d(;‘ycsttigr“ of | 282,155 | 200,462 | 306,007 | 303,280 | 252,530 | 303,034 | 286,630 | 282,917 | 329,794 | 357,282 | 325889 | 323,000

Pmi;’gi?? | 641% | 65.0% | 707% | 87.6% | 603% | 741% | 68.1% | 57.7% | 643% | 67.0% | 65.1% | 653%

Table 4. Factors related carbon flux of shellfish and estimates of carbon flux of Korean shellfish in 2021 (based on Filgueira, 2019)

Factors Descripion Estimates of carbon flux
P (ton Clyr)
Harvested shell” stored carbon of harvested shells (+) 53,324
bio—calcification discharged carbon caused by the (121)0*ca1c1f1cat10n of harvested shells 32,033
Harvested
bivalves Tissue growth stored carbon of increased harvested tissues (+) 42,581
Shell respiration it is estimated to be 10% of the total individual” (=) -20,783
Tissue respiration it is estimated to be 90% of the total individual? (-) -187,044
b;{/z;is Burial of excretion stored carbon of excretion buried under the sediment (+)
Deposited | Sediment burial of tissue | stored carbon of deposited tissues caused by the sediment burial (+) 143,955
bivalves | Sediment burial of shell | stored carbon of deposited shells caused by the sediment burial (+)
Total Mmerahzgnon of discharged carbon of excretion mineralized (=)
bivalves excretion
Deposited | Mineralization of tissue | discharged carbon of deposited tissues caused by the mineralization (=) 34,573
bivalves | Mineralization of shell | discharged carbon of deposited shells caused by the mineralization ()
Total carbon flux -34,573

*Harvested shells are assumed to be re-used for carbon storage

Bar) ofd EEE Aow 2t waby fre 4
A Aol mE ARl Ba Sl nfoluast Hel
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w
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o) TS0 T2} ZHEHRO| T2 OFABIELA 2f24%
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T2 N 'aE 7P eA ok
SEjuttol A A= A SiRElA AgEol Ths
Stal =A7F 7hs et siZhe] =2 20219 @A 7|Eo = of
3%t Eo2 = FEc(Table 5). o] :{ZF fe] &tAE A
= Aol 7Hsst AEEg HHoR AHEEItohal 7t
Wzt oF 36,3670 HagAE Jdste aAE
o o] =7F wiE7ks AW E o] vhedd ot
fet eadez] A4 atet oAtH(Table 5).

S
=T

o |~

P
e

&7 wjzto] SibdEo] FEH=
AT AN A NA w7 szt B
S B A Rl A AR sty 7|2 ¥E} ¢hekE 2l
ALtiAto] w o] gt (Peterson et al., 2014; Hickey 2009;
Tang et al. 2011; Waldbusser et al. 2013; Filgueira et al.
2015).
2} A Fol Baol ML WF FUR Ael7 9
T Y H oF 11.7%
AR FAHHTable 2; van der Schatte Olivier et al.,
2018).
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Table 5. Estimated amount of total carbon among the harvested and non—treated shells in Korea, 2021.

Division Estimates
(ton/yr or ton Clyr)
total production of oysters in 2019 (ton/yr; tissuetshell; MOMAF, 2020) 357,282
estimated amount of oyster shells in 2019 (ton/yr; MOMAF, 2020Y) 278,680
estimated amount of non—treated oyster shells in 2019 (ton/yr; MOMAF, 2020) 190,060
Total production of shellfish in 2021 (ton/yr: tissue+shell; MOMAF, 2022%) 505,535
estimated amount of total shells in 2021(ton/yr; MOMAF, 2022) 454,982
estimated amount of total non—treated shells in 2021 (ton/yr; MOMAF, 2022) 310,297
estimated amount of total carbon among the estimfit'ed non-treated shells in Korea, 2021 36.367
(ton C/yr: van der Schatte Olivier et al., 2018¥) ’
1) MOMAF, 2020. 217t Z+¢3kE gt Alw/ha 9ok npd A F &7 2-5. sjfpaty 89 2F BuA 3 A7 o)
2) A RO EE 2022, https://www fips.go.kr/p/S020601/9] o1& A ibeF g7
3) Table 29] HH” % B ©4 HE, 11.72% 4&

A3et Y Folls olitetE ATt aFor HIEEL (2019)& E=9o] 44 &9 d&H= olitetHAE Hl
53] Aol &2 AdllolMs 2428 oo o] o Eole FAE UeEtligloy szt B2 gta o=
715o® olitalgtAao] ujEo]l dojdth(Fodrie et al Aol Agts Fdsh= Ao HIUSHGIH
2017). aeA miZo] FAEE A5 HH2 T X Filgueira et al.(2019)9] o]2jgt &4 wWrAl2 ojufjzf F4]

oA molg A ZHg(HjE) 0] dojube FEoltt SRR o olge] HAejA AHAE FrtE #3Y o +2E wR7o
o mjZte] F4E dae A7 JE9 He S A Aeiis AsAr2] 422 123 sjZh2 w7]sof st
ShH A7z aAEo] ©Aaol AFiwr AgsHA Hr + AR JPEst FARERl 42 g@aAE7sol
Hickey(2009)+= ZFAolA Zujzto] A 5E = 47t A= A4 8w g8 FE 7HRth dsR
oF 3.81914 17.94 ton C/ha/yrel o]2tti Rt} = Aol AeiAe] gta &3 oA gEAS] g4=9)
Higgins et al.(2011)2 w|= AAtm] =29k ZFAo] A HiEo] dAZE Fet WSt WY HHE FATEH
A AL A BAALE Foto] Alg wEG oF 28671 AAHor B A&HFO gaaAs 007 7Hskal o
9] Z(Crassostrea virginica) 7|47} A4S A9 oF 13.47 b FA AHE Foll QI7ro] AF oA = FAES] s
+£1.00 ton C/ha/yre] &4 2% ax7} Qlokal 45191 40 Frdor F2o] astoiof qtrtal AQksh
ok o] FAFE AMIEA NN EF7EE A a7t 9L t}. Filgueira et al. (2019)= 294 kE=9o] &4 &9t 1
o de7l ofe] AAAES] 4 AT Aat Ko ) A S] Bt TAa FeEo] of 0.45 g CO= F4sHH e
¢ o Ztog ®ByH vt UcFig. 2). W o] ALAFNE HIEOZ Jansen¥} van den Boraart

Z|* Filgueira et al.(2019)+= UEHE 4] 3t A% (2020)= 2¥A vda= kAl &gt (Mytilus edulis) <
59wz g A ]?:‘_:]EE'; FAokeh. A 2 g4 225 A ek 1 m® g oF 5007047 428
o A9, THS FE AL Bobe] SARIIAAY Ba W Aom Agely, szte] dig Asjsiet wze) 55 Fu
FHlom Agaa Gk ol 371 vq Sart 48 FE 10%) B2 B4 E gBOR 1T 34 T
1 BAAE AR del ASsEA BEeE Ba izel S48 B §4L 27 g O/miinE, F4
£ A 3715l WEshe sggo] Al BEoHA o widE % 7] HAE Wt g4 A F, AAA
Al 2E =2ho] dgtoln] o] A ofAf o] gha ot ERE A A =22 et A T e ga 54 61
ARl Aoz d#Eo)z]7] o] Y tHRojas-downing g C/m’/yr& F7stgck
et al, 2017). %, B7] 59 oUSLE AHe] AEE  PAez MEE B dvdes S0 84
2ol A7 F545kAL o] 5 7HEo] dFste] e o= Hj ’ll‘%kl}gl"ﬂ v m-¢- nFEO] ARFpdolw A s
o e4-0] AAFL 27T v Fo] TriTte] WA S FAEY 37.5%8 HAE FAHES oF 91%E ¥
St dAAe] [PCC g4 QAW EZ o] ZAtE oFo A= 71 o= ¢ 5483t Adoltt(Jones et al., 2022). £3] 3l
9] 352 B4 viEHoR 4HskA] ¢l Qlth Filgueira & FEA FA AEL AR g AR FEEe
et al.(2019)«= ool &¢tste] AgF= SatollAAd A BN w2 F7PHAE AU glow 2A7FA S
FAPoR, W42 RAER SEEnE /M 2 uE T ALt gl AR o] g4 dab=o] 49 s A
52 05 F AT 2E5FE FAtolAe} Lol gas A} v wsto] o Zop A A FES S AT
Ao AbAgsiAl ki BAER dARE wzte] SEFF R0 S A&7 B W AU g4 A &
fFct= 10% BHe S50 8 QIg gA HjlEdos 4 o] SR E oo ¢ F ®¢to] H 4= Qlth. Jones et
TR F0| &gote WS AMEolt. Filgueira et al al.(2022)2 s FA TAEL] YA, A7 U AH|TA
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Aol W] ga HlEES FAstET 5ol olHini FAFE 4, HA D HF 5 s ks g 1ES ALY
785 oot Hlwste] g4 HiE Aot vl W2 daE St HiEEE olitstetAo] 7.6%C AUA] ¢He kel
Hol & tH(Willer & Aldridge, 2020; Ray et al., 2019). & <<t
i AL mle 71F JEHe|u A&7 FAo &
3.3 IR A HFT|0f CHSH EtA 2| WS FF e 4 Qe Aol 3 4= 2t} Jones et al.
olwst AFelo] Ela 2z wolat nf Akelo] AAF A% (2022)& ol AT At o R FABA A5
mot ohg} Abelo] AR AIALS Olato] AJAME] T QEX] 7l Higt &a vilE dESS 2R Aestolen A
o] 2H|EE A F7]o Higt Ba A2 AgRE Ao = % (on farm)olMel AdE 9 e F=T FE
Q5ITh AAotOFAl ool A AeH= ofA] WE SL W o (downstream) F-2& A|QJotH &4 HlES 48t & 4
so|ZFo] 2 asich webA wo] T Bw 4o e FHel Ath(Table 6).
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Fig. 2. Comparison of total CO, emissions across all stages of the mariculture supply chain for bivalve, fed finfish and seaweed (Jones
et al., 2022)

Table 6. Major carbon emissions sources at different production stages for bivalve, finfish and seaweed (O: emission; X :zero emission;
~ carbon emission can be reduced with improved management, Jones et al., 2022)

Production stage Source of emission Finfish Bivalves Seaweed

Production and supply of eggs, larvae or propagules O ~ ~
Upstream Terrestrial land use change and degradation O X X
(Preparation) Feed production and processing O X X
Transport of feed to wholesale and mariculture operations O X X

Fuel use O O o)

Energy use @) o) o)

On farm Infrastructure or maintenance O O) O(~)
(Production) Coastal and subtidal land use change and degradation O ~ ~
Nutrient or effluent impact and water treatment O ~ ~
Liquid oxygen and other chemicals use in production O ~ ~
Processing O O O
(gzz‘;ﬁzfaﬁd Packagi.ng ar.ld ice O O O
processing) Refrigeration O O O
Transport O O O
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WE A Weldon AGLARA QA 7] @
@rhs BAS Agshs Ave 2° 4 gt dEA ¥
ol Adat Meste Waio 9% AnE BEoH-
upgolc, Al Aael A Sgae] AT AT W 3
T A Y4 ARAL Sl AR YU s
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Ho] ol5e AW AelPAL skl AAs Foloput
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TR AAe] st oUW AR ZRelAE A
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99 RA W7o RARE(CaCON R T8 % 9
ok Zhzte] 29} A1ae ofefet 2ok
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74 PH GWH L)
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= SRR S 2
HE% ol 247k He

]/\1 VLS’} =

=
‘q“olé-— £ OﬂE—‘.‘% o Qltt. oln] FujZ V1R = ES &
o] LS &HT 4 = ALR HuEo] HI o= F
ApOA B B4 TS U0l E 5 Qe ASRE Hily
AckHe et al. 2021).

297 712 E EY AR ARESto] #HF FHA &
g o s WHEE AP /t=R(Cd) 2 E(Pb) 24

F& A o+ AT FAHJAHOkK et al. 2010). ©]
BF B 2RREdE 24" 29 227 BY
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oh ohe wj2be W ARl Reks nhafstel the AR
B §2 Fol o 2 aNe AE 4+ YSAOR ol
o) Eo move] AT MgE 24 5 B ARG
2 JPed UEE He AP Hak grky gz

3.7 Ep2] VS St AEEY
Aol dEet Agg YHE2 A4 sk el shA
T2 o] A" dadES A CNA Zﬂﬂa = 2
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of EE Al W 72 W4 o @A HehR A
S
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rot
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Mo HU
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Folzuh AT V9 QT2 AT 4 UL Aoz
ARk szl A4 wat szl ofwg sl
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o] WAL g Mot NPT BEL
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7|25 &A AAY AP 27 WE S
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[e}

et A& ot el vxe ZdAQl 74 <t
o o ozt Hroh faet gAa AAdelst & 4 ook
(Jansen and van den Bogaart, 2020; Moore, 2020). H| &
izt Agite] BAMHER CO7b IA¥skH, mfjfo] AdAdolvt
AL =1 28ar 3)jZF ZA|9] bioerosiono] whEh BiF A
A, A& 5o X (oyster reen)d] B4 FF/HE AR
of ZpolZp AT 4 Lot ofm] EAch= A A= 1A
2R o 72 frgaet FrIRAEZ) ] A o
35t Lo|th(Fodrie et al., 2017).

=228 22§39 AAAT 1stH R, v U
A= AEHA ARl SHoA o] Fado] digt Q14 mlH]
2 A Exof| Hijt 712 A A= gled, A AlA

S
2=

2) https://www.npr.org/sections/thesalt/2018/10/10/654781446/oysters-
on-the-half-shell-are-actually-saving-new-yorks-eroding-harbor
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At 30 E@ WIEE @R Hlo 27 7]osts AL
2 E 5 Utk
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