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Abstract — Carbon dioxide capture and storage (CCS) technology is recognizing one of method responding the cli-
mate change with reduction of carbon dioxide in atmosphere. In Korea, due to its geological characteristics, sub-
seabed geological CO, storage is regarded as more practical approach than on-land storage under the goal of its
deployment. However, concerns on potential CO, leakage and relevant acidification issue in the marine environ-
ment can be an important subject in recently increasing sub-seabed geological CO, storage sites. In the present
study effect data from literatures were collected in order to conduct an effect assessment of elevated CO, levels in
marine environments using a species sensitivity distribution (SSD) various marine organisms such as microbe,
crustacean, echinoderm, mollusc and fish. Results from literatures using domestic species were compared to those
from foreign literatures to evaluate the reliability of the effect levels of each biological group and end-point. Eco-
logical effect guidelines through estimating level of pH variation (8pH) to adversely affect 5 and 50% of tested
organisms, HC5 and HC50, were determined using SSD of marine organisms exposed to the CO,-induced acidifi-
cation. Estimated HC5 as dpH of 0.137 can be used as only interim quality guideline possibly with adequate
assessment factor. In the future, the current interim guideline as HCS of dpH in this study will look forward to
compensate with supplement of ecotoxicological data reflecting various trophic levels and indigenous species.
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Table 1. Overview of the generated effect level (NOEC, LOEC and 6pH)

8;%:;)?;1 Species Class Bio-endpoint impact E};ﬁ) ?lSrLSlre Contol NOEC LOEC & pHyoee Reference
Metabolism  Vibrio fischeri Microbial Biomass - 12 8.1 7.6 7.4 0.50 Sung et al.[2010]
Metabolism  Vibrio fischeri Microbial Biomass - 18 8.1 7.4 7.2 0.70 Sung et al.[2010]
Metabolism  Vibrio fischeri Microbial Biomass - 24 8.1 7.2 6.8 0.90 Sung et al.[2010]
Metabolism  Perinereis aibuhitensis Annelid Energy available - 168 8.18 7.53 7.04 0.65 Moon et al.[2013a]
Metabolism  Perinereis aibuhitensis Annelid Energy consumption - 168 8.18 8.18 7.53 0 Moon et al.[2013a]
Metabolism  Perinereis aibuhitensis Annelid Cellular Energy Allocation - 168 8.18 8.18 7.53 0 Moon et al.[2013a]
Metabolism  Paralichthys olivaceus fish Cellular Energy Allocation - 96 8.02 8.02 7.69 0 Moon et al.(in prep)
Metabolism  Paralichthys olivaceus fish Cellular Energy Allocation 168 8.02 8.02 7.04 0 Moon et al.(in prep)
Metabolism  Paralichthys olivaceus fish Cellular Energy Allocation = 240 8.02 8.02 7.04 0 Moon et al.(in prep)
Metabolism  Oplegnathus fasciatus fish DNA damage(blood cell) - 1 8.22 8.06 7.81 0.16 Choi et al.(in prep)
Growth Tisbe sp. Crustacean Population growth (Naupllar) - 480 7.99 7.33 6.88 0.66 Moon et al.[2013b]
Growth Tisbe sp. Crustacean Population growth (copepodid) - 480 7.99 7.33 6.88 0.66 Moon et al.[2013b]
Growth Tisbe sp. Crustacean Population growth (Adult) - 480 7.99 7.33 6.88 0.66 Moon et al.[2013b]
Growth Hemicentrotus pulcherrimus ~ Echinoderms  Development(total body length) - 72 8.12 7.79 7.48 0.33 Choi et al.(in prep)
Growth Hemicentrotus pulcherrimus ~ Echinoderms  Development(post-oral arm length) - 72 8.12 7.98 7.79 0.14 Choi et al.(in prep)
Fertility Hemicentrotus pulcherrimus ~ Echinoderms  Fertilization - 0.33 8.12 7.79 7.48 0.33 Choi et al.(in prep)
Fertility Strongylocentrotus nudus Echinoderms  Fertilization (egg) - 0.33 7.96 7.41 7.2 0.55 Sung et al.[2013]
Fertility Strongylocentrotus nudus Echinoderms  Fertilization (sperm) - 0.33 7.96 7.96 7.79 0 Sung et al.[2013]
Fertility Strongylocentrotus nudus Echinoderms  Fertilization - 0.33 8.01 8.01 7.94 0 Sunget al.[2013]
Fertility Hemicentrotus pulcherrimus ~ Echinoderms  Fertilization - 0.33 7.99 7.78 7.69 0.21 Choi et al.(in prep)
Survival Tisbe sp. Crustacean Survival - 480 7.99 7.33 6.88 0.66 Moon et al.[2013b]
Survival Monocorophium acherusicum Crustacean Survival - 1104 7.99 6.88 6.61 1.11 Moon et al.[2013b]
Ecosystem  Community microbial Decreased abundance - 384 7.8 7.6 7.4 0.20 Gim et al.(in prep)

= No effect, - negative effect increase, + positive effect increase
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Table 2. Summary of experimental studies on the CO, effect of marine organisms

g;%:géi;n Study Class Species Bio-endpoint 53 81 80 79 78 77 7 6T;e:tment (o)
2 81 80 79 78 7.7 76 75 74 73 72 7.1 7.0 69 6.8 6.7 6.6
Metabolism Sung et al.[2010] Microbial Vibrio fischeri Biomass (12 hours) o A .
Biomass (18 hours) o A .
Biomass (24 hours) o A .
Moon et al.[2013a] Annelid Perinereis aibuhitensis Energy available (7 days) o A °
Energy consumption (7days) o (]

e}
[ ]

Cellular Energy Allocation (7days)

14z

i3

olie

e}

AEl

Moon et al.(in prep) fish Paralichthys olivaceus Cellular Energy Allocation (4days) o .
Cellular Energy Allocation (7days) o ot
Cellular Energy Allocation (10days) o A
Choi et al.(in prep) fish Oplegnathus fasciatus DNA damage(blood cell) o A .
Melatunan et al.[2013]  Molluscs Littorina littorea Metabolic rate (Gastropod) o .
Rosa and Seibel[2008]  Molluscs Dosidicus gigas Metabolic rate (Cephalopod) o .
Cummings[2011] Molluscs Laternula elliptica Metabolic rate o o+
Michaelidis et al.[2005] Molluscs Mytius galloprovincialis Metabolic rate (Bivalve) o .
Growth Moon et al.[2013D] Crustacean  Tisbe sp. Population growth (Naupllar) 20 days o A .
Population growth (copepodid) 20 days o A °
Population growth (Adult) 20 days o A .
Choi et al.(in prep) Echinoderms Hemicentrotus pulcherrimus Development (total body length) 3 days o A .
Development (post-oral arm length) 3 days o A °
Walther et al.[2010] Crustacean  Hyas araneus Growth (decapods) o °
Gammarus locusta Growth (amphipods) o A
Kurihara and Shirayama[2004] Echinoderms Hemicentrotus pulcherrimus Development(size) o
Echinometra mathaei Development(size) o A
Yu e al.[2011] Strongylocentrotus purpuratus Development(size) o
Stumpp et al.[2011] Development o
Crim et al.[2011] Molluscs Haliotis kamtschatkana Development (shell size) o e
Gazeau et al.[2010] Mytilus edulis Development (Size larvae) o °
Miller et al.[2009] Crassostrea virginica Development o A .
Lischka ef al.[2010] Limacina helicina Development (shell degradation) [¢) A °
Munday et al.[2011] fish Acanthochromis Growth o o+
Munday et al.[2009] Amphiprion percula Growth rate o o+ o+
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Table 2. Continued

8S1

Organism Study Class Species Bio-endpoint Treatment (pH)
Category 82 8.18079787776757473727.17.069 68 6.7 6.6
Fertility  Choi et al.(in prep) Echinoderms Hemicentrotus pulcherrimus ~ Fertilization o N °
Sung et al.[2013] Strongylocentrotus nudus Fertilization (egg)
Fertilization (sperm)
Fertilization
Choi et al.(in prep) Hemicentrotus pulcherrimus ~ Fertilization A
Kurihara and Shirayama[2004] Echinoderms Hemicentrotus pulcherrimus  Fertilization
Kurihara and Shirayama[2004] Echinometra mathaei Fertilization A
Havenhand ef al.[2008] Heliocidaris erythrogramma  Fertilization
Fertilization (sperm speed)
Byrne et al.[2010a] Fertilization
Reuter et al.[2011] Strongylocentrotus franciscanus Fertilization °
Moulin et al.[2011] Paracentrotus lividus Fertilization A
Ericson et al.[2010] Sterechinus neumayeri Fertilization (suboptimal sperm) A
Havenhand and Schlegel[2009] Molluscs Crassostrea gigas Fertilization (swimming speed) A
Parker et al.[2010] Fertilization
Byrne et al.[2010b] Haliotis coccoradiata Fertilization N
Survival Moon ef al.[2013b] Crustacean  Tisbe sp. Survival (20 days)
Monocorophium acherusicum ~ Survival (46 days)
Suwa et al.[2010] Corals Acropora tenuis Planua survival
Anlauf et al.[2011] Porites panamensis Survival A
Kurihara ef al.[2004a] Crustacean  Acartia erythraea Adult survival
Findlay et al.[2010] Semibalanus balanoides Survival (barnacles)
Ecosystem Gim et al.(in prep) microbial Community Decreased abundance (16 days) o
Hale R.[2011] Molluscs Structure (bivalves) Growth

o: Control, A: No effect, ®: negative effect increase, ®+: positive effect increase
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Fig. 1. Boxplot of CO, effect pH levels (LOEC) for species (A) and
end-point (B). Boxes indicate first and third quartile, bold line indi-
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ber of species).

o] Zassled, A4 pH Ml Y7 WhSsh= Zlow L*E}”E}

o157} e AEF R} vz A7} L}i 2 DNA &2
CEAS} 28 oAl 5 ATolah $ol zkabsl whgahe
Ao A EAE (end-pointy S ZHE“oP"W R

T?

o5

T, G| (Paralichthys olivaceus)°ll I3 =ZE A= =
E/\]ﬁoﬂ e} FgFo] WstE= Zlo] HHE QT o= |Ae] F
A iAo} 2nE olux]e] A1E YERY = AR g

JF(CEA: Cellular Energy Allocation) #t= H|Wsk A0 & = 4
T 57t S7FIAA CEAZF oY Zhasshs Zdo] lSict. 7+
e €0, 5! 1000 ppm(pH 7.69) M % thz=7-9F 2] 8
zpo)7h bkt Wb, 79 A= F =7t S7Fge] whek CEA:
7V o] AL, 10849l BE wEoA dixT-9k 2k
o7} QQlth ARA S Z CEAL olilalghrel mEEs vwa %
7ol £ G ko Algto] Aatel whEt AA3] QS ok
7h= A0 7 oJAAS & $ AATHMoon er al.[2013a]). Akl
Q1 =5 (Oplegnathus fasciatus)2] T-H3ELE o|itslgtiol =
gk 5, o] = Igh frd5A o] UFR] DNA &4 s gRIsiSich
7HE =& pH(8.22) Z=11olM =5 F7-A1222] DNA tail moment=
0.548 = 0.071 (mean = S.E) ©]3101, 7F¢ W& pH(7.55) Z=73¢]
4] DNA tail moments= 1.601 + 0.197% DNA £A4}2] AT} ok
2,982 #}o]5 Kotk pH 7.819] sl =EHd ojikslekAhz

[U-{ (

Wspt sl el

VR G ARG BE 159

A3k sfigrollA o F A ES] DNAZF 45 2 TH(Moon ef
al.[2013b]).

wru) A& (Vibrio fischeriye- CO, ZEA7H(12, 18, 24 AJ7H)o]
57]-6]—»_'_& HL%}ak ) /\1]4 tm:,] oﬂs‘to] 71/\3].‘: 7:161:_‘1 Eﬁ
ol gu =2 pH 7.4 o]8te] £ o ilslekA v EE k= 3
FollA] M Aol AAIA AslE wekar, ojaksleka wEg)

9 AT U el fOIF SRS AL RS 5

|5k, whgu) E2] g Al 2 AR A7 AlTto] R whek
FEsHA QEQE EAES 13tk Coell 717 & H 3R
=9 HAELS pH 74004 7Y T FHEE A 9
B3t} 318 55 (annelid)Q! FE 24 H A & o] (Perinereis
aibuhitensis)®] X2, G4, T12]3L A ekl ETSEHE oy
A AHlES 74]/&0}01 CEAE AF=8t A3 pH 740l Wt CEA

7} 2483tk W2 pH 350 209 B9 wEH Q7 (Tishe
sp )= o] FEkE AL, AT Al Ao ® LRk, 46
A Fet v DZF(Monocorophium acherusicum)R.Tk 7| A=

o e T W= Row ehdt, Co ol AR A%
Sk w2 Aol et Aol oz, A3 9| HAFLY
(end-point)el] W} WIZIES] xlo]& BTt v|dE 7, THE
oARE, 3

5ol fARE ks Bglom AEg et 5
Aol 71 43 A o2 YERItH(Fig. 1B).

3.2 o UMENHST |=2| =&
§g°§ﬂ71% 55 93 SR E(SSD) F4L oA
& 2k5.9] NOEC #h} thxre] 98 k2 spH=
skato] 1 3}‘213}(F1g 2) 89 Ame v E, S, &
oI o, BEFE Vibrio fischeri
EFFslo] 9&01%14 ﬂ X o2 A s 93t 3] 95%
AEZE B35 T3 §pHS HC5 72 0.137, 50% 71 HC50
0.423° % TZF St §pCO,°l ti$h HCS 4k 231 patm, HCS50
A 1,510 patm O 2 =FF Tk o2 gk o] &¥ A5 =
FAdE J—Eq 3o 3 7HA|9=(assessment factor)E ©]-&35te] X4
3 oS5 (PNEC)E &84 4 9Jon, #gzog 1
7 glo] "EEHﬁ] BT E 93t 715 (guidelines) 0.2 A8E F5 S
Zlojct,

33 29| 28 @79l HD

U2 CO, =F B=YFdi= BT w34, 54T T
Fof| whe} pHell thst FEH L) 2] xfo]7} Hole= A o= LyEPT
= Co, BT ATE AAAQ v wH IS I3 =9 SAf
A7d 3= Felstth(Table 2). Hlal B7h= oAb, AGE
THE, AEE, THIT o8 BRate] 74 AEF el et
CO, FHNE VA,

e Oirbre-e] 93 el wet ookt 435 Bt
pCON =5 pH 8.00WM % AAsE (Laternula elliptica)e- 7|
ZUAFH(SMR: Standard Metabolic Rate)®] 5718h= J3FS K
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HC50 & Strongylocentrotus nudus (Echinoderm)
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o/ Hemicenirotus pulchermmus (Echinoderm)
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Fig. 2. Species Sensitivity Distribution of CO, effect levels expressed as a dpH level. Dashed line indicates the HCS of CO, effect level

(6pH).

ST Cummings er al. [2011 D). SHAIRE, A Aol A= 2 &, B3] (hatching size)2} T G Aol = CO2 of 9
3]

ol A QAR
dashe 2107 KB sk tH(Melatunan ef al.[2013]). =4t kY] w3
ZHm= AR O 2 1=

\1

ol F71E2] UEQl Littorina®] SMRO]
W 25121 offel Aol Ao T A5KE

(e}
=
-2 pCON &% BT M galloprovincialis 3171 % 3 THMunday et al.[2011]). SFARE, & CO01A o7

M= YEREOH | pH 7390 370 wEH M galloprovincialis=  larvae?] /374 Aol $24e] 118533} 3]0 Holx]= Ho| &

O] 7hast,

SR S7hEGOM, B (CaC0;)  Q1ESLOLE, T2l thet B AR QS 1Ql A ohgiet. F

T/3E A shelle ] SalEAci= A Bl thMichaelidis ~ ZF13 (olfactory cues)= tIET(pH 8.15)04 %= s3] do] e}

et al.[2005]).

&5 F Co, 5T
T Be § FolA Az D3sHA REgshs A Belom
Aol =
QIE|ATE. spider crab(Hyas araneusy> pH 7.8° x=Z%A JHE

o, pH 7.8°4 = 5744 W&} §) o] @7do] 7Hasiaict.

7ol whet A=e] At kel e & pH 7.60 :=EF o larvaeol A= oM e 3 S 31l
o} 37X 5= A S Z larvaeZ| AR sR= QA ] A
%= 7 e Aoz 4eA Stk ©]% Munday ef al.[2011]37]
pH 8.159} 7.8, 7.6l === wl o]4] =7](otolith size),

AApe]] ZAA kS = AT} B}

o= T

-

o] ZHashar o] pix= 210 % LRItk Walther ef al[2010]).  FE, thell 93] fle= 2la 2RleiSint. o] dafelr] offi= At
%

W7 (Gammarus locusta) ATRANA ] 73-9+= pH 7.591- A&
AT tigk Gl F5lskA= Stk (Hauton er al [2009]). = COPl wZE AE] FHF thst ke A
SEEe) A9 pH 757700 W 2] 5 vdel AR v o] AdHew nge Ao

(acidosis)S ZH3F T Qrh= AL o=E3iT),
A 5 =95 =]
2 YERTE W& pH 2764

_L4

jul

A= A0 2 H %K Kurihara ef al.[2004b]; Yu et al.[2011];  Heliocidaris erythrogmmma% AAR-FAd o JeFS Frof A4
[20

Stumpp et al[2011]). DA =52 AL FYFERT AR oz 8500 9JkS 3911 (Havenhand e al.
2 pH 7.8~8.1%271014 A4 = larvae?] 7] 5 ol tHfﬂ erythrogmmma)«] AAR-E730] 16.3%, T4 FEC] 24.9%7t 7
fz | el 7oz defA] Qlo] oz AAlsse]l o vl &axo] vepd A7l A o2 Ak th(Byme er al.[2010a]). =3

oer-

[}
08]), "7 (Heliocidaris

7243k HE-8-& Wolal QItK(Crim ef al[2011]; Gazeau e al[2010];  EE9] pH ¥A3}o] wh2 g W= 73~7.8% FAET FASE
Miller et al.[2009]; Lischka et al.[2010]). Munday er al[2009]=  “doll Q&S v]x|= A 2.2 YERLTH(Reuter ef al.[2011]; Moulin
pCOLN &St clown fish(dmphiprion percula)?] Blobirg & A= er al[2011]; Ericson et al[2010]). ©]i= =] AR S o] F3FH 21



optshe: T7IE QI sl AVt s dEed

pH 7.2~7.9%} fALSE A7 Ho|a St AxlEEel st +4E
AgofM= L 2Jo]7}F 91212, Havenhand and Schlegel[20091=
Crassostrea gigas’} pH 7.6°11 5% 778 2} FAjol5& 0| Wishr}
= A9E B O, Parker ef al 20095 £ 57} A5E ) 8
pHRB.0)IA = A=A &37} veht =78 80] 26% FHash= 3
o7 W3St |9, Byme er al[2010bR= SAA15-= Haliotis
coccoradiatas =501 3 A5 a 3= AFSIFANE, pH 7.8914
5 o] gl 3lo= ZARESIL. o= ol ufet AEF TIXkEe
we} o2 A3E Bl 2108 BTk Coell 23 BE
AZEEol T PeEO 7 AT A, tenuis®] FLAY 7|7} Hadh=
ZE& gRIEIem, pH 7.6004 AEEo] HAsigint. sHARE Als
Porites panamensis, 25 Acartia erythraeamg]r Semibalanus
balanoidesi = 9 FS A& 4= ¢l tH(Kurihara et al.[2004a];
Findlay et al[2010]). =5UdT A7l fARsE 22 pHECl =
EH A=Y AEES UE SAATEH vls) A ow ks
g u|X= HeAT At @kt TR YT Hale ef al[2011]
7} pH 7.6914 & T3z FRE TaE BEsion, njdE
TR PEE AT E mE71ZE 169, pH 740014 FE5-
ST} fHashs g Bl

el T7HE CO, T2t pHE W T35 gklo] 5,
AT AEFFARE T FER] A (Strongylocentrotus
nudus)®] E] 7HF WIket JFE Kol A oE Vet
(Fig. 1B). V|27 $$t AT e AAlsEE=, A5, &
5yt A Fol AEEY FEEC] 7R WIRke Zlo R Ak
Ak, o 7] thAFE-(CEA) 443t iezAlglo] dofdes 1
FFo] 31HEE FAHARI BiE Bl Bgh weldTteM= 8
T pH(7.8~8.2) 9] olM = A& ek avs Bt o]
ANE A EE AEFel wet, o] 78 A5 ol EE=W o
ARREo] EAdsE AL, ARl =g T AyE e 5= Qi)

FeATeA COLl &gt ABEDTF SSD 5+ A= Pepijn[2013]
7h E = SRS oloprlskal QIAIRE, SRR
gS d83to] CO,°0 HCS 4k thare] 3H(100%)s 750 =
sto] A= F4k(pH, pCO,)2] ¥3} A7]E Bluste] 7]5=iy]
116%(108~125%, 95% A1Z]FIHZ AAISHATE

X

4. E 2

CO= SUAIZTALBH= 45 et 21e) <Jal|A FEAkar)
wbgEl 7hsAo) Qlnk. & CO, ZHE SRS Basl]
e A Auslsidg s B4Aelct. gk $lsid
7he e Ee] Bash, o) cooll tist AelddE 7t &
B A8l FUALEE(SSD) F4L Bl Pold 4= k. 2
Aol Cooll o3t AEFTARE Ul AEFTS
= FRslon, o5 Fa Algkdol#ut SSDE 4 .

SSDef| o] 4 A5t AeS G798 =] AAEg) vla
sFolth. pHell o]t AEFTF Afol= %!

oo
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o
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gl wlsl A debstth iAo % RIZFETE S/l A
= Ao, el s A velt ol AEFe] wet
oiAFeREat AJ7dEo] MRS AjolE Kol ZloR o dH. &

< F(Hemicentrotus pulcherrimus)? ‘g 718 A2 =]
AT} A A2 Bk 3, oAk el wket
9] Aol ZALE AL, sk TR 54wk Tl
79 o} tAHHEH(CEA) BA A I= 1eEARIe] dojda= 1
o3ge] HRu T wkE Rtk FelATAHE Q]

Q1 a572] pH W21 (7.8~8.2)0M = AgE0] dsshs S35 B
k. o] A9 A Y AEFel wet, o /e A5 ol =F
= giipatge] sk 3, AT Efg T A e
T o, Sule] AT Ao AdAdEs gl & 5 itk Y E
S35E0 AdA(Strongylocentrotus nudus)®] 73E°] 71 W
PEFs Hole A0E YERTh FeldTelM e dAls ==,
&% o) A 59 AEET Y EC] 7P vizke 2o
Ark. BEES SAFER FolA =ue] A7 257 7
Zow VERTh AlSHAR] Apmol A RE Fujeld+- A
i, SudT-2] pH wiglel oisk e e A7 =
153 Adke Bt

e B87e A om Fasl] SleiME 7P WA Al
A U= AHFFAEE gk Zlo] mig- Fosit) faEd
of thish e QP2 AR L= SATLHY Adz Sy
of wjgt 7 AzprF gk 4= glow, x5 S QlojA] w2 A
sto] olg = AUtk 53], TUNAERE(SSD)E olget HgH A
B2 31488 7= theksh Aol ik el EtsE &8s o
ol T3 F2g0f| dish A g e 1 Arke] 8ol Algto] 9l 4
Utk A el B7E sk EiMe e7Ee HAa
58] Ag e ZKle] HE ARl AR Hrike) ddE Ve
o] lom, o]H3t 7FE vtE o R T AR FUHERE
st &5 AAsA ¥rh. ECHA(European
Chemicals Agency[2008])i= J54 Ael]aldF71E $lst A
Q7L A7) A GRS A8 theel 7 7 Axlst
Uk \A (1) iz FalEds ooz Aeds F7t
SIEA, (2) 283 =F2 ol8ate] BHFEE BslEA,
3) 24t 1o E (exposure route)E F3l AEY S H7EHA
A, @) AEAAE st =ZF-E%F(exposure dose)°] 23R =
A, wpAEro 2 (5) H44F L7 (end-point)el] FEFE T HE
T 1EEEA] Folrt
£ ATl 4% €0, e o]$t SSDE AFRe] $HAdE
Wzt gitt. ol & AEs] 918 FHE AuHdETEr AsE
o2 ECHAZE AIAISE 5714 715 28sto] B7talgion,
I A= v53 2ol eokd ¢ gl

(1) ¥ AVEF3RF7F Akm+= CoLll &$t pH Ristel whE o
s ZAEALE sl o, =EFell I3 pCo, (partial CO,
pressure) W3}, ©A4199] 318H4] 2hE- 5 W2 38H4 Wislrt ol
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FUNEEZ(SSDYE FA451] Y3t A 2719 o) 57
AEF o Ausieit). 4% Ao 48 AE

[}
S9EE, W, ol dde s, U1 = ‘éé EstaL 9l

(3) CO, =F AR= tF-E-2] AdefA C
allpe]] F7sh= WS o83t o) Akk
el AAkaZ 3 (hypoxic effect)E 1

0, 7}A5 o]g-319
27} COE thA|= A
Hd 514 sl A3t

7h bR £ QITk R, €000 RS RE BEE] B
o] FASPI mE % Q= Hote] Al W B 5 gl
BE APE e BERE WAOE Cogl wEHo] ol v

aH#] ek A)]\E]r-

BT A7
Co, el et nﬂ*ﬂ o] 29 AR T3 CO, 5% ko]
o ALtel ool <Js) 2sgeh, I PR ofe]

8ol tiet Jur}k BesRIRE, Jelet ARdvks AT 23,
(5) SAFURe P T T2 WEE dETe 00, B

U pH, 5%, 9, =273 55
ATE CO,2) AYEl S
T8 AEEe AWl #l5E] pCOo,8} pH(7.8~
Ol%%}"ﬂ SEA|RE o] oM = A&l wet
= 9lom, SSD g9l o] 8% ASpHyope 2101 T3}

1 ztol7} glof 1 d¥ko] YEh A 9= A wgE
QEL: /264_%3] ﬁ].éﬂ—;@ rz:]z‘ﬂjl]. /\gaﬂ 1].7(401] TJOL
A= Ao 7 Akt Parker ef al[2010] 17-9F o
2} CO, J&o] AlUA| &= Ve 5 9l 13
AT} AR, 1 AG-2] AFofx= 2o tiEk AR E Al
F8HA] Esha Qo). ko] 33~35 psu @S K

ot
of d r“d

.
TE

i=1e]
?::IIT'__—'C

. uLooﬂ{-f . 701—/\42___] .

=

©1(National Oceanographic Data Center[2009]), el I35 7}
ol X Tad W7k B Fakar vk mE717hE SSDeA] o
w0 TRl SAGRARE 2T, B o, ATl
3% W ook, HAFIE eI S19) el -
NE7HA] Test SEARE AShaL ot

AR AR AR U b shedel 42
Sh daet 2ol thald B Ak ofe), Tk
=89 0, w8l AU AUS P AR S 5
A A0 A s Lo, FHZHE R (SSD)
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oz Selx] E39 COH
AFsdel FH AL Slek. vl5 cot A
ENS HZMOW 15 km o) zlo] o] AFrx2A COzt

FEE 7P vk vt siejehs A7) 44 B 9] co,
= A= ZgollA 91914 E-2 x}AAQl Yol 2sled o7t

FoFo & HEE)= Ala} gl 2= 9l Aolth B Ao
TUUETELE &850 CO2 FEZ 3l dlg7t AMdst= 3
S o APYES HET S Q= YT 715 01379 SpHEA
TEadnh ol 9 22 AP FF TSt o0l &
AU QE 7o 2 ok Aol UeRd 4= 9= 95 #flede] A

2 B S Y8 ol 42 5308
IPCC[2005]= #l15% CO, 1E0] EA1E wle] a4
3pCO,%] HAE

7o Algw)
739} §pH,
AT o] ZE v o R AEHTE S8 Al

Table 3. Relationships between dpH and pCO, calculated for mean deep-sea conditions. Also shown are volumes of water needed to dilute 1
tCO, to the specified dpH that, if uniformly distributed throughout the ocean, would produce this spH(IPCC[2005])

Classification pH change Increase in CO, partial pressure Seawater volume to dilute
SpH SpCO, (ppm) 1t CO, to 8pH (m®)
IPCC[2005] 0 0 -
0.1 150 656,000
0.2 340 340,000
0.3 580 232,000
0.5 1,260 141,000
1 5,250 54,800
2 57,800 6,800
3 586,000 700
This study
HCS 0.137 231 520,243
HC50 0.578 1,510 113,188
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Algk 8pH 0.137¢] JEAL1E F93HH, 3l T2 = 189 CO,
7} FEEE, o 520,243 m7F IS TS ¢ US FloE 4
=& @rolth(Table 3). o] 59 s )= ok Ahdo] 80 mS!
A AEe] FH7t E 5 s A oR oS5Hnt

SHAIRE, Kok QEst &S flaAe ShoR A FRAEE
FETEC tig A3t S ERE, FTF 0,9 Tk PeE
FEE =T 5 e ETEEE] oS mele] s)to] M
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