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Abstract

We improved the current method of CO, extraction from DIC in water samples. The improved method is
simple and cost-effective, and has no need of carrier gas. In addition, it can be adapted to various water samples
with wide range of DIC concentration by using reaction flasks of various sizes. This has the merit of being able
to analyze water having low DIC concentration.

The CO, extracted from water to headspace of a reaction flask is collected to cryogenic traps on a vacuum line.
The gas in flask is introduced to a vacuum line not by bubbling or purging with a carrier gas but by expanding
to the line using pressure difference. Water samples injected under the CO,-free condition and atmospheric
condition showed the identical “C concentration, indicating that blank of the new procedure is very low and
considered to be negligible. The 8"°C values of the extracted CO, were related with CO, yield, because of
isotopic fractionation. Hence, high CO, yield must be required, when the measured 8"°C values should be used
for discussion. On the other hand, "“C concentration of extracted CO, showed the identical values within error
range regardless of CO, yield. It was concluded that the new procedure can be used as a suitable method for CO,

extraction from DIC in various water samples.
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1. IL®IC

KA O B R KR (DIC) O RFE (M0) IR, RET CToRFEEE. K ABRE
RFIZDIGERDOBE R K DFEMRMIEIZ & > THELIFETH % (Elliot et al., 1999; Iwatsuki et al., 2001;
Matsumoto, 2007; Ostlund, 1987; Rose and Davisson, 1996; Sikes et al., 2000; Takahashi et al., 2013) o 7K
B2 S AL E (CO,) A2 T LT, RBRIE % B S & 5 ik (Alvarado et al., 2013;
Aucour etal., 1999; Burgetal.,2013; Carmi et al., 1971; Drimmie et al., 1991; Haynes and Haas, 1980;
Mazeikaetal.,2013). ¥ v ) 7 —H A& H{\\/2NT1) ¥ 7R~y B A— Ak (Casacuberta et al.,
2020; Gao et al., 2014; Molndr et al., 2013) 25\ 5T & 72,

WEET R B W TUE, BFSERE L DG EOE W Z R/ 272012, LEFHE LT w
bW AHWOCETFE N7 ¥ 7)) B SN TW 505, fFE Tk, AELEOME L FIFC, 547
TEZ@EO L7202, CO,OHMME 7T 7 74 MLz aTHE T ) WHEEOMESED HhTw
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% (Casacuberta et al., 2020; Wacker et al., 2010) o L 72> L. #E/KDIALO HT 7K 21 K &5 0 K ko
HEZAT O WA, SN OREHMOEBEOFHIZIZREE DLV, WK O% 4. DICIEEIZIZIE
—ETH D720, CODIMBDTDIZHWEHAOED —FEL LT, BEOXRRLEY N7 v THh7%
ENTWb, LA L. BEKEENE. DICREOHFASIA 2O, KEHOEEY ZOETHL L
Y R BOCO,Z BT A2 ENTELRNWI ENEL B b0, BAHBOOOHECTHES LT
Thbo

AR O BB LEEE L, HH O &) 1CHRE) S & TREALE 217 2 LR ThIUE, TDARY 7
EE R RIETELTHA )W, BAKOIFETIE, BREN L 5H B2 22 v, B
O AN — AL 7 HEP LIS E (X, RONHABOUBE O DIZIZEE /b0 THo T,
FTHIZENEDLZWVWE W) T8I b, EHIZEBIILELRF Y )T =T ADIZDDIT AR X (5
JEHA) OFRAPEEL %252 Db, ZiUd, FERTLIHEHTE2BET A LRELEH
FWZLoTEDLNTBY., FAIZL T, %% Bl OMEESLEET, 7 AR XOFHFFT
ENBnE Vol ENiEE D, DF D, BEAIZEICBWTIE, BT 23R KELRTH, &
HGLAR—ALFETADLEL LAV FESLETH > T, 2072012, HERFHEOL AT
H 1T & 72 (Takahashi et al., 2020) o AawTlL, FHELBRIZED L BB ET— & 2 /N3 5,

2. FHEOME

T T OBEEL, Takahashi et al. (2020) THI/F STV B 728, 2 2 Tld, Fig. WK T 7%t
NeRL, UERDOETDOAERT, FEOURIL, BBFEFETH LAy FAX—2i (6 - FH,
2014) ZR—= AW Z L TCERL7z. V) VB ANZSHEREEZIZL T, 7Y 22 TY) Y
TREAKEZFEATDEHRBEHELTOULRWA, T4 A2 KRELTLH720107 5 ATRORSELEE0Y
TT4 v TA T RV a A Y N ERH L, 2OV af e T T RAIAERMAEDEZK
ISR OBEZZIRETO ) — 713, A 2 e L72HMIZB VT, AW & 2R L T
Wh, FOHROMEE LT, BMETETIEE Ty 2 L 2EN»SF Yy ) T—HAZEAT S
DTHALN, LB LIFETIE, BEETA LV EOMIIHRE LT ABDIZKISEZRD RO N A %L
HEEThr6, WMAREZENT v TITHET L FIEICED 2. ZNIZE->T, YV T —HA (FTAR
o) VLR WFEEFER L7,

1 .. .(2
1) stirrer~  phosphoric 2)
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(2-5mL)
to graphitization
reaction flask . connect to vacuum line
(100-500 mL) phosphoric acid and evacuate
(%)
Trap #2
ethanol-slush lig. N:
(-100 °C) (-196 °C)
water njectian CO; release stirrer rotation

Fig. 1 Schematic flow of procedure of CO, extraction from water samples developed in this study (from Takahashi et al., 2020).
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3. N"wv sV

WRETFEOHE I AT LTI 71k, T2 fknwa & #HE 2T b D (Takahashiet al.,
2020) . FEEKISHELRICIEAT HHE T, KKCOMIRAT LI ENEZ LN L, [/ DEEH 55
L7-MEHaE 2 Co,7 V) — 85 & RAUT TS ~NEA L7 L 2O CIRE O BIZ O W T3
o “CilalE % O RKR[CO,DEAZKET 5720121%, BAZ D T MR O CilE & DICHE
PR NEDREF Ly, 22T, "CRENIEF IRV Z L 2% %5 T A NaHCO, % i (Takahashi
etal.,2019b;2019¢c) ZHWAH 2 L& Lze BEDOEZ A, KREOCOME Y A7 4 TH#fEL TV 5D 7
T A3 A X13500 mLAER K TH > T, HEATE L2 KOBEEA20mMLTH 5, ZHhHHPEICL
P hcFaE i wE LT, DICIEE%0.6 mmolL'& L7z,

HesE FEHZ 1 mol- L' ONaHCO A (B LS - 142 u~ b7 T 7 4 — FIE#EREE) 2 &L
TR L. 320250 mLOPAN 75 2 F v 7 5K M VIZHTHLL 720 PANBLUR b VIZ A ZAN1) 7 HEREAS
L KRR BIIICh 72> THRE L THHCIREOEAL T H/MNRICHIZ 5 2 L 25T X % (Takahashi
etal.,2019b) o S RO TIX, FHED"CIEEDEALIZEZE T 5 LEN 2V, 3209 HE2DDPAN
Bl ) VR ANTHEZIZ LSS GE 70 =7 Ry 7 AN, Ky 7 ZONERDCO,% T A
7174 FTHILL TH HPANEZ 2 Bite LT UBERRICHEZEA L2, o7z 1 DOPANE D
MEROREHL, KA TG L CHRIBEZRIIEAL. EnEFhr ol L7-co,x 7774 b
. (Kitagawa et al., 1993) & ZERIALA (8°C) WIEIZHE L. %l B RS 5 5 M ERBRIENT JE it O s e &
= HTET (model 4130-AMS, HVEE; Nakamura et al., 2000) & B SEFUTH S 72T O c F E =0T 5T
(Delta-V Advantage, Thermo Fisher Scientific, Inc.) |2 & V) “CiEJEE £ 8"Cx #ll5E L 72,

UCIRE LSPCOMPEMPIE, Fu—T Ry 7 AR THEA LB T, 2.44+0.06 pMC (NUTA2-
27727) * -3.94%0 2.55%0.06 pMC (NUTA2-27728) * -3.96%0 & 72 V) . K& TiHEA L 723K T2.53+0.06
pMC (NUTA2-27730) * -3.92% & %2 5720 70— 7K v 7 A & RETTHEA L 2500 i 134
EHEPFHANT—HLTBY, "CIZbEVWSR SNV, L2L, Z7u—7KRy 7 AR THEA L 23HE
PR AL, BREHTHLTVWEH0D, DEOTRREWICEELZRLTWS, EFIZHL
CHELT, Z7a—7Ry 7 AR TEALZABOVCRED, RAPTEALZHABOCIRE LY
bDOITPIRNTTEMEDS D 2 T 50 THIUL, AEKOEATT LA THARZDORADV D S Z &
X% be LU, ZOMmD72DIIE, &6 % AWGEEFERDPLETH S ) BIEETIX, 7a—7Ky
7 AW E KRG THEA LA O CIREITE VD (. IBERANOREPKOEA 70 21, HY
PN, Ho THMETELLEZLRETH D,

MEE R & L TR 72NaHCO B OpHIES 3RE TH - T, §iVIEEMZRTZ e 6 ., FlED
AR LD L KRKACO,ZWMNL LT WVWEEZONDL, TD720, EBEORETIE, KKRCO,DIHEHD
Holzl LTH, EHINELK b EFHENL, TNHEDOTENL, RFFEONY 77T 2 Fid
TN b2 S,

4. FBE

WETFETIE, USERDOANY FAR—ZADH A%, BZETAL VONABOIZLHMEETHr L, |
REZTHHANL 2Ty TANHET L, ZOWFETFHED Y A 7 VD 2 1 F FUSWUBREF] 0 585 12
B, CODIERIMEL ) . RERNMABHBEOZABRESNL, L ETHEDY 1 7 VLT
FEOBBRERL, BONTZCONTADNCIEE LI CEHAIET A LT, WHOFBHMEOMGS R T
WM 5.

HEMEOMFEIZIE, NaHCO, % (1.2 mmol-L™" + 3 mmol'L" - 6 mmol-L"') & Takahashi et al. (2019¢)
TR S - efEEH o lEGRE (RICE-W) & W7o IEik & DT A 7 Vv Z 1-4[mIZ%E L T
COME % 1TV, AMSHIEED 720D 75 7 7 4 ML ESUCHlEIHE L7z M L 25k KIe 7 7
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ATZEAT B & SITHIL T, RS AETIZERT Okt 7 0 — RO TT R E & 55T (Delta-V
Advantage with Gas Bench II, Thermo Fisher Scientific, Inc.) I2X V. DICIEEE & 8°C % #Hl% L 7> (Takahashi
etal.,2019a; AADICHHT &£ fL 9 ) o 3FHIHDONaHCOETIZ DV TIE, 1&£4% 14 7 )b, 2&3H 4 7 VT
Z N1 mol'L' ONaHCO, A S AR %2 47> TH Y. RICE-WIZDOWTIE, EARNIHEILL T,
-4 A4 7 Vo4 TT, [ UMEKIEASINS L)L 7,

ZFNENOHE O A4 7 VT L DY, §°C . “CIEE % Table 11278 L 720 RICE-W10DH A 7 L3112
DWTIE, FEBRFLEDN O RENRO bN2720, EmlillEHW R, £72, AFREORUSERNDOHR
FARDFEANE, VaAfy NEHOELTE L EBELTT-> TWAED, BEIZR > TV A RISERANIZY
DU TIZEBEARIT) &, E) LTHENEIZL > THEKDPUSESRD IO 3 4 » FNEBEIC
ROB->TLE ). A ODICEELNEWIGEIZIZ, HEATLIHABEND V0, NEATET S
BRI T X % 2 B 72070, RICE-W14 T, IR ClEA MO RE, L1387 A% /R LT
Who ZTORIIZONWT, ZoZ2 ) L2 eNDRE2 0, FERRO L) IZED L VWERLH L7720,
RICE-W 14D £ CiEIX. FEamlc v w35,

BEEPD L VITE, A 7 VEDD % CTOEDE L A ZIVEDIETIZON T, IERHY
3205, EORBOEETEH ., 4ROV A 7 Va2 EiTIUTECIEES G LNLE Z L 2% oo 72 (Fig.
2a) 0 WU LSCCHEICIZBRDH V. WEREB EARLIZON TS CEMEL %2 1) . DICHHT D8 ClE I
DEL B EALORET, MFEBDOSCHEIFFREFHPANT—HL T 5 (Fig.2b)o LA L. ZOEHEIZ
ANATHHH, —HOA—FLRO5NL, RO LF &L L2, SUClEIAT A2 ZELOFEBE L LT,
BUBEER DNy A= ZIZHI 2 72C0,& . EPKRFIZH £ -5 T 5C0, 8 DM O FENAARS HI D%
ZAHNA AEKIZIZY YEEARIENTE ), pHIZIEF I 2> TV A 720, H1FCO, (aqueous
CO,) ECO T AN EERTHI LD Kima20C THEIREEZIET S & FEAAS I
121% &RDAH Z EDTE S (Zhangetal., 1995) . Z DEARGHIOMEE VT, LAY =552 L
oo 128RClED AL KD 5 &L i EN72CO,DIE LS CHOZALEF L X 512, WEIEL &
HITESCCHEAPMEL ), ZORESHEBHERLEFELLSWVWTH S (Fig.2b)o b L. RALAEG A
-1.21%Tld 7 < -0.85~-0.7% & W Th I, FElME L FHEMOI"CENS & —FT 5. FHHEMEITF
A REL TROTVWED, ERIITFHIRBIEL W AanZ L E2 6N, fEOEWE LTHN
TWALIREEIZE V. 2% &b, EROZIZE LT, Mk X N72Co,n8 iz ZIbd 5 2 &1
WP THoT. TOMEEH R CTIIERDPLETH D, bAoA, IET SRR HIA-1.21%
E-07% DA TIE, PUFEI0% TO.13%0 &£ 0.07%0 95% T0.06%0 & 0.04%0+ 98% T0.02%0 & 0.01% DS CD
AL SN B,

YO ATIZ BV TIE, RMEHLE T ORINAR G A RIES 2 2 EANTE L7200 AMSHITIZLEE 2 )k
FEIMHERTENE, WERRIEELELETIIZVWEEZON DL, 4., 5 %47 > 7-NaHCO, /AT
RICE-Wik B O CIEEDIZ L A LIE, REHBNT R L TWwd, REL I LI, THTEOAMSD
RENELS, RENEFE LD OIREL BTV EL L) TH L), "COBLrsFHENS 6 "C (FH
ARG BIORIEZ L2\ W) OZ bIZ. FEFITNS W EPHESNLZ LD H D). AHEIZ L 5
DICO“CIEEE T IZ. PEMEVEGEIZB VT HEN W L 05b 05,

DbEaFlor b, DUTFTO@EY) THbE, 4 7 NVEPETIZONT, EREINL. #eard i
WIAIZIE, PR A 2 VB THIENEH W EAVR SN, AEREIKS T, 4R 1 7 v e
TR HNCEDPHERTE Do CO,DIERIZ L 2 CIEFEDEN IR I NS, MHIck 250X
. AMSHIZEOFHMEL D /NS W EAURIE S N7z, UCEIC X A CIRIEEDPLETH 5, 1
B DA 7 IWIZES HRERII3-40RE LTI EEL w0, e BT, 4o A4 7 )V %R
DOFNEE LTHRATSZ &2 L7,
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Table 1 Results of CO, yield and carbon isotopic values against repeating cycles of extraction procedure using the artificial waters.
RICE-W waters were provided by Takahashi et al. (2019c). The numbers in parentheses are omitted owing to experimental
problems during the extraction.

A7 AEE (mg) I (%) 3"C gas “C (pMC) NUTA2-

1.2 mmol-L" NaHCO, solution #1 (DIC = 13.9 mg-L", 6"”°C = -4.0%c)

1 248.84 53.9 -3.50 1.03+0.02 27567

4 253.08 96.2 -3.80 1.07£0.02 27570
1.2 mmol-L" NaHCO, solution #2 (DIC = 13.9 mg-L", 6"°C = -4.0%c)

2 25539 84.8 374 147+0.03 27568

3 249.13 924 -3.80 147%0.03 27569
3 mmol-L" NaHCO;, solution #1 (DIC = 35.0 mg-L", "C = -4.0%0)

1 103.58 67.3 -3.66 0.67+0.02 27231

4 84.94 100.4 -3.89 0.85+0.02 27235
3 mmol-L”" NaHCO, solution #2 (DIC = 34.6 mg-L", §"C = -4.0%c)

2 104.16 922 -3.77 0.70+0.02 27232

3 97.93 96.0 -3.80 0.64+0.02 27234
6 mmol-L" NaHCO, solution #2 (DIC = 69.6 mg-L", 6"°C = -3.9%)

2 49 83 920 -3.78 0.65%0.02 27561

3 49 87 974 -3.78 0.72%0.02 27562
6 mmol-L" NaHCO, solution #1 (DIC = 68.2 mg-L", 6"C = -3.9%)

1 51.38 72.5 371 0.71+0.02 27560

4 49 95 101.3 -3.82 0.64%0.02 27563
RICE-W09 (DIC =12.2 mg-L", §"C = 2.1%0)

1 240.49 56.5 246 93.58+0.49 27781

2 230.80 83.4 222 93.83+0.49 27782

3 22334 93.6 2.13 93.57+0.49 27783

4 213.08 993 207 93.19+0.49 27784
RICE-W10 (DIC = 79.1 mg- L, "°C = -11.2 %)

1 4427 80.8 -11.09 36.13%0.27 27786

2 4374 974 -11.12 35.63+0.27 27799

3 44 48 (86.7) (-11.67) (37.07£0.28) 27788

4 4427 102.0 1121 35.65*0.28 27789
RICE-W11 (DIC = 245.6 mg- L, 6"°C = -5.1 %)

1 15.98 88.4 -4.94 54.66+0.35 27790

2 15.08 96.9 -5.02 54.87+0.35 27791

3 13.14 97.6 -4.99 54.18%0.35 27792

4 13.89 97.0 -5.01 54.85+0.35 27793
RICE-WI12 (DIC = 306.5 mg- L, §"C = -10.4 %0)

1 1145 923 -10.46 0.64*0.05 27796

2 11.19 99 4 -10.49 0.61*0.05 27797

3 11.05 99.2 -10.47 0.58+0.05 27798

4 11.15 99.5 -10.52 0.61£0.05 27787
RICE-WI13 (DIC =39.9 mg- L, 8"°C = -1.0 %)

1 7351 76.7 -0.67 7021 *0.41 27800

2 71.83 92.5 -0.82 70.18 £0.41 27801

3 67.35 96.0 -0.87 7120%0.41 27803

4 63.80 96.6 -0.88 7031%0.41 27804
RICE-W14 (DIC =2597.4 mg- L, 6"°C = -19.8 %)

1 1.28 95.1) (-19.93) 13.46*0.16 27805

2 1.16 91.6) (-20.28) 13.61%0.16 27806

3 122 (94.0) (-20.03) 13.60=0.16 27807

4 127 (92.5) (-20.14) 1345+0.16 27808
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Fig.2 (a) Relationship between CO, yield and water amount against repeating cycles of extraction procedure using the artificial waters. DIC
concentration is shown as corresponding to 1 mg carbon at the respective water amounts. (b) Changes of the 8'"°C values of extracted CO, along
the CO, yield. Y-axis is the difference values of 8"°C between the extracted CO, and DIC. Solid dash line shows the isotopic change based on

Rayleigh's fractionation at the &, ("C equilibrium fractionation between dissolved and gaseous CO,) of —1.21%.

5. ¥&®

Rim Tl KEEH ODICO“CHlE % FEfiti§ 5 £ THERCOMETFHIZONWT, ERTFELHD
LR ZEIT) 72012, W OPOIERBRE X 1T - 720

AR UGB EEGENEAT 2 &L EDOHRICOVTHAET 272012, CO,7 ") —DIREET & R Tl
MNMEER AT 72 ONCIBEEX I L 2 A, MEOCEEIEVSRON R o7, L7zho
T ZOfEHIFCO,7 ) —DIRETTHEML A TORERIZ ) THLI EIIREI NI,
CO,DIELIFELED 72D D R L FIEO M - R - 87°C - "CIlEE DO BIRIZ O W THGE L 72
CO,DIHIZ X A CIEFEDENIMER SN o7z HIHIZ L 2152 %13, AMSHIE % %EHi§ 5 b
THBEE L O VWEEZ LN DL, M SNACO,DIERIE, ILF L HEDYT 1 7 VENLWITEE L
B0 REESD VA, DA 2 VHTLEVIESIE SN, Kwm Tk, A4 7
Bl sEE L NROREZRLTEBY ., HIZS U2 A 2 VB ZRETH I ENTRETH 5205, I
HOMTIZL - T CENZILT L2 L bbb, BEOWMEFIETIX, 1 7 VEUZ4lnH3#E Y] T
HbHELI

i
RimD—EhiE SRR TH IR 80T [ — b FBEE ] 7 & UNS Dinakes B & 07 € B A
MHEEFEFH)] & LTHERL 72,
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