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Abstract

We developed a simple and cost-effective method for extracting carbon from dissolved inorganic carbon
(DIC) in water samples using the conventional vacuum line for CO, purification for radiocarbon analyses. The
method, which is named ReCEIT, consists of repeated cycles of CO, extraction from water into the headspace
of the reaction container, introduce by expansion of the extracted gas into the vacuum line, and trapping of
CO, cryogenically, and does not require the use of a carrier gas. This report presents the experiment results for
blank assessment using NaHCO; solution. In order to obtain the blank value without the ReCEIT procedure,
we performed the direct combustion of the NaHCO; powder after pre-freezing and freeze-drying of NaHCO;
solution. Contrary to our expectation, the "“C concentration of the freeze-dried NaHCO, sample was higher than
that of CO, extracted from the NaHCO; solution sample by the ReCEIT procedure, indicating that the freeze-
dried NaHCO, powder is difficult to show the original “C value due to the possibility of carbon contamination
during pre-freezing and freeze-drying treatment. The decrease of CO, yeild and the 3"°C change of the
freeze-dried NaHCO; powder sample indicates that the NaHCO; solution was likely evaporated partially and

fractionated isotopically.
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1. IILdic

KR O BN e F (DIC) OB RS (UC) IR, BREEP CToREEIRE. KIS NAIRIFKRE
DIEER DR K DOERMEIZ L > TEELIFETH S (Elliot et al., 1999; Matsumoto, 2007; Ostlund,
1987; Rose and Davisson, 1996; Sikes et al., 2000; Takahashi et al., 2013) o K& E 2 5 “HR{LK % (CO,)
I T AT L Ly RERIE & A &9 4 {LIE i (Alvarado et al., 2013; Carmi et al., 1971; Haynes
and Haas, 1980; MaZeika et al., 2013; Minami et al., 2015). ¥ ¥ ) 7 —H A% W72 NT7) ¥ FiER ANy
N Z~_— Z 7 (Casacuberta et al., 2020; Gao et al., 2014; Molndr et al., 2013) 2SHWHNT & 72, ZHHE
KFFHMERIBRBIMZEATIC B W T, LB X DB % FEh | C & 722, 3B ofbF s L - C
TR DSTERR L 22\ C & R0, LELEES L WO R 2000 ) . AEEM L E R 2 s, HE.
CO MM T LT Y ¥ 7PNy RAR=ZAFEOBEADRKD 51Tz, L L. WFFEkER% O E R
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LOFFEINS, BEATAR ROFHPEL L, FXx ) T —FT A2 AW WFENEEN/, 2T,
FOR SN B2 m T L LT, B TFEYUB L FESREE SN (EiEI1E2, 2020)

ReCEIT# D 7 5 » 7 §#lli& L T, Takahashi et al. (2020) (2B W T, #7458 OMBMKZ WL
L EDRFEEY. TNTNOLEOKEBIZEIDRLZZEPEHROU T ZHHALTBY ., &iFEZH
(2020) Tlx. NaHCO,E % T, RISEWNOREEAO#EIE L LT, CO,xlhELI-7u—7
Ry 7 AWNTEL %G L. KAPTEMLHELIE L. 3 L. NaHCO,EE O "CIREED D
PIUE, NS OFHMOMIESTTREL ZE X bbb, £ 2Ty RETIE. NaHCO, B O CIRE%L ., X
DEFERICHE T A 72012, B2 HAETRIC X DME AT - T, BEZBHE L CTRESE L EEE
FEh Lo REHE T 5,

2. KEED S DCOMBOTROME (ReCEITH)

L OMEEL X, Takahashi et al. (2020) & OV EE 1T 2> (2020) THME N TWEH 72D, 22Tl
FHOAERT (K1) 2B, BEFEHE TIX. "new procedure" X [SLE T | EFE L TE 7205, AFy
TlX. ReCEIT (repeated cycles of extraction, introduction, and trapping) & Fitd 5 2 & & F 5,

ReCEITNZ £ A 4 A4l - 58 - b T v 7O R L oEEL, $UCatrE HiWE LT, m\vCo,
PEPLETHH5ETIZ4RZHEZ L TB Y, "COMOADHTH > T, 1455 7% CO,RITE A
RTELRLTHIUE, IHOATENWI EAMHERENTWDS (BEEIZD, 2020),
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X1 ReCEITZ:\Z & % 5UEMILEFE it 1 (Takahashi et al., 2020 X V) 51 /)

3. EBRT®

M HBE S LT 1 mol' L' ONaHCO AR (AL - A+ 7u~x 7T 7 4 —HEHERE) %
720 20194E10H &£ 20204E6 H IZHEA - BAE L 72iB O A D 5o COMLTI, IR % Bk iz
L7-b O &IREES &5 L . ReCEITHE: & 5 fedaiit 2 £t L 72,

HASHZ L Cld, 9. AMER144 VT, ES40mmBEE O A EE I, 1 mol- L ONaHCO, A %
AR FTII250 yL AN T T IV I E TR C LA T, W TP L 72. KRIZ, FD-1000 (B H
1b) CHZEFFEGEILEE 21T 5 720 2Dk, NaHCOAM KD A 5 721/44 » FHEE %, IME384 ~ F
DA BB IZFRALH & & B IZEEE LT, 850T - 2FERI ML E OB & ) BRBES 72 DAk, SRS
ERBEIC X A A FD-Cik & 509 5, ReCEITIEIC & 2 HIL, 1 mol- L™ ONaHCO, VA % 8l
(Milli-Q Direct 8, Merck Millipore Co., USA) TA M L CT10 mmol- L' O &EW A EK L. B X 220 mL%
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FUBEENEA U720 ZNZFNTHIH L72CO, % VT, “CiltfE % 4 B K55 H s ERBR B 72 T
TN 2 B &0 H751 (model 4130-~AMS, HVEE; Nakamura et al., 2000) T, ZERAMAE (8°C) % pE 3l
HAWIZEFT O ICH B = 5 HTET (Delta—V Advantage, Thermo Fisher Scientific, Inc.) (2 & 1) 7€ L 725

4. PGSR

QIEFHDOEWNZ DOV T, FD-CiE L ReCEITHED Z N ENTHRIHERETFRINIT LD L, &fkE LT,
ReCEIT#: & 1) L FD-CH: DB EAE R D AT CIEFE L 3"CHDIE S D E DK E v, 20D kK%
W35 L, FD-CHECTHCIRENE L R LMD DH 5o 20197 % Z DEDI12HIZFD-CHIC £ 0 L
% L722i0BHE, 1 pMC% TR A FEREITR SN T 5205, PAERER D20204E6 H 129 i L 72ReCEIT
FORRELD L, RREHVICEELY R T, TOMOFD-CHEIZ L 53 FHE, 1.16~326pMCE LT
FHODONCIEE TH - 72,

2ODFEWD B TIX, FD-CHEIZ L B0 TIES D E VK E W72, ReCEITHIZ X A LB % L
TREOBREZ ST D L, 2019052020 & 1) HARWICIEEE L B WSPCiEE R L 72,0

F1 NaHCO, T (2019410 H £ 2020456 H 12 A - BIE 02883H) O Ciltls -8 Cll, RFEMH O o LFE L LT,
HAGHL IR\ IRBE S ¥ 5 Tk (FD-C) & ReCEITH: % 54t L 72,

TR ALPRYE ALPRAR: H 14C (pMC) NUTA2- 8'3C (%o) IR (%)
2019 FD-C 2019.12 0.67+0.02 27229 -3.50 63
2019 FD-C 2019.12 0.78+0.03 27230 -3.31 74
2019 FD-C 2020.06 3.26+0.10 27985 -2.46 45
2019 FD-C 2020.06 2.13+0.06 27988 -2.66 45
2019 FD-C 2020.06 1.72+0.04 27989 -2.85 61
2019 FD-C 2020.06 1.54+0.03 28060 -4.27 47
2019 ReCEIT 2020.06 0.58+0.03 27990 -3.14 93
2019 ReCEIT 2020.06 0.65+0.03 27991 -3.08 93
2019 ReCEIT 2020.06 0.62+0.03 27992 3.17 93
2020 FD-C 2020.06 1.16+0.03 28054 -4.12 60
2020 FD-C 2020.06 1.25+0.03 28055 -5.49 96
2020 ReCEIT 2020.06 1.00+0.02 28056 -4.70 97
2020 ReCEIT 2020.06 0.96+0.02 28057 -4.59 92
5. %%t

ReCEIT: & ) BFD-CHEO CIEENEHOIZHIE SN T 5 Z Lid, MEH I ZHRREZDRAD D -
7ol EIRLTWA MEIZHE L 72250 LD 1 mol- L' ®ONaHCO, A IZ 1, FI3 mgD KENE TN
TWhe b &b L DONaHCO B D “CIEFEAY0.58 pMC & RGE L 72354 0.018 —0.083 mgD Bt e 3%
(100 pMC ERIE) DSRAL72Z L e b RAEMBETHE, BELZ80-400 mLIZHYE T2, ZO®
DRFZNZE F 1L AHCONNaHCO, B IR A TIUL, I ED 2Lk b, BES L, T #%
DEZEEEO T T, KARCO,DRATEE WA, &L LTLIEFICMETH > T, HHE
W T O P D T TRRCO,DIRADIHEE TWDH EBb s, HH L 725 3E D R EEZE R o 2584
3. 28LTH 5720, NERO KK D03~ 14%FREIZE TN AHCO,25, HiEH F TOMIZNaHCO /AT IS
BATIUE, WESNZCRED FAIZHMTE %5, NaHCO, A IZpHA E <« COZ WL 2§\
WEEZFOZ LR, NEHDORKADIA%EEDCORATHNIIRINEHELLEEZLZ LN, 20
YCiRE O FAIE. B TRICBIT A RAP O OBRRFORANEREEZEZ T b, HiEE ToOR
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D5 RN, W HEONERTORBMIE R, HHE ORI 35 L, 3G 126 3R O BE
OB EDEED > 7202 L > T, WHRADEEZAEDLLZ Eh6, AR > T, BMAKR
FORAEEVDPE Lo TOAERTIELVWEEZ L, CORELHBIMS T 7201213, 3k TR
IZBWT, COZMBE LN, BHAERICANTNT AL Vo FIEOLEENLETH S ),
FD-CIEIC X AL T, SPCHOIES D& H K&V, FD-CIEIC X B % i L 724 L O ¥ T
WEMETPROND, T ITHEEGEONI R, W E1/4A ¥ T OREE DI RS R DY
o TLESRZEDHERETHLEEZONL, —FH T, BZEGZEIZB VT, HiEHEE D 5 NaHCO;,
BAbAELTLIWV, PEEMETLAZEDEHRE L TEZONS, ZNTNOHLET, EH o
72RNAR G D E L 2 OO NTIZ L bbb wnds, HEREEZ RARY) . ReCEITHEIZ AT
FD-CH#:C, 8"CinE L oo 723k, KL o 723 B O H 5 2 &b JEE B2 R AR
OB E L TWD EHEES NS, 8°CS T T A, ~ A4 FAMDOEL SIZELT L0, /20 %
DOAEFHE D KN & CIEE DO EALIZIERRSE N L HICEZ 5, T, "CIEEOFIICBIT 5 [FAL
KB ORFIEASHYNZATZ TV AL E T2 5o

20197V OFD-CE: (20194F12 HALEE) & ReCEITH: (202046 HALER) CTid, BAE 2 & FERIFELE AR W
ReCEITZED H MW ICIRE 2 7R LT\ b, 2019412 H ILEEOFD-CHE DI COBUL R FE DR AE S
WAIRIITH 555, AR A BE L Ch oy AREETHIUL, "CREO LAPSEHZFICAONS L n»
I EIIMEF)TH D, 277, HEHERIZED L SWERHRZ R L7002 Xk o T, 3URHK
DHNFELRDANED ) ORISR LE L EEZ 5NDL 2O, EROMBRRTIKSE LT, "CiEEO%
LB NG EESIND, €9 TH5H%5HIE, ReCEITHE T 2 506 L 72355122\ T, 20198
2020020 DIEWD CIEEE L 3PCOE N, BHOREIM T L ICR L 2 EART I ENHLH T L AR
9 %

6. ¥

KA OB ER R FZO"CHOM OO OB FHEIZ OV, lifiro3 A X7 4 —< X2
BN/ F AW L, ReCEITE E 41T 720 Tk 77 ¥ 7 5HICFIH T % 72012, NaHCO,E
FOLDOD CIHEESHT 2 HIgE LT, HREEIC X 2L R4, ZORE, BHST LTI,
BES LHEEDO TREFICHMAKEZDORADGHE S, #2512 3 NaHCO,DOFAFEIZ L - T, EFEOK
T ESCCOBALNIREIND Z EDbh o7z,

L@, HEYE L72NaHCO, B Z Db DD CIEE X155 Z LT X e h o 725 AWFFEDReCEIT
BAZ L D OHAERIZ. 2N E TONaHCO, B DO "CIREDSATE L FAEETH D, LWEHBRMEERL
TWhEE2, FELLTHMEIRWILEZRT EEZOND,

i

R D —HPiE. A RS T M ERBRSEM 7 LA - SEFEAFZE T — 3L mpFgE] 7 & O Thn
WA B TR ESAHCEERA)] & LTER L7z, "Cottidadi B RF O Rk R4 EBIZI.
SUCH T L B HATR A ZEAT OFHE FIRIC T i 72wz, L TEHOBELRL T T,
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HAGEZE R

KB R ODICOYCHIE % Efi§ 5 L TUELRCOMBFHEIIOVT, ¥ T DT A Y
Td =X VAENTFEEMHSL L 720 AFEOREIL, Fx VT —HAZLEE LZWV D, &
FEAARYNPARETHLZ ., TNETAHRYHEBOLHEDO7-DIZHNTECOMBHRAERET [
12, i 2=y PEBINTAZITTEHITELZETH DL, LULEERDANY FAR—Z2C0O,%
ML, SN ATEZLET 4 VRS, COE N Ty TTHEVIT A7 IVERDERT LD
T. ReCEIT#: & AT 720 RS Tl NaHCO AW 2 H\ 7277 ¥ 7 GFHili O 72 0 O FE Bk R %2 R
F o NaHCO, B D “Cit 2 MIE T 5 72012, HUFHTE: L T 5 1L 72NaHCOM K & FRALSH & i 2
% 47> T, ReCEITIEIC X AHER & LA L7zo TSR, SRS ELCld, MBEHIZRFEDOR
A3 o720 HAWCERTL2EN D720 T 5 LHEES N, KEOUCEERS CHEH N
ZEDDbhrolz,



