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Abstract

We have initiated a Radiocarbon Intercomparison on Chemical Experiments, Water series
(RICE-W) project. Here are briefly summarized the contents of the past international intercomparison
programs of ICS, IAEA, TIRI, FIRI, and VIRI, and introduced the *C preparation systems of
dissolved inorganic carbon in water samples by precipitation, gas extraction, and headspace extraction.
Four kinds of water samples (surface seawater, ground water, hot spring water, and sodium
bicarbonate solution) have been already provided to 6 laboratories, and are being prepared for '*C
measurements. The participation of more AMS facilities that are now carrying out or interested in "C
study on water samples are welcomed. We are scheduled to start the RICE-W project in earnest this

year.
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1. XC®IC

BEERE (MC) 13, ERAUEDCFEERL LToRRLT, BEEBRMITICRITS bL—F
— L LTCHEETHB, INEBEEDIHE (Accelerator Mass Spectrometry: AMS) 2 & 5 C
PIERWEIZZ 272 & C, MEICAHERREHRFRPAEICH DTS L bz, ERFRHT
REO UC F—2BBONBEX R, ELORET—F RSB L S DREBEBHET D
BAATIo OIS LD IR0 CE e, HICILE, Hug V) I BEORKE T C HEMRN
FEEIC 2o TE A Z & ¢, REORAGHARBICERY, "CF—FBEEIhHRIICH
B WCF—FDEENMEF 2y 75D, ThECHE, “C2Wiox+ 2HreMec
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FBIELHEERANTS C OEBRE S0 ST ARERSKTETWS, LirL, Zhb
AR, RE, 73IV8, BV oBEREBIMETHY, AREHI W TOLBREIT
ZhETCHRERTHRY, KREPOBTERKE (DIC) © 1C AT DOMAEEE L
T, DIC ZRME L L CHEBRAER S ¥R, REVINLT CO #RAE ST HUBEIE <
PORAVWBENTE T, EEIE, NTY Tk TKEBTD CO, & B3 5/37 0
THER—RETHY, £, KABE2EATLIERO~y FAX—ZRZFIH LT CO, ZHH
ERBFELEAShOOH D, BAD “CHEBEICBWTI, ZhboFEoWThdy,
HAHWVIMBICHR L FEEZHAVTARBORMABEZIT-TEY, #-EESZVICHH
Ph 5T, RAEEORWCES UC MERBII IR TITbh T, £ THAE,
RFRE - BREORLRSEBEOKRE (K, ERAK, HTK, REKET N T LAKE
) AR L, BEIT> T SAIARE TR ORAEIT-ThE 52 LTk,
KRB OMABEOERWNILS “C &E1TH> 7 v ¥ 7 I (RICE-W: Radiocarbon
Intercomparison on Chemical Experiments, Water series) # 3.5 Eiffe, A7V x 7 MZBNT
X, ARBORMEEOBRVOM, KERMOFESLREFERBOBNCLS UC B~DEE
i2Y, WS OMLORPNEEEREL TS, FFCBWTE, BRI Toabh: C ERL
W70 Y5 AONELEE L, SEORICEW 7Py NOBBEEZTT,

2. “CEHBRRBES ST A

IRETIC, SEO “C BB S T ARTRbATWA, E1EBX, 1980 Ehb
B L, 1986 f4E D% 12 [H International Radiocarbon Conference T HICBIH S i
International Collaborative Study program (ICS) T 5, 16 BB EHER MM Eh, FF R
- KBETLIZ 60 FRERSM UL, 0L E1XH A LLFFHEE (GPC: Gas Proportional
Counters), LSC iz & 5 “C EFEHESEHE S his (Pazdur et al,, 1990),

H2E B, 19904 5 HiZ, IAEARHFLERD, B7THAZESSBMLTERBIRE, AV
L EBHIIAEA-C1~C6 TH Y, BIE, "CEERBL LTHVLRATWEI HLOTHD (R
e CORZELRZODUCHRD YL, 2553 GPC, 38 LSC, 6 XAMSIZE5HDT
# oz (Rozanski ef al., 1992),

Table 1, Samples in [AEA program with consensus values
# 1. IAEA 7u /75 A0k L “C #EIEE

Sample Material "¢ (pMC) 8"°Cpps (%o)
C-1 Marble 0.00+0.02 2.4+0.3
c-2 Travertine 41.14+0.03 -8.320.3
C-3 Cellulose 129.4140.06 24.940.5
C-4 Wood 0.20~0.44 24.0+0.6
C-5 Wood 23.05+0.02 25.5+0.7
C-6 Sucrose 150.61+0.11 -10.8+0.5
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% 3 [E B (Third International radiocarbon Intercomparison: TIRI){Z 1991 £ D F 14 [a
International Radiocarbon Conference TH AN b, R2 AT L3, BHEMLLHMES
DT BT DRE, 7IVR, R, FWARSE, ZEEO BRAMBHAVLNI, AT
Vi, L 25 6K (TIRI-A~PIZOWTERE S, 90 OFFREHABIML TV 5 (Gulliksen
and Scott, 1994), V> H 7= FEIZ42 23 LSC, 18 B GPC, 11 BSAMSIZ L B b D Th o7 (Scott,
2003a), X Bz, AT —2 0 7RE (TIRI-G~M)ix, FET 5 WFEZEORBSML, 11
2 GPC, 25 B LSC, 3B AMS IZL B HbDTH o7z (Scott, 2003a),

#5401 (Fourth International radiocarbon Intercomparison: FIRI)iL 2 7 A T — KR P & 72
D, 199 FEICHBEINE, BEHIARK, 7I VB, KE, BAv—2X, F—E¥ArDOS5SHE
#, 10388 (FIRI-A~]) T3 (F# 3). FIRI-A, B i3, TAFA C-4 L [A#, Kauri wood 3BT
HY,FIRI-CIX, TRIK LRUCHDOTHD, £/, A7 a kL LT, Cambridge cellulose
(FIRI-K), Dogee Barrow wood (FIRI-L), St Bees whole peat (FIRI-M), Mammoth tusk (FIRI-N, O,
and P), Leather FIRI-Q)H AV B T3, FIRI OEIX 70 FRERSML, Avbhi-Fik
1219 83 GPC, 42 B LSC, 17 B AMS IZ L 54D THh o7 (Scott, 2003b),

Table 2, Samples in TIRI program with consensus valies
#2. TRIZ" Y5 A0REE “C#HEHE

Sample Material ¢ age (BP)
TIRI A Barley mash 116.35+0.0084 pMC
TIRIB Belfast pine 45036
TIRIC IAEA cellulose 129.7+0.08 pMC
TIRID Hekla peat 38107
TIRTE Ellanmore humic 11,129+12
TIRIF Doublespar 46,750=208 (0.18+0.006 pMC)
TIRI G Fuglaness wood 39,784+620
TIRIH Ellanmore peat 11,152+23
TIRI 1 Travertine 11,060£17
TIRI J Buiston Crannog wood 1605+8
TIRIK Turbidite 18,155+34
TIRI L ‘Whalebone 12,788+30
TIRI M Icelandic peat 1682+15

Table 3. Samples in FIRI program with consensus values

#3. FIRI 7025 AOREE UC #IRE

Sample Material C age (BP)
FIRIA,B Kauri wood 0.24 pMC
FIRIC Marine turbidite 18,176+10.5
FIRID,F Belfast dendro-dated wood 4,508+3
FIRIE Humic acid 11,7807
TIRI G, J Barley mash 110.7+0.04 pMC
TIRIH Hohenheim wood 2,23245
TIRI I Belfast dendro-dated cellulose 4,485+5
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% 5[EE (Fifth International radiocarbon Intercomparison: VIRDIX, 3 A7 —2ib/e- T, &
BOARBEEL2EORMNLED, SELELREE, SFIELERE L ORBE MV THH
BRESITRbRE (4, 2006 FED 9 AITHE-TRAT -V 1, SHROBB O L LT
KZE, RILWO 2 BHE, 43R (VIR A~D)IZ oW TiFabhi, VIRI-C it TIRI-G,J AL
LOTHDH, ATV 1IKIXTOHRENRBML, GPCIZL > T 12, LSCIZ L 5T 33, AMS
& 0T 35 D MCREEMBE ST WS (Scott et al, 2007), AT — 2132005 4E 10 B Izh4
0, SEEHOBRIOWTERENLZ, GPCIZL->T6, LSCIZX-T S5, AMSIZX-
THDOCHRBELNTWVWS (Scott ef al,, 2010a), XHITAT—V 31X, KF, EAn—
X, B, KEZEOR, 7IVE, R{Ho 12 REREAIh, 52 OEZERSML, GPC
Ik 2T 2, AMSIZ LT 32 D MCHERAHE S TV B (Scott ef al., 2010b),

Table 4. Samples in VIRI program with consensus values

#£4. VIRI /v F A0O8RE L “C HEE

Sample Material C age (BP) Sample Material “C age (pMC)
VIRI-A  Barley mash grain 109.1+0.04 pMC VIRI-) 0.4603+0.008
VIRI-B Charred grain 2820+3.3 VIRI-T Humic acid 65.821+0.0333
VIRI-C Barley mash grain 110.7+0.04 pMC VIRI-U 23.079+0.0155
VIRI-D Charred grain 283643.3 VIRI-K 0.0576+0.0062
VIRI-E Mammoth bone 39,305+121 VIRI-L 75.719+0.0395
VIRI-F Horse bone 2,51345 VIRI-M Cellulose 73.900+0.0322
VIRI-G Human bone 969+5 VIRI-N 73.839+0.0392
VIRI-H ‘Whalebone 9,528+7 VIRI-O 98.457+0.0385
VIRI-I ‘Whalebone 8,331+6 VIRI-P Charcoal 80.457+0.0862

VIRI-Q 92.383+0.0512

VIRI-S  Barley mash 109.960.0417

VIRI-R Shell 73.338+0.0368

100 T T T T T

ER L7z sEO "C ERERE S0 7T AT i
BT, “CHEIAVWSE GPC, LSC, 80 |-
AMS £FHEOBE®E 1 IKRY, GPC i3 '
1990 442 5 2010 2 HT THEICHA, LPC
MEO1995 FEFiC v — 7 20 2 Rz
AMS X 2000 42T LB R L, I
2010 4RIV TINIZ & A PR AMS (28 |

Proportion of laboratry type (%)
&
—

TLE TS, ZOMENLS, HC HE Teas

e 0 5 AL, FIRI A 0 2 CiXBIER:D meweond TRI THI FIRI VIRI VIRI
(1990) stn,gel stage 2 (1999) smgel stage 2 stage 3

B E B UCHEDOEE S V) BREVBK ns 19 @0oh @3 @80

%f,j‘:vi/r ]‘%ljjb—cb\f’ &%2 6h6ﬁ§ Fig. 1. Proportion Of GPC, LPC, alld AMS used in
’ individual international comparison programs.

VIRIOZA7—¥ 2, 3OHICE, BERANE g1 shehoRBErRs7or5 AL
GPC, LPC, AMS O#H|G
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2 AMS-MCRIED Ry 2 X5 U FREOEWC L5 CHO LS v I BRESV MBI A2
STETWHEE LD, ZOM, KK “C EBELLE: (Miller e al,, 2013 Y, KKz 7 Y/
D C EPRHEE (Szidat ef al, 201 L EMEINTNEA, £THAMS ZHWTEYD, iz,
Szidat ef al. (2013)1%, 2RI (TC)EFHREKRR (0C), mRIKRHF ECHZLREHM T 5 5k
DEVCERT S “ColBEEL LTV,

W, Bug VL HIBWEORBRTHME ] AMS-"CHIENTHICRY, Bk, FBoFR
B, SERBSIC L 3B, DEEERSICE TN, RAledo B0 aHBIE
o Tk, AREO C MTicBWTHRROZ LBE X, B, ATV 78, ~
v FAAR—ZER Y, ARBOAREORNCLD “C 0BV OFELIdTBIZ L
REETHB LEILRD, ROBICEBWTIE, BE, BRO “C FESEcSWTERST
PR TV B AKRE ORLEEI YW THBIZEAT 5.

3. DIC ® “C {4 oRi ek

A DIC @ MC BIRBECLESRMGEL LT, OARRROFRSZNIE, @CO,HIX
FEREL, RAESMBZNE, QEEXERRFMEOCEBICHETCELZ L, @DilE
AR5 FEAP 2 EHREMTOATERZE, REaA eI &, R YBETLND,
@GHIKEDED “C T 2T AR SBIEERTETHY, @IREAD X H I DIC BEXHK
mg/L 5 b T mg/L &3 100 fELL LERT IRBEFE S BB L 2o TS BETH B,
KD DIC @ “C 247 ORI & LTk, ARSEHT SrCl = BaCl, IR & ol L THeskiE
FUBRAERIT/%®, B (VU/BEAWVWDZLABW) FHEMLTHATS CO 2 EIRT S
Fik (RERE) BE< rbAVHRTE T (eg, Haynes and Haas, 1990; Drimmie ef ai., 1991},
RO E R 2 T, BB, BREO COBMNT 1 L EAVTREERNTETH
D, BMOBRLRAFGCEREAVAZLIZL Y, DIC BEORARBAMBHIA L Tb Rz
BEFRTHLLVWIFIREELTOWARE, HRERICHHEZETHED, (LELEICR
M2 (W1EE) L BE2020HEARE, KEEBOILFHBIIE L - T, TBE4L
AT, REEERB/MEVZ BB BZLBHDEVIREEHELTVS,

7 SrC)

tl:l I:'\ COo, Hﬂv«r

Fig. 2. Scheme of the precipitation method for *C analysis of water samples.
B 2. R X 2KEE C 2T 0B
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—J7, BE, HRANICED L<AVDN TV ZEIAEE, ARBHIBEZEAL, N,X° He
HAKETCNT V7528128V, KRE»D CO, 20T 5 HikTH D, #EAD “C
THCEBNTIE, WBHFEERICET 70— VR EHED7ZDIZ, WOCE (World Ocean
Circulation Experiment) Z:#E & FE TN 5 EFREEFIE L LT, NTV U 7EMREHAIATVDS
(McNichol et al., 1994; Key et al., 1996), X 312, ELEREEAFZERT D% T R D WOCE EA#ED
WA T A v MERT, ZoFER, RBERRER-Z 30 20N (B 10-15 4y, R
10-1543) LH<, S HICRFBRINENRE S (98%LU L) , HkH CEMBERLENFTRETH
DEVIFIRERTIN, KREEATY 75000 RENER, HABRR L 7%
DB b, XT VT HRACEENHE CO,BKRBZTHERTHAEERH D LWV I X
BEAELTWS, £, BEAD X 51z, BN X - T DIC EEEAE mg/L 7 58T mg/L &%
100 A LR 2581, BATHIRABOREEMIEDLLDIC, TRENOREIEICAE D
BROBEAR, BRIREEOREEZRZDILERDD LW EEE, 22 NOMERD S,
L7z oT, N7V U7X, WBADOXIIZDICRENDE Y EL LARWEEHIR L CTIddkE
WA THAN, BADX I, DIC BRENGRI EIE2ABOHAIE, FRETHD
EEx D

TE - FfnE (2002) 1, THHDONRT Y U TEORREMIET H72HIZ, DURAN #E O
BRAREZOEER, BICRERT, ERHEFETY VBEEALTHE LILE, BEFKIC
Lo TCO %FAEIH D DICHIH FEEZRATND, ZOHFEL REBODICREIZE-T,
BRPBEHIIERTEDLLVWIFREALTCVER, $HEHILRIE TR OEZ & &+
THILEBRELL, RRIBAOBRUEHDEVIRRERL TV,

Seawater Stripping Line for storage for 13C

oxidized
by phosphoric acid
Seawater ( CO,, HCO3~, CO32- = >
(€O 32 CO3™)  bbling by Ny gas . CO2

vacuum pump

N/
Estimation of CO; volume

for graphite
for 13C —
for storage ==

pure N, gas

for graphite

recirculation pump

phosphoric acid
HO trap

Seawater Sample x 4 samples

Fig.3. Scheme of the gas extraction method for '*C analysis of water samples.

3. AT YU FIRIT K BAREIO UC T OREES
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Z Ofth, KRB D DIC @ “C HITFOFELE LT, KRBIZEATZERO~y FAR
—REFHTBHFERD D, ZORIRREER, TTCHMOFEHELLTHVWLNRTEY

(e.g., Miyajima et al., 1995; Salata et al., 2000), RED DICEEIZ LT, "M TAFAL XL
REEARPBRIEETELLWVWIFREALTNWS, £ZT, LVEEOKREZ0HE
THRERHD “C AWK LTH, ~y FAR—RERFEZE0E I PEALNICTHE
H, EXEHEFRETEREBZ XV, BE, FROFER, BEROEDO7z—kKHL
WA COMEEHZREFTTHD (B - 1H, 2014), =& - H 2014, 731 TILHK
DOEED 50 mL LT Chhid, 3045 R OEINFFH TRE L T 90%LL LoD CO, 2RI T&
5=, AT NVBOBEERED 100mL KD RIS RHLEREBX TR LVIFBREBREL T
BY, 4%, RICEW 72 =7 MZBWT “CHEEZMK LD, MlHEHE2 EHHEDT
W RERH D, TO~y FRAR—RIER, REBEL Y b ERE CABEATERTH S L, DIC
BRESERZARBHIH LTHREIHL LT W, MHEGSAELEND L, HE:
MCrDFEHRE LTHELEADBRD,

4. K#EB

RSITRLE SREZHF L, AHTBRFERAEREMI L7 —, EERIHRAPR
FiEi& s &, ERENRITRET R, BARTHMEEREE BRI %Y 7 —, #X
St ANvd - IR, BRAXFERZRHREZERIE S N ARBO—BERAELTH D,
BE, 20 6 BEICEW T, FERERITo TV A RIAINECARE QYT CH 0, IHK C
FARETVDOOHD, R P=r M, BHEAMEEAT-R, AROICHET S TEICL
THY, BoNIRHREIL, FLEVERE, ARETFELTVS,

5. ¥£¢%

ARRBLD UC AT O D ORTAIIE DO BN RICEW) O7 Y= bbb EiF5i
H-v, ThETCiiThhi 5 o “c ML (ICS, IAEA, TIRI, FIRI, VIRI) a5
ATOWT, REOMBEE, MC#IEM, 45N GPC, LPC, AMS OBERRIZOVTE &
Wi, k7, KRED “C Srod ik e LT, i, ATV V7, ~y FR
N RBICOWTHBICE L O, BHIE, 4 B (BK, HTK, BRK RBKFEFNY
T LK) OKEREEZHERL, 6 BMEICB W THBRBRNZHG L. 1 BEOADKRSD
S5, COHiHET (MCHBIZEKE), LV okYBMbERIZAN, HEOBEHHR S
KO RE, ABMIZRICEW 7’2Yx bEELEBZTFETH D,
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Table 5. Chemical compositions of water samples

& 5. KRB O{LFERRL

RICE-W01 RICE-W02 RICE-W03 RICE-W04 RICE-W05 RICE-W06 RICE-W07 RICE-W03
#zEHAK* R SRk R ¥i RRA HTK HIT A NaHCO; B NaHCO, i

HEC 24 42 4,600 22 21 9.5 24 2,400
#E“C  modemn dead dead~low dead~low  modern low dead dead
pH (8.4) 6.5 73 72 7.9 9.4 8.3 8.3
Nat (11,000) 8,700 13,000 6,800 93 34 46 4,600
K* 410 1,600 42 42 5.0 0.2 0.0 0.0
MZ*  (1,300) 15 1.5 48 5.7 0.0 0.0 0.0
Ca®* (420) 1,400 1.5 420 180 1.2 0.0 0.0
Lit (0.2) 27 6.6 0.5 0.0 0.0 0.0 0.0
NH,* - 74 18 21 0.9 0.0 0.0 0.0
cr (19,000) 18,000 6,700 11,000 6.2 2.0 0.0 0.0
S02 (2,700) 1.6 53 0.0 0.2 2.9 0.0 0.0
HCO; 28) 200 22,000 120 100 42 120 12,000
Cos* 0.0 0.0 0.0 0.0 9.3 0.0 0.0
F (1.4) 1.9 33 1.3 0.1 1.7 0.0 0.0
NO;~ - 1.3 0.7 0.6 0.0 0.0 0.0 0.0
Br 67 27 200 490 0.0 0.0 0.0 0.0
*HEROF— % [HERROMBZLERE] (S8 -BH) 10k 3 (mg/L)
51 A SC#R
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HAREBEE

2 13, KRB ORTABEEDEWIZL B UC kg% 1TH Fu = 7 b (RICE-W: Radiocarbon
Intercomparison on Chemical Experiments, Water series) # 3.5 Eif/c, ARz W\ Tix, Th¥
TBEITPRTE L 5 EO YC BRERE 72 75 5 (ICS, IAEA, TIRI, FIR], VIRI 71 75
L) KRBT ARBBIVCAFZEHICE LS, BRTHOLR TV AKX OBEFESRE
D HC BiABE R, NT Y TE, S~y RAR—RE) ZOWTEORDT, &EFEM
MLz, RICEW 7uvx7 Mfed 2AKEHE, 6 2OHEH#EBIZ T ClItEMEh, Zh
ZH OB EEIT > TV BRI E TARBORNEKZ, AR “C o EfTvoob 3,
ATy i, BEOBEHMEEL %, FRAUHBBITITEIILTNS,
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