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ABSTRACT

Radiocarbon (*C) and tritium in water have been applied to hydrogeology as a tool for dating
of groundwater. The long half-life of “C(5,730 years) makes it useful for evaluation of residence
time of groundwater. However, the “C has not been applied to groundwater studies in Korea,
owing to the absence of preparation line for “C analysis. By this time “C of groundwater has
been analyzed mainly using benzene synthesizer, which is so complicate and time-consuming
that has been is limitedly applied to hydrogeology. Recently, the direct CO. absorption method
for “C analysis was developed and introduced to KAERI for the evaluation of domestic
groundwater system. The results of “C in groundwater would be usefully applied to
hydrogeological studies such as the well understanding of groundwater flow system in depth.
The reliability of our “C data was confirmed by inter-comparison with the qualified
international isotope laboratory.
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Fritz, 1997). 12.43d¢ ¥V & zte HEcac

Z 9F A A7l AgHe], AvAse % A 21 AR 2 ARAe

A5 ARAL) 508 o4 A BAZE H A

AAFF “C BHE e AA BaCl, 4
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WAl fEE olF F2 AAAFASFT Y ex 9 AR e A% 100-200 me/L
. . . . . EXS ol e =
(Liquid Scintillation Counter) % ﬂ’bﬂﬂﬁ HCO,3 %< Hol3 1ol (Koh et al., 1994; 147
(Polash and Stipp, 1967 ; Tamers, 1975). ¥ % = 1999; Yun et al., 1998), ¥ukdo= 100L ©
W BT 0 RAE A DAL FHAL <l ne gzt mest BaCOE BRI AR
UL}-E]— H)"]o]‘—ﬁﬂ 1:1_1-0 /\]7}01 _/}_.9_515]"‘5‘ Lxﬁ]o] ()U\ 7] ‘?’1 SH }\_1 = NaOH £ ol BaCl 2 ol
Az B AAgdEE . T ° 2 e
o #HT =4 wAdw WA” = =00 afloc(Aldelich no. 15332-00)0] AFEER o]
g shsAde] BRE Bk 9o (Qureshi

l‘

Journal of KoSSGE Vol.6. No.2 15~22. 2001



00 }-O-ZVE)‘rng/L of HCO3 }
{—#—50 mgfl. of HCO3

| | ~@—100 mg/t of HCO3 |

| —&—200 mg/L of HCO3

300 | |{~O—500 mg/L of HCO3 !

—0—1000 mgil. of HCO3|

200

Amount of Water (L)

100

pH

Fig. 1. Water volume required for “C
measurement according to alkalinity of

water sample
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2.3 Carbosorb ¥ Permafour V 8N A=

CO. &A= CO.% w33t carbamate® 343
8= carbosorb(5.8 mmole CO./mL, Packard
Co)E A&z, AA43AZ7 (Liquid
Scintillation Counter)olAd 2] AZE& 93l
permafluor V €9 (Cocktail Solution)¥} &3a+3
t}, @A ParkardAlelA permafluor Ve EFo
SYEA7] W Bof AgHA Az ] AlgalgiTh
1. 25L°] permaflour V& A|23}7] Agle] AAd%
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A% toluene(l,116 mL), methanol(134 mL),
PPO(di-phenyloxazole, 17.3 g), bis-MSB(2.5g)
< AZFE9A g st PPOS bis-MSB
+ AH8-Ae pyrex 4 sintered 27 S o] &8l &
E] 319 2 Winchesteroll Y83l Al&atdch A
2% permaflour V¥ carbosorb 1L$+ &3tslsich
carbosorbe W71% CO.& wi¢ wz7A Fslez
SRz AN tir)eke] HES WA o] &
=5, w2k carbosorb EFHA L A4 ol
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th AXE &AL AZA AHEE &ol3HA 3]
Astd &9 McArtney B o 25 mLA @i 7
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371 95t 0.5 mm Teflong AME3k] HB-3193
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Hi 18% HCl# w8AA CO.& AR oH,
Fig. 148} Zo] A CO, 7k2E AgNOE A
A 3t Cle AAshe dAE F789 0%,
G2 ETF HAALE o]gdtd & -60CAN HO0L
AAHLH, AAALE o] &3l 3zt ZH o]at
SELE IHT T aYEIR oitstetr g 34t
Ak A7l FFL& EFEAE 2 7IFEARA M=
T ALHUY. 1HE71E CO. 7FAE s}
A% A F(weighing) &224 3)5€ CO.9 %4

sttt slgE olislghidl= ZRn (¥l
3,8d)0] &2 4 Jol, AZ A 1987 Yl 33
ol HAsle Aoz PRn AHE AASITH
C gFE dAEBASIIE ASE BF PRne C
o ASAY FHH= FEol o, “CY WAleY
%ol BAAstA AFE & Utk BARY AFHAHl
Al Radium 7F2&¥ RaSO, F+ RaCO;2 BaCO,9
A AAE F 9len, PRne ZY4Q PRag £
o oJa) A= CO. 7hx=st 2o] F4Ald 284
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Fig. 2, CO. preparation system from the sample carbonate. The generated CO ., gas is collected in high-

pressure cylinder.
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Fig. 3. CO, absorption system with
carbosorb/Permafour V solution. The CO,
gas of the collection cylinder is transferred
to bladder, circulated in the line and
absorbed with C/P solution.

YAE CO. 7k CO. FFA9 wreAd= AR
+ Fig. 39l =Al8kth 24t 471258 CO. 7t~
g 24284 C0. 7}“"4?—_ olFAZ F, AMzd
carbosorb/permaflour V &3 (C/P & )% o]§
st CO, 7k=8 FFstdeh old CO. S5
d SHHEE o] date] 1083 AS CO2 V8

AlZle. ”‘1 CO.7} CO. FFAll 100% E3l=E =

sttt CO. u’l‘zﬂ‘— H%“é% Zta ﬂo‘ji il

E CO.B &% ega e 54-? ek ol %, %v?i
el 20g5 # st AAdFAZI S 1 slod A|g9]
“CE A3t

37 HPAAM 20ge) EFAS Helo A2 A
¥, 6g o1 CO. 7tx9l Aol 7€), wuher
CO. 7k B2 AA CO. 7+27F 2.6~6.0 g 89
AM 23 HACHE CO, Y 10gE Fsted #Ag
3 & o]Z AlZetm, oluf FFABY VFAEE B
T 10go2 FLaA A}, Fedte bl 2o
EZHE 10g AHEEIEE wE 20g Y B B4
23e] ot A F71EE ¢ 4 Uk ¥, 2 6g
olgte] CO, 7= A8Y B9¢e AFFFPoE BY
& & glon], 7 REAY](AMS) 23 B40] 7}
&3ttt

AEEFTHE Frlgde] O “C AL 9
AAEHAN L, RFEAES} 7|FAEEN B B3
= AR EEAIES 7IEAIRE A7) e B
datA “C BAE A3 AAAP & AXNA €} ®
A& (Modern standard) 24+ ZF olE#o]=9)
A AEEe 2EA106.7 pmeo) S AH-sld =),
3% HCl 8822 A&t & 3% NaHCl €42 ©]

43t _:_7H7~§’“ e f71EAE AASAL. olE
AT & 5718 A7 AAE 7R gAl NaHCl
S AHe F, FHFZ AUtk N1FAE
(Background standard) & South Australia®
Angastonol|A AHE WHelA (marble) & °] &3t
t},

2.5 "C AE

AHETH S o) 83l CO, 7t28 TIA C/P
$4E AF714 20ml &7 %OP BA A FAZ7]
(Parkard 2770TR/SL) 2 "C& A28t A7) &
AellA C/P & ol <F 1g9] g4l YA o
el carbamate HAE FAsA @tk 100
pmc (percent modern carbon) & 2te “CE 3-f-3}
© lg 82& o &8Ho=Z < 1356
dpm (disintegrations per minute) 9] £aj-&< Hl
o a2E2 IFA8(106.7 pmo) & 71E ]E°ﬂ H]
o) 14.4 dpm(1.067x13.56)°] ¥& ZtS Hojo} 7
. AZEE (Efficiency) & $Y 289 dpm¥F ¥
wated 100 pmcel g )7 A (Background) @
cpm &9 AEEE FAHT | E= (cpmympie CPMyg)
x100/(1.067%13). =Wl YHAG 2|3}l et A
% ZHE Table 19 &34k A= g&& &
63%E Hod F& AZ ZFE AXNEn vk

“C ¥4 Z7= “modern carbon’ol gk HE2g
2 ZEAH™ (pme, percent modern carbon),
modern carbon< NBS oxalic acid standard®
19509 s@slhe “C Wilse] 95%2 Aodr} ol
= B3 2 AR 343 AFH7) o)dA
1890\dthell A7ge el “C WA (13.56 dpm/g)
o sigdct. "Co w2 “CE () o sty
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Table 1. Liquid scintillation run (20g) of background and standard for “C analysis.

Count time Window Count rate (cpmm) Efficiency EY/B
(KeV) background standard

100 3.2-23.0 1.90 10.70 63.44 2118.34

100 3.2-230 1.93 10.38 60.92 1922.83

100 3.2-230 1.92 11.05 65.82 225645

100 3.2-23.0 2.08 10.78 62.72 1891.30

100 3.2-23.0 1.98 10.99 64.96 2130.93

100 3.2-230 2.02 10.55 61.50 1872.11

100 3.2-23.0 2.04 11.10 65.32 2091.27

100 32-230 1.84 9.83 57.60 1803.27

100 3.2-230 2.15 10.86 62.79 1833.93

100 3.2-230 2.10 10.50 60.56 1746.32

100 3.2-230 197 10.00 57.89 1701.18

100 3.2-23.0 1.77 10.61 63.73 2294.65

100 3.2-23.0 2.11 11.22 65.68 2044.27

100 3.2-23.0 1.92 10.50 61.86 1992.77

100 3.2-23.0 2.08 11.19 65.68 2073.76

average 1.987+0.036 10.684 +-0.084 62.70 1984.89
geutg A FHddAL EE A& (Isotopic 4). T3, A7 “C FFo] F/HETE B9 B
fractionation)ol ZAUA HAH, FEAF TE AAEE ¢ F Atk FYE A8 distd 3
(fractionation factor)& ¢°Cell ®la} F 2. 3uigl A HEFHT 71E WASE S o183 "C B4 ZHe

o2 284 Udch(Saliege and Fontes, 1984). 1
2z “Co ¥4 AFE Bz (univerality) st 9
e UFe 0°Coll dldshe -26% = EEskste]of
g}, A, “Co 84 Ans AAEY) fsid e 8°C
o] A AT g7 A oo} 3T},

“C 49 A¥re “C gFH ASAIT we )
o]Z HolA "tk 0~100 pmcAtele] “C A &
Zte A8 diste “C 92 47 20g¥ 10g Al
25 AAYd BN Aol FEEE vimdt
(Fig. 4). Zt Aol tig AZAIZke] dolxH Zof
A2 BN FErE 74ade HoFn, A3dHe
C/P g9 o] 10g8 WHTI: 20gE AHE3IGE
i BAeatE Eo=e AL HAgt 7IEAEd
g 2 & 71€2Z 20g C/P 42 4,000% ASst
& +1 pmeE HoFE v, 10g C/P £
008 AZ39 S W +4 pmeE YERITHFig.
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Q2= Leaney et

t}, ol MEH, -
o2 "CE B S AS 71X 5 diste] WAt
Asjel visl <k v Axe EMAPL de AR
et

UM A AEAF 2 A e S o
2 e (FEAY) & AT (A E AF
(20004 1€¥)3td “C BAE FsAch F AF
Ae] Aseet A dFe o] 71&E ATAE
olsle] s=2jstel 2 Foda A1t #3E vk Ut
(Yun et al., 1998;318% &, 1999; Koh et al,
1994; A7AF 5, 2000). “C ¥4 AFHE #AFFa
2 0°Czk} &7 Table 20 Felstach FEA 99
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B8k (J-3), EZEAET(J-6) R AFA G
J-12)9 “C #& &% 0.3 pmc, 40 pmc % 73.6
pmc o|th, §4 AEF EF Y4, Y-10, Y-11A
g+ 22 65 pme, 75 pme, 79 pmce “C ¥FHS
Uehdth, YC B4 ARE o] &3l Astee A FA
357l AeiM e st =Y, FH9s 2y
o] &3led HAE F A g3ledof i}, BA glo]
olulg 2Fd3| AWER, FAAY #HAA|
thEEe] o|Atslerav) FHEHO ),
9] 71¢le] A3 cEHA AN
] o] ollg} 7719 (R4 |4tz
sto] Agel 7191 FolnZ (28 5, 1999,
te A FAIE 3 B Fojnsitt. S EAl
|4 AdEEe ZAEe(J-6)d AS, Asks
ghagol A ghatddEate] whgo] AA HFPHA
gokgm = Hd old" ARAILE 7 AR
FRE & Uk EA e dReAElee B
AEEA Fgo] 0TU 2T #E HodFo] )5k
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Fig 4. Standard deviation of “C analysis using A B0 AR wE Ade AR 248 5 9
CO,, direct absorption method. (A) using = Relth. ARASF (129 Afe M 5 C
20g C/P solution, (B) using 10g C/P FEE BolFH, AFFaed AN AAE
colution. S 2ol AN S HE Ao HAE 4 9

o 449 Aded 3%, ARAA A7t 300m
Table 2. Comparison of “C measurements by KAERI and CSIRO.
Sampling | Tritium Count rate me .
Sample no. Depth(my | (TU) otC (cpm) KAERIp CSIRO Descriptions
Background - - - 1.987+0.036 - - Marble, South Australia
Standard - - 0.6 ]10.684+0.084 - - Oyster shell, Adelaide, SA
J3 500 0.3" -6.7% |2.011+0.037 | 03£0.7 | 2.7%0.7 |Carbonate groundwater from Jungwon
J-6 200 0.5" -15.6” | 5.129+0.058 | 399+1.1 | 424414 |Alkali groundwater from Jungwon
J-12 50 84" -15.1" | 8.140+0.074 | 78.0%15 Shallow groundwater from Jungwon
Y4 350 29 -16.6* | 7.121+0.069 | 65.3+1.3 Thermal water from Yusung
Y-10 320 0.6° -17.6 | 7.847+0.072 | 74714 | 71.9%1.1 | Thermal water from Yusung
Y-11 320 37 -17.2» | 8.185+0.074 | 789x1.5 Thermal water from Yusung

1) Data from Koh et al. (1999), 2) Data from Kim et al. (2000), 3) Analyzed by CSIRO.
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CSIRO (Commonwealth Scientific and Industrial
Research Organization) 9}e] naHEA-& 3519
ot 1 Z3= Table 20 Fel=o] ok maEde
“C ol 2 #3923, a28ln 0 %S #E
A5l et o]Fo] Hed, B4 s A9 &
dAFe BAFa gtk 3BF, &9 “C EAe
FAIZe] 500 o] Rskee] A&y 9 AR
T fF 97 F&3HA €88 F g Aotk

N

2
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AN &Y - sk WS WA
L BYA gE HolAw, o9 Ade
W ARASkE %5 A7 F&3A &&2 + 3l
< A2z 7lgEn. S dF Askee A de “C
Y Zae seAdsy ShdA B d3E A
At glew, &3 CSIRO%S| mAaHed Axe £
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