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Introduction to a New Sample Preparation Apparatus (H/Device)
for Measurement of Hydrogen Isotope Composition
of Natural Water

Seong-Sook Park*, Seong-Taek Yun* and Chil-Sup So*

ABSTRACT : In the hydrologic and hydrochemical studies of natural waters, oxygen and hydrogen isotope com-
positions of waters are very important to elucidate the origin and circulation pattern of water in the hydrologic system.
The hydrogen isotope analysis of waters usually has been undertaken through the reduction of water to form hydrogen
gas using pure metals (in general, zinc and uranium). In 1996, a new apparatus (H/Device) was developed to prepare
the water samples (by the reduction with Cr metal) without some intrinsic problems that may yield incorrect and/or inac-
curate data, and was installed at 1997 in the Center for Mineral Resources Research (CMR) in Korea University.
However, the optimistic conditions of preparation and analysis of samples has not been established. In this paper, we in-
troduce the efficiency of H/Device to obtain accurate hydrogen isotope values of water, and discuss both the optimum
conditions including the effective reduction time and the probable mixing (memory) effect between successive samples.
We obtained large amounts of a laboratory working standard (KUW; Korea University Water) with the average dDsyow

value of 42.1+1.0% (10).
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19500t o] FH B L EXo dig TAF 24
9] Z7t 2 A& MEe vEo] AFEA7] (mass
spectrometer) & ©] 43 FHULH FH9 FFHL £
2 FIANZL, A el AS T gon, AFEA
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73 2 S8R E HEske T8 FYEoEA APA H
At} (Attendorn, Bowen, 1997). ¥, Sujol M= Hd 5
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717} EUEEA FUe] S EAYA dFRoke TS
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& oot B pABlA EAgT A, Fhe
EH94 (He D) Aleld 7 & A A ol & 2
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& Zolol 9] 8853 v} (Gonfiantini, Gat, 1981).
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22 BT = HAAFY #FE st} gt AF7t
A gz AHe] He 34 F9AE o] 8d dd ¢
Fort2ote] wE HY F 3A F/RZ e B 5
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2] Bl Saol A4 Fol7k Basteh (cf. Lee, Lee,
1996).

B w=Role H2 pgEe opol Al E A2
= zeldsta AFREAY AFAES =9 - 43
‘H/Device' & 248 $25994 A% 718 27
o, Al B4 Aol G F 5 Gl ofy 9915
Ue 494 AES Foke] A1 AN - #Y 23 o

stel Eolgtmnt @t

B
k)

71EQ| XA

B HANE 7Y nE

ks
94 AR ez AR, BE $994: =4S
gy YE FAVRA $Hs] wE FHIAPP|E WY
(Kirshenhaum, 1951; Horita, 1988; Coplen ef al.
1991), B4, BLAAZA 358 ol 83l $28 FA4st
= W3 (Bigeleisen ef dl., 1952; Graff, Rittenberg,
1952; Friedman, 1953; Friedman, Smith, 1958; God-
frey, 1962; Savin, Epstein, 1970; Coleman ef al., 1982;
Kendall, Coplen, 1985; Hayes, Johnson, 1988; Tanwe-
er et al., 1988) 2 & o] & 4 Qlrh. & A A Al
WHE digte] - DHE 40 gokete] mzet

2z} g,

W T 2% FuE AMSl B8 24S 43 e
S 7kA0t BE @A ge WL 358 o83
Holl wsle] A B do] AR U9z =2 Y
Hol glom, meto] AP e Fete] Tdh $Hgho]
5o FA FHEE (F 6%/C) FEAI 252 44X

et al., 1996).

BLA A FE2 o] 83l 4E FA3E B9 Y
Wil tiete rlsabd v 2ok il A3l
Me 3% F9A2A 25 (Bigeleisen o dl., 1952)°]1}
ol (Graff, Rittenberg, 1952; Friedman, 1953; Deme-
ny, 1995)% o|&3tm 9lon, 1 Hho) ZE, gAdy) v}
vl 59 E8AEE dFEH gt

129 34 rlavlag B9 ukgA7le WEe 719
A% (memory effect), & $42A% £ A B3|
A= Eol AAR (combustion trains)y A
(vacuum systems)ell & FFHE AL 7] 95
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1t} (Bigeleisen eéf al., 1952).

a9 $HEE o8 FAFL 2H0+U—-UO+
2H, (92 T, o] o] d¥rF o2 AHg3he g 2
TE 600~750°Coltt (Bigeleisen ef al., 1952; Fried-
man, Smith, 1958; Godfrey, 1962). %t &< 9%
< Y& g0l &7l Szt BT FeRoE EY
(turning) FENE o)43H, Ag Fig o] &3] B9
#He BEES AAT F Ayt f2 o 2asit
74 A+2-3kct (Bigeleisen et al., 1952). 23y, S8} €
PE o] 4% FUYE Z 7K TR S Za sl 94,
SelEr EZe PE ¢ B9 e 729 dE4E
g o, $ehw AAE it 7] 3gEd] o
AA 298 o] lth B, 7kA FEA] Bo] 9A
3] AASHR ¢k ol AVl 29 VIGRT wEe &
29 4 Blo] opy|E & glon, o]F AT
daire A 2elg Aee =714 7tgsor gt
E3], 94 (saline water)?] A= 4A E54A &2
ol & 2FE 2% 4 ok ¥4 oA 350°CY &
oA A8E FHRAIE Bl T2 AZto] 2.
™, o] #3 2 vlo|e] 7] FE U] HY% i}
o9} o} EAo] i AFata fPsH T8 ¢
olzlx SEbee WS Helslr] fsled, ] Hda
kAl glo] & oldE offshe Mol AFHAG
(Coleman ¢t al., 1982; Kendall, Coplen, 1985; Hayes,
Johnson, 1988; Tanweer ef al., 1988; Tanweer, 1990;
Schimmelmann, DeNiro, 1993; Demeny, 1995). 3}
129 ofd & 2H,0+Zn—Zn0,+2H, (g)9) ¥hgol 2Jst
o] X3P H, o] wo] Wk 2% 400~500°C) HH o]
v} (Friedman, 1953; Coleman éf al., 1982; Kendall, Co-
plen, 1985; Tanweer ef al., 1988). Hayes, Johnson
(1988)2 &= Wsle] o2 g9 48-S F3l 500°C7T 3
F x9S AUsTh. Coleman o al. (1982)2
450°CAIM o] & whg AelA o} g4 Yate] =27)
o fosflor & XAt 7k~ £FH F 2F (capil-
lary)S BEsed UF B2 Alzto] dy 29| i
WE FHYS BEY 24 deE ARsAG.
Kendall, Coplen (1985)2 2% W9 &2 ukg 87] Y
A EhA71E WEE AR, 9 mm F7AE B
2AA)E FEE o] &3k 'FH A5y s Bady
AolE frElel $HE Fiote] F9A ud whgo] B
A7d 2 ¢ AE AAHrE. Vennemann, O'Neil
(1993)2 vlo]Az FAPE o]4dt E& ofdo| B9
AE FolPx FH Y7 Rl AXE nteido).
o S ol 83 71E] SebE Bel 2 v

n do
=

o
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(e A9 B4 AH 23 4 F= &332 B8
)8 FEay gam detA &L A7 gl m ek
B A e Ayt rhesitt. 22y, stoldl s R,
A%, ¥A (vycor) 2] 5o &7 Erfshs a9t
FA94 2ol EAE & &S Rusdn. AAlz,
ThFR 2]l gk FAEHAL BRG] i A

 40%7H] SALA ftol HE F lvka I

MZ2 “H/Device”| TAM U =X

% 894 (o4, $oE, P
5 & wh Ak N4 B Y 2AF 4
ash wgslel gHoT YT AYEL T FYalo,
53 4718 TUT I4h HARLVY 50 44
=2
=2
E]l,

THso] W= Aol o} (Gehre ef al., 1996). 4

B HFo AFA ARSI “H/Device” (Fig. 1)e
Gehre et al. (1996)l 93l A& 7dE AE AHspgol
th 2§ % 50~100 mg (YA Z7] <0.16 mm)S %
% go] €4d M9 FE (F7% 6 mm, Z°] 252 mm)<]
EES F&d A¢n ¢ Boe AF B2 A &
=% M9 A (quartz wool)E 2% Yol 5 mm JE2
A&t o] kg AR W 79 E (furnace)d| FE L
2 ol o & nAshH, A9 (septum)& ©]-E3l]
7] S &3] APH =S dEe 2 % 2x 23

7NE ol gste] AL (30°0)9A AlFeld 100°C @9 =
g 258 dAH R o FU 1-2 Al T wk &
2]9] 2x7} 800°Col =23HA =Y, BlE. HZE o] &3}
o AT AF A S 2T 2ZA AR YRS A
HEE vt 1% ZH7E fAEE, 239 E A7 (1

Ty

Autosampler
A2008

injection block
(septum)

(Sample side)}

Fig. 1. Schematic diagram showing the configuration and
preparation principle of the reduction apparatus “H/Device” .
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u)E vlo)=ZZ FA47] (HamiltonAt A1E; 2 pid)2 3
&to] H/DeviceZ 53 FY3t 2 ¥-&2 Lo7A
3, WA Fa i ok Fuld] o AFRA]
2 A% 48k A% AE2 (autosampler; model A
2009)E &3 7 30719 & ARE AAe
AN BAE 98 £ ok (Fig. 1).

£ F2E o] 43lW, 1) S| & AEE o &
7, 2) 22oXel $d € FY ukg A1z F E AR89
FURE SR Ate] WS goke A, 3) €A
o2 ZF BNo] 71ed A, 4) 53] #d w34l 7))
213t 22t 2 FE A3 AT = ke A, 5) A2 F
&o] A0 2 ¢Hgd A8 A8ES FA5] v &
o Whge 2] EoE A T Wi ¢ g&5e

2 A dS B 4 FAYAME A&+ Ik

ol
F{F

“H/Device”& &8t TASQIRIAH]|
M X
—_- =

Water)& 9 wh8A17) &, A3E27] (2d: Finnig-
an MAT 252 Gas/Isotope Ratio Mass Spectrometer)Z
o] &3l FAEALNE ST o} =4 B
& A &S] Vienna SMOW (V-SMOW) 2 SLAPS] £4]
T 3 AT FAEHDAYE V-SMOWE X5
22 39 § FVEes ek 53, ©]29 (on
source)o|A] o] 23} Ex-50] FE3WA H," 2 HD' ¢
ol Hy'7} A== 49 Hy' factor & ARdel 243ln
(Schoeller et al., 1983) ©|& A3t

E AN E FLEALAH 0 245 2 5 9
© 8 HeE g4 vk A (AE DI 719Es)
(A8 2)d digtd HESIm, A TF A8 V-
SMOWS} SLAPS o] &3] &3gke] A& AFA
< A% (A¥ 33U ©1Z F3lo] H/DeviceZ o] &3
FaFHdaY F3e] 2848 2 P AP L A
Al8taLzt gt H/Device® ©] &3 H2 B4 21 of

KUW & A& 1 pio} 2879] 39 whg A|7HE ¢
A (10%, 20%, 30%, 60%, 90%, 120, 180%)2 ¥
FATIEA (7 AIZE A 2L 53N whEy Sl 7
£402 3D S ZHE + Je ) 9k A Yo]
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Table 1. Variation of hydrogen isotope composition of a water sample (KUW) in relation to the reaction time between water

and Cr metal (reaction temperature=800°C).

Reaction time Measured 3D value (%) Average Standard
(sec) 1 2 3 4 5 &%) deviation
10 -41.32 -41.44 -41.53 -41.23 -41.52 -41.41 0.13
20 -40.27 -40.20 -40.50 -40.54 -40.81 -40.46 0.24
30 -39.70 -39.90 -39.77 -40.30 -40.10 -39.95 0.25
60 -39.00 -38.48 -38.87 -39.18 -39.41 -38.99 0.35
90 -38.72 -39.01 -39.13 -38.45 -39.45 -38.95 0.38
120 -38.73 -39.00 -38.92 -39.24 -38.71 -38.92 0.22
180 -39.43 39.77 38.55 -40.01 -39.00 -39.35 059
% A
sample KUW
- 100
2 3 V-SMOW V-SMOW  V-SMOW
 »f 5
o >
“© [=]
o 4F “©
2 9
2 . g
g :
(]
45 1 1 1 1 t -500 . s L ) )
0 30 60 920 120 150 180 3 6 9 12 15 18
Reduction reaction time (sec) Order of measurements
Fig. 2. Variation of the measured 8D values (relative to V- 2
SMOW) for a water sample (KUW) in relation to the reduc- V-SMOW

tion time. Sample preparation was done by using a new ap-
paratus “H/Device” .

B3t} (Table 1). 2 23, 1024 302 7(X]} $4
Wkg A|ZME 8D #e Hah Ftete 4TS BAF
Ao}, 60 o] FHEIT At A& glol AY Hils
A e S Hd Tk &, E-3E 3 98 A
2 60% o) fAlstE W o = E& & F Ak
webd, &9 whs A7 60224 He AjZHE MHs)
of g gho] AEZolet AtrErt

A AZFE o] &3] A E (4 712)E B4V Y
2 A4 AT FUY A S ol AR 93 B Ay
H3l, Z 719 &7} (memory effect) & 43 ¢ gl

£ 17| H3te, 4 THLARG A7t & V-
SMOW (0%)9}+ SLAP (-428%) A &Z 7t 33|14 Wizo}
A etAA B3] wig o s Z, 379
V-SMOW A9 £30] 583 FAld 37]9] SLAP
A&7t 9% S3EAh o] o, Zk A8 (1 m)e) 8
Hhe- A17H2 6022 LA SR8 T

I A= Fig. 339 2ok 799 V-SMOWe] 233k

Corrected 8 D values (%)
=)

-2 L 1 i
7 8 9
Order of measurements
.. 424
£ SLAP
g a2 |
©
>
[}
o -428 | \—-———0
3
‘é 430 |
Q
o
-432 ' : L
10 11 12

Order of measurements
Fig. 3. Diagrams showing the variation of corrected 6D
values for succesively measured V-SMOW and SLAP sam-
ples. Measurements in the analytical orders 7 to 9 (for V-
SMOW) and 10 to 12 (for SLAP) are also shown in two en-
larged diagrams (B and C). Data in the orders 7 and 10 re-
flect the 'memory effect' by previous samples.
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Table 2. Repeatedly measured 8Dgsyow values of the sam-
ple KUW

Date Measured Corrected  Date Measured Corrected
value (%) value (%) value (%) value (%)

as

Feb-08-98 -37.2 -423  Feb-20-98 -36.7 -41.8

-373 -423 -36.7 -41.8
-382 -43.3 -36.4 -415
-38.1 -43.2  Feb-21-98 -382 -43.2
-374 -42.5 -38.2 -43.3
-37.6 -42.6 =375 -42.6
-38.6 -43.7 Feb-23-98 -375 -42.6
-379 -43.0 -38.1 -43.2
-37.8 -42.9 -37.7 -42.8
-37.8 -42.9 -38.2 -433
-38.7 -43.7 -38.1 -43.2
-38.4 -43.5 Feb-25-98 -37.0 -42.1
-38.6 -43.7 -37.2 -42.2
-38.8 -43.9  Feb-26-98 -36.0 -41.1
-37.8 -42.8 -36.4 -41.5
Feb-12-98  -37.2 -42.2 -35.7 -40.8
-37.9 -43.0 Mar-03-98 -364 -41.5
-37.0 -42.0 -359 -41.0
-37.0 -42.1 -35.6 -40.7
-38.6 -43.6 2352 -40.2
-383 -43.3 -35.6 -40.7
-382 -43.3 -35.7 -40.8
-36.9 -42.0 Mar-04-98 -36.8 -41.9
-36.6 -41.7 -36.8 -41.8
Feb-13-98 -37.6 -42.6 -36.9 -419
-37.8 -42.9 Apr-15-98 -37.0 421
-36.1 -41.2 -37.1 -42.2
-374 -42.5 -36.9 -42.0
Feb-15-98 -35.1 -40.2 -36.9 -42.0
-35.1 -40.1 -37.1 422
-355 -40.5 Apr-1698 -355 -40.6
-36.0 -41.0 -35.6 -40.7
-38.0 -43.0 -35.7 -40.8
-383 -43.4 -36.2 -41.3
Feb-16-98 -37.3 -42.3 -36.2 -41.3
-36.4 -41.5
-37.2 -42.3
375 -42.6
371 -42.2
Feb-19-98 -39.1 -44.2
-384 -43.4
-355 -40.6

Feb-20-98  -36.4 -41.4

-36.3 -41.4 Avg. -37.1 -42.1
-36.2 -41.2 S.D. 1.0 1.0

Experiemental conditions: sample amount=1 p, reduction reac-
tion time=60 sec, reaction temperature=800°C
*After correction using an international standard V-SMOW
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Table 3. Repeatedly measured 8D values of the samples
V-SMOW and SLAP

A. SMOW (8D=0%) B. SLAP (8D=-428%)

Date Measured Date Measured Date Measured
value (%) value (%) value (%)
Feb-16-98 6.0  Apr-12-98 51  Feb-18-98 -420.7
: 55 49 -423.3
Feb-1898 55 45  Feb-19-98 -420.7
59 43  Feb-21-98 -424.2
49 43 -422.9
55 3.8 Feb-24-98 -4238
Feb-19-98 41  Apr-1398 5.1 -423.4
52 5.1  Feb-25-98 -423.6
Feb-21-98 4.6 53 -423.5
45 5.7 -422.6
Feb-23-98 4.9 5.7 -420.0
49 54  Mar-05-98 -421.0
Feb-25-98 54 4.8 -422.0
5.8 52 -422.6
Mar-03-98 55  Apr-14-98 5.8 -423.3
59 5.6 Mar-24-98 -422.0
58 53 -422.6
5.1 5.6 -423.1
4.8 5.4 -423.5
36 Apr-1598 54 -423.6
Mar-04-98 4.8 62  Apr-13-98 -422.5
Mar-06-98 4.8 5.8 -422.5
3.6 55 -422.5
3.6 55 Apr-14-98 -422.9
38 51 -423.4
Mar-26-98 5.2 58 -4233
5.2 5.7 Apr-17-98 -423.0
43 5.7 -422.1
49 6.0 4222
49 55 Apr-1898 -421.2
37 59 -423.2
4.2 55 -423.0
42 54 -421.5
43 55 -422.5
Mar-27-98 43 53 W
42 0 sp. 10
Apr-1198 3.6 45
37 Apr-16-98 54
Apr-12-98 3.8 6.0
37 6.1
4.7 6.3
52 6.1
49  Apr-18-98 4.1
5.0 5.7
4.6 4.8
50 ¥——
4.6 Avg. 5.0
4.7 SD. 0.7

Experimental conditions: sample amount=1 p/, reduction reac-
tion time=60 sec, reaction temperature=800°C
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100
2 V-SMOW
2 o |
F & Deorrected = 1.0009021* & Dypeasured - 5.030273
2 100 |
S
o 200
©
% 300 |
E 400
o
_500 i ) L 1 1 1
-500 -400 -300 -200 -100 0 100
Measured 8 D values (%o)
-422 1.0
SLAP V-SMOW
-424
05
426 |
-428 | [ e 01 ) 00 | cumm—
-430 |
-0.5
432 +
-434 - : : . : -1.0 ‘ : ; : -
434 430 -426 -422 -418 -414 -410 -1 1 3 5 7 9 1"

Fig. 4. A hydrogen-isotope correction curve obtained through repeated measurements of the international standa@s V-SMOW
and SLAP. Two enlarged diagrams are shown at bottom. Sample preparation was done by using a new apparatus “H/Device” .

A gholl W1s) Tha w7 e 7~90A V-SMOWe] 9
# 932 wdan 3ok (Fig 30). mekA, A2 ole
NG 24E 26 A2E ISAoe Bk A
3hel Azl thelel 23 35 o) el ¥ 24
olo} gel, B3] 7l KE Wdsn Y= Hze) ¥

A BAe] 2424 wAlstelof B,

]

L
L

2o e

AlE 3: BAghol MstM | TEM S0l 2 vy

V-SMOWS} SLAP 2 KUW BA82 Aoz 44
FY9ANE e 2930 24 BAglo] HEy 2 i)
AL Fdsta F B3 DS A& Y AL
T3ttt (Table 3). o] o, g Hh A7k 2% 60
2 3o, 719E9E ujAlsr] Yate] Aed wE e
AHEBIATE o] E AlR9] 233kl U AR BAE, 2
BAZME Fig. 49 2th. V-SMOWS SLAP A& o
& 24 Ao 04 (lo)e 242 0.7% 2 1.0%2A] b)
T+ FL ARYE BAFEG. g9, o] 3)A BAAEL o]
sto] AekgEAld AT7AE AN T3 A2 (KUW)
& Sk (Table 2)2 23 A7, 8D, =42.1%
(16=1.0%)2 == At} (Fig. 4).
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