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operation of a pulsed valve. Additionally, the inverse sampling
valve is more rugged and is easier Lo clean than a pulsed valve,
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INTRODUCTION isotope composition of water, the CO;~H,0 equilibration

oy . . . method,? is tedious, time consuming, and involves the use of

The need for a rapid, inexpensive technique for routine custom-made glass apparutus. Furthermore, because of po-

#0/*0 extraction l‘rou‘a wau‘r has arisen recently through teutial memory effects from one sample to the nezt, the
spplications in the wedical eciences! and in bydrology. The ; !

e N s A glassware needo to be thoroughly cleaned between runs. A
Gedjticnal experimental technique for determining the oxygen few attempts have been tnade to truprove upon the method 24

*To wheora 8!l corzespandence should be sddressed. Attemptis Lo analyze water direttly in the source of the tmass
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Figute 1. Dlagram of the extraclion ting showlng the pasition of the preevacualed vial..

13pectromc:l.er’~6 produced large memory effects and ques-
tionsble results. Commercially availnble apparatus for au-
tomated extrection of 20/*0 from water s generally pro-
hibitively expensive and often is designed to interface only
with the manufacturer’s own mas» specirometer. The method
desctibed in this paper utilizes inexpensive, off-the-shetf,
preevecuated, glass vials Preevacusted vials have been used
by others for the isotopic enalysis of breath CO, and are well

tested.! The vials can be purchased in bulk from scientific.

apparatus suppliers ot 8 relatively low cost. These ere coupled
with 8 simplified extraction line consisting of 8 stainless sicel
syvinge needle and a glass cold trap. Vials are filled with CO;
and H,0 and shaken in a constant-tempersture water bath
for a1 least 50 min. Since the vials are discarded afier use,
no cleaning is necessary, essentislly elimirating any memory
effect. Reproducibility is generally better than £0.05%. The
only reagents required are gaseous CO; for equilibration, a
dry ice/alcoho) mixture fot teapping water, and liquid nitrogen
for trapaferring the COq. :

EXPERIMENTAL SECTION

Eaperimental Details. A dirgra of the preparation line is
shown in Figure 1. A preevacuated vinl is pleced in the sample
holdet clamp, 85 shown in Figure 1. Care should be 1aken when
choosing cotnzzercially pvaileble vacuum vla)s since some have
rubber stoppers lubricated with silicone gel. The silicone gel
lubricent has been known to produce an array of volatile com:
ponents which may interfere with the isotopic analysis.* We use
Vencject brand, 7-cm? vials with a nonsiliconé coeting, availzble
from Terumo Medical Supply, Elkion, MD 21921, The holder
is a small-size stael glassware clamp with the plastic sleeves on
the jawe removed. This provides s "snug” fit end prevents the
vial (rom moving sideways while freely sllowing upward move-
ment. Vial and holdes ase positioned directly beneath the syringe
neodle on the extraction line with the visl resting on o 1ab jock.
The jack is raised faz enough so the syringe needle is embedded
{nto the top of the vial's rubbes stopper. The needle is evacunted
through valve 1. The vial is then raised further so the needle
puanctures the rubber stopper. After pumping for a few seconds,
the valves 1o the vacuum (valves 5a.b) are cloeed and 150 priol
of CO; is expanded into the vial by opening the COy reservoir
(valve 3) aud opening valve 2 {manometer), The CO, pressure
inside the vial ia about 0.52 atm. Vaive 1 is then closed, and the

vial is removed from the syringe needle. Off-line the vial ls injected
with 1.4-1,5 2tn® of water via 8 5-cm?® glass syringe. Care should
be taken when filling the vials with water t= ensure that not toa
much air is let in. Since the pressute in the vial is Jower than
atmospheric pressure, the weter sample from the glass SyTINg?
will be drawn directly into the vial.

I'he rubbes stoppet on top of the vinl is designed to have 1 atm
of pressure “pushing” it in. Care raust be taken, howevee, ool
to force the lip on the rubber stopper from side o side, as this
would result in & leak across the stopper seal. Sarmples should
not be stored in the CO;-charged vials far more than a few weeks
due 1o the prohability of leaks occurring. :

Once, filled, the CO,-H,0 vessels are placed in a 25 £ 0.1 eC

. constant-temperature Lsth. The containers are clunped sidews)s

in a wrist action shaker and completely immersed in the tath.
water, Complete immeraion of the visls is necessary if amblent
laboratory sir tempereturcs are significantly Jess than 25 *C. Cool
air temperatures will cause the water in the vial to condense at
the portion sticking above the level of the wotec bath, We uie
a relatively Jow-cost oscilluting motion shaker turned on its side
1o produce & wrist-action movement. Stroke amplitude can be
ediusted on the shaker to produce the desired degree of agitation
of water in the vial. Sufficient agitation breaks the suriace of
the water samuple and facilitatea quick isotopic equilibration.
ARer equilibration is completz, the vials are placad back in the
holder on the line end the syzinge needle s again puinped out
as described in the filling procedure, Howevzy, this time the
bottom of the vis) is immersed in 8 dewar of lquid nitrogen. Sinct
pome of the water tends to “stick® to the bottom of the rubbet
stopper, the top of the vial is lightly heated with a flameless heat
gun to condense All of the water to the botwom of the vial. The
noncondensibles are then pumped out by raising the tube so the
needle punctures the stopper. Any water vapor caught inside the
syTinge needle will immediately freeze and may later block the
flow of COp. To eliminnte blockege, the syringe needle is nlso
lightly heated with the heat gun. After sulficient putnping, valv¢
5 is closed and the liquid ajtrogen dewar is replaced with a dry
ice/alcohot dewar to keep the water frozen et the bottom of the
vial. Released CO, is then frozen into the cold trap with liqui
nitrogen, dried again by exchanging the liquid iitrogen dewar with
anc containing éry ice/alcohol, and transferted to & §-mm Pyrel
break-seal tube (velve 4) where it can be stored for analysis tater.
Aualytical Detailn, Alf COyin this etudy was analyzed fof
oxygen and carbon isotopes on a tripte-collecting Finnigan MAT
251 stuhle-isotope masa spectrcrmeter at NASASSE, All oxygen
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water samnple and facilitates more rapid oaygen isotope e1-
change.

w ] Accuracy and Preclsion. Date for the oxygen isotope
€O, HP composition of six different weter standards using the tech-
nique described in this paper are reperted in Tablel. Our
three laboratory stundsrds oonsist of an isolopically light water
{ADAM, acronym for average depleted Antarctic meltwater)
N ] ; prepared by filtering a biock of Antarctic iece, a water of in-
: termediate isoiopic compaosition (INASA tap, distilled Houston
: ' tap watet), and a water reletively entiched in 3'%0 (GOMS,
acronym for Gulf of Metico sea water, distilled tea water taken
froin the south shore of Galveston lsland, TX). International -
- standards provided by the IAEA, Vienna, thal were analyzed
include V-SMOW, SLAP, and GISP.

On the basis of the number of analyses, reproducibility of
all six standards using our technique is generally better than
30.05% et the 1z leve] of confidence. Furthiermare, the oxygen
isnlope composition of the internations! standerds V-SMOW,
SLAP, and GISP sre well within the mean of reported values.

CONCLUSIONS ]
The methad deseribed in this pagper satisfies the need for
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isolopic ratio results are reported relative to SMOW,?

RESULTS AND DISCUSSION .

Equilibration Time. Figure 2 is a plot of 41 of our
laboratory working standard water (NASA tap) veryus time
end indicates the time needed 4o reach isotopic equilibrium
between COy and H,0. Seven vials were filled with 1.5 em?
of NASA tap and 160 pmol of CO, These were shakenina
95 °C water bath for up to 380 min. The §'*0 value st time
= 0 is the initis) oxygen isotope compasition of the injected
. €0, With incressing time, the $**Q composition of th: CQ,
approaches a1 equilibrium value with that of the water In the
vial. Data indicate that equilibration is completed in at Jeast
00 min If the vials sre placed sideways and shaken. The
process of shaking the vigls sideways breaks the surface of the

by Lockheed Engineering and Sciences Co. or NASA.
Registry No. 0, 14797-71-8; water, 7732185,
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CORRECTION

Fnzymatic Flow Injectlion Analysis in Nonaqueors

Media

Lorenzo Braco, José A. Dards, Miguel de la Guardia (Anal.

Chem, 1992, 64, 128~-133).

On poge 129, on the first line under the Exgperimental
Section, the word spiralis should be species.





