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ng..• 5. (AI T!mo V$loo t"tlensity p!OIIIo ol ~lea It> ~jeCIJons of F'CP 
In a q~dn:pole mil$' •peclretOOtor (an ow• nt!Cllte ln)ecliol'l J)Oflta). 
!B) Mssa spoettvm ol PCP. 

suibed in the Exp~rimcnt.al Sectior.. Pcnt.achloropyridine 
pllJ.Sefl rapidly through the interrace and demons! rates little 
t.ailing, as seen in Figure SA. .Duplical.e injections &how 
reproducible p'rofi!ea. The acqo.Jired mass spectrum, ahown 
in Figure 6B, matchH the known apedrum of PCP. 

CONCLUSIONS 
')'he Eimplicity o( this DO\CI !lllllp!ing interface and 

adaptability w on-line monitoring make it an attractive al· 
tcrnal.ive w membrMe de vi~ for industrial pr~ llllftl)'llia. 
Moreover, the mcchanict of the valve make it suitable for 
operation in a rully automated system, and this type or in· 
terrace eucntially e\iminatea the need for sample precondi
tioning or dilui.!on. Finally, an invene valve offers lleveral 
e~vant&gfl OYH pulsed eleclromagneti( valves for eu :sam• 
piing. Fintt. t.M inverne aampUnc valve desctibed in this reporL 
does not require a at,.,ble o~ defined buck-pressure (of the 
ptOO!sa &lre&m being monitorrd), as i! typically necesaary for 

operation of a pulsed ''lllv~. Additiona1ly, the inverse sampling 
'·al\-e i.~ more rugged and is euiet to dean than a pulstd valve. 
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Extraction Technique for the Cetermlnatlon of Oxygen·18 Jn Water Using Preevacuated 
Glass VIals 
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NASA·Johruon Space C~nt~>r, SN-2. Houston, Tuas 77058 

INTRODUCTION 

ihe need for a rapid, iueJCpenaive technique for routine 
1"0fi'O extraction frotll waur baa arisen recently throuah 
e.ppUcatlona in the tnedicaltcien~t and in hydrol~JgY. The 
traditic.nal cxperimrntal technique for dttennining the OJYillD 

"1'o wboiU •II torlupon~'""~ eboulci bt 1ddreu.ed. 

. . 
lrotope CQmpoeition ot water, the COa-H10 equllibralion 
mct.hod,l ill Wdioue, time consuming, and involvea the use of 
cuat.otn·tt111de glasa eppuutua. Funhermore1 because of po
rential memory tffecta from one IIUDple to tbe nest, the 
giMawaze oeedo to he thor011gh1y cleaned between ru~. A 
few attempta hrave ~n auade t.o lro~pti)Ye upon the methOd.:!.' 
A t~mpta to analyu W8ler dlreetly In tbe 10\l.I'CI! 9f the Ol~ 

..... , 
. ,;.~ 

111111111111111111111111111111 
3597 



I 
i 

I, 
I 

• ... 
1:10 • ANAL YTICA\, CtifMISmY, VOl. 64, NO. 7, APRIL 1, 199:Z 

Cltln•U(> 
t:dd ,.,., . 

6!nmlli-1") 
bft'II .. ·\UI 

au~_.. 

CJ~a(ilancr 
FIU,IIOmtltr 

role! 
I rap 

·--·---···-.. I 
t :~. .} I 

•, ~::.• 1 
r' I 

:'·...... I 

:· I 
•.:. 

{.' 
.~; ,#· •• 

'i:f. 

l ' 'f'/1' 
~..~. 
;..•. 

t 
"·'· f1l \X. l-or• 

l· ~St . . ~ . 
. . . • 

~ ... 
>I 

' . 

Figure 1. Dklgram ol tho OJ(trac.llon line wowing tho position olltlo preovacualed vial .. 
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&l>ectronleterS·' produced lnrgc memory efrecti and ques· 

tiona.ble result,. Commertinlly availnble apparatus for au· 

tornAted extraction of ''fQ/110 hom water ia ~;~:nerally pr•.r 

hibiti~el)' n.pen5iw: Bnd ofwn il designed to interface only 

wilh the ronnufa ... -turet'i own miL!::. !ipt'Clromet.cr. The method 

described in this paper ulilius inexpensivt, o!f-the-sb!:U, 

pret\.'ecuat.ed, glas! ,;aJs.. Pree,·aruat«i \'irJ.s have b«n USL-d 

by othe~ for the isotopic &Jialfiis of breMb CO, and are well 

tuted.1 Thr \iab can be purchr.sed in bulk from &cientific. 

~pparatw eupptien at a relath-ely lo~~o· c:osL These cr~ couplt<l 

with a simplified extraction lint eonsisting of a stainless at.eel 

l)'linge needle I.Uld a glasa «~lrl uap. Vials are filled "ith COr 

and H:O a.nd shaken in a ronstant-temperslure water bath 

for et ltast 90 tnin. Since the vial& are discarded arter use, 

no cleaning i.e necessary, e:'l$entially el.imir.nting any memory 

effect. Reproducibility ia genP.rally better than *0.05Jo. The 

only reagen~ required are ga.r.eous co1 for equilibration, 0 

dry ice/alcohol nmt\ire for ttapping waU!r, and liquid nitrogen 

for tra1111ferring the C02• 

EXPERIMENTAl, SECTION 

E:~:perlDieo~a.l Deta.ll1. A di11gram of thr prepnraticn line;, 

abown in Fi&l11e 1. A preev~t.cuat.ed vh1l i' pl,red in thr ~~~~.mple 

holder cl•mp, u abown in Fieure l. Care 1hould hi' la\:en when 

choosing eouucercially availeble vacuum vl4.15 1im:e tome hll\'t 

rubbtr etoppers lubricatAed with silicone gel. The ·eilicont gel 

lubrie&nt ha5 been known to produ~ an array or volatile com· 

ponents whlcb ma)' interfere ~~oith th~ isotopic analysis.• We use 

Venaject btlllld. 7 ·em, vial.i with 11. no!l.'liliconc roeting, av!lilable 

from 'Terumo Mtdica.l Supply, Ellr"..on, MD 21921. The holder 

ill a amall·siu ateel gl»Swi!te damp v.ith the p!Bslic sleeves on 

the jawe removt<l. This provide. • •anug• fit e.nd prevents the 

vial rrom movinKaidtway~ while freely allowing upw•rd move· 

ment. Vw and holder f',n poaitiooed dind.ly beneath 1M syriage 

neodle on thE extraction line with the vial re~~tin11 on 1 lab jock. 

The jack is raUed lu tn(IUCb $0 the 1)'1'inJe needle b embedded 

tuw the top ol the viAl'• ru bbef aw,>per. The needle i.e everuatl'd 

through valve 1. The villl is then railed further 10 lhe needle 

puncturflll the n~bbc:r llopper. A!Ur pumpinc for ll few eecondt, 

the v.dv!ii w !he vaC\Iutn halves ba,b} an !:\oc.ecl and 150 prool 

o( co~ il npande-d into \be vial by openinx the co~ teatrvoir 

(v.Jve 3) Wd 1>penin1 Vll)Vt 2 (manornut.et), Tht: CO~ prM.SWI! 

irasid~t the vial b about 0.~2 atm. Valve 1 is then clmed, and thr 

... -... 

vial is rt:moved from the syringe needle. Off·lir:~ tbt .. -:111 i.!ll..,jectecl 

with 1.4-1.5 o:tn3 of wawr via a S.cm1 gl!iSII syringe. Care should 

be taken when filling tbt viah wi\h wawr t.:: ensutt that not too 

murh air i$ let in. Since tbe pre!Su:e in th~ \ial is lower than 

atmospheric pres~urt, the v.·et~r sample from thr gl~ syrin1~ 
l 
I 

( 

.t 
I 

will be dr&IYo'll dir¥.Ctl)· int,.o tbe \'ial. 

1"bE rubber •Wpper on t.op or the ~-w is. d~irned t.o have 1 atm 

of pre»ure "pu5hing" it ln. Care mult bt ta'ken, however, not 

to fortt ~he lip on the rubber a topper rrcm side lo ~tide, as thil 

would re&uh in a le11li acrO!ol the s.topptr ae!Ll. Sa~p1es should 

no\ bt at.onod in the C02-charred vials for tDo>re than a ft~w we-:b 

due to the probability or leaks occurri.nr:. 

Onte. rilled, tht C02-H20 "'*'Mel& are placed in a 25 :t O.l •C 

ronstant-tempera\ute 'Loth. The contAineD ate claln~ sidewe)'S 

in a \\Tist action shaker and compl~tely Immersed in the l:.ath. 

water. Complete immeraion of lhe vials is necCNu)· if a'Dbltnt 

labo!lltory air tempere~Uro5 are sifnji'IQilltly ~ than 25 •c. Cc)O! 

air temperatures "'ill r.amt the *•ter ill the viaS t.o condenl)l: at 

tbe portic-n atickinr abo\'c the level af the wot'.!r bath. We wt 

a relatively low·cost oectllatin& motion shaker turned on its aide 

to produce a wrlst·act.ion movemenL Strokt llmplitude ean bt 

edjusu..d on the ~hAlter w produt1' U!e desired desree of esitation 

or Wiltel in the villl Suflitient egil.iltion breaks the IUriac:e of 

lh~ wat.er sa:mple and facililat.ea quick iaot.opie equilibration. 

Arter equilibration is romplct.e, the vials are pla~ back in thr 

holder on the line IIDd ~ht ayzinge n~le is again pumped out 

ll!i de.ecribed in the filliroc pr~edure, Howevn, thia time ~he 

boUom of the \ial h; \mmer..eQ in a tlewar of lh:juid nibqten. Sin« 

Btlme (}f the Water t.end' to ~a tick• to the OOll(lm cf tbt nabbtf ! 
sttlpp!!r. the lop or lht vial is li&;btly heated with a nameless be.&t . 

gun t.o conden&t aU of the water to'tht botl.otn ofthe vial. The · · 

nonr.ondensibles .11rt t.heo pumped olll by rabin£ tbt \Ube so the 

needlr punctures the &topper. Any wa~r vapor Qllllht \mid~ thr ,. 

'>Tinge nee-cUt will immP.diattl)' frw.e and roa)' later block the \ 

no~· of CO,. To t!iminnu blc.JC'kac;c. the syrinc~ nucUe i1 abo 

lit:htly beati-d v.ith th~ heat"''"· AA.n aufficieni nwnpinc, vaJvt 

·-· .. ·r .:· 5 i& cloaed and the liquid nitrogen dtwat i~ replaced with a dr)' 

ic.e/ alcohol dewll.l' to keep the water frozen at lbe botwm of we 

via). Released C02 ia then frcn.en into \he cold trap 'Witb liqu.id 

ni~en, dritd agllin by c1c~ the Uquid r.i&Jqen dl!wu wilh 

one contaicint; dry ice/aloohol, and t.tansfened to a 6-mm Pyre:t 

breaJc-rea.l tube (ll"lve 4) where it can be atored for analysis !.a~r. l 
Aulytlr.ll Dela!.l11. All co, in !Ilia ttudy Wa.!l ana1yz.ed for .. 

o1ygen and carbon itot.opet on a irip!H~)IIec:ting F'mni1an MAT 

ZM si11l:lle·isoklpe rneSIIape-cttcmettr at NASA.JSC. All oX)olten 
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Time in :'\1inut~ 

figure 2. VariatiOn ,.llh tlme o! lt'oe 6''0 composltlo" <•I COl eQ\liiJ. 
balt>d w!ltr N litboolltor)' w~~ 5tllrda•d (NASA lap water}. Orygon 
6CICIPQ eJchl>IW',;IQ eqr.illbta!lon Is ~le l1 about I.S h 1brokeo lne}. 

·r~hli·! r"auo fu.~tult' fllr Thr~ International Wr.ttr 
::itandi'rila and Tbrlole Laboratory Standard1 

no. or 
prfpa- •td dev tneud• 6110 normaliud1 &1'0 
rmliont lo, \. SMOW, ,_ S\10-W, ,_ 

lntrrr111tiol•al StAndardt 
V-SMOW 5 :tO.I)S +t).().t (1.00 
GISP 6 ;1:0.{}2 -24.85 -2U3 
SLAP 5 :iO.OJ ·55.S~ -6f·SO 

l..abcrau.r)' S1.11ndard1 
GOMS ~" :o.~ +0.36 
~ASA lap 33 . :t0.02 ~.63 

.s..DAM 20 ;1;0.05 ··-41.34 

•111ue dstll "''~'~t t11lrulated uainc lht- C02-fl10 fur.-tion•tion 
f1ctor of 1.04120 recommended b)· 1-'rl~rdma..n end o·~eili197"1). 10 
•Theit dat.t were normalind to ~(V-S'l'o-IOW- SI.API o: -bl\.50~. 

iwtopic ratio re:sulta are reported rehrlive to SMOW.1 

RESUJ~TS AND DISCUSSION 
Equilibration Time. Figure 2 is a plot of .,116() of our 

lalx>rl!Ull')' working 1landatd wo~cr lNASA !ap} ver.1us time 
and indicaU!S the time needed to reach isotopic: equilibrium 
between CO~ and H~O. Seven viala were filled with J.S em' 
of NASA tap and 100 ~!l'tiOl vf C02• The5e were ~baken in n 
25 •c weter bath for up to 380 min. The 61'0 value at time 
= 0 is tbe initial oxygen botope CtJ!npO!!iticm of the ~nject.ed 
C02. Wit.h i.ncreMing timt., the .1110 comp06ition or •th-: C02 
•pproeches au equilibriwn v-.lue with thtlt or the \\'Iller In the 
viAl. DaUI indicate that equilibration ia comph:ted in at leAllt 
90 min lf the vittla are plac('d sideways and shake11. The 
proceliS Of lMking the viills 3ideW8)'$ brew the I!UrfB(e of the 

~<.NAL YTJCio.i.. CHLMISmY, VOL. 6-4. NO. 7, AN~ II. t. 1992 • t31 

wa~r srunple and f11cilit.al.ea more rapid oxygen isotope u· 
chMg~:. 

AccUtiiC)' and Precl&lcm. Da1.a rot the oxygen isotope 
compo~;ition of six differtnl w11ur standards using the tech· 
nique described in this pa~r arc reported in Table 1. Our 
thrt'C laboratory RU!nd&Ids ronsist of an il>otopiailly Light WBter 
{ADAM, &C'rctnym for ll\'crage depleted Antarctic meltwater) 
prepared by filt.ering a block o! Antarctk il'C, a water of in
tennedint.e isotOpic oom~ition (NASA tap, dis.tiUed HOU5t.on 
tap wat.er), and a water relatively enriched in 61'0 (GOMS, 
ecronrm for Gull or Melioo S€11 wet.er, d.i!lti.lled !eA Wlll.er c.aken 
from the south s.hore of Gah·l'.St.on Islnnd, TX). International . 
s!Jindard~ pro\•ided by the. IAF..A, Vienna, \hal were analy::ed. 
include V-SMOW, SLAP, and GISP. 

On the basis of \he number or nnalyses, reproducibility of 
all f.ix ~tandRtd=!'lL'Iil\g Clllf technique is J:CntralJy Oet~r than 
*-0.05~ al the \a le\'eJ of ronfidentc. Furthermore, tM OK)'£CR 

i:;.rJ!Iipe composition of the ink'rnalionslstandr;rds V·SMOW, 
SLAP. and GISP are well within the mt-An of Nported value;.n 

CONCLUSIONS 
'fhe method de!lcribed in this paper satisfies the need for 

11 rapid and inupr:msiO>e 1~/ 1"0 w11ter extraction kchnique. 
Since the preevacU11l.ed \-lab arr dbc8J'ded after UM!, the po
t-ential for men-.ory effecu durinK utraction is eliminated. 
Furthermore, good ,Mmple reproducibility makeii our method 
ar~:eptnble for routine 1'0/lf'O water extractions. 
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CORRECTJON' 

Jo;n::ymoLic Flow Injection .Analy11ls In NouaqueO!_:I 
Media 

1.-<Jrcnl!O Br11co, Josl! A. Dar6B, Miguel de Ia Guardia (Anal. 
Chcm. 1992,64, 129-133}. 

On poge 129, on the first line under the Experimental 
St'ction, lhe word lllircfi.s should be s.pedea. 
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