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BackgroundandIntroduction1.

calibra-gasreferenceprimaryourofformulationalternativeandiscussweHere

COatmosphericfortions 2 recentlyadditional,accountintotakeswhichmeasurements

ourofchambercc4theofvolumeeffectivethethatindicatingdataacquired

for-thisUsingtime.overvariednothas(CMM)manometermercuryconstant-volume

tenta-isscaleThisscale.calibrating"X99B"thecallwewhatestablishwemulation,

data.pastofinterpretationretrospectiveandcalibrationsfurtherpendingtive,

primaryofcalibrationtheonreportmaintheofscalecalibrationX99AtheMeanwhile

scaleX99AThescale.preferredouris01-11)Series,Reference(SIOgasesreferences

COoffractionsmolethethatassumes 2 nothaveaverageonstandardsprimaryourin

time.overchanged

manometricallytheindriftupwardapparentanattributedwereport,maintheIn

COoffractionsmolemeasured 2 to1999,to1985fromgasesreferenceprimaryourof

contrast,inIf,CMM.theofchambercc4theofvolumeeffectivedecreasingslowlya

fractionsmolemeasuredthechamber,theofvolumeeffectiveinvariantanassumewe

COof 2 pro-inapproximatelyincreasetocalculatedaregasesreferenceprimaryourin

9.2band9.2aTablesinreportmaintheindocumentedasfraction,moletoportion

shiftingaofsuggestiveincreaseproportionalthis25),(p.3Figureinand45-46)(pp.

theofchambercc4theofcalibrationsvolumeDirectmanometer.theofperformance

p.2,Figureand18,p.5.1,(Tableplenumsusing1990’stheduringperformedCMM

inchangeproposedasuchcorroboratetoevidenceclearprovidenotdohowever,24),

causepossibleaidentifiednothaveweAlso,chamber.cc4theofvolumeeffective

earlytheindriftvolumeinferredthetooppositeiswhichvolume,decreasingafor

coat-oxideanwithcontaminatedbecomingmercurythetoattributedwethat1980’s,

1986].al.,et[Keelingobserveddirectlyeffectaning,
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erraticpossibleforretrospectively,andindependentlychecked,we2000,In

advantagetakingCMM,theofchambercc4theofvolumeeffectivetheofbehavior

COofsamplesarchivedof 2 preciselymeasuredbeenhadthatwaterseafromextracted

per-(CDRG)GroupResearchDioxideCarbonthe1990’s,theDuringCMM.theon

oflaboratorythebyprepared(CRM’s)materialsreferenceseawaterofanalysesformed

car-inorganicdissolvedofconcentrationstheircertifytoorderinSIOofDicksonA.

onoutcarriedwasprocedureextractionvacuumlaboratoryestablishedAnbon.

COpureevolvedtheandCRM’s,theofaliquotsweighed 2 4theinmeasuredwasgas

glassintosealedweresamplesgasthemeasurement,AfterCMM.theofchambercc

sam-theseof500aboutaccumulatedhadwe2000Bytubes").("flame-offampules

constant-volumeelectronicaninstrument,anotherbymeasuredpreciselyWhenples.

chambercc4theofbehaviortheofhistoryawithusprovidethey(ECM),manometer

1990’s.theinCMMtheof

COarchivedeachprocedure,ECMtheIn 2 transferredcryogenicallyissamplegas

alsobutglass,ofmadepartlychamberaECM;theofchambervolumeconstantainto

Ruskabymanufacturedgaugepressuredifferentialmetallicaofcompartmentapartly

theofcompartmentsecondaonexertedpressuregasTheCorporation.Instrument

toequalmadeisdiaphragm,abycompartmentfirstthefromseparatedgauge,pressure

spiralquartzDDR6000Ruskaafrompressuresupplyingbypressuresamplethe

mechani-isspiralquartzThissource.deliverypressureaasconfiguredmanometer,

thewhichfromfieldelectromagneticopposinganbyplaceinheldimmobile,cally

differentialtheindiaphragmtheofpositionThecalculated.accuratelyispressure

precision.highverytoelectricallydetectedadditionallyistransducerpressure

calibrationvolumeits1991,inusefirstitsFromwell.performedhasECMThe

sam-sametheofmeasurementsfrequentbycalibrationCMMthetolinkedbeenhas

COTheinstruments.bothinples 2 constanttheinerraticsometimeswaspressuregas

However,steel.stainlessofpresencethetoattributedECM,theofchambervolume
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theofstabilitytheway,consistentainstaffourofEmanueleGuybyoperatedwhen

becomehadCMMtheafter2000March,Insatisfactory.generallynowisinstrument

respectwithECMtheofvolumeeffectivethecalibratedhe1999April,ininoperative

4thecalibratetopreviouslyusedplenumssevenoffiveofvolumesmeasuredtheto

COarchivedofseriesaanalyzedthenHeCMM.theofchambercc 2 dis-assamples,

below.4,Sectionincussed

VolumesPlenumofRecalibration2.

men-plenums,seventheofvolumesthecalibratedAdamsAlexander1974,In

Since1986].al.,et[Keelingmercurywithfilledthemweighingbyabove,tioned

withfilledthemweightopossibleitmakingimproved,hastechnologybalancethen,

madeEmanueleGuy1999July,Inprecision.satisfactorymaintainingwhilewater,

filledthenandevacuatedthemweighingbyplenums,sevenallofcalibrationsvolume

originalthewithalongA1,TableinlistedareresultsHiswater.degassedpure,with

withvolumes,measuredtheindifferencespercentThemercury.usingcalibrations

cali-ofsetstwothebetweenbiassystematicindicatevolumes,1974thetoreference

A1Tbl5and4plenumsofvolumesthe5),(sectionreportmaintheindiscussedAsbrations.

ple-othertheofvolumesthetocomparisoninsignificantly,decreasedhavetoappear

are7and1,2,3,6,plenumsofvolumesmeasuredThe1985.and1974betweennums,

cc).(0.00060.0320%byaverageon1974,inthan1999inlowerslightlybetofound

measure-volumeAdditionaldetermined.beennothasdecreasestheseforreasonThe

provetomercury,usingplenumstheofrecalibrationincludingmade,betoneedments

precision.highertoshiftsany
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VolumesPlenumCalibratedA1.Table

(Water)1999(Mercury)1974

Difference%ofNo.ofNo.Plenum
(cc)Vol.Detns.No. si (cc)Vol.Detns.(cc) si (1999(cc) −1974)

0.000091.297420.000191.297851 −0.0308
0.000131.461720.000041.461952 −0.0137
0.000211.635440.000151.636053 −0.0367
0.000141.743140.000131.745754 −0.1489
0.000311.833940.000151.835955 −0.1089
0.000252.035940.000112.036756 −0.0393
0.000152.272440.000092.273357 −0.0396

(1,2,3,6,7)Average −0.0320%
si 0.0108%

ManometerElectronictheofVolumeChamberofCalibration3.

COpurewithfilledwereplenumsThe 2 737approximatelyofpressureatogas

Instrument(Ruskagaugepressurepistonlubricatedgasabypreciselydeterminedtorr,

2and1Plenumspsi)).(0.2-25.0pistonrangelowwith2465-754,modelCorporation,

thatbetoassumedwastemperatureThesize.smalltheirofbecauseusednotwere

equa-virialaUsingimmersed.wereplenumsthewhichintobathwaterainmeasured

pres-temperature,therecordingand9)p.report,mainof(1)(equationstateoftion

Tableinlistedand1999inmeasuredasplenum,eachofvolumecalibratedandsure,

COofmolestheA1, 2 COThecalculated.wereplenumeachincontained 2 samplegas

measurementawaittotubeflame-offaintopromptlytransferredwasplenumeachin

ECM.theon

COofsamples2000,10,and6,4,Aprildays,threeofeachOn 2 ple-thefrom

pressuretheandECMtheofchambervolumeconstanttheintotransferredwerenums

theintoreferredstateofequationtheUsingmeasured.devicetheoftemperatureand

COofmolesofnumberthewithandparagraph,previous 2 plenumtheforcalculated

A2TblA2.Tableinsummarizedascalculated,waschamberECMtheofvolumethefillings,
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CalibrationsVolumeECMA2.Table

(cc)VolumeECMAvg.Nos.PlenumDate si (cc)
0.00158.73653,4,5,6,700Apr4
0.00248.73804,6,7*00Apr6
0.00098.73833,4,5,6,700Apr10

0.00168.7375determinations)13(ofAvg.

rejected.runs-daythisonproblemsfillhad3,5Plenums*

COArchivedofMeasurements4. 22 cc4theofVolumetheInfertoSamples

CMMtheofChamber

COarchived20above,A2Tableinciteddays,threesametheofeachOn 2 sam-

daystheseofeachOnECM.theonanalyzedalsowereCRM’s,fromextractionsples,

theonmeasurementsoriginaltheirofdatesthethatsuchselectedweresamples20

TableinlistedareresultsandData1999.to1990fromdistributedevenlywereCMM

A3TblA2,Tableinlistedascc,8.7375chamber,ECMtheofvolumeaveragetheUsingA3.

COofmolesofnumberthe 2 ofequationvirialtheusingcalculatedwassampleeachin

above.citedstate

COofmolesofnumberThe 2 origi-fromcalculatedwater,seaofsampleeachin

CMMtheofchambercc4thethatassumedCMM,thewithmademeasurementsnal

and1985inmeasurementsbyestablishedascc,3.7955ofvolumeinvariantanhad

63).p.report,maintheof9.4aTable(seemercurywithcalibratedplenumsusing1986

measure-ECMretrospectivethesewithconsistentvolumechambertheofEstimates

bycc3.7955multiplyingbymadewereA3,Tableofcolumnlasttheinlistedments,

COofmolesofnumbercalculatedthe 2 meas-ECMonbasedsamplearchivedeachof

measurements.CMMonbasedmolescorrespondingthebydividedurements,

theofdatestheversusplottedarevolumechambercc4theofestimatesThese

A1FigindicatesplottheonlinehorizontalboldAA1.FigureinmeasurementsCMMoriginal

indicatelineshorizontalthinadditionalTwocc).(3.7961averagetheir ± thetimes2
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linethinslopingupwardthirdAaverage.thisfromcc)(0.00144deviationstandard

islinetheofslopeThetime.versusmeasurements60alltofitlineararepresents

significantlynotisandcc/year,0.000082oferrorstandardahavingcc/year,0.000103

clearlypositive,beingslope,Theconfidence.oflevel90%theatzerothandifferent

standardThescale.X99Athebyassumedasvolume,indecreaseasupportnotdoes

measurement)aof2600inpart1(relatively,measurements60ofsettheofdeviation

measurementsbetweendifferencetheforhistoricallyobservedthatwithconsistentis

COof 2 nearlyatmeasuredandseaatcollectedwaterseafromextractedsamples,gas

setdailytheofeachofAverages2900).inpart(1manometersbothontimesamethe

cc3.7964andcc,3.7961cc,(3.7958significantlydiffernotdomeasurements20of

respectively).2000,April,10and6,4,for

CMMtheofChambercc4theofVolumesInferredofComparison5.

A2Figchambercc4theofvolumethedeterminingofwaysthreecomparesA2Figure

archivedon2000inmademeasurementsECMthefrominferredas(1)CMM:theof

1999to1985frommademeasurementsdirectby(2)circles);solid(smallsamples

withconsistent(3)andtriangles)solid(largemercurywithcalibratedplenumsusing

asaverage,ondriftednothavegasesreferenceprimaryofsetourthatassuming

pointsdata60allofaverageThediamonds).solid(largereportmaintheinassumed

plottedis(1),Methodbycc)(3.7961measurementsECMfrominferredA3,Tableof

cc4theofmeasurementsdirectTheA1.Figureinaslinehorizontalboldaas

1990,1988,1985-1986,inmadewere(2)MethodbyCMMtheofvolumechamber

1998-1999.and1993-1994,

notdo(1))(MethodherereportedmeasurementsECMnewthethatevidentisIt

hasCMMtheinchambercc4theofvolumeeffectivethethatconclusionasupport

(2)(MethodcalibrationsvolumedirecttheFurthermore,1990.afterdownwarddrifted

hypothesis,volumedriftingthesupport1993-1994inmadethoseinconclusive:are
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level.significantaatnotdo1998-1999inthose

ScaleX99BEquations:CalibrationCubicofFormulationAlternativeAn6.

cc4theofvolumethedeterminingofmethodsthreeallindicates,A2FigureAs

activitiescalibratingwhentimea1990,to1985fromwellagreeCMMtheofchamber

evidencetheaswellasaccount,intoagreementthisTakingfrequent.especiallywere

whichscale,X99Bthescale,calibrationalternativeanhereproposewecited,already

averagethedatum,aasuse,Wechamber.cc4theforvolumeinvariantanassumes

1985-86,inmadewerethatchambercc4theofcalibrationsvolumedirect51theof

21,and18pp.report,maintheof6sectionand5.1Tables(see1990and1988,

withcalibratedplenumsonbasedcc,3.79593volume,averageThisrespectively).

cc")("5000largetheofvolumedeterminedwellthewithcombinedwhenmercury,

report),main5,sectionseecc,(5015.091974inmeasuredCMM,theofchamber

CMM.thefor1321.176ofratiovolumechambercc4tochambercc5000ainresults

cc4variableinferredanwhichtoreportmaintheindatumaasadoptedisratioThis

thisofApplication6).sectionreport,(mainanchoredis1985aftertimeoverchamber

scale,X99Btheasperiod1999to1985thetoratiovolumemanometricinvariant

inlistedthosefromfractionsmoledeterminedmanometricallyindifferencesinresults

cali-tousedequationscalibrationcubicthehenceandreportmaintheof9.5Table

periodtheforscaleX99BtheforcoefficientscubicThemixtures.gasotherbrate

7.1Tableinlistedscale,X99Atheforcoefficientstheofmodificationsas1985-1999

ofratiothebycoefficienteachmultiplyingbycalculatedbeenhavereport,maintheof

thetoreportmaintheof6.4Tableinlistedratiovolumemanometricapplicablethe

cubictheofcoefficientsthelistsA4Table1321.176.ratio,volumetime-invariant

CObothforscale,X99Bthedefinethatequationscalibration 2-in-N2 COand 2-in-air

A4Tbl1999.to1985fromperiodtheforgases,referenceprimary
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EquationsCalibrationAnalyzerInfraredofCoefficientsA4.Table
ScaleX99BCase):Volumecc4(Invariant

CCentral 0 C1 C2 C3
DateYear × 104 × 107

N1985 2 6.71973E-074.01667E-040.53242087.509285Jul29
6.97208E-074.04841E-040.54080487.415285Jul29Air1985

N1987 2 6.41282E-074.44785E-040.51637889.354087Dec6
6.87526E-074.25385E-040.53223988.498987Dec6Air1987

N1989 2 7.52792E-073.41814E-040.54756786.305889Mar3
7.90742E-073.26690E-040.56265085.545989Mar3Air1989

N1990 2 7.17593E-073.87620E-040.53372787.140490May22
7.42200E-073.85630E-040.54457886.817590May22Air1990

N1993 2 8.16473E-073.08876E-040.56604281.721693May20
9.33726E-072.15485E-040.60651578.345593May20Air1993

N1995 2 7.92101E-073.57975E-040.53994286.079295Jul9
9.08357E-072.71783E-040.57601783.430095Jul9Air1995

N1997 2 7.44683E-074.10200E-040.51961289.224097Aug19
7.45508E-074.37675E-040.51987190.063897Aug19Air1997

N1999 2 8.27709E-073.43424E-040.53814087.306099Jan1
8.60887E-073.38266E-040.54864387.162799Jan1Air1999

form:theofpolynomials,cubicareequationsCalibrationNote:
C=X 0 C+ 1 C+J 2 J2 C+ 3 J3

reportmaintheinpresentedadjustmentvolumethe1985,topriorperiodtheFor

dis-datumcc3.79593thetoreferencedalreadyis30)p.report,mainof7(Equation

theisscaleX99Bthefordatapre-1985theofcalibrationtheThereforeabove.cussed

usetheondetailsforreportmaintheof7section(Seescale.X99Atheforassame

A5TblTableInfractions.)moletovaluesindexanalyzerAPCconverttoequationstheof

fromperiodtheforcomparedisgases,referencenatural-airforscale,X99BtheA5,

report.maintheinreportedasscale,calibrationX99Athewith1999to1984

Conclusion7.

chambercc4theofvolumeeffectivethethathereevidencepresentedhaveWe

cali-cubicofseriesrevisedA1999.to1985fromconstantremainedhasCMMtheof

alterna-ancreatinganalyzer,gasinfrarednon-dispersiveAPCtheforequationsbration

cc4invariantanassuminggases,referenceprimaryourofcalibrationX99Btive
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formulationX99Apreviousawithcomparedandformulatedisvolume,chamber

COofconcentrationsmeasuredmanometricallythethatassumedisitwhere 2-in-air

COand 2-in-N2 ofAdoptionconstant.remainedaverageongasesreferenceprimary

gasreferenceprimarytheaverage,onthat,impliesformulationinvariant-volumethe

Nandnatural-airwithbothmixtures, 2 COinupwarddriftedgas,carriertheas 2 con-

theof1Figure(see1999and1985betweenppm0.3approximatelybycentration

havecoulddriftawhyforexplanationnohavewepresentAt22).p.report,main

toproportionallessormoregas,referenceprimaryofcylinderstheofallinoccurred

CO2 fraction.mole


