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WO 03/ 006946 PCTI USO2/ 18023 Met hod and I nstrunent for Autonated Anal ysis of
Flui d- Based Processing Systens Cross Reference to Rel at gslyafpp}dog@ti on This
application- clainms the benefit of U 'S. Provisional application Serial
Nunber 60/ 305,437, filed July 13, 2001. Field of the Invention 10 The
present MREWK is in the area of chenical analysis WTUPUI3 syst ens,
such as wet baths used in processing, and pertains nore particularly to

i nstrunmentation for sanpling such systens, processing such sanples for

anal ysis, and presenting the processed sanples to anal ytical equipnent for
1s nmeasurenent, in an automated fashion unattended for extended tine

~ periods. Crosgs d . application is
related to aﬁeggm[gaﬁﬁgﬁlﬁ@en %A%ﬁg%%g&]?égﬁg‘gﬁf 0 Howard M

Ki ngston on May 9, 1995, ﬁﬁﬁ Procassig REStEMS in its entirety by reference,
to a co-pending patent application SIN 09/015, 469, filed January 29, 1998,
al so incorporated in | CoseReferaney tdR elatedf, g and to a provi sional
~patent application filed January 29, 2001, bearing SIN 60/264748, now U.
~.S. Serial No. 104i98gplie2bnicidiRdihDeeRIPSF U4, PRYisiondQdicandi ch is al so
incorporated herein inits enti ret}/ bé reference SUBSTI TUTE SHEET. (RULE 26)
13 Januar y >S90 SlupbedY B éd 6 1imEnin 556994 8023 2 Background of the Invention

This invention relates specifically to instrunentati on enabling nethods 5

f.or in process, automated, Cﬂ%ioqggeu&vmﬁlnysi s of fluid systens for such as

cont am'lgati on, specified co peci fic species, and the |iKke.
In the “present licatiopn analysis of. Iiquid haths containing processing
sol uti ons usedﬂ_r%%ﬁ?stegtr}‘f“feé‘ﬁ@‘ ﬁﬁ%%’%@%ﬁaﬁﬁ‘:}ﬁ’?ﬂ%ﬂéﬁ?- Wﬁﬁjé@@r manuf acturing is
used as a sysResl fuck aWarmRihe usdd prob&sig &hd phridiemblaphiieRy are not limited

to this 10 ‘exenplary application. The nethod and apparatus of the present
‘i nventi on fylgstrumentation tor sampling such systems, processing such samples for

analysis, and presenting the processed samples to analytical equipment for

15 measurement, in an automated fashion unattended for extended time periods.

Cross-Reference to Related Documents

The present application is related to an issued US Patent, No.

20 5,414,259, 1ssued to Howard M. Kingston on May 9, 1995, incorporated
herein in its entirety by reference, to a co-pending patent application S/N
09/015,469, filed January 29, 1998, also incorporated in its entirety by .
reference, and fo a provisional patent application filed January 29, 2001,
bearing S/N 60/264748, now U. S. Serial No. 10/004,627 filed December 4,

25 2001, which 1s also incorporated herein in its entirety by reference.

SUBSTITUTE SHEET (RULE 26)




applicable in many areas, such as environnental, nedical, pharnaceutical,
industrial processing and other related and unrel ated fi elsdgwar Bood
preferred enbodi nent the systemof the invention uses a nodified form of
| sotope Dilution Mass Spectronetry' (IDVS), known to the inventors 15 as
Speci at edV9 081 Di | ution Mass Spectrometry (S| DVS). PEAZSSYEBHH ary net hod
is an el enental and speciation t hr eshol d neasurenent method that is

optim zed for quality assurance at and near instrunmental detection limts.
The threshold neasurenent nmethod is autonmated for unattended operation,
and- describes an In process, Atnospheric Pressure Interface, Mass
Spectroneter 20 (I P-API-M5). The | P-API-Ms apparatus is designed for
identification and  quantification of elenental contam nants or conpounds

and species in fluids, anBadhgromel eitkeapivantiorcase, |iquid solutions. Mass
Spectronetry instrunentation is frequently used as the technique of choice

in measuring parts-per-billion (ppb) and sub-ppb | evels of elenents 25 and

conpounds in aquEdNEveidn eddelspedtidally WistRimAtRes eRBiNSAlifoRNd reagents, as
well as in gases. However, nmass spectroneters typically nmust be operated

and regul ar {9 EBIoPss aRlomatsd, contimonsenalygis oé Bridispitemasfor siokre are, however, a

w de vari ety af.. i £t % ' ' attepded operation of
t he Mass Speoctroﬂn@t%g’rs‘b\?\%g Beégﬂﬁfrl%%ﬁ%gcgg‘%#% a%@%lées eci‘réglg i ncl ude renote
30 oper at i opreseat gpphichtih enatysipeif liguid baths conpiniagprocpsng@édi@ivngi t her in hostile

environnment s human jnteracti on nust be nminimzed, anong ot hers.

13 January %Bg@éﬂ%{%?%%ﬁagwws tog pyautagugds gid@s exanpl e of an
~appl i cati onspeaﬁﬁemq;ﬁé,@m%xsseﬁofgj]@ﬁkmnéﬁ?%h@nﬂﬁ%gw{ﬂié oring is highly

desirable is that of contam nation-nonitoring and control for wet-bath
pr ocesstthg FsmpliEnsmpbicaiion.nghd methotandappargndefchapresenidustioyareThere are a

vari ety of : I ] ufacturing 5 rein wafers in
process ws@bggﬁ?&nﬁ%aggaé gsg}dl% ﬁ?gﬁf’%ergﬁl?’%%@aﬁ‘%fﬁi%%?e%& as cl eani ng,
neut ral i zi mgdusiriad biooepsiap dnd diker irdtited fml dnhdatekfgi, e of seni conduct or

[ on are a critical issue; in

Parti cul ar - Cont APAR FByoRRPH EUDHES o fie PEPLoREoe BRRERy 1| ny
particles n@ynbBelsbRpaBIutioRMass SYdcEEmaRHIDRY) 9GbiA To the nveniors
15 as Speciated Isotope Dilution Mass Spectrometry (SIDMS). The exemplary
method is an elemental and speciation threshold measurement method that is
optimized for quality assurance at and pear instrumental detection limits. The
threshold measurement method is automated for unattended operation, and
describes an In-process, Atmospheric Pressure Interface, Mass Sﬁectrometer
20 (IP-APIMS). The IP-API-MS apparatus is designed for identification and
quantification of elemental contaminants or compounds and species in fluids,
and in the exemplary case, lignid solutions.
Mass Specirometry instrumentation is frequently used as the technique
of choice in measuring parts-per-billion (ppb) and sub-ppb levels of elements
25 and compounds in aqueous and other solutions of other solvents and reagents,
as well as in gases. However, mass spectrometers typicaily must be operated
and regularly calibrated by experienced technicians. There are, however, a
wide variety of applications wherein continnous and unattended operation of
the Mass Spectrometcrlwould be highly desirable. These cases include remote
30 operation, around the clock monitoring, and operation either in hostile

environments, or where human interaction must be minimized, among others.




10 geonetry in various stages of manufacture. At |east partly for this
reason a rigid clean-roomenvironment is absolutely necessauyy@pgd m ni mal
human interaction is highly desirable. Because of this, devel opnent and

i npl ementation.of real tine, in-situ sensors into clean room processes is
consi der &P NP8ty to be one of the top five defect r PETENIBHIBhal | enges in
‘the 15 future of the industry. For Further information regar di ng def ect
reduction in this industry, the article fromlnternational Technol ogy
Roadmap for Sem conductors 1999 Edition: Defect Reduction, Sematech,
Austin TX, 1999, (pg. 270), is incorporated herein by reference. There are

many ot her ref arting.this need, which is notoriously
wel | - known*in tﬁ%ﬁ%g?c&%%no%# S&PCqbgnd’@befi%f'ﬁOW'fgﬁ'&{%P]%nded operation for
wet bath  cmattendbdabiianingiohigitpdédicble i thaPdf d@irhilfiondRRAGALYS MuSt be

devel oped that i Il autopatically nmonitor constituent concentrations at
their thresaﬂaF?PtTv‘\’l%I“fe%ﬁgg[?P%gﬁ’é‘g\}“ BATHGangUR the semigenslicion conpensate for

(i nevi tabl e ik pMBhdCaBvaidly of iEARIR Pl RS LHERL, AT 1 1

Quantitation of concentration may then be 2 tal ne fout the need for
tradit i §nalWhegsn wafkesiin progess suvsths it ohditréabedah varkvas whgesucexceeded. - Pri or

art cali br%E@M@g%ﬁg@g%&ﬁpﬁﬁgﬂg?@yﬂﬁ{g calibration standards to generate

a calibration cur I ne response to concentration of

st andar ds. Suchhatheakénhpl@biimmiobﬂduc&)rhr&nuﬁadﬁﬁgvﬁﬁuﬁb?i%i‘@f the concentration
of 30 unkno sanples. A.typjcal caljbration curve of this sort is

i |lustrat eagggm}gia on 1§ a cjtiqapisgies Wderticnn equianipation by pajiculpei or art

t echni ques ng@renN ot e : j i t response drifts
or there is a r’es_p%ﬁgggéﬁi??%gfgﬁ?g%gﬁ%éf%ﬁgé‘ﬁ%adrng%%% 03/ 006946

PCTI US(£1 1 8eEsetrygn gpfigus skgeseof mantfacturea tAtilesipalibt forthis reassd andard and a

sanpl e. Mass; C .ers. typically used in.such npasurenents, are
especi al | yEgbdscg%g‘ﬁ’@'ﬁgg‘h?ogmrmétplig%saﬁlfeﬂ?ecsﬁﬁ%Wﬁ‘%}mﬁrﬁ Y% n the calibration
response asiehcion i highlydesirable. BeesuveoBis, dudbpricabill drift results in a need
for frequent calibrations that are 5 normally perforned by experienced
techni ci anZPlFRenaliqnnt feal gregp-se s ntocleasiermproseses ief f ort nust be nade

| te](‘)f Imél;[ g Eci gﬁl@id&%dfbiy(i%y@cf bd HiR oTARNLEARIVEESE ARG chdin SR BtbhE I oni zati on
15 future of the industry. For further information regarding defect reduction in
this industry, the article from International Technology Roadmap for
Semiconductors 1999 Edition: Defect Reduction, Sematech, Austin TX, 1999,
(pg. 270}, is incorporated herein by reference. There are many other
references supporting this need, which is notoriously well-lmoﬁ in the art.
20 In order to accomplish unattended operation for wet bath
~ contamination and constituent monitoring, appamtu§ must be developed that
will automatically monitor constituent concentrations at their threshold 16vel,
accurately and without the need to compensate for inevitable systematic errors
associated with instrument drift. Quantitation of concentration may then be
25  obtained without the need for traditional calibration once the threshold level
has been exceeded.

Prior art calibration techniques typically use calibration standards to
generate a calibration curve relating instrument response to concentration of
standards. Such a calibration curve is used to determine the concentration of

30 upknown samplés. A typical calibration curve of this sort is illustrated as F ig.
‘ 1 in this specification (curve A). Prior art techniques do not yield accuraie

results if the instrument response drifts or there is a response shift caused by a




i oni zation suppression, or enhancenents remain constant between a sanple
and the standard. Viscosity differences between the sanplig raislytdee st andard
10 matrices may al so cause unequal instrunment responses associated, for
exanple, with changl ng sanple introduction rates, and are inevitable in
real - woMAI39PO¢ht i ons. Matrix effects altering sol utiBSH/SSYI8S ty or
ionization efficiency can result it calibration changes such as shown in
"Fig. | (curve Q Cearly, in order to achieve full-tine, real-tine,

measur enent without human 15 intervention for calibration of naintenance, a
met hod and apparatus nust be provided that overconmes these prior-art

requi I’eI'TEangferéﬂagM@ﬁﬁﬂ{ceé%g&lq%ﬂpgﬁﬂedn&ggm ar(/i?s%nhancerrent of a known

techni que for achieving calibrati ree nass spectronetry neasurenents.
The known tpeshmingiges, tygickifouseh o Dch utea&mmmssarsmmmlwmrsdsewiblber ei nafter 20

IDMS. In | ant age | | -known, .natuyrally-occurring
i sotope ra't?évlgl dod}%éé%éﬁ]?l H &t éﬁé‘ﬁ&éﬁingesp%?a%%ﬁ’ﬁ|%%&¥ i s well-known
that the gueveBp amfapm dﬂfsﬁzsmfs n@@ﬁ@eﬁrfm(@a%leﬂt@alwilﬁmﬂ@&wﬁé state is

|sot opes 62. 9396 9. 2% and 64.9276 at 30.8% Very

63.546, consistin
general Py §‘B’§%ai 0L "“al?él iewesTispced feghpisians.f or Cu cont ent |s required, one
takes 25 a SaWh?caﬁﬁraﬁ&?yx%@éd&ésOa{‘anQdex% l%%ﬁl:)%fﬁﬁbesrgﬁ eren g sample with an

enriched standard sol ut having a su stan i sotope ratio
than the Het melices ob theusamiphey andastagdard, rtbranstucemutadﬁ@n&fﬁidmdlesarrpl e to a nass

spect r onet records th red mass rati o between the isotopes.
h ?szaP 2 gléppé%ﬁﬂ@ Fo® "gfﬂfQF’élre utF SRR (ransia bPIiers acerpler i ng rat Po and

The neasur enen

the standaest #pisteadad. Madcbsity differehded Befineen HRAGMPRAn Bid @ndlaowi ng t he
quantltg of the ori |naI sanple, and the quantity of the spike solution,
one can’cal @it d2Phelse Ayise unsARH o HEtruReRit TesRaneRy pyseciatohc &t rati on of Cu

i the o ofilc SAPYSsg sl itaRRR MO, 43 QS04R A BCTL| 7502/ 18023

IDVS, in a form known as peci ate | sot ope” I on . Spectronetry,
her ei naf t evod{l DiBatians. aMabitze nffends nboing eplm;ondesmsﬁ)b@d 1bmzatﬁ>nabl ing detail

oD CirsErt e RN s ARR R g PR PP M K noston
Clearly, in order to achieve full-time, real-time, measurement without human
15 intervention for calibration of maintenance, a method and apparatus must be
provided that overcomes these prior-art requirements.
The present inventors have chosen an enhancement of a known
technique for achieving calibration-free mass spectrometry measurements.
The known technique is Isotope Dilution Mass Spectrometry, hereinafier
20 IDMS. In IDMS, one takes advantage of well-known, naturaily-occurring
isotope ratios in essentially all elements. For example, it is well-known that
the .average atomic mass of copper (Cu) in the natural state is 63.546,
consisting of isotopes 62.9396 at 69.2% and 64.9276 at 30.8%. Very
generally speaking, assuming an analysis for Cu content is required, one takes
25  asample of the solution to be analyzed, spikes the sample with an enriched
standard solution having a substantially different isotope ratio than the
naturally-occurring ratio, introduces the spiked sample to a mass spectrometer,
and records the measured mass ratio between the isotopes. The measurement
15 going to differ from the naturally-ocourring ratio and the staridard spike
30 ratio, and from the measured ratio, knowing the quantity of the original
| sample, and the quantity of the spike solution, one can calculate the single

uxﬂmown, that being the concentration of Cu in the original sample.




reference. The teaching in the referenced patent describes both the general
(previously known) and the special (patented) technique agjaslapted for the
i nstrunment in enbodi nents of the present invention. There are a

consi derabl e nunber of other avail able references describing |DVS, anong
them 10VFHELEP# 5. D, Paulsen, P. J. Isotope-dil utiBA/4WaYBBpect ronetry
for accurate elenental analysis, Ahal . Chem (1989) 61 643A - 649A

Rott mann, L., Heumann, K. G, Devel opnent of an on-line isotope 15 Dilution
Technique with HPLC/ 1 CP-M5 for the accurate determ nation of el enental
species. Fresenius J Anal Chem, (1994) 350 221-227. Heumann, K G,

Rott mann, L., Vogim JH008 49t RhD L uid
Chr omat ogEg hy-Jndu%:}}ij\%l , ~ ngg%gﬁc%&gg%%so J&g‘é&"{ﬁs? ution Mass 20 S
ectrome . JoPsAaictryherinaBpsdDMS, is@y@saled fechiifie, #abHbediassett, J. D. and

Ki ngst on, . - } I no r.gam ities of Vanadiumin
Bi ol ogi cal Hﬁ}g’ltm ery ‘%%’@g}ﬂ%%%eggg’@’?%f%%d%ﬁ@r%% PAMEROEi on Mass

Spect r omet r HowirkdM. KingBa bt D v@d BRbofkdt@i herd @ its §ehRW by 25 (1985) 57
2474-2478; al.l. of fﬁé ch_are incorporated herein'in the)f r entirety by
reference |TIHRICE bRe sirhiedn thegeferepesdgrient degerbes bashthetgendralenpl oyi ng t he

patented 30 @,ﬁjﬁ@];%g@n q khy - atent. to.Kingston is an
excel | ent fgptrrst step i)ﬁ‘_{nacco ?!ﬁténngéﬁaﬁ%ﬂﬁ&%na%aa@é% %t e nmass

“spect r onet ripstamagng i enboflinfentsiod thegyestwnventiatt. t hat t here are many ot her

chall enges in s le collectipn, s l.e.. handl.ing, sanple spiking,

dilution, contr?lq},%maaﬁ%am h %gmg%gg%avaﬁ%@ﬁ?fﬂr‘?@ﬁs such a robust

measur enent deagtbingOMMS) lan®yg iR i n real applications, 35 such as in wet-bath
anal ysis in sem conduct or .manufacturing, which has been 13 January 2006 WO

03/ 00694#b PCT/ ETS02118023 6 sel ected as an exenpl ary application for
descri bi ng t he,@ppar abuspafd, Mt Hog o Iz I nvention. Wat is

ol ear y needegh 2GRN Ao ol r | d
appl i cations, which prov ral

sanpl e col |l ection,
Rottmann, L., Hevmann, K. G., Development of an on-line Isotope
15 Dilution Technigne with HPLC/ICP-MS for the accurate determination of
elemental species. Fresenius J. Anal. Chem., (1994) 350 221-227. '

Heumann, K. G., Rottmann, L., Vogl, J., Elemental Speciation with Liguid
Chromatogxaphv-h}ductiv_elv Coupled Plasma Isotope Dilution Masg
20 | Sp_ ectrometry. J. Anal. Atom. Spectro. (1994) 8 1351-1355.

Fassett, J. D. and Kingston, H. M., Determination of Nanog[-am Quantities

of Vanadium in Biological Material by Isotope Dilution Thermal
lonization Mass Spectrometry With Ion Counting Detection, Anal. Chem.,

25 (1985) 57 2474-2478,

all of which are incorporated herein in their entirety by r(eference.

It will be apparent to the skilled artisan that employing the patented
30 techniques of the above-referenced patent to Kingston is an excellent first step
in accomplishing full-time, real-time mass spectrometry analysis of fluid
systems, but that there are many other challenges in sample collection, sample
handling, sample spiking, dilution, control, and many other areas to
accomplish such a robust measurement and control system in real applications,

35  such as in wet-bath analysis in semiconductor manufacturing, which has been




5 flowrate mani pulation with extrene accuracy, sanple alteration and
preparation, extremely accurate spiking, sanple introductizgmui®2éeal ytical
syst ens (WEB/08¢94¢t ronetry), information gathering and copowuseeagiwen, on-

i ne cl eaning and purgi ng between sanple collection, and overall control
anong other things; and it is to apparatus and nethods for acconplishing 10
these ends reliably and efficiently that the foll ow ng enabling
descriptions of such a systemis devoted. Sunma of the Invention 15 In one

aspect of the %&e ent invention an analytical apparatus to nonitor fluid
systens is pid '?ﬁ’:@a,an&éﬁlaplagr ARpligationstes desoribing dixe appatdtarandoskth@ishavi ng a

raw sanpl e r@ﬁﬁéﬁgisémmﬂﬁgﬁedby I nput fluid conduit to individual ones of
said fluid systens, to extract raw sanples for analysis fromsaid fluid

systems, one or nWthet isoltafly vatdedrs AabduRS sRt RIFkb Ry RGAHLA] ve material s

to nodify the tracted raw sanpl.es prior to analysis, an analytical
device to re%%ﬁ@%ppgﬁ’a?%swmf pi’é‘?‘flii‘iﬁfgb?ﬂ 9kiihg logastics afiprnapde colfection,or der ed

sequence,5 angow-2at6l gl ' tj | east ,.one _constituent of
said sanple porti pn,ﬁmﬁyﬁg%%%&a{%%%?g{’ﬁ%}l?lgraﬁf’ﬁagﬂgf"éq ring fluid
through t he RafRArgitang extreasip retuate spikitig AsaapipitrodhdtiRe 16 aRiyiRl and 25
managenent %ﬁéemto manz%gje %ﬁ’ rations of conponent nodules and devi ces,
and to repor a’ﬁlﬁﬁ?ﬁsc,sg?c B lopmatopgathaingan sommuninstion lear act eri zed i n

that the Cmﬂemﬁmﬁg%ﬂﬁﬁﬁ?g@&%@’%ﬁ@%&&%gﬁﬁﬁé&tilon of raw

sanpl es, nodification as needed, on’o the anal yti cal
devi ce, andamoBgether Hyngst anhiliytol apphratus and tetheds foreRBdmpNRHS basi s over

plural . ;gyc LA .sone, cases .t her a plurality of extraction
nodul es lgsslt)lgel% &f Ig%’ reﬂ@i%g?%‘? ety E“H‘t g‘e&{’ﬁ%“’ﬁg@ﬂél egdriptions off syst ens-
Al so i n someudasgsteiie delboted. systens are wet baths in a processing
environnment, and the extracted fluids are 13 January 2006 7 liquids. In

sonme nore particul ar cases e processing environnment is a fabrication
t I th t fab t
system (fab) devoted to sem corsduc;nor i eg}r ated circuit (10
manuf act.uri ng. I n sone enbodi & n the nodification
nodul es  conprise chemcals for altering pH of extracted |iquids. The
anal yti ?aﬂ devi ce " : ' ) '
: 5T n one aspect of the present invention an analytical
apparatus to monitor fluid systems is provided, comprising at least one
extraction module having a raw-sample reservoir comected by input fluid
conduit to individual ones of said fluid -syst_ems, to extract raw samples for
| analysis from said fluid systems, one or more modification modules
20 comprising additive materials to modify the extracted raw samples bﬁdr to
analysis, an analytical device to receive at least a portion of said raw samples
_ Inan ordered sequence, and to determine concentration of at least one
constituent of said sample portion, fluid-handling apparatus for transferring
fluid through the analytical apparatus, and a computerized control and
25 management system to manage operations of component modules and devices,
and to report analytical results. The apparatus is further characterized in that
the control and management system coordinates extraction of raw samples,
modification as needed, introduction of flnids to the analytical device, and
‘reporting of analytical resulis on a contimious basis over plural cycles.
30 In some cases there are a plurality of extraction modiles associated
one-to-one with a like plurality of fluid sysiems. Also in some cases the fluid

systems are wet baths in a processing enﬁrhonmeng and the extracted fluids are




may be a mass spectroneter, and further conprise an ionization apparatus
for vaporizing and ionizing |liquids prior to introducti on,to .t hz%ograss .
spectrometer. In some preferred enbodi nents analysis is base on T sot opi c
ratio, the one or nore nodification nbdul es conprise isotope dilution

nodul es for introducing isotope mxtures to liquids in the system and the
i sot ope niliquidsen same nioregartatular cases thet proatdsingoerdroninent isTher e may al so be
a plurality of . extraction nodules and a plurality of nodification nodul es,
wherei n t Kebriqation syptgan(fahydaysied i spmiconrpusteemtesrategiciiegitd @) xer s havi ng
two or nore | 0 one output, and sw tching val ves between the nodul es
and .t he iﬁ%%ugg#éﬁ?%e m xers, and wherein the control and nanagenent
system cycles tiiGomblehitidihentér MBS iARALGRYAS I EHIIN mAlileh au! ds, . and of
materials fromthe nodification nodules, to mx selecte lIIIQUI ds with

sel ect ed watprisalchemhicals forelwpidy fpit of extractedlighils. The asatbticiingnice of the
invention individual ones of the mixers conprise conduit junctions having
two or noiRay bhimass apestrameten dnddusher casnpiisa ar inndzation apparateshiorcondui t
pat hs arranged .to Erovi.de for .lLam.nar flo and, sybstantial direction

change t o "ART41BAE8 P9I Hquidy REOEIrogPen t.TSJURSTERESPME T aw- sanpl e
e O ot 6 sBind SRR AN BRI ADIMIW Facclh 08 FRAARG! B, L0, 2

vacuum appar at us y-operabl e val'Vv raw a’rel ative

vacuum i nohder hrfie ivddifichfo iydulBiciipHsefis@Bhé BRufibiintbdudssfogm connect ed
" by conduit to the reservoir. In enbodinents the rawsanple reservoir is

verti cal | ntordusingeidotopd mxues pallifidsinthe syesternt arabthie isstbpe mistures  hei ght
on the reservoir such that _a liquid sanple drawn into the reservoir nay

have a gadegdgt Bhematmatualypecurymey dherpymae alsodwaplugalgyfiur ce connect ed
to th i h tekly- | .t id

cover - gabRutsfoRRbYRIeS ah iy, b PR R AR PGt et L or &, 1 e
cover gashaﬂ(ﬁjnéad}}rfﬁfétugggﬁpgiséﬁoﬁ@f)f ﬁfo?ef‘]ﬁi??&@i d& SotSinpuidiol Nge

connected by internmediate “conduit to the sanple reservoir at “a hei ght on
t he reserune outpug anidissvitdieng ahlves bosveurtheesodilescarsbiieligputs té tiee reservoir,
such that wi thdrawi ng a plunger of the syringe by a precise distance draws
a preci semppirgnndwheren thay g bad imanaghmentsystemioyclentoe swisckipgi nge. The

syringe in .t hese enbodi nents conprises a . . .
YTINGE 1 Da1ves and Eauses movemen o'fqﬁqulcfs, and of materials from the modification

modules, to mix selected liquids with selected materials from the modification
modules.

In embodiments of the invention individual ones of the mixers
comprise conduit junctions having two or more input conduits feeding one
output conduit, with the conduit paths arranged to provide for laminar flow
and substantial direction change to influence mixing. In these and other
embodiments the raw-sample reservoir in the at least one extraction module
may be connected to a vacuum apparatus through a remotely-operable valve,
to draw a relative vacuum in the reservoir to draw material from the fluid
system connected by conduit to the reservoir, In embodiments the raw-sample
reservoir is vertically-oriented and the conduit from the wet-bath enters at a
height on the reservoir such that a liquid sample drawn into the reservoir may
have a gas gap over the sample. There may be a cover-gas source connected
to the sample reservoir through a remotely-operable valve to provide a cover

gas over a raw sample in the reservoir, and nitrogen is a preferred cover gas.




"In sone cases the precision translati

pl unger driven by the control and managenent systemthrough a precision

transl ati on mechani sm enabling precision volunme control, @pguihmoegontrol

and managenent system rmay be enabl ed t@ vary rate of plunger translation.
n mechani sm conpri ses a precision

stepper notor. The syringe is preferably, connected through a three-way
switching val JB cepainifm M@S&ﬁmﬂ&e qopneeied byripleamediats voir and to

i id .he, i | | t th | t
o DheP U oYY Ihel Aolie YeaFvdif e hEShD St HIELRE aedgerygy
reservoi r {gORResdeast 4 Sepiein ﬂ@éifas&m'ﬁ???m ‘é?%viflﬂrﬁ\pﬁlg‘ay]gﬂhﬂggr i the
r aw sarrpl e reservolr, to a source of usni ng I quli , (0] second vacuum

source, t chasyingerbyapradsy distanasdraves apredis volhineeof theledw kinapldine el ements
of the extraction npdule may be flushed and cl eaned between sanpl e cycles.
In sone edvEsaRieisinigiiosyainge. Shesyange inthesgiembedinents nomprises ar e

avi g a ST Oh°Br B3t FOaFl BuliBoldhonioer o telod RppasoR us for
provi di N9 ARkl ehahlifh, Sablin®Brdcioh U6lunid ESRNIS R ldtbnbiapl V1 | cal
appar at us. e apparatus tor pr I'ng portions of the solution may

conpri se afd sydragemenPsyieshetaPe ehitdedesi ateratontiuhgéaridigatipem cal
reservoir in a manner to enter beneath the surface o% solution in the

r eser voi r somgehsesthe predisiodrteanslagioa meaagesm obmiphisesy pravgsobyteppar eci se

di stance dravvsé@epre,ci se volune of the solution_ in the chem, cal reservoir

into the &MPh SyingR ds prater@blsgonnegtedHiouginp tiree WRYFWIHGEE dr i ven by
the contr t hr ou a_precisign translation

mechani sm%lé'%gglﬂ?%{g}ﬁ%ﬁ%ﬁétie(?mgﬁ?ﬁéhe %‘%EHFJFS%Y)&%‘&PH& 9 AR Ogﬁﬂﬁr ol and
managenentosdfit ﬂmyaé)me%éab@domw%ﬂplertabﬁq&feiah&ﬂgg&“ﬁﬁé anslation, in
sone cases through use of "a precision stepper notor. anuary 2006 9 In
sonme enbodnatgtita dpperatys.i nge i s connected through a three-way switching
valve to the conduit to the chemcal reservoir and to an output conduit to

provi de the prBtseme gahodimeaisgheretip adlushresarepis spanessted Hwougihal yt i cal

appar atus. ;Eurther ,, the porti.ons ovided to other elenents nay be
PP adcllzl%iongi vdlves 16 the syringe tcp Jr:lle raw-sample reservotr, to a source o%[

flushing liquids, to a second vacuum source, to a cover-gas source, and to a
drain line, such that the elements of the extraction module may be flushed and
cleaned between sample cycles.
~ In some embodiments individual ones of the modification modules are

chemical alteration modules comprising at least one chemical reservoir
having a solution of precisely compounded chemicals and apparatus for
providing portions of the solution to other elements of the analytical
apparatus. The apparatus for providing portions of the solution may comprise
-a syringe connected by intermediate conduit to the chemical reservoir in a
manner to enter beneath the surface of solution in the reservoir, such that
withdrawing a plunger of the syringe by a precise distance draws a precise
volume of the solution in the chemical reservoir into the syringe. Further, the
syringe may comprise a plunger driven by the control and management
system through a precision translation mechanism, enabling precision volume
control. Again, the control and management system may be enabled to vary
rate of plunger translation, in some cases through use of a precision stepper

motor.




provi ded through a m xer having two or nore inputs to one output, wth one
i nput commented to the chemical alteration nodule and anothesgpmoected to
anot her nodule in the anal ytical apparatus. In these cases individual ones
of the m xers may conprise conduit junhctions having two or nore input
conduits feediing one output conduit, wth the conduit paths arranged to
provide for | dmSABIE ¢ mtsst@iﬁsﬁb’ﬁﬁﬁhﬂCQﬂnﬁé@@i@Pughaﬁf&éeQ'WaynfI uence

m xi ng. | enhodi ts of .the invention individual ones of the isotope
aiuton ot TGS il fnd SRl BstP Pttt Qe R8ReE i ng »
mxture  Qonl§RYOPESVIAL 1 HRERE SohtndSafyR! ik cldMEntliofih € of 1 sotopes
at a ratio not naturally ‘occurring, and a nmechanismto provide a portion
of the m xnahytichbappeiritas. Birdrenthe poktiddvepranidedtto vaherapeacat usay Boe

mechani sm for, providing portions of the solution may conprise a syringe
connect ed P59Vvidgd dppgh gtreixes BadnEttwomrtmere inpuisfe ongsutmyi withaingw a sur f ace

Oy e bRl & 5 S Bl 5 SRR B RTE ur' | 0 e
| sotope T GRBIP hoduld B (il %naPtichlAharS, TR CASBIRIANGOIR g @ Pl unger

- driven by the contro nagenent system through a precision

transl ati ahe FELHA8 MiBToAPAR! carifuitinAEH SisHhWRE HIB of Birk Yhput Boraaies

transl ation may be varied, and may be .through use of a 'precision stepper
mot or . | n fpeding out antmd sesdeihevisly thengpmdmitypaties arvangedttogprovidedgh a t hr ee- way
switching_ valve _to th condujaigto the isotope reservojr and to an out put

conduit g Flogeand,gubstantial dirgeiiemhehangsio antleenserBiXing-enent s of t he

anal ytical appar ) t L QNS.:Rrovi-de Q oth el enents may be
provided thr oggﬁ&?%%%ﬁwsgﬁn‘g%%@“ﬁﬂﬂ% 1?’!%?3 gn?soofgt:l}g ! %%t , With one
| nput CO@ﬂﬁﬁbﬁ%é(ﬁﬂéé"@mﬁﬁl%E {it%as%'oh@'iﬁtb}a?és‘ré%@%jﬁc&ﬁﬁnﬂgg)é hfkngennected to

another nodule in the anal ytical apparat I ndi vi dual ones of the m xers
may conpr iof esotemasdifiat speoivctol beneyyahméd) ghd wixire obisetopesat acasiuot s f eedi ng
one output 13 January 2006 10 conduit, with the conduit paths arranged to
provi de f &aturalhy aesuringyanthy meshamsmeinapvigicracpartion of asmpuxtuse tnf | uence
mxing. In,so enhodi.nent s.t he.i sot ope servoir. coptai ns. .an i sotope

m xt ure Pﬂleérég%ﬁl%ﬁpf e%{‘%ﬂé‘@#??%“ﬂ@ﬁciﬁ‘?%' BRISTLIRE DERVAMINE t her conpri se

a sol vent portions of the solution may comprise a syringe connected by intermediate

conduit to the isotope reservoir below a surface of the mixture in the
reservoir, such that withdrawing a plunger of the syringe by a precise distance
draws a precise volume of the mixture in the isotope reservoir into the
syringe, and the syringe may comprise a plunger driven by the control and
management system through a precision translation mechanism, enabling
precision volume control. Plunger translation may be varied, and may be
fhrough use of a precision stepper motor.

In particular cases the syringe may be connected through a three-way
switching valve to the conduit to the isotope reservoir and to an output conduit
to provide the precise volume sample to other elements of the analytical
apparatus, and the portions provided to other elements may be provided
through a mixer having two or more inputs to one output, with one input

- connected to the chemical alteration module and another connected to another
module in the analytical apparatus. Individual ones of the mixers may comprise

conduit junctions having two or more input conduits feeding one output




reservoir in addition to the at |east one isotope reservoir, the solvent
reservoir may contain the solvent comon to the isotope qi_aﬁn_uarwzow t he

i sotope reservoir, and may still further conprise a system of Syringes,
connecting conduits and m xers, enabI]iOng portions of the isotope m xture
to be diluted to |esser concentrations before being provided to other

el ement s ebnding vaitiatha ¢aauit pathsamanged torprovide foatesinghfoisatdpe reservoir
may hold an i sot (ipe m.xture in .a _concentration of 1 part isotope in one
million pé\%%’ﬂma %Cﬂ?&@ﬁme(ﬁop}aﬂwncwmge system of syringes,
connecting congui ): X1 nabl e Llution . of six orders of

mmgni tude t oo EbdRisblisfe FREMERkChalF (lleinf o Rl AR ¢ e
syst em of ig¥&5bReRE ' taebY ] AiBhay $¥Fth gﬁgﬁngqggh ' a pl unger,
such t hat vviytshdr awatﬁ}%éi%eﬁsgﬁ'%ﬁxﬁ?gyﬂg?ﬂ,t he s??i nge by pr e%@gg&gi st ance
draws a preserser imdddigonto theeatritast one isotopdeeseswin piee salesstegérioirnt o t he

syringe. The plunger may be driven by the control and managenent system
t hrough aM@yeEmiaaihe pelventeommonde b isotgpeomiirania theisedord on vol une

A th Pl e o . L
Ctepper moror o Arpanes il SR GBS 4 AT A YBRES. GPORISLPEy | hoos 1n
the systegdfuitstid MBkes AabiRE gﬁﬁicﬁfé dPthE WG gk ifd A% Gk V! dual

S at, w

inputs to a m xer aving a si e output, “su one syringe

hol di ng alss@Cionech@AtioTR befbrecivins piengediob e cRinchtd bf the a@aRLRAL r ati on
and a second syringe holding a precise volunme of the solvent, driving the
pl unger s apparhast oswye cange she Sotmpietrasmvoiimay helk asisatopesnixtyre i xt ur e at
t he singl e output of precise expected concentration |ess than the
concent r aft CBRCAAtRE (%IXEEH? Bofope IROTS B! h@?rﬂaﬁé@faﬁl@ %X@F%apﬁ%%d is an

anal ytica it | Gui t.he a at havi ng

modul es 1 A ERERAR of S, Sonnes e R BR b ARHA et 19 (e
sanpl es f of sig UGB I HhARINAE t8RAE iphltE WA UFHYS. an extraction nodule

. is provided conprising a raw 13 January 2006 | “sanpl e reservoir connected
by i nput fl ui dircspedifid embodimaints theedysteme of efrisgesimay icquipdliss yisdieitdual a vacuum
source connected to the raw sanple reservoir through a )

r enot el y- BEHIgCs epglbhaving aplungey, sedwihehwidwingyving thaplunges of dwesyrisige,

by a precise distance draws a precise volume of the mixture in the isotope

reservoir into the syringe. The plunger may be driven by the control and
‘management system through a precision translation mechanism, enabling
precision volume control, and the precision translation mechanism may
comprise a precision stepper motor.

In certain embodiments individual ones of the syringes in the system of
syringes are connected by switching valves to individual inputs to a mixer
having a single output, such that, with one syringe holding a precise volume
of an isotope mixture at a first concentration and a second syringe holding a
precise volume of the solvent, driving the plungers of the two syringes
simultaneously creates an isotope mixture at the single output of a precise
expected concentration less than the concentration of the mixture in the one
syringe. |

Also disclosed is an analytical apparatus to monitor liquid systems, the

' épparatus héving modules for extracting samples, modifying the samples, and
analyzing the samples for concentration of specific constituents, an extraction

module is provided comprising a raw




and a syringe connected by internediate conduit through a sw tching val ve
to the sanple reservoir at a height on the reservoir to enter b@@éaath t he
surface of a sanple in the reservoir, and to an ejection conduit,” such
that withdrawing a plunger of the syrlilnge by a precise distance draws a
preci se volume of the raw sanple in the reservoir into the syringe, and
appr opr i asanplesseservhimmpnnbeted diyvirputafivideoomenidito gadibalual onepesf smjidct s t he
‘precise vglu t hrough the ejection conduit. In enbodinents of the
extracti oHd SEETRH @ YASHUELIPINGS PRIHICIRS 1o the rawy RAIPERTSSSEVElt ent ed and t he

conduit fr,om L qul,d syst enter t a _height, on the reservoir such
Chat a1 J0oHEE S asrdt -t aPIe A Jo Aol rsiiiesdte 5 £S5 TR oL e L e
sanpl e. Thgd § sPRngd %M@dteq)sy%t&qﬁ AR tRR rwééﬁft&ﬁn%wglae% sanpl e
reservoir throtagh a renotel y-operable valve to provide a cover gas over a
raw sanpl ¢hd santiple ressesiv at & heighd oh hike egesroigiser@ybgcaftethalsuyfabe of ni t r ogen.

I'n some enbodi nents of the extraction nodule the syringe conprises a

pl unger wesATRlHEbeIEIIveIramKl tatarorceierheondin, dvely tial withdrawingra rol  and
managenent , syst em. enabl i reci sion volunme control. The precision

Lransl ati BHIRSE AL MeSH nge db PEFisaridancs (s BiesEa vRbES OLHGEM abl o
transl ati ts B | al.t ol r t sonme cases
a st eppefgé}nn%%olﬁ%%%sé%{e)‘}dﬁgg%gﬁféngé%%’ gﬁn%%@yﬁgﬁ%{sewaérr 8hi|rn tge];v Ush

reservoi r afdereRatsg the reﬁéé@bﬁle?ﬂeéiseﬁabm@eﬁ@oﬁglﬁﬂﬁwwﬁm to the

raw sanpl e reservoir, fo a source o flushing |iquids, E'o a second vacuum
source, toomdwbver-gas source, and to a drain line, such that the el enents

of the extractjon podule nay be flushed and cleaned between sanple cycles.
Al 'so discl osedhr §m§ﬁglélh%ﬂt§9¥€& exdrasHprinedule theprive-samplegigserveldt ens, t he

oy no RPN B GOMARA SRR Rl M R o
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chem cal reservoir having a solution of precisely conpoun chem cal s, and
appar at usgdgappowotithe sgmphy. Thersmaf, fihtkersisd alcowir-g3 souhwrcagineordt s of the

to the sample reservoir through a remotely-operable valve to provide a cover
gas over a raw sample in the reservoir, and the cover gas may preferably be
nitrogen.

In some embodiments of the extraction module the syringe comprises a
plunger with a precision translation mechanism drivable by a control and
management system, enabling precision volume control. The precision

~ translation mechanism is controllable in these embodiments at variable
translation rates, enabling variation of fluid transfer rate. In some cases a
- stepper motor may be used.

In some embodiments there is a flush reservoir connected through
additional valves to the syringe, to the raw-sample reservoir, to a source of
flushing liquids, to a second vacuum source, to a cover-gas source, and to a

| drain line, such that the elements of the extraction module may be flushed and
cleaned between sample cycles.

Also disclosed is an analytical apparatus to monitor liquid systems, the
apparatus having modules for extracting samples, modifying the samples, and
analyzing the samples for concentration of specific constituents, a chemical

alteration module is provided, comprising a




anal ytical apparatus. The apparatus for providing portions of the solution
may conprise a syringe connected by internediate conduit 1§@nhfecshem cal
reservoir in a manner to enter beneath _the surface of solution in the
reservoir, such that w thdraw ng a pl &nger of the syringe by a precise

di stance draws a precise volune of the solution in the chem cal reservoir
into the &§)emifgdreserelr Bing gsohiorcoiprerselycomperysledichgmieals andeci si on

t | ati hani .G bl.e b t | t
HET e Rt R A e L
preci sl 0”_ahél%ﬂéélaégﬁ)g{hét@?q:?%rﬁs@%atggis’oe@ﬁgﬁﬂgl‘tl%gbﬁion@ RERhd S8 @y on of

/]
rate of liquird tr per notor ma§/1 e used. In

enbodi nentemiphige awyiinge cosnaaahpyg igdrhédiategtvnauitho eke ch@iical t ching val ve
to the conduit to the chem cal reservoir and to an output conduit to
provi de t Kesepratine maphane exepbencath dersarfact efrsvlutionfin theresomion, i cal

Syetems. . il HitOrTUg ARy Bk e e e B enieana g e B8 dodi fyi ng.
the sanpl feé:,iseaﬂﬂuﬁl@%fﬁég ufiﬁﬁ i ﬁ[repétge??ikgf Eeg&@%ﬁ‘qhtqag{e%gngl];gga?@éé' fic

.constitue an 1sotope di Ion nodi frcatton nm d,
conpri si ngyradigd @A§cofRiselaSshR Hm@%a kdcigion tanSiafion Indi4hishe Of isotopes
of a specie t% be§eval uat eé? ?ﬁ‘e m X u?e of isotopes at a rati o not

nat ur al | ydawvablehiyrmgcorsrad aadmeatepensmt system; ovaldmgappoisidrovolafet he ni xt ure
to other elements of the anal yti_cal(ggﬁ)par atus. The nechani sm for providing

portions Honieb avdithe rgs ohdpnslanpniod dheppresisiomandatiprr seshamym nt er medi at e

duit to t t. t one |sot Lr. . bel f f th
moxtur e 1 R PRk AT, RSO AT Bubiagr B s PRe oy nge by
a preci seslgh?éﬁﬁgﬁ,r%%eas&q_eci se volune of the .mxture in the isotope

reservoir 1hto the syringe he syringe may conprise a plunger having a

preci si on tr ahskabodiments fansywingd is cabhetéy tiaogghnh tideccandy swEfvhgenent
system enabling precision volunme control, and the control and 13 January
2006 13 nE#Eg cangduitedmthe ghersicah sdsepir and tr yn paipat odndlititiger
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apparatus.

Also disclosed is in an analytical apparatus to monitor liquid systems,
the apparatus having modules for extracting samples, modifying the samples,
and analyzing the samples for concentration of specific constituents, an
isotope dilution modification module is provided, comprising at least one
isotope reservoir containing a mixture of isotopes of a specie to be evaluated,
the mixture of isotopes at a ratio not naturally occurring, and a mechanism to
provide a portion of the mixture to other elements of the analytical apparatus.

The mechanism for providing portions of the solution may comprise a
syringe connected by intermediate conduit to the at least one isotope reservoir
below a surface of the mixture in the reservoir, such that withdrawing a
plunger of the syringe by a precise distance draws a precise volume of the
mixture in the isotope reservoir into the syringe. The syringe may comprise a
plunger having a precision translation mechanism drivable by a control and

management system, enabling precision volume control, and the control and




switching valve to the conduit to the isotope reservoir and to an out put
conduit to provide the precise volune sanple to other el goent S ﬁfmthe

anal ytical apparatus. The isotope reservoir in enbodi nents comarns an

i sotope mixture in a solvent at a spedific concentration, and the system
may further conprise a solvent reservoir in addition to the at |east one

i sot ope r szanageinent sysécrs ohasebe enatded tw vany ratnefplnnge tearsbdtiomnsucdommon t o
the isotope mxture in lo the isotope reservoir, and a system of syringes,
connect i ngS EBRYEN AS1CHRET MAlBY.s, enabling portions of the isotope m xture

be dil uted i bef ] ided to oth
tements of ¢ iR o SHbERRERR!hEL AR R Earen hitRe B Mt ey Ot Pon wodul e
the i sot ORRitcBRRI V¢ td'@kdondDit tb%l?éff%@?o 'ré&éﬂ@iriaﬁ??% %%%%;%%?Eﬁfe of 1

part isotope inone mllion parts of th m xt ure e system of

syringes, teprovedd thegrease wbhanasanpletbowiiba clemaits @f thi hudligealof si x orders
of magnitude to one part per trillion (1lppt). In enbodiments the syringes
in the sy3pparem. The isabers weenpioisia embeiligieatsatoniains agdsptepemikay g a

pl unger, such that wthdraw ng.the plupger of the i nge by a precise
di stance 8w ngatp? g&qcygc 9%‘]‘%?%32‘59“{‘%{]&6)@’%6@ 3y Tppacy B%%ﬁ 3 eservoir

into the '§M%ﬂtgxl%ser-%ﬁ IRAIRARS Y o RIBE &@eiistsgo@% r@ser%#,n@l%rson%k ng a

pr eci sion translation nmechanismdrivable control”a managenent

-system  epabhioigcqitaming 2BoMehtEEmaRimt tbQhe i6hePmSLUARPINS tABiRkopaTBY be
used in sone cases. In sone enbodi nents of the isotope dilution nodule

i ndi vi duareservsar, @hd atsysteny of sgrisgdsnconrectiyg contaits ayd inmges, arablingnnect ed by
switching valves to .individual inputs to a m xer having a_single output,
such t hat POTROBR of te ispransgaixtyis ta{hcgilﬁitﬁg iy Jesgereongerirations befart ope mixt ure

at a fi rsb@ﬁ@@ﬁ%&i&&&@ ﬁﬂle?%flelﬁentg%gﬁﬂed sirli-%gg%c’)rlﬁﬁ‘idng a precise volunme of

t he sol ven riving e plunger es sinul taneously

creat es an | SOUgRITAMUR Hlht euBbAMAISHEARYY 200 fopuizpt Of 2

preci se expected concentration I'ess than the concentration o e mxture
in the onsotpeimipgurelin aaccneentratiars pe padfisstope i esentillionvests efitha net hod
for nmonitoring fluid systens for concentration of selected species is
provi ded, TEEHE {IBPg, esaisin of syringedr epunegtingaordirits and mixtures f1 ui d
- systems oneadle il diPof ik Ordlrs of magnitude to one part per trillion (Ippt).
In embodiments the syringes in the system of syringes comprise
individual syringes each having a plunger, such that withdrawing the plunger
of the syringe by a precise distance draws a precise volume of the mixture in
the isotope reservoir into the syringe. The syringes may comprise each a
plunger having a precision translation mechanism drivable by the control a
management system, enabling precision volume control, and a stepping motor
may be used in some cases.
In some embodiments of the isotope dilution module individual ones of
the syringes in the system of syringes are connected by switching valves to
individual inputs to a mixer having a single output, such that, with one syringe
‘holding a precise volume of an isotope mixture at a first concentration and a

second syringe holding a precise volume of the solvent, driving the plungers of

the two syringes simultaneously creates an isotope mixture at the single




| east one raw sanple reservoir connected by input fluid conduit to

i ndividual- ones of the fluid systems; (b) nodifying the raw sanples by
addition of material fromone or nore nodification nodul es; ?‘?) provi di ng
measured portions of nodified sanpl ed¥to an anal ytical device; and (d)
determ ning concentration of the sel ected species by the anal ytical

devi ce. |ouipwhoih prasiss expectiad concdrdrhtianness tpn thy conacnénatonod the pl ural ity
of extracti,on nodul es associ ated one-to-one with a like plurality of fluid
syst ens; MRfUE N {NE 0BG SYBREE.r aw sanpl es are drawn from wet-bath fluid

systens in a r j [ . e d fluids are |iquids.
System 0 2 BESE A ERH PRI A s REUAPLSSlbbfR 2,

fabri cat i fdwykfendsd b oAy t@idn dfReRRIBICHRENE iprdvid&l cBhffispid @i t (10
manuf acturing. In many cases in the nmethod, in step (b), dification is
acconpl i stteps oft(y) doiving rawesangaesof the fhlit aystemspiieadt-aKtmeaintesat | i qui ds.
Al'so in nmany cases the analytical device is a nass spectroneter, and there

i s a furtl§aft owedawrSIPLS ses6TToIr Aonngeded Brinnut ghvid gondwt fr inglividaal

i nt roduct | t he. i nent lysis i s based
on' | sot opies okt i BRFiPa6] ERtsfile b Ao IRS by BHRHERIL ny an | Sof ope
m xture t A0 A i 5 t i . 1 sinaratio
ot nat uraf el BYhEoRAGPEre hodtife o Sfluleh 18 pPOVIARE Mkbel | o

vol umes  Iportiofid of shotl#fedl dangpley &d ammbdlytgdiievive; and (@) detefhif@ig having two
or nore inputs to one output, the fluid-handling system sw tching valves
bet ween tupBcemitatiansofahe selestadmpacics by thhenalytiealsdevice.sone enbodi ment s of

the i i ent ed it ] ti havi t [ t

condui 15 o RbSBRGTBRTGL P! DSTAGL, i 6D (DndhsratR R Ok r anged 1o
ui ts f eedi Hy=HH o i 260 (P rra

i ng. Arracrin Bfiue M A m R A SR ARG AR ety o e

raw Sa”D'fElsb%@trePC{g), iy sAR{IéES e Ariath Rorh Qyéd-Hath R 8@ @Pal> vacuum
apparatus connected to the reservoir, drawing a relative vacuumin the

r eser voi rprocesgimgenvapemnicat, diddhe ehtraétedifthidy stediquidndacoas fryfermeddui t to
the reservoir. | nbga_gse enhodi nents a gas is.maintained over a liquid

sanpl e  dRS&AThE NS atq bpths 1paseMern ,U%?Igﬁ% catipthent dfabhdeyetad sanpl e
e bach e 8omioplBE bk fftebindd LERKEGC) MbRIAGHMg! " condurt from the
In many cases in the method, in step (b), modification is accomplished
by adding chemicals for altering pH of extracted liquids. Also in many cases
the analytical device is a mass spectrometer, and there is a further step for
vaporizing and ionizing liquids prior to introduction to the mass spectrometer
In some embodiments analysis is based on isotopic ratio, and there is a
further step for introducing an isotope mixture to a liquid sample in the system,
the isotope mixtures in a ratio not naturally occurring. In some cases additions
are made to sample volumes by a fluid handling system through one or more
mixers having two or more inputs to one output, the fluid-handling system
switching valves between the modules and the inputs to the mixers.
In some embodiments of the mixers are implemented as conduit
junctions having two or more input conduits feeding one output conduit, with
the conduit paths arranged to provide for laminar flow and substantial
direction change to influence mixing. Also in some embodiments, in step (a),

samples are drawn into the raw-sample reservoir by opening a valve to a




hei'ght on the reservoir above a |l evel anticipated for a sanple volune in
the reservoir. The gas gap may be naintained by a cover-gﬁg sour ee
connected to the sanple reservoir through a renotely-opera IR ve, and
the cover gas can be nitrogen. In enbddi nents there may be a further step
for drawng a portion of a raw sanple fromthe sanple reservoir via a
syringe congeemagpbsatiseamneettiddd dhe vasaduiit, drowinge redaviwavauiuent asievoi r at a
eath the surface of a sample in the

- height on the reservoir to.enter be .

reservoir ,rewrf%%awwmﬁ%r%tﬁe QPM@@FelnponwteéwiCﬁgémb;o €r eci se

~di stance . recl.s . of the raw sample.in the reservoir into
the syri ngées.% %ﬁtlﬁetggeee%%%‘gdlﬁ}%ﬁqssa gase %R/]rsi Iﬁ%‘élt §)d B er0$§g%1@ees&m 9 a plunger
driven thigengh ifoRhESAmpRITeb&RDR! BY INPIRIIRR B raw! 8ithhRGes@6fiasi ON

vol une control. Further, plunger translation~may %e con‘trol?ed to control
‘rate of flaviedtitalbrefierted Thetapreeovish conduiafishetheovetrimthanicsingmy conpri se a

- precision_ stepper notor, and rate of translation may then be controlled by
control | i hgighhendbepserwis ahavest levpkantivipated for ssamplevsdamesntle a portion

of a raw sanple w.thdrawn intgo the syringe is ejected to other, elenents
Chr ough. a CRPYr e S aap Ay b pyptalissHALe coter GSoUSeR SRACCH £ Ther e
may. ur thetie Db FARI AL thbi5HNenRRdy- GHRHIE DEIvENnd AREINRL Ballth  De
syringe, by operating valves connect|Xg oth to a’ 'source of =cl éani ng
~liquid, tbecaits@gmnd vacuum source, to a cover-gas source, and to a drain
line, and operating these elenments to draw cleaning liquid into and

t hrough the el émem%gdlmus there nejycdlot & fgrthdveted fandraging @podidnooftir ai n. I n
enbodi ment s of t{%e nEtthd’ in step (b), chemcals are_added in_ solution to
sanpl es f FORSERBIA Tam the sampls BmscryoduTias oemeeiconnectad byaatermsdiate cheni cal

reservoir ?I%i- 1.OR |.sel v und chem cal s and

appar at us Y or lgg)o@lfazg‘%é%lﬁ@rl? ?Jgﬁs ogfﬁg%fgéﬁggfﬁﬁ)ﬂbenreg%vpggtose I ??atehem' cal s
are dr awthef suRfick RE aGRRIPIE & tHeQe§ery¥8ir! sl thddwith ih January
2006 16 preferably byagﬁgsyri nge conne’cst ed by intg%%dggﬁgﬁg%ﬁ?uﬁ@eto t he
cheni cal syrasgerbya préaiseadisnoe draves £ pteisebeoienictofithe rawshapte oi thsol ution in
the reservoir, . such that vm'thdravmrr:]% a_ pl unqﬂar of the syringe by a precise
di st ance gt thesysmegolnthese embpdiments thesyringetthay dheperied r eser voi r

into the B}f ra'prflgneg'er-Elllﬂ'-i%'en through a precision translation mechanism, enabling

precision volume control. Further, plunger translation may be controlled to
control rate of fluid transfer. The precision translation mechanism may
comprise a precision stepper motor, and rate of translation may then be
controlled by controlling the stepping rate of the motor.

In some embodiments a portion of a raw sample withdrawn into the
syringe is ejected to other elements through a three-way switching valve
connected to an output conduit. There may further be steps for flushing and
.cleaning the reservoir and the syringe, by operating valves Connecting bothtoa
source of cleaning liquid, to a second vacuum source, to a cover-gas source,
and to a drain line, and operating these elements to draw cleaning liquid into
and through the elements, and then ejecting the cleaning liguid to drain.

In embodiments of the method, in step (b), chemicals are added in
solution to samples from chemical alteration modules comprising at least one
chemical reservoir having a solution of precisely compounded chemicals and
'-apparatus for providing portions of the solution to the samples. Chemicals are

drawn from the chemical reservoir for addition to samples




syringe is preferably operated by a plunger driven through a precision
transl ati on nmechani sm enabling precision volune control, gﬂg t%oér ate of
pl unger translation nay be varied, varying thereby the rate of™1q qui d
noverment. The precision translation md€hani sm may be driven by a precision
stepper notor. Also in enbodi nents chem cals are provided by operating a

t hr ee- way prsfeirabdiibyg ssainge cooneeted dy interediatoochditit toctht lchemivadi cal
reservoir and to an output conduit. Portions praqvided to other_elenents
may be pr SRPEHEW g BAgRET 19 sRtstdensally the stifaco et seipEon pptheseseveite out put

' ' : h i cal i dul d h
connect o 1 SREFREANGHe b phe AT g b A S APl et Sntual ones
of the m ?f‘erc%e%\fmﬂe of TheTBstulbn i&ﬂ{édéﬂevﬁa;iitc%!’}‘téﬁéﬁﬂﬁ' Yﬂa@%g{iﬁ@e.(’!‘h&mr e Input

conduits feeding one output conduit, e conduit p arranged to

provi de f pyringenis pacfefdbbyopeachteSbip a tphumiges kdrigen dieiough aqliiasigivnt o i nfl uence
m Xing. In sone cases the isotope mxture is provided fromone or nore go
i sot ope dirpuglatéon msgbandsme enghling prgcision ealsmemeatiodamneltbe rats@fvoi r

containing_ a mxture.of isqgtopes ,of a.specie to be evaluated, the m xture
of i sot opBYMGET éarf‘%ﬁ‘tf‘?ﬂl nﬁéﬁ&’%é‘t"ﬁ’ﬂal"?@@&ﬂ%%@? r?tl‘?r(gﬁtﬂﬂu mechani srnI to
rovi de ' - M : : . I ca

Dppar at us oLk AL 1o rB6isicR il fFIPHS Bu0ta bOS B0RNEY U7 &
syringe Cﬂ@p}ﬁéﬁrﬁ@toby intermedi ate conduit to the isotope reservoir below a
surface of the mxture in the reservoir, such that wthdraw ng a plunger
of the syringeAbyp ia emianlisent cicancas drapovidql lee bperatiug latheecofay he ni xt ure
in the isotope reservoir into the syringe., Further the _syringe in

enbodi ment¥itting yalveiconnggted to theaidudf tovtbe chemmtrad Fessryivand fon

transl ati e &1‘8 i-ts ngbl i% I CisSi 0 volturre nt r ol nd t he control
and nanag@ﬁenf @étghﬁ%‘ (—R{%gigg 58“%?5@ IP%R%%E\‘Y ffﬂlf?déqe .?1%5 tion. In
some_casesmifedlARhE RS of hite HipdR tObn B With bRE ifhiRtshAbdedgrechani sm

13 January 2006 17 ~In sonme enbodinents t syringe 1I's connected through a

t hr ee- waythswhtoilicad gltestioa modileandandthicr cbanédied icai@per medaleai r and to an
out put conduit to provide the precise volune sanple to other el enents of

t he anal yihe@aplytigphannaratys. Iadivideal oves of gresmprasy mpocbe foroederf el ements are

provi ded éo%%ﬁ%n&ions having two or more input conduits feeding one output

conduit, with the conduit paths arranged to provide for laminar flow and
substantial direction change to influence mixing,

In some cases the isotope mixture is provided from one or more go
isotope dilution modules comprising at least one isotope reservoir containing a
mixture of isotopes of a specie to be evaluated, the mixture of isotopes at a ratio
not naturally occurring, through a mechanism to provide a portion of the
mixture to other elements of the analytical apparatus. Further, the portions of the
solution may be provided via a syringe connected by intermediate conduit to the

| 1sotope reservoir below a surface of the mixture in the reservoir, such that
withdrawing a plunger of the syringe by a precise distance draws a precise
volume of the mixture in the isotope reservoir into the syringe. Further the
syringe in embodiments is operated by a plunger driven through a precision
translation mechanism, enabling precision volume control, and the control and
management system is enabled to vary rate of plunger translation. In some cases

a precision stepper motor may drive the translation mechanism.




m xer having two or nore inputs to one output, with one input connected to
the isotope dilution nodule and another input connected to another nodul e
in the analytical apparatus. |ndividual ones of the m xers may be

i npl emented by conduit junctions having two or nore inputi3dondui®§ feeding
one output conduit, with the conduit paths arranged to provide for |am nar

flow and substantial djirection change to influence m xing. In sone
enmbodi ment s i s&éﬁ@%fﬁ?@fﬁ%ﬂ&%@%%&%&f%eaﬁeﬂf a YBec Bl at i on

| evel s by LRt al Dy | ' i I t S | fic
concent &t ot iE (oS i€ e AidRRdo Thelsstobe thsdhvPlahlo s fadtafuttha

m xture withlproaky 8 pletREVDHak ¥8Rbld ®SRh%%IEmehiitoriRt ¥aATyHEgSer voi r
containing 'the solvent comon to the isotope mxture in tThe i|sotope

r eser voi r ,apparatus, aheé theipémions pravided hothes gletmmtoireproviigd shroughnect i ng

conduits and m xers, enabling portions of the isotope m xture to be
di | ut ed. t dUXEE S_RYING SWELH RS 1RYLS 1o one cutmgi withpnevnpeicanaceicdde the enent s

ol dsan JeAPbE AR TS and SydhelRphl ihsRei s Spalter iR e IR Cne

mllion p L&t . . T &g ' ,

connecti nghg%iggll %‘gﬁ%ﬂégnl’lﬂ Eﬁdérl%ég%%gfg% ﬂ;ﬁ% ;ﬁ}éﬁ of SIFI;%%{FQ%&? of

magni t ude coadwit furpgiots hevingrtisd dranofd ipphd cordutls Feetliag oa¥lougars i n the

- system of syringes may be operated by a plunger, such that wthdraw ng the
pl unger ofconfeitsiith trgecandudt pathearsangtiddvgmoeidedonlaniaapflowi ael vol ume of the
mxture in r%e L. SOt ope reﬁervoi r, 'gnto t he .syringe. Further, the plunger of
an i ndi vi dH §a1§t§,qﬁith'r§§t1%§ BRG0P EHCRGE BLYREa precision translation

mechani sm enakl | | 64 Vi 0 I ) st epper

not or may be u%g&%%ﬁdﬁggﬁtségég ofrﬁ gﬁ]tééss%/rlﬁ ipﬁg‘é@%ﬁntﬁﬁfz&@gt em of
-syringes @Mcé?@raﬁ@ﬁﬂ@@él@ﬁ%/l?ﬂaiﬁtﬂiﬁiﬁ laRGsot8he ffixkRe i dis¥ivdnpht 4 Nputs to a

m xer having a single output, such that, with one syringe holding a

preci se vepenBic shnceatratisotinplee isoidperresatoir, 4nd difuttmgnpenionatofdmtand a second
syringe holding a_  precise volunme of the solvent, driving the plungers of
the two 1@113%8&1511 e teTD 3 b seseoinghe selyentreseyoii eaniiaing

~sinultane tes an ,sotope m.xture at the single output of a
ot eci o edtoudlEBkERnE RulbRROPEe Buhifi e fle oot bR lidie e i xture
In dilution through a system of syringes, connecting conduits and mixers,

enabling portions of the isotope mixture to be diluted to lesser concentrations
before being provided to other elements of the analytical apparatus. In a
particular case the isotope reservoir holds an isotope mixture in a
concentration of 1 part isotope in one million parts of the mixture (Ippm), and
the system of syringes, connecting conduits and mixtures enables dilution of
six orders of magnitude to one part per trillion (Ippt).

Individual syringes in the system of syringes may be operated by a
plunger, such that withdrawing the plunger of the syringe by a precise distance
draws a precise volume of the mixture in the isotope reservoir into the syringe.
Further, the plunger of an individual syringe may be driven through a precision
translation mechanism, enabling precision volume control. In some cases a
stepper motor may be used. Individual ones of the syringes in the system of
syringes may be connected by switching valves to individual inputs to a mixer
having a single output, such that, with one syringe holding a precise volume of
an isotope mixture at a first concentration and a second syringe holding a

precise volume of the solvent, driving the plungers of the two




t he one syringe. In enbodinments of the present invention, taught in
“enabling detail 5 below, for the first tinme a sanpling sy3tanary 2004r ovi ded
wherein sanples from fluid baths may be drawn, and concentrations anal yzed
and reported, on a continuous and fully automated basis. Brief description

of the DVEIW3®46l0 Fig. | is an exenplary graph show P§Ta&31se2ati on curves
for a mass spectronetry instrument8 and how t he curves nmay change under
various circunstances. Fig. 2 is a block diagramillustrating, at an

abstract |evel, an exenplary 15 apparatus in an enbodi nent of the present
‘invention. Fig. 3 is a block diagramillustrating in nore detail a nodul ar

: del of .Fi h
T 2gr o HEEL G284 PRSPl e il cxpnonon et

20 Fig. 5 IpSccBesqibemt:mrﬁ:eﬂtaﬁgﬁ&mméd s bsmthgoRoLhe M@t i Nt roduction unit
fromFig. % n expanded detail. Fig. 6 is a schematic dlagran1lllustrat|ng
a dilutionBoWGEEREKit from Fig. 3 in expanded detail. Fig. 7 is a block
. diagram of a coff &lodiyetRITeSRSeht IRl < the present

~invention. Description of the Prgferred EnbgﬁlnenPgﬁ%%erV|em130 SpeC|ated
| sot ope SDi IbﬁlOWofﬁ)rMgstw@cﬁsamnbwsysté@llmlde@wh@ensa:m;ﬂescfromn the ' 259

patent to renced, abov has een vel pped to -assess 13
January 20?@%%3‘7%3’@% 1086%, %_’L Tﬂf'%ﬁ’t(infai cation of species
and al so t kentinutuisand ffidiymionaned. badin) S| DI\/S a predet erm ned species is

specifically isotopically |labeled and introduced to acconplish such
nmeasurenents. The species of interest is previously known

Brie:f description ef the Drawings

10
Fig. 1 is an exemplary graph showing calibration curves for a mass
spectromeiry instrument, and how the curves may change under various
circumstances.
Fig. 2 is a block diagram ilhistrating, at an abstract level, an exemplary
15  apparatus in an smbodiment of the present invention.
Fig. 3 is a block diagram illustrating in more detail a modular
instrument after the abstract mode} of Fig. 2.
Fig. 4 1s a schematic diagram illustrating an extraction module from
Fig. 3 in expanded detail.
20 Fig. 5 is a schematic diagram illustrating a chemical introduction unit
from Fig. 3 in expanded detail.
' Fig. 6 is a schematic diagram illustrating a dilution module unit from
Fig. 3 in expanded detail.
Fig. 7 is a block diagram of a control system used in an embodiment of

25  the present mvention.

Description of the Preferred Embodiments

Overview
30
Speciated Isotope Dilution Mass Spectrometry (SIDMS), as described

1n the "259 patent to Kingston referenced above, has been developed to assess




and.specifically evaluated. In this invention the | abel ed species
(frequently 5 multiple species simultaneously) are bei ng i6daairezhos n
solution and are not previously determ ned in conposition and structure
until evaluated for structural information. Quantification is of the

el ement aWQ BAOEMD speciation information first establFCERAER/E83pr ocess

t hrough dynanic equilibrium establl?shed with a non-conplexing salt of an
enriched stable isotope inreal 10 tine and in-process. In the SIDVS

nmet hod, as enabled in enbodi ments of the present invention, one may
acconpl i sh unattended operation of an apparatus that wll accurately

noni tor el . £ ] hreshol d. | evel s, i ify, and quantify
el ement al ?gﬁgﬁkﬁg@?ﬁ%ﬁﬁe@%%%gﬁ# é‘% I%i%%%ﬁggs'ilﬁ qu&g[tfs&s. Unli ke 15
tradi t i onal prédaldBmireil sparies iogedfiaiin emprally labReD@sniRasdienent at and near

‘the detection limt of mass spectroneters, Cenerally, the apparatus in
enbodi ment S2EPPRIE S LATEPRE nthesReqiRsed nterask sgronassiydeped f or | n- process
Measur enentandWidialf oAERIP MefhisSnveRiSS B ek LRE led to a Mass
Spectronet er %?P ASI?R/.S). The IF§- AYPI. 20 I\/E glpggjr%g%ggﬁlqg&ggsi gned for

i dent i f i%cati@Hplespecips simulineonsly)oue bfingtrestehinablutieomidard mwant s or  conpounds

-and species_|] g% m’thout rel.l an upon a.hi nper at ure ar gon
pl asma for spé%‘ﬁ? Sillyg#el s ]rlr(;ec’(]qnlﬁ()?l%l%mgaesmlgtﬁr-e Bi;eé'gy‘éte‘is foaui d chronat ography
HPLC separ atrncnra infipmptitorQuaatificadsnisemertclembiRl joRShd 4RERMon N i1ts several

enbodi nment s _tgescri bed in enabling detail 25 below, and others within the
spirit and Bogpaiagsintsglabipedinmgicess thioagh dmamic eapiibiieat i on flexibility and

growt h al ongyihdnbd oy a?xBﬁ—E&rQ]ISlE:)iﬁlg% §aﬂ%?ﬁ?ﬁ{chp@staﬂ]&g&5ﬁﬁ5%a?d to nmeet these

needs. The instrunment has nu e configurations. ese nultiple
conf i guttat itegsandmeprogesdeal with gases and liquids. Wthin the liquid

anal ysi s regi ne, figuratio cconmpdat e tra pure water 30 (UPW
~ and a broad ass%l?{hgén of 4 ?d‘;%s e&ﬁ@e{g seé@gﬁ‘mﬁ“sa? etpVﬁgrEal ly utilized in

manuf act ur énwdntisg Bhe ag deb@pligambnded HREMoAST 4 PPahius Hawiexanpl e in this
specification, and also . in other industrial_ applications. 13 January 2006
WO 03/ ooagﬁécwg‘]ﬁ@g@ﬁﬁ@mmEWCPWE@%QH?SMtI@Gldemm@ li quids, the

i nstrument gubhilfy ZRMeRA deh@ffia8ts or tompounds and species in fluids. Unlike
15 traditional IDMS this method enhances and improves measurement at and near
the detection limit of mass spectrometers.

Generally, the apparatus in embodiments of the present invention uses
the SIDMS method for In-process measurement, using an Atmospheric
Pressure Interface coupled to a Mass Spectrometer (IP-APT-MS). The IP-API-

20 MBS apparatus is designed for identification and quantification of elemental
contaminants or compounds and species in fluids without reliance upon a high
temperature argon plasma for equilibrium or requiring a high—pressure' hqud

- chromatography HPLC separation step prior to measurement.

The instrument in its several embodiments described in enabling detail

25  below, and others within the spinit and scope of the invention, integrates
application flexibility and growth along with key attributes that must be
incorporated to meet these needs. The instrument has multiple configurations.
‘These multiple configurations are to deal with gases and liquids. Within the
liquid analysis regime, the configurations accommodate ulira pure water

- 30 (UPW) and a broad assortment of acids and bases that are typically untilized in
' manufacture of semiconductor devices, used as a particular example in this

specification, and also in other industrial applications.




Spray Tinme of Flight Mass Spectroneter (ES-TOF-Ms) for high-speed
measurenment in very low parts-per-billion (ppb) range. Thi3SahsyTWOk- M5 is
enabl ed with corrosive-resi stant hardware where the application warrants. A
-5 second configuration consists of a conbination |iquid chromatography (LC)
punpi ng WRIBEMIHNd an El ectro Spray Tinme of Flight MaPETEHSeXBIneter (LC
ES- TOF- M5) for neasurenents in theZparts-per-trillion (ppt) range. The

el ectro-spray (ES) is the interface between the LC and M5 conponents and is
operated in a non-cl assical manner. 10 The instrunment in preferred

enbodi nents is conputer-controlled, with the flexibility to change

operational conditions for varjous solution conpositions, conponent

anal ytes, and dg‘l]&?]gf’%ﬁ’e’i‘tﬂﬂatnajryé‘?]]&‘i‘%l‘gﬁﬂg’ﬁﬁ‘?m%ﬁ@é?ﬁsﬁﬁﬁfﬁﬁoand cheni cal
speci es quagihf TRl drPhgRMasd SpQueneRt 6t tOr VM) Yor GONLJ.gyr ation. The

i nstrumnent 6\‘:%nr %I | pref gjrﬁr edS e?rbodi _rren?;sé IS gdgsr?;fgrc}tﬁigp@r?g&lw configured to be
| ocat ed i n BEBYEGRIOR VAT IgW patsties-billien (pphlatngsy TijaESAEFaME8ds process

equi pnent t nal ; IS, 1Rl nted in materials conpatible wth
a cl ean roo%nagng%mggﬁu@ﬁéagﬁﬁ@%ﬂg%ﬁ%% e s RRALS; & curr ent use,
such as % hesecomdiohfigehtionconsitost apoadimtopbaidgeahiorBisi(sCy | CP- MS), are

not conpatible with cl eﬁn ﬁ)om g‘anuf act ufrlélgg envi ronnents that are 20

envi si oned THPRBE Tsigmset an legire Speae TiprettibgRiNass Spprtemeier €-enbodi nent s of

the presentgs PoeOUEPRr hSaculSaisGR R nhfs-SREARL n for long periods
of time, maintaini n)g; ﬁi_gah de rsees gf Srgalqi abi ?@W}ﬁ;ﬁagggr acy and
preci si on. cltnte-spey4BE)dsibieinteréage bytweerethy Lagmd Mhédngonehts sdtiopi ¢ rati o

neasuremnt@&a&eﬁh?%ﬂ-ﬁ@sgﬁ%fﬁg m nimzes 25 the use of calibration, and in

many cases I'mnates | e§i. Additionally, the instrument wll

measur eiel enent Shancktrombginipefiredbnbglinkeithissoediescabollddi@gr conmponents,
provi di ng dqaltg r,é,(fhnesgaélr equi red by sophi sticated, chem stries and

eval uati on PHEFEbil tochange gpsrattopphrandsiionsfer vgRBHOMEPR preferred enmbodi nents

of the 30 §fbns! bR Bndisted SndPidYEL LAk enments in all the
QG AR fted, EnPRAKBR 1 redull il

sol uti ons n wafer manufacturing in near tinme. In another
enbodi nent GonseriyatioremdghemicAlspedivsenveiidivabersaraalse etablefl aclhiswi th an

| nter preti YAk Ynb HRLARH b0l SYRLE AT AN Yo PRE AP 03/ 006946
15 configured to be located in close proximity to the wet bench or gas related
process equipment to be analyzed, and is implemented in materials compatible
with a clean room manufacturing environment. Some instruments in current
‘use, such as the inductively-coupled plasma mass specirometers (ICP-MS), are
not compatible with clean room manufacturing environments that are
20 envistoned in this application.

The instrument in preferred embodiments of the present invention is
developed to operate unattended for long periods of time, maintaining high
degrees of reliability in accuracy and precision. This is accomplished by
relying on altered isotopic ratio measurements of elements, which minimizes

25  the use of calibration, and in many cases eliminates it entirely. Additionally,
the instrument will measure elements and molecules, along with species of
these components, providing data richness required by sophisticated
chemistries and evaluation tools.

A clear objective of instruments in preferred embodiments of the

30  present invention is to analyze all the elements in all the solutions used in

- wafer manufacturing in near real time. In another embodiment the system of

the invention has an interface with an interpretive advisory information system




21 that provides process control status and predictions on optinmumtinting
for solution changes and informati on on whet her each soli@tdnesmy 2®6w t hin
t ol erances, based on the specific processes and end. The anal ytical tools
of the present invention in various enbodiments 5 provide near real-tine
anal yti c¥MO BHegt#cal netrol ogy of contam nant concent PETIUSHREISE

seni conductor fab reagents and cl e&hing solutions. These contani nants

i ncl ude, anong others, transition netals (e.g., Co, C, Cu, Fe, M, N
Ti, 'V, and Zn) and conpl ex species of these elenents in fab solutions.
General ly, however, it is desirable to neasure any additional elenents
present 10 i-gni f i nce i In preferred enbodi nents
neasurenent%ﬁggghggé%kﬁﬁgﬁmg fglhgﬁﬁﬁkggﬁ?FgFog ﬁ?ﬁ??ﬂ%ﬁgf sol ution. The
cont am nat i siutoorchety atlieforztiog en thather sitisiolliRnassrzaed i s nid-ppb to

| ow- ppt. As Zeem' co du(gt or chi eonetries continue to shrink, contam nants
have even gPLEIESES Baspdeny thgspeciie Wocseses iqdends 15 the final products.

Addi tional  chemiBalaipiar 188k ioPhe Phdstnt bl @A dn M v!ﬁf‘aﬁsei?ﬁaaiﬁ]@b conpl ex |igands
and conpositions that” are responsible for specific chemcal reaction
event's ahd BR#ESE Beapraakiime arghytical chamicehmelfolegyerficorthminenidi t i ons. Abst ract
Descri ption . - Ls.a hl ock diggram,j,llustrating, at an
abstract Ie(\;/og]%nlhgﬁ&{es%ggn%?l%%gu&g%ﬁgfeg elsjnés ?nﬁ Céar%mg%o ilc??éh'theﬁef t he present
i nventi gn, contaatieahfs ittdimieeammgpnh:qw,itraﬁsétic]:cntrﬂetﬂ@w_g.,lqtd,@,_(giE\Ie;et bat hs i2n
sem conduct.Q ut acturing.as speci fjc exanpl e of application. 25 In
- Fig. 2, sa eﬁﬁg’ééﬁ@ﬁ#@ agéiorpéfﬁ SEERT %fthﬁéeﬁfne%iﬂb@)é@é?%i rs for
~hol di ng sarmér@ramgj KeP&Sit Y deSifableQo PieRsuRé A5/SRi8188k] eﬁ:ﬁie}ﬁﬁ o ¢ng, and
analysis. Fig. 2 is an abstract nodel, and does not show detail such as
appar at s faisignifigrat cergerizath®e from t he processing baths that are nonitored,
but such appar 0. be.incl uded. s described in nore
detail 30 bel ow&ﬂklﬁeféﬁ%gﬁl %(ﬁ%%#gﬁl% S?lgerﬁnegsa{%rga[gea% iﬂlg%dse'rvoi rsisto
provi de f ormiroligdriguangitips cfephtied.i The dontanitation vé@ikeltatibe ARpd they ed, bagd to
enabl e a significant . .cha in flowrate, which is also described in
Saart onal T B FRBR LR B et Ao tucior chip eometrie -

continue to shrink, contaminants have even greater effect on the viability of

15 the final products. Additional chemical information will identify key chemical
complex ligands and compositions that are responsible for specific chemical

reaction events and enable precise optimization of chemical conditions.

Abstract Description of Imstrument

20
Fig. 2 is a block diagram illustrating, at an abstract level, an exeraplary
apparatus in an embodiment of the present invention, related, where _
appropriate, to monitoring of wet baths in semiconductor manufactuﬁ;lg asa
specific example of application.
25 In Fig. 2, sample reservoirs 201 represents one or more reservoirs for

holding sample solutions prior to pre-processing, spike mixing, and analysis.
Fig. 2 is an abstract model, and does not show detail such as apparatus for
pulling sample from the processing baths that are monitored, but such
apparatus may be assumed to be included, and is described in more detail

30 below. Animportant function of the sample reservoirs is to provide for an air-
gap separation from the wet-bath monitored, and to enable a significant

change in flow rate, which is also described in additional detail below.



WO 03/ 006946 PCT/ US02118023 22 As descri bed above relative to SIDVS
sanpl es may have to be pre- processed in sone instances tioJpnepaoe for
anal ysi's. There are a variety of reasons for such pre-treatnent, and an
equal variety of procedures and chem stry involved. As an exanple, one of
t he usesVsF03(HB4%dat hs in 5 seni conduct or processi ng i PCEUSHA/IREE3OXi des and
ot her materials on wafer surfaces22The solutions used in the etching baths
may be highly acidic in sone -cases and highly caustic in others. Sone
such solutions may be detrinmental to elenents of the instrument apparatus,
and the raw sanples have to therefore be treated to substantial ly
neutralize the [% 10 The nature of the
0

instrument in e fangjﬁ?gé%tﬁ? tgeﬁ%%thgggﬁn RS IFW anqﬁﬂree froma sanple

reservoir |wocmtqdwmmjnstmmtoqmama for alabysis( THeta kiez6mtietydppar at us,
typically a | am unct%a?n to be described nore fuIIy bel ow,

and, in oné" t‘%?gtgtﬁé‘éc é’ﬁ%ﬁ?@ﬁ?ﬂq’r"’é‘g@ﬂﬁ? Y eptipressieeaprdbe i ntroduced to

the sanme eqihemiigtdiolvelln ABRREIRIDIS, Bﬁé@ﬁﬁ@ue@ﬁ@fﬁ&%ﬁ%éﬁ'd sanpl e is
i ntroduced 15 to _another equali br ator al on e solution, and the

resulting srreaduciernieaessng 18 etehiag otidesrnd mafemzlmom’hrekt rospray system
spectr onet e Hedtss The SIARRPALH ol S HERERERAY bl Rl BipRGafoms’y 0 2 MO°

“spectroneter. overa proce
sequent i al | gpsesand highly caustic ésstherenBomgsuah solafics iniag be UeritRftalBS S

spectronete 2 | e introduction paratus 203 represents a sub-system
f or controﬁ?’lé%??ﬁ‘t?%g%f'f BBT‘apgérﬁﬁﬂseanﬂﬁgrf?‘f’ﬁ@nﬂﬁ%haﬁ?f%gﬁéf%bml e reservoirs
201 into, &aatvdctetdbytaﬁctmmu@tdh%ﬂite@éldrdptaséhétm AJ%L, oduction

apparatus 205 represents a sub-system of there y be several, for

prepariHy spi ke Theaptgreiofthe mwebenﬁglbochmen!egtﬂm boentmodyvibat a known mi xture

of isotopes,Q| %]ﬁ)q di.ffering
significantl y£ etrﬂ(;)%ltg y%uraﬁfs%%)?‘?:%r rt? %nge etﬂfr% % Etlllé gpeci e in the
sanpl e. Chewpaalus, rty;dtaﬂﬁy@dﬂnnnﬂr—ﬂmpaﬂ}taﬁmnct&ﬁﬂo bEfaIR brafuiybsyst em  of

whi ch t her fr‘% cL}so be everaI dn different . enbodi ments of the invention,
to serve t H&NafY Fn?ﬂ‘elg FEgFtIngAltionymay ke ippdrgedioni t or ed; for

i nj ecting iike bR eqaﬁtﬁﬁdff(inﬂﬁ&ﬁﬁ%%teﬁl ﬁf'e%c%sdeﬁ'sa%})l@i{ﬁ%g}o?ﬁ cqgmount s for
pre-tr eat n‘ecr)l tano%]:er%:gu 1%31%0?‘2{0?1; swtg rsplig goehgtlo?l énléll ﬂr]]g fesultmg Splkeg "¢ analysis
solution is then introduced to an electrospray system integrated with an
atmospheric ion generator for introduction o a mass spectrometer. The
overall procedure, at an abstract level, is a sequentially cascaded process
ending at injection to the mass spectrometer.
20 Sample introduction apparatus 203 represents a sub-system for
controlled injection of sample from the one or more sample reservoirs 201
mto, typically an equalibrator not shown. Spike introduction apparatus 205
tepresents a sub-system, of which there may be several, for preparing spike
solution, that being, as éescribed above, a known mixture of isotopes of the
25 sought-afier specie, the ratio differing significantly from the naturally-
occurring ratio in the specie in the sample. Chemical modification apparatus
207 represents a subsystem, of which there may also be severa} in different
embodiments of the invention, to serve the number of sample reservoirs and
baths being monitored, for injecting in the cascaded process chemicals in
30 precise amounts for pre-treatment of sample before or after spiking, and before

" analysis.




13 January 2006 WO 03/006946 PCTI US02118023 23 The order of the

i ntroduction and the nodification sub-systens shown in HBdruady 3086 exenpl ary
only, and can vary considerably, which is why a path from apparatus 203
directly to apparatus 207 is shown, and direct paths are also shown. 5

Sol uti on a0y unit 209 represents sub-systens of fRAINUSOUBAMIUIt, check
~val ves, switching valves, vacuum sdb-systens, drive units, and the like for
‘movi ng. sanpl es in precisely-nmeasured i ncrenents fromone place to the next
in the overall instrument. 10 Once a sanple has traversed the cascading
system and has been pre- treated as necessary and spi ked as necessary it is
delivered to an nospheri ¢ , i.0on. generator 211 which conprises an

el ect rospray subﬁ%ﬁ%ﬁﬂb&m@gﬁ‘gpgfp the mpdificedon sbystemeshpvapar ed and

spi ked sanpheriOr isieRdnhfaty GhiyOshdlctn ParfBSRIdR yalpath Whi ch may in
sonme enbodi rren-t%s be alﬂﬁgdrgbol e 15 ins%r%ﬁe&t?\??ﬁg%ﬁ@n o%hhers a

time-of - f1i &8 spRyeig irectly togpparatpe2(ip shopinaanddlinest pathearski [ | ed arti san

t hat the de?f%g ion thus far has been of a systemw th potentially a
plurality of reservoirs for sanple, a plurality of chem cal pre-treatnent
appar atus, and aSdliriod lmndiplgumaR0? yepebentsbleygnseflfiviyenais, and that such a
system nay be gedi cated to sequential 20 analysis of a variety of sanples,
several of W%h may in various stages of treatnent and processing at the
same tine, Vi, SRR YaRemaeEs-ERtdnRdddR mRE ARkl by del iver prepared
sanples to the el ectrospray, and hence to the nass spectroneter. The nmass .
spect r onet eMOViNgSAPIALR PRsisglimeaagiredigcisments Spmame plags todhe rembt her , provi di ng

i nportant i Mo} IQPR t he concentration 25 of one or nore

const i tuentg@%gg&%ﬂg?a |#l§/ of baths connected to the nodul ar system of
var i ous 1enbodi medhe atmpléapraseed the oaeadingsystetiad hixsiceapent descri bed
herein in various enbodi mentﬁ(ﬁ(%s conputer.- controlled and panaged, and

various funEF7EHas ngestaReand\saiked s neprseary it indfiversd & anaimeiksent are provi ded

by a m cr ocian-RGRsSA which RRiprisah bR &Prag htb-bydieRLofF i horiAng M Cr opr ocessor
215 conprises a data collection and anal ysis system :
and 1omzing the prepared and spiked sample for introduction to a mass ’

specirometer 213, which may in some embodiments be a quadrapole
15  instrument, and i others a time-of-flight instrument.
It will be appreciated by the skilled artisan that the description thus far
has been of a system with potentially a plurality of reservoirs for sample, a
plurality of chemical pre-treatment apparatus, and a similar plurality of
spiking sub-systems, and that such a system may be dedicated to sequential
20 analysis of a variety of samples, several of which may in various stages of
| treatment and processing at the same time, with the instrument controlfed to
sequentially deliver prepared samples to the electrospray, and hence to the
mass spectrometer. The mass spectrometer, then, may be generating one
spectra after another, providing impottant information about the concentration
25 of one or more constituents of a plurality of baths connected to the modular
system of various embodiments of the present invention.
The instrument described herein in various embodiments is computer-
‘controlled and managed, and various functions of the overall control and data
management are provided by a microcroprocessor 215 and controller 217 in
30 Fig. 2. Microprocessor 215 comprises a data collection and analysis system
219 and an information distribution system 221. Mass spectra, among other

information, is sent to unijt 219, and data may be manipulated in any ofa




219 and an information distribution system 221. Mass spectra, anong ot her
information, is sent to unit 219, and data may be mani puliatachrt 00@ny of a.
13 January 2006 WO 03/006946 PCT/US02118023 24 variety of ways, under the
auspi ces of controller 217, executing software proprietary to the system
~of the i W@0eM¢ and unit 221 delivers processed i nfrETAROVBM3t O a system
(and user) interface 223. In sone @&ses interface 223 provides displayed
information for technicians and the |like to nake decisions 5 involving bath
mai nt enance, and in others, may provide data directly to automated systens
enabl i ng bath mai ntenance. Data and processed information may al so be

provi ded to_Qqv ab i nt enance sof r devel opi ng historical data to

match for n%%f%oﬂflrdﬁgé’@gd% %“@Pé‘%ﬁseﬁﬁ?ﬂgfeb%@ﬁp?%@%%ﬂ@a#esm ting

subsequent | yropricany tefhe Efstad SUBSH@Ehtion, 40 AnADM dBb &€ protsdpt hs. Fig. 2

illustrates. sanﬁge anal yzer systemand path to da?a collection wunit 215,

which is anmg‘ﬁf‘ﬁag io agxgieh nd gsqrhmicripendi2ie it spmsfeaseh intgrfase 228 | nvent i on,

- and may be pooded BE1AR LAl {é@*ﬁ{ | CRakeSiS a8 PH,

tenperaturé?§ang tﬁggﬁﬁke}ﬁ%igg&g a sg&%ﬁ@%gﬁﬁgFggggwgggmgﬂ%onatograph 227

and. 15 & |inyuvagdhihementognespimdil othehmsepronids datadizectlgtio needed and not used

in many pr nbodi nent.s ,of the invention, but are useful in sone

appl i cati on%{t&ﬁ%%gsyst}%]? & %ﬂf TaTeReE Feta Qﬁrﬂg?s?eélct | evel herein.

Modul ar | nsinfoiietiin iy dso¥eghdideddo SRAPEF Bt Eis8wael S @ bl ock di agram

' illustrating in nore detail a nodular instrument after the abstract nodel

" of Fig. 2. Yovelones histosicaldatas matsh fqringany purppsee math seraicondugist r at ed fi ve

extracti on SRSl ESH ngem j ' dul.es.. and six dilution

~ nodul es, aJﬁEinterc%nnégﬁe ' yl??EFﬁH%%ggﬂﬁ%%ggﬁgﬁggmgéFFching val ves to
manage $&anphadls. and ul timately deliver prepared sanples to electrospray and

hence to mass spect,r. try. Th chem cal introduciion_ nodul es and

di | uti on modul egﬁ%r éﬁ'%’grf‘{?y%%a&p e Z@rgy%%ia?@p%toémoggcu% portions of

sanpl es extunici16dwlivh ishg opidnEpbirafs FahoanentRF hepR&EHT | Ccal Iy extraction

nmodul es 301, 305, 309, 313, and 317 are
mvention, and may be used for qualitative analysis of samples, such as pH,

temperature, and the like. Fig. 2 alsp illustrates a gas chromatograph 227 and
15 aliquid chromatograph 229. These units are not needed and not used in many
preferred embodiments of the invention, but are useful in some applications,

and therefore illustrated at an abstract level herein.

Medular Instrument in a Preferred Embodiment
20
Fig. 3 is a block diagram illustrating in more detail a modular
instrument after the abstrgqt model of Fig. 2. In the modular unit of Fig. 3
there are illustrated five extraction modules, three chemical introduction
modules, and six dilution modules, all interconnected by fluid conduits and
25 switching valves to manage samples and ultimately deliver prepared samples
to electrospray and hence to mass spectrometry. The chemical introduction
modules and dilution modules are both dedicated to modifying samples or
portions of samples extracted by the extraction modules.
More specifically extraction modules 301, 305, 309, 313, and 317 are
30 shown paired with wet-baths 303, 307, 311, 315, and 319 respectively. Each
extraction module is connected to its wet bath by at least one fluid conduit, as

module 301 s shown connected to bath 303 by exemplary conduit 321.




30 shown paired with wet-baths 303, 307, 311, 315, and 319 respectively-
Each extraction nodule is connected to its wet bath by &8 Jdneesl006ne fl uid
conduit, as nodule 301 is shown connected to bath 303 by. exenpl ary conduit
321. 13 January 2006 WO 03/006946 PCT/ US02/18023 25 In practice, the
extracti Mo 03B0iMes are a part of an instrument in an PewhBeyweAt of the
present invention, and are inplenedted in a cabinetry sonewhat renote
necessarily fromthe baths to be nonitored. Part of the reason is that the
bat hs are spaced apart by the needs of manufacturing steps in 5 the fab,
and the instrunment of the invention is not necessarily a welcone guest in
t he- cl ean room Exenplary conduit 321 for each bath and extraction nodule
pair, then, wil ImB@g&e’ e gxiraciiempdelarage p partef ap irdmmende ek si t at es a
relatively : (ol : 303, to a
reservoir |%@2‘%§?§%@?§%ﬁ&aﬁt&% g?hexa?%g}egﬁgﬁﬁfég%af% rel atively high

fl ow rate ixmswbaatmottdetessaghsion thedeths &t e maripted. Partofithem ze ef fi ci ency of

t he nmoni toring syst artl ecause.t he di stances between points within
t he systemrﬁ%ﬁgﬁé%tﬁat%%tﬁaﬁ& L ?ega??#ék"fhﬁ'ﬁe g mﬁ‘%}l%ﬁ%&?ep%% very nuch
shorter i shefbemdiheinstiiient bfthé indtntibSd PR Geccbhflp A Wdcddtghedto the first
reservoir in the system The extraction nodul es are uni gue sub-systens

~whi ch, undéP Pesleaanense EFRIRlYY constug 34 frr sachdsibrand exteagtioem part |y descri bed
above, drawssaie A ¥ni h J ed, on a tined

basi s, effect i_ve?%?%gg??fgkﬁglg\%ﬁ?a&ng*é%?%cr?rgescg%%t%ng he bath, preventing
~any backf | owulatyely high flawirai obfangdefidre 2 baihdsay heth$6p.ao atdsarmoidld ows provi si on

of a portion of the rawn s I 0 tely different flowrate
(1 ower), ard eﬁ&a%ﬂogﬁflggg%awg‘gﬁlﬁg?ﬁi'oﬁ(?lgjﬁtglgiy}&%‘h‘i’?t"olls negded system In each
sanpl e myclie epmedadeyiatedinpto iRithice ERENAGRT iR iPeHSEsysW, sanmpl e portion
of the original draw, in this enbodinent, to a swtching valve (SV),

r epr esent ecd®@fify ergyise the distangesibetvase peyis v tha pysemmprpureathich hat al | ow a
number of iseMBRGAAI t pBAE Srd RoPBuEEhEH ke iigded Lo a single 25

directed output. For exanpfe, a precise sanp ume fromextraction
nmodul e 1 ( 36Gitipl distensa giomethe hash & the GohrbutrvoiBR3havyklermbe swi t ched t hrough SV1

(325) into Condl’l'lh% e%?a?:tiér? mggulgsealré ﬁ/nei\alﬁadsu{)-%s et Wi lf%lla e?r ator (mxer) 329,

15 management by the computer control system partly described above, draw raw
sample quickly from baths to be monitored, on a timed basis, effectively
separate drawn sample volumes from the bath, preventing any backflow or
migration of sample, and the separation allows provision of a portion of the
drawn sample at a completely different flow rate (lower), and in precise

20  volume, o other elements of the system.

In each sampie cyele each extraction module ]ﬁrovides a precise raw
sample portion of the ornginal draw, in this embodiment, to a switching valve
(SV), represented in Fig. 3 as SV1. The SVs are valve apparatus that allow a
number of incoming conduit paths to be selectively switched to a single |

25  directed output. For example, a precise sample volume from extraction
module 1 (301) through exemplary conduit 323 will be switched through SV1
(325) into conduit 327 to be delivered mto an equalibrator {mixer) 329,
labeled here as Mixer 2. "

In each extraction cycle for each extraction module a sample volume is

30 drawn from the bath associated with the exiraction module. The volume
 drawnis regulated, but need not be controlled with the precision imposed in

subsequent operations, because only a precisely-measured portion of the i




| abel ed here as M xer 2. In each extraction cycle for each extraction
nodul e a sanple volune is 30 drawn fromthe bath associ asegduan 1obé t he
extraction nodule. The volune drawn is regul ated, but need not be
controlled with the precision inposed in subsequent operations, because
only a pwemBe®b46- neasured portion of the 13 January 2006/08/BRE006946 26
PCTTUS02/ 18023 drawn sanple will b& sent on for analysis. It is known that
sanpl e constituency changes over tine (which is the notivation for
precision nonitoring), so it is necessary to discard that portion of an
originally-drawn sanple that is not used, and also to flush, purge, and
clean the ea&%&zﬁgéﬂxéﬁ@wﬁm&%m&tt%a%ﬂﬁ. ﬂ%(ﬁno%ct#lﬁ’s hgt material remaining
froma previous sanple contamnate a new sanp & > gque features of the
extracti on woshithasy changenpkr he (Widdleis ieopsvatiorefor pracigioslet ai | i s provi ded

bel ow. Wil . ext t e | | i i . | sely nmeasured
pgr? ;Non o:‘ éﬂﬁgoﬁngjfﬁéﬁ?@ﬁ%ﬁ%&?@&?ﬁ@%&g%&fﬂ Plgglgﬂrlﬁf%rg’gk%/racti gn nodul es

© o are 10 i sodagipROhitiORdtiubsl, Mo to ALSDpurks, AHRKIeR @6 eRfbiGl ency, a maxi mum

nunmber of sanples need be analyzed in a mninumtime. Therefore, while one

ext r act i bn WMAGHRIE theqercnriodest mptariakremampiedion hpreviohesasplr e i n vari ous

ot her stag : j L Vi i e he. operations are
precisely ?‘%ﬁe H%A;@%Iﬁleew%:o tlgoﬁﬂ%eyfg%%%§§%%?g§%%m§%d |Sg. 3) so, as soon as

one nodul e,ac8@iplisbthesxperpssitics, bhd fietail mhpesvideidelded. i very, another nodule is

ready to deliver,,.and so on. There.is, follow ng the above description of
extraction cycl e ,l?eaonseteég%ﬁt}‘mg’é’gﬂ%ﬁé@%@”ﬁ%ﬁ?&ﬁ?ﬁ%@“ﬁ‘é‘li vered to nixer 2

by ‘the ext rpgfidnuT aHRHnESample tOMBRE 2 (39 2188%E SAHHoR nlodufes REECi sely
measured portion of an original sanple.” Each sanple to m xer 2, however,
i s not Headgolpted fipmjteemiden Al de maxianze offidiensy, Doaiimsmmumbatef Some cheni cal
treat ment -angd . . ctdon-0f .spi ke solution is always.
necessary ][%ﬁp?ﬁg%%%gﬂg%gff?%ghﬁh@gn ?’orfgl.e rg’rv%hl%roge F’ﬁm{ﬂﬁoél illustrated
preferred entdndiisdelivesing itdsadmpld, the ofeekdre s, varibasaehe dtaf¥sloftiepn Modul e 1

t hrough Dil.ut. ngd, each is connected via fluid conduit and

i Modul e 6,
appropri at én@ﬁlggﬁ ‘ %%““ﬁ? ﬁ%%easv % ARETHIOBE AL RERMSFLY Aiepd Op dhe comtrol

system (not shown in Fig. 3) so, as soon as one module, 301 for example,

15  finishes its delivery, another module is ready to deliver, and so on.

There is, following the above description of exfraction cycles, a steady
sequence of raw samples delivereci to mixer 2 by the extraction modules in
order, and each sample is a precisely measured portion of an original sample.
Each sample to mixer 2, however, is not ready for injection into an analytical

20 instrument. Some chemical treatment may be necessary, and introduction of
spike solution is always necessary for the methods of the invention.

There are in the illustrated preferred embodiment six dilution modules,
Iaﬁe]ed Dilution Module 1 through Dilution Module 6, and each is connected
via fluid conduit and appropriate check and pinch valves (not shown) and the

25  like to a switching valve 3 (363), which is analogous to SV 1 described above,
in that it provides selective passage to one out line for several in lines. By
controlling SV3 (363) one may infroduce spike solution from any one of the
dilution modules through SV3 into conduit 357, and hence into Mixer 1 (341).

Dilution modules 1-6 provide a range and variety of spiking solutions,

30 each of which has an isotope constituency for an element to be measured in
one of the known wet baths to be monitored, and the ratio of isotopes is known

- and differs substantially from the isotope ratio occurring naturally for a specie




- 25 like to a switching valve 3 (363), which is analogous to SV I described
above, in that it provides selective passage to one out iBidagrf 06 Sever a
inlines. By controlling SV3 (363) one may introduce spike solution from

any one of the dilution nodules through SV3 into conduit 357, and hence
into M x#@O030@3%1). Dilution nodules 1-6 provide a rargeUusndsnzariety of
spi.ki ng solutions, 30 each of whi&h has an isotope constituency for an

el ement to be measured in one of the known wet baths to be nonitored, and
the ratio of isotopes is known and differs substantially fromthe isotope
ratio occurring naturally for a specie 13 January 2006 WO 03/ 006946

PCT/ US02118023 27 to. b S d. Each of the dilutjon nodules, in fact,
is a sophi 3? 5%2?@&6%&5@3}%#@&%@15%@ faglsts a5pPhidicEed i ng an i sot ope mi x
for lntrod_tsﬁlt;sya&ncb;bﬂble@kﬁ@tcﬂ'fsa&rtﬁ@@ﬁlis@&pbﬁﬁiPb?gm%ﬁﬁ 2 very low
concentratltl:)n gn-the-fly for_ reasons that wl | be nade clear in further

descri pti olse of Brepgipe isptopsspikespi@eprpu sondsaimtivalonite-fofbuct i on units | abel ed
as units 1’rea%0nsamgvﬁﬂbe é]@a?%lﬁﬂhé}]d%&nﬁhg 1%} ‘Qunbers 331, 333 and 335
modu uci r%%

respectively. These es are for Intro chem cals for any of a
range off pur posdberasre thes chienichl ntriodddiipn ahitMebelaiue bnigs], Roandgut ral i ze strong

acid or base ent.s of injroduc S | es. Each of these units is

charged wi taﬂdg%glg@glw QF‘EGIEHBW#%%%’ggﬁa‘fwsﬁ?ﬁée%"%smﬁebat hs to which the

system wi | badaezegleﬁeqbﬁﬁmdﬁuﬁlgbﬁémicaﬁ%klaﬁ;ﬁofaqaaﬂg%tbkﬁ%@ésleisQ«?t roduci ng precisely
ol o

measured quantities of these chem cals,” under co the conputerized
control sys$eered bl dbere, Bichaes toynentrdize sidigewil orbimerrbmabdnenBt i t uents are

provided o i 16 hi V2 cand thence to mixer 1 (341) via
condui t 362‘?%?%&%&3\%;/%&3@ P{/ﬁ%g\s{:@t%/%ecg?r%%de‘fvgt&?pé’aopélﬁfe B%m‘f’irﬂnﬁm di | ution
nodul esiol farthokigds & baihetoaklsich the systeteahll b deveted. Bdther, vktheh ni Xes the

hem cal (jf .needed), and the resultant

appropriate spjke. w.th appropriate ]

m xture gogﬁpa&g cﬁi“}?@fmc‘%gls} ‘as‘f%‘ﬁﬁiﬂ"fegﬁ?@“n‘ﬁ ithge shirieddintrdT is such that
al | of thecanl 6Pk 8iRputGRBS bddrlPRk®m dAeibed bhgHHEG. Sk Measured sanpl e,
the approprjate treatnment 20 chem'cals, and the’isotope spike, neet in

mi xer 2 anghepieal sgetifushia eredrevideden demped iviswéichingslet SY3 asbnduct ed via
g({g;ju:c : 0%6%%& tgqnlg%{gc(%%lgz,%ﬁx%dﬁ ) ssiz)?Llegn unit (atnospheric ion generator
_ 15 As previously described, selected spikes from dilution modules 1
through 6 are also provided to mixer 341, which mixes the appropriate spike
with appropriate chemical (if needed), and the resultant mixture goes to mixer
2 via conduit 359. Timing and conirol is such that all of the appropriate
constituents, being the precisely measured sample, the appropriate treatment
20 -chemicals, and the isotope spike, meet in mixer 2 and are eqalibrated there.
The mixed result is conducted via conduit 361 to an electrospray ionization
it (atmospheric ion generator 211) from Fig. 2. The treated and spiked
sample, vaporized and ionized, now goes to the mass spectrometer, and the
‘ratio of isotopes found by the mass spectrometer may be used to determine the
25 concentration of the specie sought for the bath monitored.
Tt will be apparent to the skilled artisan that the number and
arrangement of modules may differ in different embodiments, and may be
determined, at least in part, by the nature of the systems to be monitored and
analyzed. Also, the chemicals and spikes with which modules will be charged
30  will be largely determined by the application and nature of system to be
~ analyzed. Further, although Fig. 3 shows chemicals mixed with spike before

mixing with sample, another order may be used in some embodiments. _




sanpl e, vaporized and ionized, now goes to the nmass spectroneter, and the
~ratio of isotopes found by the mass spectroneter may be u3®thay@00ket er m ne
the 25-concentration of the specie sought for the bath nonitored. It wll
be apparent to the skilled artisan that the nunber and arrangenent of

nodul es WQ03E8er in different enbodi ments, and nay RET/USSYSH23 ned, at

|l east in part, by the nature of thésystens to be nonitored and anal yzed.
Al so, the chem cals and spikes with which nodules will be charged 30 w ||
be largely determ ned by the application and nature of systemto be

anal yzed. Further, although Fig. 3 shows chemi cals m xed with spi ke before
m xi ng with sanple, another order may be used in sone enbodinents. _ 13
‘January 2006 WD 03/ 006946 PCT/ US02/ 18023 28 Extraction Mdules Fig. 4 is a
-somewhat mnillxerackidnaVibédtles | | ustrati on of one of the five 5 extraction

nodul es fromFig. 3. For illustration purposes the nodule shown is nodule
301, as indicated, connected to bath 303 by conduit 321. A primary
conponent of t hegj Mi@@%&h%&'ﬂﬁﬁk@&tﬁﬁdﬁ]u@ﬁﬁfoﬁ%@&?&rﬂéﬁv%01 for collecting
an- original sanple frombath 303. Mni-reservoir IS connected by a
condui t 3 409xtagtion pedadesdiom Bignt. rkor ilbtrationpogesesslocumednld shoemgh a pi nch val ve

403, and b . it 4 h I | 405 t turi
vacium sour ERRB 2O RS AR Wecftd fo b8 SRS RILE, Koaeccy i bed

previ ousl y oayponbist ofithe@xication Sodeblien windtanosir I10RY EdIRcMEmAct i on modul e,
val ve 405 is.qpened wth valve 411 held closed, which creates a vacuumin
the mini - r eSEFNP SRR Fombathsilds. Muyrigservpind0l ds epprecteddiv axendiniB03. I n sone

cases val vesd3d awsﬁgg&tgﬁeééﬁgﬁ%ﬁ!&cﬁgﬁ%? b LLRg86: tax?dﬁ} ow into the

mni-reservoir, and the pressure on I gen sourcé rs controlled to
hel p coni®r of sachied coadwitdh7 througlea pisetevalei 405 to akedtei edcsempoavd di ng a

protective cover,0f nitrogen. Thi.sS,l.S i med aperati.on under control of
the conput er-contT 5PW§>§%I?@%%°{)"&§?E%4%8%F%%EGﬁ‘fn  ARERHSIEBbut (170
interface whath comiderablesdislinitp oA QHE extfadfiortiedHN, Qalvé M0343by&@Rd 20 403 and
405. In thi s,exanyl e Iiﬁc/](gi dis quickly drawn into reservoir 401 in a tinme
short enougWiR Kal¥e ¢ Heelf Alossd whishgreatesta vepnz ipdhemminireservpisande i npeded. When

enough | i quiflsdsSruidtohe 284 idm FRH30 ah\i6se 423 ARL 49 e afo ¢Losed,

15 opened allowing niirogen to flow into the mini-reservoir, and the pressure on

the nitrogen source is controlled to help control the vacuum in the reservoir,
while also providing a protective cover of nitrogen. This is a timed operation
under control of the computer-control system, operating through an
input/output (IVO) interface which controls diaphragms, for example, in valves
20 403 and 405. In this example liquid is quickly drawn into reservoir 401 in a
time short enough that the overall cycle of the system will not be impeded.
When enough liquid is in reservoir 401, valves 403 and 405 are closed,
stopping the liquid draw, and leaving a protective nitroéen blanket over the
- sample. The next operation is to draw a precise-volume sample from reservoir
25 401 into a syringe 433. This is done by opening valve 411, switching valve
413 to provide an exclusive path from conduit 415 to conduit 431, switching
valve 435 to provide an exclusive path from conduit 431 into the syringe, and
withdrawing plunger 434 by a precise distance to draw in the precise volume
of the raw sample. Plunger 434 is operated in a preferred embodiment by the
30  computerized control through a precision electric motor, such as a stepper

motor, and a threaded mechanism, providing precise distance and time control




stopping the liquid draw, and | eaving a protective nitrogen bl anket over
the sanple. The next operation is to draw a precise-vol usgnssyqobe from
~reservoir 25 401 into a syringe 433. This is done by opening val ve 411,

- switching valve 413 to provide an exclusive path fromconduit 415 to
condui t ABA03/0868¢ chi ng val ve 435 to provide an excl uPCEASEA823f r om condui t
431 into the syringe, and wi thdrad& ng plunger 434 by a precise distance to
draw in the precise volune of the raw sanple. Plunger 434 is operated in a
preferred enbodi nent by the 30 conputerized control through a precision

el ectric notor, such as a stepper notor, and a threaded mechani sm

provi di ng i I . I |, 13 Jan 2006 WD 03/ 006946
PCTI US02/ 13@%&&%&%&&?@“@%3%% ‘%ﬁ@*%’??‘gﬁeﬁbﬁ‘%’ﬁi{‘ MY at which the
pl unger i s ewiehdedriaimvanied irexkighigiaccutate hennsar i ed in a highly accurate manner.

When the precisg. volLume of s le is drawn, valve 413 is operated to close
the path from c@ﬁﬁ pawetvgﬁg%ﬁgaqngp]g§ ravGe ¥plv el 335 epgrdedie sanple is 5

i sol at ed imosefﬂlle?mﬁﬁ%%ﬁqonaﬂmma@umﬁﬁ@ﬁ NOW Bt é&iéi&l{%\tgiéiya' ve SV 1 (325)

into mxer 329. This ingectlon operation i s programed to occur at the
proper #i misolated 1g syrEge #3hianthrendy woeiinectdd thronglavalid SI¥1 (35hiothul e, and -
possibly a_g h&at: LAt L QN - e rough. mxer | .to mxer 2. Also,
the rate otrrﬁ ?‘%jg%%t*hé%wéﬁgé)rgg{g&%@gé%g# %‘/mélg‘?libr%: é‘amﬁ?r‘fpﬁ’éh%nagenent and
control sysi emcérhwithizfecion fibvataekilationd medald, ahd pudsiB\d hemibai ves the plunger of
the syringe., After a precision.sanple is_in place for injection, reservoir
401 and c8H E“t“IUHg“OéBf‘?d@Wg}éHHWEEEOF’i"i@éz-né!ﬁ%heﬁéﬁ‘gfémeﬁm prepared for a
next sanpl eray bd BiesistlP BEntRVIOBE e Ahn¥ @Bt AR 2ot | guggpone or both of
nitric acid ?;{ndB ullst?a- pur_g %t er (L%kvl\]), whi ?Ige (l)%%ﬁlﬁg vgllve 425 to provide
vacuumifo dhajeyer i8nglationdedre duipes theyhinger of 1B shmimgeal r eady been shifted after

the .draw of pregksi.Qn-. . S Le to .nrqvide a pa fromconduit 417 to
conduit 419. N ?%gagjr%emér{rgdy a gzll%ﬁgpelgcﬁggr&g}g‘%ogp@ﬁqrﬁ %@I@g 427 to reservoir
421 t hr oughomectitigicondA%nd tHerlike liay be pesgad n@préfardrePidit eplont ent s of
reservoir 1l .are drawn into, reservoir 421 along wth one or both of UPW
~and nitric ’éidﬂl,leetfye%“ﬂ“ﬁév? ¥e &YA/gipirodacenys of ot pitncaciskandd, and enpty

except f or QuRLRALERIEAEPW)! WABEShAMEIIRNE I Fro pra¥idevabisim} I Baih €Servoi r 401 is
ready for another extraction cycle, and
© 15 reservolr 421. Valve 413 has already been shifted after the draw of precision-
volume sample to provide a path from conduit 417 to conduit 419. Nitrogen
may again be used by opening valve 427 to reservoir 421 through conduit 429.
In this operation the remaining contents of reservoir 401 are drawninto
reservoir 421 along with one or both of UPW and nitric acid, leaving reservoir
20 401 flushed, cleaned, and empty ex.cept for a protective nitrogen atmosphere.
At this time reservoir 401 is ready f;or another extraction cycle, and -
may proceed to draw another raw sample from the associated bath, although
this will typically be delayed according to a predetermined schedule. Once al}
refuse material is in reservoir 421, valve 420 is opened with valve 425 closed
25 and valve 427 open, and nitrogen pressuré urges all the refuse to drain.
During this time the precision sample in syringe 433 may have been injected

into mixer 2 via SV 1, or may still be waiting for the proper time to do so.

Chemical Introduction Modules
36
Fig. 5 1s a schematic diagram illustrating a chemical introduction umit

from Fig. 3 in expanded detail. In this description, module 331 ﬁ'ox.n, Fig.31s




may proceed to draw another raw sanple fromthe associ ated bath, although
this wll typically be delayed according to a predeterm nedtnseymdal e. Once
all "refuse material is in reservoir 421, valve 420 is opened with val ve
425 cl osed 25 and val ve 427 open, and nitrogen pressure urges all the
refuse t VQ#HI06P46 During this tine the precision sanplRETIUSOEISPI3Nge 433 nay
have been injected into mxer 2 vi3fd SV 1, or may still be waiting for the
proper tine to do so. Chem cal Introduction Mddules 30 Fig. 5is a
schematic diagramillustrating a chem cal introduction unit fromFig. 3 in
expanded detail. In this description, nodule 331 fromFig. 3 is 13 January

2006 WO 03/ 4 . 118023 30 shown. Mdul e 331 has a chem cal
reservoir 5 Oq%oﬁvgﬁ%%%%g%ﬂﬂ %H’i’g?ré{?lé%ﬁc??@ Tang the RprEopalfye 513, s
connect ed t chensisals WOSyFingeDsll 3V4 eont@bdub testrabip 560Ra cddacRYER 560 }A\hree-_way val ve

511, a second three-way val ve 507, and a pinch valve 503.

pr essur e- coMEPah bRy §akn o Yo g secend dreeowmeelved07 rndaginc pinch 5 val ve
505. In opergti ons. PALLages I35 ]@%@q | Al 1. connecting the
syringe to path 509 P roug%oﬁéglllé\?}lﬁéé&tyﬂggw cﬁ}é\&dﬁi %gpr O@F]g%pltnﬁ% proper path
‘and opeh varveS®03. A precise volune of the chemical solution is drawn
into the syrin and may then,be injected at t approprjate tinme and at
an appropriate 1 Orpg{ago ‘E]\%frtligﬁ?snv&%a}%w_ ‘iaSYeoﬂgrBB’g‘%@EPgé{’?)ath bet ween t he
‘syringe andsgingtd ath @Me‘&@ﬁ_rﬂe@ﬂiﬁvitcﬁﬂﬂit@ﬁo?ﬁ@ﬂié%%c\?pef]hﬂ} sfgem cal

introduced to SV2 and then. mxer 1. A source of U i

_ of | is al so nade avail abl e
t hrough t hr E&ER¥RVeP 6 presiss volumg ofithe cheaipal splibengis dusinveto 385,  Dur i ng
'Syringe Ioaglj;.r[;%' \, I Sy g um bei ng drawn on the
reservoir byt 8@9%@%?@%@%@3%%6%8@?%&%%@ %3‘9@3&’“@{% S a schematic
di agr amip| | rese byaswitehing velive G 1 torprovidéud pathuinitwechitieansyrizg: 9nil gondditi N expanded

detail. A prijmary.. pose of .a.dilutian mgdul e .in odi ments of the
present i .nvé}ht 'S%élnlflgg)t% IE‘F 8‘%‘18%5 élﬁ%ém%%l’;&olﬂﬁ‘f?df%s‘zggn&m several very
di l ute conceiiterat iA0R8sce bf UPW B eEEERA JWailiblSmRAGH IR ®ayofarfehe

507, and nitrogen through valve 505. During syringe loading valve 505 is

opened to prevent a vacuum being drawn on the reservoir by the syringe

15  action.
Dilntion Modules

Fig. 6 is a schematic diagram illustrating a dilation module wnit from.
20 Fig. 3 in expanded detail. A primary purpose of a dilution module in
* embodiments of the present invention is to provide spike solution in any of
“several very dilute concentrations. It is necessary in embodiments of the
invention that the relative concentration of the spike for any specie for which
monttoring is accomplished be in the same general range as the expected
25  concentration in the sample. If the spike concentration is either much to high
or much too Jow, then the mass spectrometer will not be able to provide a ratio
of isotopes with adequate resolution to determine the sample concentration.
Further, it is known to the inventors that spike solution in most cases remains
stable in concentration down to about 1 ppm. Much below that value the spike
30 concentration cannot stay constant for a number of reasons. For example,
there are boundary layer effects that are involved in solution stability. At and

- above abont 1ppm isotopes tend to.reach an equilibrium in adhering to and




invention that the relative concentration of the spike for any specie for
which nonitoring is acconplished be in the sane general iBaagey A6t he
expected 25 concentration in the sanple. If the spike concentration is
either much to high or nuch too |Iow, then the nass spectronmeter will not
be abl e WO Bb@94ede a ratio of isotopes w th adequat e PCEISIABIZON t O
determ ne the sanple concentration3 Further, it is known to the inventors
that spike solution in nost cases remains stable in concentration down to
‘about 1 ppm Mich bel ow that value the spi ke 30 concentration cannot stay
constant for a nunber of reasons. For exanple, there are boundary | ayer

effects that are f’anoII\fec(gf in sol U:Bi ﬁx?ﬁt?xt ability, A}El and above about | ppm

i sotopes t eGP TEAYAISH 8E 6T oMb Pl a consrabitog therogrmimony anuary 2006 WO
031006946  3d1IEH b 156k 1cb8HeSpresipiedd Abn fsbRAbMR s Of merds§$GE VOl 1 - Bel ow t hat
concentration the concentration will fall as nore isotopés precipitate
from sol ut i W agnohEaplageds f Thereere ebesrefisrts as welhthatyerdenlower epl aced. There are

ot her effeql§.4a% render |ower concentrations unstable. 5 Because

of .these ef ectsa‘[‘tﬂﬁ% present inventors have provided a dilution nodule
that stdres a stBroiuse sDhespiefectothe pestnd rveniais haveebvidat AdiRkiby - occurri ng

“ratio, in this.case, at |pj nd epares | ower caoncentrations as needed by

precision cﬂl?cﬁ’gi @ﬂt SR ﬁﬁ?‘g’%ﬁ‘u%ggﬂsg@ﬁﬁ aﬁ%Wt‘t"@mﬁI’g?ocB‘}magreservoi r 611

- stores  a nefiqi B csd AN Hsn,Wak PrEBared 108kt KRicaRlaHidsQnéided HPM By a
relatively large 10 volune is neant enough to allow the i'nstrument to

oper at e f orPrepisindiutien ansl wixinge Riefvering now todig. Suetesargois€Mestaxks days, Wi t hout

requiring r eni : N - SV 01 i.s,. vi ded, connected to

the | ppm reagrgiraggéllf %%%Wréoogg &gg%%h§§i#y}gl§'d%yglrs}gté‘%iya “al so to an

ar r angeeentvobimesie aeaianyughys allgethe GikBumei43opcdbior 8 4dnsilefibR53, and to

‘m xers 607, 63],.653 aqr;ld GS%hrou ot her, 15 conduits and val ves, and all
of these elPSHRNPLIME: suqhas severnh iy withouhrequinipg rrplerishipentt Aal | ows f or

sequent i al pRRGrPERRESENS giolviata&,gemfeﬁtea W@mk@ﬁ;{ﬂé %Ig&gg% e "ﬁ@“ eps fromlppm

to 33 ppb, to 1 ppb, to 3 pt, and finall T teps in this

exanpl e, arfERdwis apd Yalyrgeand niso &F ancirengeent olscepdaypiinges §kye, are exenpl ary,
and the- skigyh &5 2aBsWahd 10154867 331 135 &8 Andhugn SRGY Ot her

15 conduits and valves, and all of these elements are interconnected in a manner

that allows for sequential and precision dilution of the 1ppm solution in steps
from 1ppm, to 33 ppb, to 1 ppb, to 33 ppt, and finally to 1 ppt. The steps in
this example, and the arrangement of elements to accomplish same, are
exemplary, and the skilled artisan will recognize that there are many other

20 arrangements and steps that might be accomplished completely within the
spirit and scope of the invention.
' Communication between primary syringe 601 and the arrangcrhent of
secondary gyn'nges and other elements is throngh a switching valve 609. In

the event 1ppm spike is needed, for example, syringe 619 is used through

2_5 valve 621 and 623 to draw a precise amoﬁnt from reservoir 611, and the 1ppm
volume 1s then transferred to syringe 601 by switching valve 621 to the right-
hand position, and switching valve 609 to transfer the volume through valve
603 and into syringe 601. 'When the spike is needed for a sample to be
analyzed, switching valve 609 is positioned with valve 603 open to syringe

30 601 to allow syringe 601, by driving its plunger, to move the spike into
conduit 355 and on to SV3 (see Fig. 3).



.32 The arra ge nt a Sizin

20 arrangenents and steps that m ght be acconplished conpletely within the
spirit and scope of the invention. Communication between 1ptina®y 3008yri nge
601 and the arrangenent of secondary syringes and other elenents is
through a switching valve 609. In the event | ppm spike is needed, for
~exanpl e, wysnnge 619 i s used through 25 val ve 621 and P&&Bjsbmsotnaw a precise
anmpunt fromreservoir 611, and the3tppm volune is then transferred to
syringe 601 by switching valve 621 to the right- hand position, and

swi tching valve 609 to transfer the volunme through valve 603 and into
syringe 601. When the spike is needed for a sanple to be anal yzed,

swi tching valve 609 is positioned with valve 603 open to syringe 30 601 to
al | ow syri nge 60Hhe aggnggrien 4a¢) sizivg of Fyringes. as well prgbedistaecesifi ke into  conduit

355 and on b8 Elﬂgra@)}f?l&é%la}ﬁ%r]ys&g%gt%{\?ppélgsr{ 6946 PCT/ US02/ 18023

ringes, as we e"'® st ance of
driving pl urrgexsd wntbl atsprenge af diluion pblutigeio abcomplith a bgingeisfeAppdf a | ppm spi ke

may be m xe th,a nge of dl|ut10 solution to a nplish a syringe
o33 pob, sy S ' SR iy b bR g W € Betoge SEGRAGRI it b o
syringe of mdmtﬂt@&c&nﬁmmtupwsbm@mmérﬁmaesén;nmo%e&éﬂ}' on, and so on. A
description of every operation in all instances would be hlghly r edundant ,

'so only a stRsFatiep mpkipstinses wopld Be bighlygedvedant, saonlymemaler a 33 ppb spike is

required. T S the same as for the 1 ppm spike as described
above, that&E%m-mhoﬁEspg‘riar’é?lIlee e is drawn from 10 reservoir 611 into syringe

619. During thi s&ssqmefﬁmﬁm;\phlspﬁeﬁﬂraqumﬁ E‘Heﬁﬁ&nqﬁsms&néﬁmrm | ed- pressure

- nitrogen source.for t me ose eV| ousl.y described. Wiile the |
ppm sol uti ﬁ’gld’PgWﬁ eﬁf@‘*ﬁ%‘f‘ﬁﬁﬁg‘é"% ’Q/%%keéﬂﬁmwﬁﬁm and 667 are set

to conngct @Wdﬁgm%éshalgtees@rmﬁhﬁgtﬁﬁ%peﬁ%@lvemmﬁia%evol ume of dilution
solution is drawn into syringe 645." Now val ve 667 15 is cl osed, and val ves

641, 639, 6Brreding couRligd-prepuisanitrogsnspyIge fimthersamo pyiposes aon necting. syringe
oi0 10, xShoff Sl SATF oo AL SUSKARE St B L5700 !
.631. Syri ng\@:’oveﬁ @91 , 8D a6d 66 7aare sah bveonpent sgrage H&S mamﬁfoir 6601 dnd a )

precise volume of dilution solution is drawn into syringe 645. Now valve 667

15 isclosed, and valves 641, 639, 637, and 635 are reset to straight-through,
connecting syringe 645 to mixer 631. At the same time, after syringe 619 is
filled with the 1 ppm solution, valves 621 and 623 re set fo connect syringe
619 to mixer 631. Syringes 619 and 645 are now operated in concert with
syringe 643 with valyves 625 and 627 set straight-through, and the volume of 1

20  ppm solution from syringe 619 is mixed with the dilution solution in syringe
645through mixer 631 and into sytinge 643. At the end of this operation
accomplished through valve manipulation and manipulation of the apl-aropxiate
syringe plungers, syringe 643 has a precise spike at 33 ppb.

From this point valves 627, 609, and 603, along with the plingers of
25 syringes 601 and 645 are operated to transfer the 33 ppb spike into syringe

601, where it will be ready for transfer, as described above, again through
valve 609 mto-conduit 355 and on to SV 3 (see Fig. 3).
| Given the arrangement of the elements labeled in odd numbers from
601 through 669 in Fig. 6, given the description above and the teaching of the

30 invention provided herein, the skilled artisan can easily understand operation
of the elements to accomplish the firther dilutions to six orders of fnagnih:tde

below 1 ppm. There are, in fact, a variety of eptions in the ways that elements




syringe 643 with valves 625 and 627 set straight-through, and the vol une of
-1 20 pprn solution fromsyringe 619 is mxed with the di isifange 2904 ution in
syringe 645through. m xer 631 and into syringe 643. At the end of this
operation acconplished through val ve mani pul ati on and nmani pul ati on of the
appr opr i Woas/®946 nge pl ungers, syringe 643 has a precPpewruspiikesat 33 ppb.
Fromthis point valves 627, 609, ad#id 603, along with the plungers of 25
syringes 601 and 645 are operated to transfer the 33 ppb spike into syringe
601, where it will be ready for transfer, as described above, again through
val ve 609 into conduit 355 and on to SV 3 (see Fig. 3). Gven the

arr angenent . i.n 01 through 669 in
Fig. 6, gi vnelﬁ;?éh%ﬁggise???%%Cig%]hg%?ﬁ{gﬂash?jﬂﬂﬁee%?g@%?I#éﬁ%%%ﬁ %D%e 30 invention
provi ded hedesiribed iz gk giver diffarent gating eomcadmtiony anthdiéshtand oper ation of the

el enents tao mpli.sh-the further dilutipns to.six orders of magnitude
bel ow 1 pprﬁrggclr%%}}éngalﬁgféefeﬁt ?lﬁf(;:?({,l]me t?/‘éﬁ‘%#& OSPTOBB@&}W?'IF Whe ways t hat

el enent's 13ifleouaikom 2006a RN RBROARORAEHIHSHR 250330n3R MRY be control | ed
to acconplish dilutions, and the apparatus illustrated and described in

Fig. 6, gi VBRCIER qof Spkeents: &a mpny oilpr despre épncenirations: Tamanyirdspsasent  progr ammi ng
indiffer e%ﬁlﬁ%%ﬁo&%aﬁ%@%ie%%)wieﬂﬁﬁ) hﬁﬂi%%@iﬁn%@kﬁ time dilutions
from any reasonabl e "starting conCentration wth any reasonable 5 species
and sol ventsdividsahpnesorsuthaf thesswaral dilotioemoduddsisboven inlHig.3ammd cases as  wel |,
there may b r n .a, si.Agle specie with unnatural isotope ratios in

i ndi vi dual %rS\ segygﬁgkehal%?fﬂt}g‘eﬁ?several dilution nodules shown in Fig. 3,
and described with the aid of Fig. 6. 10 Control SystemFig. 7 is a block
di agr am of control systemfor an instrument in an enbodi nent of the
present 1% nVeMIASYSMst r ument 707 in Fig. 7 represents an instrument as

- shown abstractly in Fig. 2. Wth the exception of a conputer 15 station

215, conprising a conputer 705 and a display unit 703, all of the

conponent s of t g i7nst blodeditgran of hoamwtsysemdocanmunneabinagt , whi ch - may be

positioned | . copvenient l.ocation to fluiLd systens to be nonitored, such
as in a maf %togwgﬂg%ﬁg?%rgseg T gﬂﬁqgﬁ'tglgqn&% ‘8?‘6&% ISR AYi ronnent “in a
instrument as shown abstractly in Fig. 2. With the exception of a computer

15  station 215, comprising a computer 705 and a display unit 703, all of the
components of the instrument are housed in a common cabinet, which may be
positioned in a convenient location to fluid systems to be monitored, such as in
a maintenance area outside the strict clean-room environment in a
semmiconductor fab. Computer 215 is analogous to the element with the same

20  number in Fig. 2, and can be such as a high-end PC. Computer 215 is

~connected by a communication link 704 to the instrument, and this link can be
any of several types, such as a serial link or a paralle] communication link.
Other links are also possible.
Computer station 215 is connected within the instrument cabinet to a
25  computer interface 711, which comprises a microcontrolier 217, which is
analogous to controller 217 in Fig. 2. Microcontroller 217 comprises
firmware, some of which is in standard form (proprietary), and some of which
may be pre-programmed for a specific application. For example, in a
semiconductor clean room application, firmware may be provided to cycle
30  elements of the instrument in 2 manner dictated by and compatible with

certain specific fluid systems to be monitored.




sem conductor fab. Conputer 215 is anal ogous to the elenent with the sanme
20 nunber in Fig. 2, and can be such as a high-end PC. Coppuiaer208l5 is
connected by a comrunication link 704 to the instrunment, and this link can
be any of several types, such as a serial link or a parallel conmmunication
i nk.  Oweens/obasssks are al so possi bl e. Conputer stati orC2ASezis02sonnect ed
within the instrunent cabinet to a34 25 conputer interface 711, which
conprises a mcrocontroller 217, which is analogous to controller 217 in
Fig. 2. Mcrocontroller 217 conprises firmvare, sone of which is in
standard form (proprietary), and sone of which nmay be pre-programred for a
specific application. For exanple, in a _sem conductor clean room

application, fi MHRRPECEEST 28¢é ISsoBRGetrddo apl/Eypiprdacs G0 fos fermitodingf t he

i nstrunment 4 Henis i t : i Qe Wit rtain specific
fluid syst enerpd i Ak ofd %&gﬁﬁfg%fgﬂ%éﬁgy&ngo%%ﬂeq'{&%“%g?‘%%‘gg 6 PCTI US02/ 18023
34 M cr opr deeabibat @ivE modors ennsed for such@s gymingt Glunpdre sblawedsa609 for control i ng

the fluid-handl.i and.other el enent.s ef the instru .t 1s well-known
i the ar CoRgEPPBRLThAG wtuS HOL o ok M R et unger .

sol enoi ds tags alldrives b9l AZPRTAY sipnalsairoviiting khewaliv@snd Butkdok - pat h swi t chi ng
-valves, and the like, 5 are_all driven hy AC or DC signals providing the

vol t age andicessFaneindrvg dhespeciiqelements | Ths hmtesigaracrents @it s. The 1/ 0
interf Qr = } . i 217 f
Intertace qg&?fig%éﬁiﬂig?&ﬁ{g&@éﬁ?bﬁfogHﬁhﬁu{:ﬁ%’,ﬂl%&ﬁé’&ﬁﬂ&essor or

mani pul ating e I nstrunent, provides the correct signals
as needed fiostrupmoth ael pproddds thecoried sigrels rageededfor ehtelemenidn thene r equi r ed.

There are al 59 in mapﬁléci nstanc.esd j&lgrnal Sallo. del | ve{;agd bacli to interface 709
from sensorQ 55 FHERh AR PHREHPISs JORCEE 2458 Mg IPSEBHE 518833 n syri nge
pl ungers), \daliedledtaek to BnREhal7@d fioth RARIVRRMARArMEANBWhes Vol t age and
provided to m.crocontroller 217. Fi 3 also illustrates sanple inputs 1-n,

whi ch are @0sferssneors on syEgaepitegers ¥hichpreragsiatgd topaprapeirteng sanpl es fr om
moni t or ed fct)ﬁ)g[eﬁsy(ﬁ{a d 90\3&%0111%&3&&6]%9 - I'n operation, the sanples
cal ¢ )

cone in, che ofrections are nade, spikes are added, sanples are
vapori zed and i &g 3ebp ilanuatesrainpleeuputs/1-nehichhas anadggeot foonet er, all within
portion 7 1%0¥1\éutitrs] I3EI bt[}*sltgr?u? He"alﬂfteﬁggoszz{hlppc%tﬁ%ma]ggnitored flmd systems to the
15 instrument. In operation, the samples come in, chemical corrections are made,
spikes are added, samples are vaporized and ionized, and analyzed by the mass
spectrometer, all within portion 713 within instrument 707. Data and
information derived is transmitted to computer station 215, and may be further
‘manipulated, then displayed on monitor 703 for elucidation of maintenance
20 persomnel. In other cases data may be integrated with other control code and
archived for historical purposes, and also used in other automated conirol
fanctions. There are many possibilities. Computer station 215 operates
executing a program suite proprietary to the instrument described herein, and
is the subject of one or more separate patent applications.

25

Description Summary

A general instrument has been described above for monitoring, and in
some cases triggering maintenance of concentration of species in fluid
30 systems, and also for monitoring contamination of the systems. In specific
embodiments, the instrument has been described as an instrument applied to

monitoring wet-baths in semiconductor manufacturing. The invention,




information derived is transmtted to conputer station 215, and nmay be
further nmanipul ated, then displayed on nonitor 703 for el3ueiaatomn -of

mai nt enance 20 personnel. In other cases data nmay be integrated with other
control code and archived for historical purposes, and al so used in other
aut onat edV@®M06M¥¢ functi ons. There are many possi bi | iIRCTES2/1883Iput er
station 215 operates executing a pfogramsuite proprietary to the

i nstrument described herein, and is the subject of one or nore separate
pat-ent applications. 25 Description Summary A general instrunent has been
descri bed above for nonitoring, and in sonme cases triggeri ng mai nt enance

of . concent rgdy 8is RREG Yy t Cﬁaﬁﬁ‘ﬂ moni t ori ng
cont am nati on %?r t he gﬁst embﬁ?é]&g@c%%niﬁlﬁ%%& me t#e i nstrunent has
“been descr|b@dd‘a@emfwﬂ@tpm@mwalpxpﬂtdmﬂmﬁonnﬁlasmniamgsu@teﬂlﬁat hs in

BT R0 S BB B e SR8 b VR B AR SRR R and oy b

configured ﬁsdracaelehemadnmﬁiaﬁm/of@ﬁeﬂaﬁdn&ran@glfolaﬂliﬁﬁteﬂht hout departing-from
the spirit and scop ﬁ i nvention. For exanple, such an instrunment has

broad apdl i CHECBHEG S’E‘ﬂ&”ﬁaﬂ o panyathes eRvipoRmeia apakieaians on of wel | water and
ground water in ﬁe%ﬁ@a@gﬁgﬁhbﬁtlﬂ%gédlm%gh&gnrmﬁ her envi ronnent al
nmbodi men

applications, The instrunent as described In e ts herein is broadly
appl i-cabl e wpligaidd iprnaglical tecmidugsibat rtyanarneyconsideyatiledetdinfoimer abl e det ai |

formthe exenplary applications di thus far. For exanple, in sone

cases addi :Iglenﬁmg g‘ﬂ’(’f%qo&s%gﬁ%%%%ﬁﬁsfsﬁroﬂ: T & BOBEGHE el ements, t hat
is, 10 el enmaﬁtsontdﬂahndiﬁimben&xmxi@bfnﬁnﬁkads]ﬂ&bmmﬁé adRL Opes in the nat ur al
state, may he wused in many _ procedures, for exa 'e to validate estimates.

Fur t her 10§ nelpmenps thay dodiohex Iﬂ’f‘r@'ﬁé 1sAlpeeRip e nekweal stels ey bal  t echni que may
be ot her th@aadfmﬁal e;ﬁ&%ﬁﬁr%é’?d‘r%ﬁ?éﬂnl 1ﬂﬁe%a@5§mﬁ%§%§ﬁ&§i0py (for
sp n a

exanpl e optica ctroscopy), a romat ogr aphy ot her
enbodi ment a@tevations ¢fdke nventive thie mnqwmmemdbe other than mass

spectroscopy, such as non-mass spectroscopy {for example optical

speciroscopy), and chromatography;

15 In another embodiment a verification technique may be used
incorporating addition of a known amount of an element to a sample to see if
the signal increase is proportional and quantifiable with the amount added.

Further, although the instrument has been described having a specific
number of inputs and a specific number of dilution modules and the like, these

20 numbers can be altered considerably without departing from the spirit and

| scope of the invention. The nature of the modules may also be altered in
alternative embodiments, and there are a broad variety of such changes that
could be made. Accordingly the invention must be accorded the scope of the

claims below.




incorporating addition of a known anmount of an elenent to a sanple to see
if the signal increase is proportional and quantifi abl e 19W4niert 1966 anpunt
added. Further, although the instrunment has been described having a
specific nunber of inputs and a specific nunber of dilution nodules and
the |i keWQ#d8a&46 20 nunbers can be altered consi der ablRETRAISPHBA departi ng
fromthe spirit and scope of the i#fention. The nature of the nodul es may
also be altered in alternative enbodinents, and there are a broad variety
of such changes that could be made. Accordingly the invention nust be
accorded the scope of the «clains below 13 January 2006 WO 03/006946 36
PCTJUSO02/ 18023 What , clalned is: 1. An analytical apparatus to nonitor
fluid systemgat Eﬁﬁﬁ?ﬁgﬁ at | east one extraction nodul'e having a

raw sanpl e reserv0|r 5 connected by input fluid conduit to individual ones
of said fluid systens, to extract raw sanples for analysis fromsaid fluid
systens; on& wmdmﬂmmmmmmmﬂmwmmmpmm additive materials-to

nodi fy the extr t o_anal an anal ytical device to
receive at Ieas?ﬁg&gtorn?wﬁéﬁwﬂlglé?@éb%@ BT i4*%r'iesmi’ﬁ'ﬁlran ordered sequence,
and to det ecoinbediBniopnithil doptuioh 1ﬂdmﬂﬁ$hes@iﬂ@a1@ﬂﬁl&ts}'§téiﬁdﬁo of said sanple

portion; fluid-handling ﬁpparatus for transferring fluid through the
anal yt i cal e’ﬁﬁ?ﬁ%ﬁ“ﬁts‘ﬁ@ﬂ% g 2nplpstinn ed Swd syd®s ol and Management systemto

manage oper at i Or&e@xﬂferﬁ&m&‘ﬁﬁﬂhoﬁﬂg%o?%r@t ga&tﬁm&ﬁa to report

anal ytical results characterized i n e control an managemnent
system coormpﬂﬂﬁ’élsemwdcwmmésmWOmahbie;s modi fi cati on as needed,

onal yt 1 al 1 eour Petafifed feiin rdRRe HirerEs pflvh SGughay st "30°. The
~anal yti eal a&ppdesd ssuaiceGndiidWdter@Eohéhit@ion oBhileat bickordinext r action

of said sample portion;

fluid-handling apparatus for transferring fluid through the analytical
. apparatus; and '
a computerized conirol and management system to manage operations
15  of component modules and devices, and to report analytical resulis;
characterized in that the control and management system coordinates
extraction of raw samples, modification as needed, introduction of fluids to the
analytical device, and reporting of analytical results on a continuous basis over
plural cycles.
20 .
2. The analytical apparatus of claim 1 comprising 2 plurality of extraction

‘modules associated one-to-one with a like plurality of fluid systems.

- 3. The analytical apparatus of claim 1 wherein the fluid systems are wet baths

25  ina processing environment, and the extracted fluids are liquids.

4. The analytical apparatus of claim 3 wherein the processing environment is
a fabrication system (fab) devoted to semiconductor integrated circuit (IC)
manufacturing. '
30
- 5. The analytical apparatus of claim 3 wherein the modification modules

comprise chemicals for altering pH of extracted Liquids.




nodul es associ ated one-to-one with a like plurality of fluid systens. 3.
The anal ytical apparatus of claiml. wherein the fluid syi$tensy2ioe wet
baths 25 in a processing environnent, and the extracted fluids are
liquids. 4. The anal ytical apparatus of claim3 wherein the processing

envi r onnweosess94ea f abri cati on system (fab) devoted to mamwiSopmizact or
integrated circuit (1C manufactuBing. 3.0 5. The anal ytical apparatus of
claim 3 wherein the nodification nodules conprise chemicals for altering
pH of extracted |iquids. 13 January 2006 WO 03/006946 PCTI US02/18023 37 6.
The anal yti cal apparatus of claim3 wherein the analytical device is a nass
spectroneter, and further conprising an ionization apparatus for vaporizing
and ionizing liquids prior to introduction to the mass spectroneter. 7. The

anal yti cal @ppaaahiyecaipatdiyBElanh 8 icfeitdlafiScal SevaRSeslnag i Sot opic
ratio, the one or nore nodification nodules conprise isotope dilution
nodul es f orSPRFtmsRECILA duithes G PRISHASEN PRIZation appagainsifr vaporigsgsyst em and t he

| sotope M gzt fodidh i 8 hftodlRlion B HL AllospbeMdiN0. 10 8. The
anal ytical apparatus of ‘claim |1 conprising a!% ura |{y of extraction
nodul es sand a plurality of nodification nodules, wherein the fluid-handling

appar at us ri ses.one or ,nor.e, mxer.s having. t. or npre jnputs to one
out put, angﬁs eta(?jﬁm‘{f Ay %él%éﬁ"hﬁﬁeé“ Wg%}séé\gﬁ‘ﬁéjm?ﬁ%m?ﬁputs to the 15
m xers, andaté) @eingd ok hRrCaBdifiOdtion AthdIRE saRFRR isoRpsli@iligy cl es the switching
val ves and causes novenent of |iquids, and of materials fromthe

modi fi cat i drodwgsder iagoducmgnsoiopsamaresdo Hawes ndhsedystemsenddbe ed materials from
the nodifi éggtbr%qn @&%@@a@ﬁo get.nlﬁﬁlﬁr%l:&ﬁih al apparatus of claims8
uar ones of it

wher ei n i ndivi e mXxers- conprrse conduit junctions having
two or more input conduits feeding one output conduit, with the conduit

paths arra eﬂ_ﬁto royide for |amnar fl.aow d. substantjal direction
change to in%f é’ﬁ?!@“‘?#m?&m%@ﬁg?m@?aﬁ% @Sfu%%y 5p8s of claim 3
wher ei n -t hemé@l¢s2AdR pRirdiRP 6f MOdificdtidn modules, wherein the fiuid-handling

apparatus comprises one or more mixers having two or more inputs fo one

output, and switching valves between the modules and the inputs to the

15 mixers, and wherein the control and management system cycles the switching
valves and causes movement of liquids, and of materials from the modification
modules, to mix selected liquids with selected materials from the modification

modules.

20 9. The analytical apparatus of claim 8 wherein individual ones of the mixers
comprise conduit junctions having two or more input condu-ii?ﬂfeedihg' one
output conduit, with the conduit paths arranged to provide for laminar flow

and substantial direction change to influence mixing.

25 10. The analytical apparatus of claim 3 wherein the raw-sample reservoir in
the at least one extraction module is connected to a vacuum apparatus througﬁ
a remotely-operable valve, to draw a relative vacuum in the reservoir to draw

material from the fluid system connected by conduit to the reservoir.




the at | east one extraction nbdule is connected to a vacuum appar at us .
through a renotely-operable valve, to draw a relative yagHum ot t he
reservoir to draw material fromthe fluid systemconnected by conduit to
t he res®iQB{0p694613 January 2006 WO 03/ 006946 PCTI USO2 PrI0gs82/8823 11. A net hod
for nonitoring fluid systens for concentration of selected species,
conprising the steps of (a) drawing raw sanples of the fluid systens
one-at-a-time into at least one rawgsanple reservoir connected by input
fluid conduit to individual ones 10 of the fluid systens; (b) nodifying
the raw sanpl es by addition of material fromone or nore nodification
nodul es; (c) providing neasured portions of nodified sanples to an

anal ytical device; and 15 (d) determ ning concentration of the sel ected
species by the analytical device. 12. The nethod of claim 11l '.wherein, in
step (a), there are a plurality of extraction nodul es associ ated
one-to-one with a like plurality of fluid systens. 20 13. The net hod of
claim 12 wherein, instep (a), raw sanples are drawn from.. wet-bath fluid
systens®in a processing environnment, and the extracted fluids are |iquids.

14. The met hod_q aim .13 erein t wet baths are baths in a
senicondu&loﬂgygﬁyﬁbgpwgﬁmﬂﬁﬂ$néﬁEBTEB§V8Pgﬂh?%”§@ﬁW%9ﬁHuctor i nt-egr at ed
circuit (|dppciopeothaiingithe\@epsdb®. . The nmethod of claim 13. wherein, in step
(b), nmodificatiqgn is 30 acconplished by adding chem cals for altering pH of
extract ed | i quil@isirawing maqsamples 26the fnidsygeny oot e-tReTinleg 2¢86023 39 16. The

oS, o S ey W s SR S S O
10 of'the fluid systems;
(b) modifying the raw samples by addition of material from one or
more modification modules;
(¢} providing measured portions of modified samples to an analytical
device; and

15 (d) determining concentration of the selected species by the analytical

device.

12. The method of claim 11 wherein, in step (a), there are a plurality of
~ extraction modules associated one-to-one with a like plurality of fluid systems.
20 B
13-_ ‘The method of claim 12 wherein, instep (a), raw samples are drawn from
wet;bath fluid systems in a processing environment, and the exiracted fluids

are liquids.

14. The method of claim?§ 13 wherein the wet baths are baths in a
semicondnctor fabrication unit (fab) devoted to semiconductor integrated

circvit (IC) manufacturing.

15.. The method of claimi_ 13 wherein, in step (b), modification is

30 accomplished by adding chemicals for altering pH of extracted liquids.




prior to introduction to the nmass spectroneter. 17. The nethod of claim 16
wherein analysis is based on isotopic ratio, and furtherl3dowmyi2diéng a step

for intr i n isotope mxture to a liquid sanple _i h stem the
604! 15";%@3@2%’

i sotope mxtures in a ratio not naturally occurring. hod of
claimll; wherein in step (b), additions are nade to sanple 10 vol unes by
a fluid handling systemthrough oné&or nore mxers having two or nore
inputs to one output, the fluid-handling systemsw tching valves between
the nodul es and the inputs to the mxers. 19. The nethod of claim18

wher ei n- m Xér sltermecthohdfeimnt] @ wwirsichn antlitidibddvitaed 4 .@ms havi ng two or nore

i nput condu%tgufe di%ﬁﬁﬁﬁ outgrlit. conduit, with the conduit paths arranged
to provide FSFTIHn W ° LR Fiator Zpporiging apd iopisingigwige t o i nfl uence
m Xi ng. 20. pridieo imbobaion to Bk 8iaM shdctaRigi N, in step (a), sanples are drawn
into the 20 rawsanple reservoir by opening a valve to a vacuum appar at us

connected to the reservoir, -drawing a relative vacuumin the reservoir to

draw nat.eri;al Eﬁfe?ﬁ@t M}ﬁ’ciawilghﬂ&%ﬁleﬂaﬁ@ﬂ?s[ (eé%gf%b]gotéggégg’éaéo the reservoir.

21. The nethod of claim erern, rin's i s maintained
over 25 a fuithericompsisipg e step fomintiodeing MeissidpPmeytire $&4 Ndwlid samfple | P! enent i ng
tthe raw sanpl.e reseryoir as a vertical.l z-ori ented caontainer with conduit

“fromthe wet-T5YrRDe SR MU tILes 1A 13HP vefhafwrllyesew NG r above a | evel

anticipated for a sanple volunme in the reservoir.

18. The method of claim 1 I, wherein in step (b), additions are made to sample
10 volumes by a fluid handling system through one or more mixers having two
or more inputs to one output, the flujd-handling system switching valves

between the modules and the inputs to the mixers.

19. The method of claimi 18 wherein mixers are implemeﬁted as conduit
15 junctions having two or more input conduits feeding one output conduit, with
the conduit paths arranged to provide for laminar flow and substantial

direction change to influence mixing.

20. The method of claim 11__'yvherein, in step (a), samples are drawn into the
20 raw-sample reservoir by opening a valve to a vacuum apparatus connected to
the reservoir, drawing a relative vacuum in the reservoir to draw material from

the fluid system connected by conduit to the reservoir.

21. The method of Clalm _1_:1f7‘:wherein, in Step (a), a gas gap is mainlained over
25  aliquid sample drawn into the éamp]e Teservoir, b"y implementing the raw-

sample reservoir as a vertically-oriented container with conduit fiom the wet~

‘bath entering at a height on the reservoir above a level anticipated for a sample

volume in the reservoir.




