; BCDEFGe3evvwL{ R| 6>TH+| ~dW-~~~ 22 July 2002 SPECI ATED | SOTOPE DI LUTI ON MASS
SPECT \ | VE SPECI ES AND RELATED METHODS BACKGROUND OF THE

| NVENTI \K\@ \\m the Invention 5 The present invention pelgiesoro a
met hod o mg(g&i*ng enriched spectated i sotope spikes in the sane spectated
formas a specie to be neasured regardl ess of inconplete extraction or the

presence of conversion, partial destruction, and instability. 2.
Descri pti on of t SPECIATEB ISQTDOPEcDHoUTION MASS SPE(EROMEBTRYe

determ nations of a | & | [ rS.Jd N n texts including
envi ronnment al , bi ol ﬁiﬁAcﬁmméﬁ'%M|® -‘M@ Mﬁf les and in
standard reference mterig‘g.@g@ﬂo%@new eINYENTIONE of an element or
nol ecul ar speci es may exhrDl rTrerent toxrcitres or chem cal behaviors
from ot her s.1.Exi sFielibof thehinvegntien Wit h the 15 exception of el ectrochem cal
met hods, _rely predom ngtely on physical separation and tine. They are

i ncapabl® of det er mi ni hef R%é?%égv%"ﬂé“%'é@lsé% adpethed of empleying, spdghedt i on of

one specie f W] P )in t : are
conpi ot ol y rBeauieliSpEREIRL i B Suh Sheri Rl Rchfal gplcle §) bERRAuREa
t r ansf or nmat i epardieso nf icpmpiets extrdodioarortthe pyesercst ofuconversion; paetiabr at i on

during 20 storage) manipul ation and sanpl e preparation during the
measur ement %FB"?‘E , agd ‘?sllﬁ)tlliﬂtéf'separ ations that are inconplete or variable

i n measur emejt prlgg%;ﬁn (ﬁqh@M ﬁl’pf the criticality of such
measur enent s woul 0 consi der omum Wile C(I1ll) is a trace
el enent 1@ssenti al for Theraeedhfeamdkingogdadkitative detirmimetions bb alspediesf and nost

other animals and is also a 25 carcinogen. As a result, the difference
between t hosiBIereRb OGS ifb Many+PpieXs durliding: enviraRmsniah iologicah at e of ¢ ho

el ement) ”HYpﬂiﬁ)nQéeuﬁEz:iltdnﬁ%dﬁs:ﬁ@ﬂ_rshﬁiﬁfe%-anWlh| gﬁn)a;&raq@érawﬁaxﬂmﬁ%n R used to

separate Cr(l11l) 1n time resolution fromCr as each specie can react
with its surexampit, agstamnidros of aniclement pamasleciaragpecies emy)exhibit different

tate of “af raKEiER T chemERLba o et PERFG: Eairtingifinlalet: W have
react edygu t %@@pmxﬁ&mécw&ﬁaﬁmaﬁ RS W%%d'&ﬁﬂnﬂ&&idhgpﬁﬁﬁaﬂ%ﬂoﬁ- There

i's, therefore, V time resolution, no way of detefm ning how nuch
chr om um nnrand time. JEheyarg irkapable of determiningawhgthenthesphciep eroseovéren t he

[ t b when. t h I ken. Specifi i
o of ton r caHaTnASiA BF OB SRR tarm R0t e 18h B BE are FSHES o c
in some conpguiie chRipleiely Redovefeda! SEhPieEfighdd@Anh beduseB db @terimRgnost i ¢
X-ray tests, usually as bariumsulfate inliquid slurry form The

conf or mat i ontrapsébrmatipn f iooe species intsigncthess destoustioy opizeneratiomdating anot her

i os Ry e HanpaRth 8 et AR R0 QB IEphta ol ol Thee
measur enent sofhiasthe @épde@ivhs Whdtchré ficofripldte Db dapiabie in hikafiaemenspiooedses. t r acki ng

has been done for |ead due to terrestrially
An example of the criticality of such measurements would be to

consider chromium. While Cr(III) is a trace element essential for human
health, Cr(VI) is poisonous to humans and most other animals and is also a

25  carcinogen. As a result, the difference between these two species, which
resides in the oxidation state of the element, may be of critical importance.
While chromatography can be used to separate Cr(IIl) in time reéolution from
Cr(VI), as each specie can react with its surroundings and even with separating
agencies, the chromatographic separation is only a snapshot in time recording

30 the state of affairs at the end of the manipulation. Each specie may have
reacted with many other reagents and transformed during the analysis. There

is, therefore, with time resolution, no way of determining how much chromium
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uni que and naturally occurring isotopic conposition differences of this

el ement. The isotopic ratios can be matched with a particular source to
determ ne the origin of the | ead. These neasurenents are not23pgetadzd
measur enents, but d~;pend on the isotopic ratio differences of the natural
material to be detected. 15 This techni que has al so been used for | ead
pottery glazes to determne the origin of art objects, however in this case
al so, naturally occurring isotopic rati o5 were deternmined. Lead is a

uni quely feasible non-radioactive el ement to be evaluated as to origin by

t he i sot opi cvasaadtuallyeiniragh specie when shn exnesiment begancorawhen et samplewasrount ~ of
urani um m xed gq q?% e lead in the original ore deposits. The decay 20 of
uranlun1|ntéwﬂily | ead i sotopes creates unique isotopic ratios for
different |ead deposi tSpecHitespeeies aePoREN réuireBder & paftuldr ipgédess. For
instrunmentation has focused on the accurate determ nation of |ower and

| ower concemxamh; rmrlumezsﬁnxrquwommnmné@m,tbmlé inglse presaribed for ngj or,

i , | | | | ysis | |
These t cbnniilpeaigedshE R d S, MEGRIR, FY o St i HaRRCWRUONE: F one of
the anal yt espheMyorbindtiold. #ad dvahmtlbn of 4%d359p1‘éb§s§in@5(ﬁ%aﬁuﬂﬂdﬁ@ﬂn&ﬁer

measuring the el emental species present in a particular sanple ) not only
its bul k el cpeeiegan cbgra@e@mplaahe@ rwithrisetopically daheled bariunisulfgtes chhes¢ s

oot s 1 OB hledieon e coltinéfisd Bt FRERE ishlopT iy RRbHERGYS ™o

eval uati on ﬁas&x\b@b@élﬁu&dﬂ ﬁaguﬂpm&yﬁ@l sci ence) 22 July 2002 -3 nedicine,
bi ol ogi cal process nonitorin nutrition, and industry, for example. As the

chenmi sty in these pr oSeIBe d ?qmwﬁeﬂ@ngrh@we@pé@nee@réw&watetrnssn@lbesence

of trace ele Cr(lhnl
is a trace e"ﬁﬂ& gﬁ%ﬁya g\;ﬁ'fng ﬁaﬁﬁ c%&r?pioﬁﬂl ﬁ’éﬂe&&%ﬂﬁﬁﬁ@%ﬁ%& sc()n aZ]d
5 carci nogernmHedisbepht Fatios @an 88 dnadéted wiahd arfakticuldradireef toldeadminethes is a
species of chromu and each has associated with it unique chemn cal
reactions. mglmorffr&fr leade These mqasqrn@e@qsmnetssvesmeéu TReUEAMANES; bufy anp| es
of other s fol ic ions
and coval entdPeish AR AR BORAIE ke iRk COFuE IRMrarlnRRE) (8 oc HEAET

net hy| mes curPhis Gdhai cﬁedfae atbofeen ased id? lesibponeary glazes tceeletwminedhé brigiant
| i gands and still ers are different o;& nic nol ecules entirely. There
are many spelfiat °B@§@r hewever nthis casg-alse.Matprally Oseyrriag Asiopic JanRs were

reference MejdaGehha. ﬂ:ﬁ Wuh us»gfemﬁu ¥ oh- rfaafoaatv% éie;ﬂéﬁmo%g 1%'9 e i N
order to determne If rations-in eir concen ratr ons an evant
abundances have arigin®gcthe ivotopic edtkmneﬂiodpa@uemm aatd)smhmgu wrtbnhe 15

Met hods of el enental speciati on have nown | en, Huang,
C. P.; Bail eaymoqgt oy uranigmemixed Avithsth el\@?‘ﬁl'n APOSHS Nt gﬁf’ ﬂ&‘fqyon of

Soi | Trace

El errentf(gpem ation: klna:a?/ftf%ga ts}?gddﬁ p%telgj‘ﬂﬁ@e lﬁﬁbﬁéa%ééegg Boca Raton,
Fl orida, 198diffefead lead. ddposltﬁhakraborty R ; Cervera) M L de 20 la
GQuardia, M M krochi m cta 11996%} 2 209- ég;ﬁ Kr anmer % Allen, H.
E. Metal Speciation: developmensaf modesn F‘Eaat‘P%ﬁ‘mei_“g\‘Hoél bl i shers:
Chel sea, M C@cﬁ%ﬂ gx%lacciﬁrat& aeteﬁnmé:uonTaﬁmeV%ha'lomd@eﬁra% Speci at i on;

El sevi er: Van Loon) J. C.; Barefoot, R R Analyst (London)
1992, 117) ssa;mmes Vave adddessed th(hsm,rementlof majar,unumr,ltraot, andal . Chem 25

1993, 6 597 i I '
Speci at - ﬁime";‘leaéé ‘?(fiw Fodticiol AR el oS e e b8 b
measur enent Seqice th & Lértdtions of it Aflyigde routinely and

accurately. Seve ra poten ial problems may exist wt'h speciation methods.
Many speci es are react Msepnanlﬂ Sr Batentaf41 4,258 dlisvlosen a masthatiof meamlnmg

speci es dur he s 30 storage, .and asur.e

sBec: es C(L)In![ lfi @gﬁ%&?wg&?mﬁ@‘ AR 'ﬁ\“ﬁf: n@ ’ﬁ‘ﬁ mg,tsﬁé:ﬁgplpgeg@ nany

t t hod
o ot | cor s oehep BfatlIThE lcTRAR SR Paterl if EXfFbesly BESAGIBETLER byrel NodS

separ at B@g agﬁerbaceAs a result) aIthough anal ysi s through these met hods may
be both precise and re llcag)péie results of suc analéms are not fully

reliable. For exanple, t‘tﬁ‘l"?%? AiSRCHESTOE PEEFASPLS i on
relating to A ) onf d wast es,
even though Eﬁﬁ@lﬁg&&é@g&%@iﬁt%(ayhaeggl&ra g@%ﬁ? s¥$1éﬂa§sﬁ‘t %Wrilrrake Pﬁ’l“s&@ﬁ@e
measurenments. For regul atory purposes, environnental solutions thus far
frequently have been to anal yze sanples for total chrom um and assune all
chromummay be in the + 6 oxidation state. This may be safe, but it is an
unsophl stl cat ed sol ut| on and wastes a 5| gnl f| cant armunt of ~noney on

S -, = o L, = o o




no way to evaluate their own accuracy and require another nethod to
validate them Until now there has been no validation nethod or way to

eval uate bias in these nmethods. Wile sone nmethods nay be aceanaly@0ogr sone
matrices and invalid for others there has been up to now no way to tel

whi ch and no nethod 20 of vaiidating a nethod for specific matrices where
it is appropriate. Traditional nethodol ogies do not accurately analyze
speci es concentrations. For exanple) resglts reported in a recent paper

not ed degradation during the extraction process. To counteract degradation,
shorter extr i@, bigRgicHPpRoctSHotiforig: iflidnl dnd ARALES. rdkiguRpiEet hods do
not 25 provide neans for correction for “species degradation or c rrect for
or eval uate @stthachemmtnyrlefthcscrmmwsesSea!ﬂibmmalyckpeﬁes-ﬁ)ecmc theapidsence B. ;

Martin, F.; Lobinskj 1995, 7) 4250- 4254, thods such as

these are us@QYUagse Sl‘ff%“rf ‘56“%'1‘1'?8?‘6‘?3 %‘198’@%"'@3 %‘3 géﬂthé’t@&?n )ds a

consi stent pPkRet gietfent Esséﬁt%lrfﬁfjhﬁrﬂar?ﬁ kg dﬁ ér S&yﬁoenatr c errors
stan r ef erenc

are ignored in the 30 certrfrcatrono e materials. In
t hese cases) cancinmgen it bethalunang amdtceharaarmnalld Eachtdfehesalfodns isanspetieset hods
used in their

Ertrfrcatrdon a[le re r.oduci.hl e and transfﬁrable and tend to
become i ncor 95 FATAMm{UM, @5d caehy has ass ‘f)"t‘fFa unijue chemical geactinsnnibies and
i nto standar € P idPeat i vgl uat ed
Qe to the.t SRTeiehie hestl (e cttheniP Oyl PR | Bxtinple SFRERE spRIENT .

met hods t o epeteatialeintoresy iase gorobinatiarsoaf 1porgumcc1bns ardzlccszlamndwwandn@duced
fromthese protocols 5Thetrad|t|onal an | ytical ods r |red a
conpl et e ext PERAHGMOMCRIGS SHCh a4, metaury. LY. T ElraE% Fﬁné bal ance
bet ween 1@xt r ardlhea sﬁéélésctvﬁﬂ‘iﬂff@r@ﬂt ﬁ?ﬁﬁk @ad Qﬁﬂlroﬁﬂzfi’é hf&rhxff@ t b3k technique
that is not subject ' to these quantitative limtations . The deconposition

of the matri maleculescentirely. shher¢ ars mampmssiasq:ibedm|tlheecrmtmsﬁrluenag1re he
species itself, is a | ex task .1 urrrn ext en e pr ation. The
separation o0 ASCORR EF&E‘?‘F%FH ﬁ}?g %f nggl %@Wq‘ﬁltﬁ%‘a ‘ﬁlg‘&ﬁo t he
inability of dsfifdblélRt 6P i6 déterniiing tif ﬂwat%hshﬁttwe BorfcefAtfohs ahld @el@@emter si on
of a species, such as Cr(Vl) during the analysis process, has been known.

For exanpl e, aMmusemmd(MMeml pracessing3@BDmeastirgraenitne Di gest i on
of Hexavgl ent Chrom um hod r Eva Sol i 3rd
updat e; %l S. Environmen¥ 3‘?‘335*%?%‘8?’16'3%{%& Y’%&ﬁ? D%V\ggﬁ%’) uses
al kal i ne di g@BtEQHmgP eI Bailéy, () W 2 Bdwaks, PR, hktdl%le&’hnbr?dh@t' on of
Cr(Vl) to Cr(III) durrngthe extraction process (James, B. R Petura, J.

C.: Vitale) KConmminglienef Seils)Lewis Rublishery Beca Raton, Eloridah 1995 datlep 9G.

20 of “Envi r ok ey Elerte, Y3 5tan; Moltygal Mool s prongens: GREFEn. " 'R
. Petura, J. Boca RheotsBlofida, R 989 DaknAL Ko Chhix@borkd R); Cervéra; MITE.; .dRyr ee of

success depends on the matrix and it _is not known for which matrices the

met hod i%) valld Guapdia,M: ddikrachimeAcrar 1986, i 22,09:344; Kramep| byRd Allenh Bcnown

Chr o iyt ATl SPocidh TREDD; MBS dpd aphatont i Bty séf’. d
Waste, 3rd edhelseh, SMicHigan, 199N Kakll, A, cs %&@Merwmmzswﬁ%%n :
1996), a UWV-Vis detection nethod for Cr(Vl), has been used extensively t

quant i f)é CL ( Wlsevigy: Qxfard; i1A91;t Yian Lpen,el. -C.¢|Barefaots R .ednalyst (London)
Cr (VI A
Lefat h)er aqequgggygf\ Zﬂf’gg%ﬂs‘gﬂ %lﬁ( Hazé%ﬂﬁ) chevgf“é'llg/g'pf o& éﬁ%’ @‘Fg'e "

however 25M1er1993u 65, nﬂﬂacw?as Suvital epedific gﬁmnesmut Edus€ effblcin spBEiatiGES
(Har zdorf, A C. Int. J. Environ. Anal. 1987) 29, 249-261; M| aci c)

R ; Stupar, 3ﬂalymm)demﬁe4<§r tis HiteragureanGusrently, LQ;lrlwbw}c measpremenis o002 -

or gani o at ¢ S Sitpent ARpRIS chll Be MRkt pGiRED BT AT o™
neasur ement  poidhBidbproBleniéeinay @xiéd A@h: spe¢iatioi methotie X Mdalyespecies ateor | rret ric),

Test | ~letltods for Evaluating Solid Waste, 3rd ed., U.S. Environnental
Prot ection 5r¢fe§§rreyandm§mngqumedmcomwsrp tojqksarspaeiederingithesemplingi dat e

For ot hetd neoiaste: A Shosfrelbh ndc T s oine 1 Flaniui BpBr o0

Met hods for —psselsss eld AP BE QRSB nikinly Ehéd yrxémqha%umwéarcrﬁéasﬁﬁﬁehatl on of
species of interest fromother forms of the same el enent and 10 anal ysis of

t hi s subsanplFarthesrigeseglassicalymethpds do ot copreasifon the. speeies’. possible, reaetion
931-941; Beceiro Gonzalez, E. ; Bernejo Barrera, P. ; Bernejo Barrera, A
Barciela Garcia, J. ; Barciela Al onso, C. J. Anal. At. Spectrom 1993, 8,
649653; Peraniem, S.; ~Ahlgren) M Anal. Chi m Acta 1995) 3I5) 365-370;
I yecer ro Gonzal ez) E Bar cr eI a Garcia, J Bernej o Barrera P Ber nej o,
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25 conponents and reagents, or be transforned during the storage and

anal ysis steps (Behne, D. Anal yst (London) 1992) 117, 555-557)) therefore,
there is no reliable way to determ ne how nuch chrom um was aotipl 3002
present in each spectated formwhen the sanple was originally taken or
prior to any manipulation step in the conplete method. Such problens |ead
to biases and 30 inaccuracies that limt, the use of these nmeasurenents in
envi ronnment al deci si onmaki ng and for otHer pur poses) such as use in court,
for exanple. 22 July 2002 _7 A review of Analytical Abstracts Database

(Royal Soci evigh wpa@rm agepts, A g reswdf attmugbcﬁnalyeﬁrtamum thase msthedsit i on

chr o um andTSsps B0t Beell e KeHtkaRePhREE of Bt ARETSY S pofy o ™
chr onmat ogr aplgliablél eurrexample, Qlﬁ?d stite rﬁft(tmﬂérn(haﬁhs%xﬁbteﬂgagﬁlfaubﬂtrmﬁﬁg tdhe two

different fornms of chromum.in a srn‘&eae m xture) based on the different
reducti on pdl’l@ﬁt“ilw‘% obCr{ b in sptere 60k inatgdtwastasy exerc hoyshent s can

compl | 033 e SR8 na%iRe Shalrh héfORy tsmttatles%r Sl ferigipoygs, and

interfere w neasur e ser ve neasurenment in
actual .envi rrepilgmiy puffoey, eawrérhhaﬁﬂrsbluﬁbnﬁtmﬁ faMfteqiériShavel bddn; to Mbust af a,
G A E. Talanta 1996, 43, 797-804; Paniagua) A R ; Vazquez, M

Tascon, M lanalyge sampies diot total chyommiumpand: assume allyahiremjum may) be gy the gﬁ
155-163; Ac ): cta 1994,
284, 463- 47%"%1@%’5{9’°"“‘tE Ths m}{g%%ﬁ’p Bt fs afruobootitncad soé@ﬁ)‘hy can
physically Sremesad agﬁaf(chml amdund ot Gidney Jonhumnecessath remediationn @dvechal ke) B.
Fresenius' J. Anal. Chem 1996, 354, 557-S65; De _Snmele) T.; Moens) L.
Dams, RIQ sanathads with unkppwn aecurpeyohaye aigo begs.applisd,1sueh ap@owy of ES

Wj asi nska) t 1- 150

Tonml i nson, I\Ep‘ﬁ ﬂ-é% gg Eﬁ @wéargg%u&gﬁa@ I?Q{eﬁ?imfﬁg%?&' %pec ‘F’éﬁq 1994) 9,
957-964) . | nCatseivation ané Retawery drtt)rrMptlmHsGOﬁﬁ whichdy an .ali2inblesxtraetionnf t hese
two conventional speciation nethods, hgowever, can correct for any species

t r ansf or mat i ¥R 1%9&?%@?(8%@%#@‘B@GGP“%Q‘%E&%@M » Whichhisany s s of
chrom um sp i's

i mport ant dﬁtr?@oﬁ&#sﬁ@ﬁ%gﬁgﬁfe rreasurerreﬁttﬁeeoé‘taﬁl@lrﬂ??}tq(kns8lr @f‘%lﬁ] asewotsher
types. 1§ so, methbys have hmsed ahdmre faedurate df vahom:rrkmds af earfiplepmeantices witht i n
envi ronment al sanpl es, slé‘? 3+) and +6 (OrQd2- and Cr20~2-~ Q thereby
reduci ng the“%WﬁiSé? e¥d “’HS rasepracy,aud regiire apgther methagbig validaterr " oach
speci es has n Yohv (

Rt 3 EnviER GHE| Aeg q‘é%‘“‘%%%%%ra@é%%? AR of Yooy (bFvalale b‘tﬁr‘aca

F. In Chr omi thase m‘bthndst Whltn‘ sonir methoids avag betm:cnmtqafmrmbme iddtricedland. ) Ed.
30 Rei nhold Pu i orat | on New York, 1956 53-7
Weckhuysen, ‘Bva \/@ﬁﬂé)‘ﬁ‘g %%%H%WP)W% toAtendﬁéWp %ngd% g 96,
3327- 3349) IhRA t ition) the 22
July 2002 _%ﬁfi@ﬁéﬁ%‘ﬁﬁ%@%ﬁd}ﬁfﬁg&n Qcé\s;%ﬁégﬁétaga P#dbrﬁ?ési very inportant
because of their vastl Tmlntidml nmho{iobogmstdoemt a@pqrate))am@yze speciesent  known
to belrrportant i.n Iuc ”5133{@ @é asCr i s hi Iytoxrcto
humans and & “ﬁﬁ‘?‘gﬁ 6’( » 15 %@rre LP?‘PEII‘IB 3

Ni eyer, D . %r ﬁQﬁi‘iﬂg the ezétracnoh%ceﬁ VToE%ﬁhﬁPic@%gﬁﬂﬂudﬂ‘ Ohhéirtéﬂ al

Heal th 1991) 7, 159-196; Nriagu, J. 'O ; N eboer, E. In Advances in

Envi r onnment a¢xtscuen¢me& 'wese usest @g@lﬁttaﬂ‘ timgpecies, Known methedsidm poty | ey &

k
Toxi ci 155, CreropidsdBeans i corgsigR fof Sifies deatadfh SERORAG MRy oF BhlAe,
toxicity is é,&%@{lgﬂqﬁefﬁgenéwesw%mdqustxofw&sél BONMRRtiR! FLO renedi ation

of contam nat sites resence of Or (111’ may require no environmental

cl eanup, vvhrLebmSle B etnahcChem. 1996V/67, 42¥L#254s Methadlsasuchias thise ape ocedur e
of the present vention is applicable cont ai n

i nt er conver t 4§ ?3&? &ONERNS @:‘SPG\HF%FP%W%@OW%%‘" &8&?‘?@9€8’%§'an1’5 reased.
While this dagined 6 beABRIraYPaRIWere siERid birbroRtGfsred ShthE | s not
restricted 15 to the nmeasurément of two species) nor of this specific

speci es 36l oneertificatign mkstmdardr eeferonegymuategialss i lor theser cases; vareaty én ataddardocedur es
there remains a v subst ant ne hod of accurate
quant i fi catrB’ﬁteG fsr%!il“i gvg %toés"fcff‘eth se‘r'sggtm\fﬁﬁ“éﬁerﬁgfﬂ%@' 8npensat es for
i nconpl ete e &%f@fab@‘?nd 288 % b&BmPincHRRHFRER intBbopl SPeci es, as
wel | as rel at d 20 |na equacli es the prior art, such as the need for a
neans to validate nethods of unknown accuracy. SUM\/ARY OF THE | NVENTI ON The

present invention has solved the above-descri bed probl ens by providing
uni que net hodol ogi es for sol ution thereto.




25 The net hod provides for quantification of one or nore species contained
in a sanple with conpensation for species conversion and i nconplete
separation. In one preferred enbodi ment, a predeterm ned stabbguiyo02pe is
converted to a speciated enriched i sotope corresponding to the specie to be
measured in the sane. The sanple containing the specie to be neasured is 30
spi ked and the isotopic spiked species and the species to be neasured are
brought to equilibrium Al'l of the speci&#s are separated fromthe sanple
and isotopic ratios are determ ned for each specie to be neasured. The

i sotopic  2Zandiyhival@Ckhiqidsraal iin® stindatdiertiiga wuRdthem. NSydanmid sias | v
deconvol ute the species concentration while correcting for species

conver si on ark#nnet henevatnatesk duestoghe faqt dhat mpradditienabdegres obfre eKissd on

aqueous sampi 2 eEafiehfe o ERaM EEnRic AR Bokoeat g SRR ™Y o - "
exanpl e, or ffﬁhdﬁ&d&rcﬁﬁ'thé%emé@s. such as a soil matrix wthin which one

or nore ;‘.ﬁeCi es are located. The nethod may be practiced in quantifying
Cr(111) ahd C (V1) and Dathsaditipral jaaalytiea imeshedsaequined a complefesexteastion of t he

(r:rﬁﬁ glma'? {)glr ;g?élf?“gécaﬁg&g}g@c?% {elcﬁg .?r s%@?s’(ﬁﬁ% F?glcgﬁéé:g‘g?’lg%rigﬁg?&%f’her sui tabl e

extracti on megfisienGuakd srcizd depabiatidnoRRiqhirésad teeAnigie eab & nGtubibt &
separation neans. Mass spectraonetr such as_an I CP nmass spectroneter ) or

ot her sui Labl@emnﬁﬁ?&‘? Hghationss )fhﬁslewmsisioaﬁ?hq Bagréx & frepdhe he i sot ope
[ . T ' ' . 15
T T 0, S il A G P LR

val idate tra ronal” or o anal'ysi's. S0 may be
enpl oyedi@® o ameghiying expasive prepacativnl t They separion lof of@ ispeciesl fornte bthepriepar e
speci ated spi ked standard materials. It is an object of the present

i nvention to isaiaquired due e ipability ef mastdetectars &9 distipguish betweer, nol ecul ar
or conpl ex spggGl.: ' ' | ki ' e j on, and
S0t ope. i I utPErEe 40P tante bl Re o' peltll, Sl afrVAT e wRCRANAY O0 T

quantity of tgrecespehasdsenfknowhe rFortexample)EPsaMétiiod 30604 (SWEBHG BRA obj ect
of the invention to provide a nethod which will effect accurate

quanti fi cat i oMethod30804p Adkaline Jpigestion, efHexayalens; Chrogriumy, Jgsefiads for

extracti of, sgl ubility). at | t kQD: r . ecies. 25
It is afurt h%?ﬂg%fﬁgc%)hgfs ﬁ}?’ﬁé %ﬂrd e élﬁte?ﬁ’?\'\%én Igﬁﬂrp%ﬁ%r%\i}?egg&gA%{)ﬁgd for
val i dating otWashingiohpDC, A99Rises \atkatine digestjord ®or progeeve Cr(/Iyahd iattetppes and
for procedural alterations ft)éli(gf nserve speci es. is a furthr obbect of

I .

the present itQENEH ISAUGLONS o EHIR ﬂ‘t’ﬂ%@e_t";’é{?c%m progess i(fanpes
ag i ch | of 58 TRRU ot dnaiae: Re T peerpll Sy b A Ao 5. °
29, 2377-2381; Vitale, R. J.; Mussoline, G. R.; Peura, J. C.; James, B. R. J.
20 of Environ, Qual. 1994, 23, 1249-1256; Vitale, R. J.; Mussoline, G. R.;
Petura, J. C.; James, B. R. Am. Environ. Lab. 1995, 7, 1), The degree of

success depends on the matrix and it is not known for which matrices the

method is valid. As a result the method is generally employed with known
inaccuracies existing. EPA Method 7196A (SW-846 EPA Method 7196A.:

25  Chromium, Hexavalent (colorimetric), Test Methods for Evaluating Solid Waste,
3rd ed., US Environmental Protection Agency: Washington, DC, 1996), a
UV-Vis detection method for Cr(VI), has been used extensively to quantify
Cr(VI) by detecting the violet-colored complex, Cr(VI)-diphenylcarbazide at pH
2 (Nazario, C. L.; Menden, E. E. J. Am. Leathei Chem. Assoc. 1990, 85, 212-

30 224). Several problems arise, however, when this method is applied to samples
with complex matrices (Harzdorf, A. C. Int. J. Environ. Anal. Chem. 1987, 29,
249-261; Milacic, R.; Stupar, J.; Kozuh, N.; Korosin, J. Analyst (London)



22 July 2002 -10 It is another object of the invention to provide such a
nmet hod which will permt neasurenent and correction for phase changes,
insoluble transitions and volatile forms of the species whil exrmiyaomng the
ability to quantify the species. 5 1t is a further object of the present

i nvention to provide a nethod to effect quantitative speci ated nmeasurenent
of a specific species in a sanple froman unknown fraction of the sanple.

It is a further object of the present itvention to provide such a nethod
whi ch permts species conversion and corrects for these conversions. 10 It
is a furtherl998) d¢7, 135-13®. pSushaovexisting ntatrim comppnents de Feifcndasomd hod whi ch

not only correct,s for species,conversi QUL _T.mproves the precision and
et ect | o || SEHLE gfaticotaRonGa i SR (B L1 LD o redHBg A R BleeBiemRe
present i nvewiy8ae tl%APrM\étrB_ﬁ Y6 @_Hrbmgm)ﬁex%vaféht ‘(‘Edl#)riﬂl‘aefrm),t Tegcurate

guantification of the reactive species 15 interest troma’sanple despite
conver si on ddefihnds foreEvabaring Soédt Wase ndrdwdat UoS., Eavicoramentalr Progstribn ng

thereof._It is another. obje t oyide a nethod to encqde standards to
pernit thei r"k&%"@yé 3$ mg?‘;é‘nﬁq’cg??%d medipdg doy s validatedessy correcting
for the degr | i i Ig)&/@a,gF : - speci es
20 remai ni ngﬁ%&?ﬁgr%ﬁ%}fﬁ rrngrz;‘t r at %?ygﬁgﬁléﬂypg%ﬁgﬁé&tm& ?@egnot her

obj ect to pemethods for speciated qneasinement fos melsrateactivet specias.ds t hat have been
previ ously spiked with rated stahle isotopes jn eci ated formthat
pernit the use of thes@gﬁaﬁ%%‘“@ s‘BEﬂ?BFﬂni“{])'té’F’c‘@’ﬁgtlﬁY YePhYsica ossi bl e
degr adat i on. ibo N infaRdsE | ' species in
st andar ds byse ég*l%%!{)l?(s) g{? malgns sofr'og{ %BEFF%&W?%%@E%AP%#?% ntegrity
of thes#0 st candbysidsofathist subsample (ForgytWcoWae dt ICatG oSpextroac.sLety Wby 24ul ti pl e

ot hods. whi LYE thecgif CBPESH. £y Mol Bivom. B Ermslfatisl A spect at ed
fgvggg! X?ﬂ s mhtfel GRXIDT. CBRCRYRRIGsY EN It NRalTeiN 3PecAim.t 993075250t

653; Peraniemi, S.; Ahlgren, M. Anal. Chim. Acta 1995, 315, 365-370;
Beceiro Gonzalez, E.; Barciela Garcia, J.; Bermejo Barrera, P.; Bermejo, B.

15  Fresenius’ J. Anal. Chem. 1992, 344, 301-305). This approach generally
assumes that species conversion is negligible in the subsequent processing and
analysis steps. However, this is not necessarily the case. Separation of the
species of interest from the rest of the matrix can complicate and prolong the
analytical procedure. For example, chromatography can separate two different

20  forms of Cr in a mixture before presentation to elemental detectors, such as
ICP-MS. As each species can react with its surroundings, and even with the
separating agents, detection after a chromatographic separation is only a
determination of the species distribution at that latter time and incorporates all
altering concentration shifts. Each species may react with other sample

25  components and reagents, or be transformed during the storage and analysis
steps (Behne, D. Analyst (London) 1992, 117, 555-557), therefore, there is no
reliable way to determine how much chromium was actually present in each
speciated form when the sample was originally taken or prior to any
manipulation step in the complete method. Such problems lead to biases and

30 inaccuracies that limit the use 6f these measurements in environmental decision-

making and for other purposes, such as use in court, for example.



22 July 2002 -11 It is yet another object of the invention to provide

nmet hods of anal yzing species to permt certification of standard material s
i ncludi ng spectated spiked standard materials. These and ot hep jgRj2eps of
the invention will be nore fully 5 understood fromthe follow ng
description of the invention on reference to the illustrations appended
hereto. BRI EF DESCRI PTI ON OF THE DRAW NGS Figures 1(a)-1(f) are plots of
the identity of a isotope versus the ame®nt of the isotope for sinultaneous
determnation of Cr(Ill) and C(VlI). 10 Figures 2(a) and 2(b) show

respectively separati o fdvidwef Analtissl0A BarmtscDatBadeS®oyRl S@diét}"o?pi ked
sanpl e chromat ograns of a solution containing Cr(l1l1) and C(VI). Figure 3

is a plot shé&hemistin&England),forchothy chipmiumi and speeiationisbows that evarictit obe

Showi ng t he. SioseAbPERRRes R E s PRER tor SPeoibel Shroimbyi Ao AR o
Figure 5 is ard pamafliya€lécarochénmist geitbdktfbh%wm?dm%g?qpﬁ?i | Ele@tedtnemial t he
nmet hod of the invention and anot her nmethod. Figure is a representation of

t he i nfl Jencaneghodssian digsingnish atween the by diffesentdoros of ¢hramivminda by t he

series of pl SN FEE a8 BF Bl el oRSlicubh BalehudbBe e ekfiliecr s °
measured at dpédid 60t mairieconipohend | can \Woinplic e Rembleds) edpeeialgi fédhi cat i on

step. 25 Figure 8 is a plot of tinme versus percentage for different degrees
of i nconpl et desidyshPEganisrcompoynds and (interfgrr wathymeasHesnet #nd WAt h respect to

7Y o oo e B il SRR oRRl e i

appl i catifon 8. @ MdgVvAbaseMIN. ; Madstalfa] G. 2008, Talanta 1996, 43, 797-804;
Paniagua, A. R.; Vazquez, M. D.; Tascon, M. L.; Sanchez Batanero, P.
Electroanalysis (N. Y.) 1993, 5, 155-163; Achterberg, E. P.; Van den Berg,‘C.
M. G. Anal. Chim. Acta 1994, 284, 463-471). For more complex sample
matrices, chromatography can physically separate Cr(III) from Cr(VI) before

15 detection (Michalke, B. Fresenius’ J. Anal. Chem. 1996, 354, 557-565; De

Smaele, T.; Moens, L.; Dams, R.; Sandra, P. LC GC Int.0 1996, 9, 138-140,
142; Pobozy, E.; Wojasinska, E.; Trojanowicz, M. J. Chromatogr., A 1996,
736, 141-150; Tomlinson, M. J.; Wang, J.; Caruso, J. A. J. Anal. At.
Spectrom. 1994, 9, 957-964). In addition, extraction may also be employed.

20 Neither of these two conventional speciation methods, however, can correct for
any species transformation occurring before or during measurement.

The analysis of chromium species was chosen as an example for
this disclosure. SIDMS is important due to environmental measurements of
Cr(VI), as well as other types. Also, only two oxidation states of chromium are

25  predominant in environmental samples, +3 (Cr**) and +6 (CrO,> and Cr,0,%),
thereby reducing the number of possible reactions. The reaction chemistry of
each species has been explored extensively. See, generally, (Harzdorf, A. C.
Int. J. Environ. Anal. Chem. 1987, 29, 249-261; Serfass, E. J.; Muraca, R. F.
In Chromium: Chemistry of chromium and its compounds;, Udy, M. 1., Ed.;

30  Reinhold Publishing Corporation; New York, 1956; Vol. I, pp 53-75;
Weckhuysen, B. M.; Wachs, I. E.; Schoonheydt, R. A. Chem. Rev. 1996, 96,
3327-3349) and is known to those skilled in the art. In addition, the



-12 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As used herein, "specie(s)" as
enpl oyed in respect of the sanple containing the specie which is to be

anal yzed quantitatively, shall refer to elemental species, iQnijglysoegies,
nol ecul ar species, chel ated species, conplex 5 species, such as
organonetal | i c speci es and ot her species which are adapted to chem cal
quantitative specie at an anal ysis of the present invention. As used
herein, the term"isotopic elenent specr%‘ratio or "isotope ratio" shal

refer to an isotopic ratio of a "species. " The present invention provides
an i npr ovengdifferpntintion, begwegn CréVD. @d Ce{libnis veryl imporant bepayise of dhein sot ope

Dilution Mass r one t he disclosure.o ich is e ress
ncor por at ech AT STTCTRYE tomloiisfh cEri) Iyt RSV ud be Pt Jn SRS ok ng
these measurgampéiisny wherdhs eq @&Htg’h@pidxi%at'é' Hurhahs aaﬂohnqiﬂai@n"a Ridgi ty
currently beyond the capability of traditional metrology nethods. In

contrast to somgdiypeoabranest I(instenhmh a. tJenMeYtEb Pr Merbhedgnt Be Jspemi.es from

changi ng dur Si s s that \tr form
speci es Y %? Mﬁeﬂgﬁ rcfaa lg’loi?gelc lfsg?ﬁ%hzﬁéa n& o @PFons
This net hod B! ﬁpAum@eﬂr@gm%mﬁemosaén@e W%Hﬁiofog@?%a%% yrenskgrmations
in nmore traditional nmethods, permtting their evaluation and val i dati on.

Thi s new applobadWiley & &ong NeWeYQ!‘ﬂsed9&8; Yol ﬂOSBuEIDNSR& eChraméu20 Vet hod
6800 to be p ed a od El e Speci at ed

| sot ope Dil uwtﬂk &ﬂg j@ﬁ‘i’%ﬂ&@%ﬁsﬁ& I\ﬁ %tOPOFEE\t;gé?t} Solid
Wast e, Updat gerrent® 98 toxidity id insorfadt forithé€ nipe@m@ndost BF 8MVitcamentapl DVS met hod

of analysis and i nproved validation effici'ency and standards concepts,
exanpl ed0of reimediation| af noataminaled sites. ndhe presedce@i Cr(IY) vay raqyisg 1)0| n wat er)

25 ch t d COPR) , I t, ts

di sgl Lg;nd ewcﬂr ﬁ@%ﬂ ?zﬁégﬁé’s%gﬂ?)&}eaﬁrfa%ﬁ?‘:%f%@Zf)aﬁén?éggmﬁ'@h?? o?ﬂ"?er s are
appl i cabl e tgroskddYof e fe@aitetﬁvaﬂﬁﬁ @B%giieasieqavs&hpté&waeuﬁg twn- exchange
chromat ography to separa e G(Ill) and species, and inductively

coupl ed pl asmacrmrtsugcspc@nemqh ofi ‘mﬂch/i!l)a}'t alsm’eaﬁasteoyteﬁe)rim@pwd ratios for

denonstrati b onsi der m_cr.owa tra The

ready acces (SJ?V&VTF ‘b? cﬁcc‘icsag: BP ﬁﬁ)ﬁeoﬁ)f Y]\e% s‘?ﬁf‘t H:ofﬁpe&iféi 5@%‘% (90 f"g?i}é“é‘i nunber
of anal y§i cajy thaEaRRineRs of twd Spetidsy ndP B2 thisl SpebifcisgeciRalones ot ope dl lution
IS based on the addition of a known anmpount of ‘enriched isotope to a sanple.

Equi li bration of the sin kpite pEthedoregningrpriorearh knowledge pedrpracedyres ﬂ@f%arrpl e

cal cur at od (BRI RaeRhishh End BiisBhnulCReniar Bhodmbe BF fturktubnfiRlbn OT0, °
the anount of icaetivedipeties i dflteredt WhichSinebe compendabs fot ibfigldts ot opi C
abundance after equilibrium which usually includes destruction of all

speci es. Thee’étﬁﬁﬁpﬂoﬁﬁpﬁtﬂtm@o asplatione ap degradation; ofoipseiesrasdvell as Hlated s s
SPECt OB Y ABRYR B bl B s Y PRSP QNS SN 1

wher e, e'neasure sotope ratro of 1sot ope A'to isotope and

Bx are the abpunknowrpadcugaty. of i sotopes A and B in the sarrpl e; AS aad BS

are the atom c fractions of A Cx and CS are

the concentrations of the elSHAM , respectively; W

and sare the weights gf, ,t}sseaa;m)e m&%B@é?fiés\éﬁbéfd RbldhRepy 2n9i ng
the sarrp

Equation 1) the concentration o can be ca ate as:

As - RAI Bs xprovidingMiique m&hbﬂlblﬁgbafowodmmn therebe a hi ghly accurate a
technique for the (2) determ nation of total netals in various matrices

(Lagerw@drd) A. ; Wit tliheznethod provides fog quantificatign of ongsor miQre specles .

Deuri oo, b, sottathed i alsaftblle 4R cofRnSRARTRE Siekier colpyersiol TRIMoIEle. M
Fassett) J. Eh dtion. shnoné preferréthedbodimem, aljié8¢tefinined 4GbleGiddtape &46a,

648a-649a). It has several , advant ages over other calibration nefhodol ogies.
Partial | ossCoaverid ta d3ppeiatesk ¢nzich %WFQPBF&W&P“@\‘“& tocthe spegle tBe t he sanpl e

w1 not i nf L HERGE i TP GitE. 2 e UmblreeoTBATIHE SHE Becie to'te mihshraP2 - 14

30  spiked and the isotopic spiked species and the species to be measured are

brought to equilibrium. All of the species are separated from the sample and

isotopic ratios are determined for each specie to be measured. The isotopic



Fewer physical and chemi cal interferences influence the determ nation
because they have essentially identical effects on all isotopes of the sane
el ement. The isotope ratio, the primary parameter to be nmeaspp galy2002
quantification in IDV5, cair be neasured with high precision, typically the
relative standard deviation 5 (RSD) 5 0.5 %on an ICP-M5 . O her
corrections such as nmass bias and deadtime correction can be neasured and
corrected for. In general biases in nassgspectronetry are neasurabl e and
predi ctable and in some mass spectroneters mass rati os can be neasured

Wi thin 1 parago8 aﬂ@ttﬁﬁ@nﬁ%}iéﬂ%hitﬁém&%hx'd&ééﬁ\‘bﬁﬁé‘ﬂ%\%ﬁcﬁs Ther nal

| oni zati on Mass Spectroneter (TIMS). 10 Therefore) | is regarded as a
"definitive"concemtyation whiléoerredtingifer spegicis eonyersionland/ondnebmpletehe
certification of Stangard Refer enﬁe Mat.erj al MSE}% and at.om’g wei ght

det er mi nat i offP3kRtAN; olhe Wethod may. be, practiced on more than; ofs SRECIE (9 Bfent

capabi ity ({MauSed kinrult- nedi¥sFISTRE sarfiple Yha R 3Yueols sampl PFL\HhSﬁrh P.J.
Envi ron. Internat?ona f884,8@%0, 1%9- 1%3)§y Bl'%i?s ﬁ%etoh(s)g |geé so a 15 part of
EPA Met hfd 6§@0ies conrinngraqueous selutien,doe ekxahpleo or evayrbet 4 solid Semipde,EPA net hod

is planned to Be publ."nshed g’ﬁht he, U S. Gover nnent, Pri Hti n%‘ Oé_bl ce in 1998.
The SIDVE metWBdRsSr SaihMaBPoWihin Yhigh Qne Bf Ters| spedesatgPeated afBf oach to
speci ati on apginéaifay Bapratiicée irﬁqﬁzﬁfﬁ@ih% @Eﬂl)%ﬁ'C&VB%ﬁthHé} dpetigpds. 20
Traditional speciati'on irethods attenpt to hold each species static while
maki ng t he nthatpessassrmultipsnisotoppeef teimetakesn ligandi @rmolesweat i on and anal ysi s
nmet hods, however, inhegently neasure theﬁﬁ@géi es.,after coners' ons have

occurred. SIDMS has be BP% Blﬁ% C1a5¢ : btthéll'%l’B?tPg@P BB AS t he

Specl es IQOHVW'ﬁm&tiMbﬁﬁnﬁW@thﬂ GHhcH fi@BleBktabds mEARVsudBishods. I n.
SIDMS, 25 each species is "label'ed"” with a different isotope-enriched spike
in the corresqivendistabilization o other suitable separationomeanssi Mass speetromettyur aft er

spi king are trﬁceablﬁ;}gnd can hbe ¢ rrect@d na Eematicallﬁ. VWi | e SI DVS
mai ntai ns s utPIARAT g BRsHIPECERECRS, PRi0er, iIApIe ass M ungess may

i nterf er encepe employeaddidetepfilel the Gstapel ratigé. correcting for either the
degr adati on of tfl'u)e speci es or the conversion 30 between the species. As a

di agnostic tool) SI DVsTaeguethed of the presentinviention a1y glsosheeemployed toer i ng

rocedures apnd.per i k. i.0 ' ' . Ot radi tional
g peci at i1§n a?ﬁ%r‘g‘g"r @@?ﬁ%@%&eaﬁﬁ% éﬁéqsg@éé&%}‘aa%ﬁl@%&o rﬁ}{q@é July 2002
-15 Usi ng spe@phiyed td @hﬁﬁzd Secizaand eerify shadand nistdriats ahd o6 prepareTor €
separated isotopes that have been chemically converted into a single

speci es whi cipeciateshepiked stardard materials.pet ween SI DVS and conventional | DVB .
The spi kes are then eqyj|J.r &t i ey~ i tive
speci gs 5 and extract 33* %rﬁsﬁgggyéygéﬁﬁt%w@g%p %angéﬁﬁé%%ﬁp e

materi al at jdeasuremient ofelementhl) domiof mokechilar of complexaspagiecusing isSadpect ed

nat ur al '2§ occurring species is |abeled with different highly-enriched
f g gsu

i sot ope t fRIKING AT speelgbricparatian, ang isptope dilptien fraction-mg Mhd®ical |y

i ndi stinguis : : N al o eéi)b &iss of Mft& itthe d, they
“bot h under gopﬁﬁ)é&sgtr?g%g%%l?gg.thé;\%hgjoﬂflgﬁt| ongT osepasﬁﬁﬁghé nmet 1(e;'d) such
as extraction or chrondt isgg fipther objectisfthetinventijpartapeovide a spathodewhich

Traditionally, each species is,conpletely separated fromifhe_ other and
i sol ated in g"ﬂ“i"ﬁé’é‘p@%&m ngﬂtlfc{cpg%g °$ M@ﬁ‘é‘g? 8??‘5§°§HB spi&Pfiat ed for each
speci es, acr grnipiéte SRErATRINO $6MBAliLF, é&ﬁﬁ‘ﬁtihﬁ,e Qﬁhﬁbﬂbﬁﬁaéﬂa&atﬁfﬁtﬁc%s.

crossover between the various species In t time between spi king and

anal ysi 25 15 It is posdt id & furthee objeot ef thepresent énveention todpngv sidaat inethodf t he
species, or interchange fromdifferent species, at each step in the

sanpl i ng andf%fn%ﬁl%l"gg SF@S‘E@&E&@IS O?Imﬂgﬂa\vﬁ&%“fm ?050985‘?‘ ?émé‘g{t BRes a0 at i on
of the origi RRERIrSl ARt atdtst8 cofdive Sfeciebe di fferent chem cal species, a
correction p?gljv?ousmf coul% not be rracfeﬂjlvy U S. Patent 5,414,259 discloses
a study in which eval udtisomfuriierwbjeet pf tifeqpresent ivivehtion toepgolvidei sagh apeci at ed
i sotope dilution., The paten. al so di,scloses correctjan for. specjes

trans or mat | SR kvl dactigle SaTERsting oo mePPlets Bplanas PSS BECkEn ¢ ne

speci es.3gBec 3 i t b lobk Sdi Wy %gg@&g’@ can be
treated 3t0Ee éﬂgﬁggl’égﬁ[ osdgs% E%tw gggbtgggﬁeo‘?gig&gﬁggQP%?az;nol?her pemﬁ)es.
Ther ef ore, tlbe measered> procedures and equati ons devel oped to correct for
speci es conversion may be enployed to correct for inconplete separation as
in inconplete extraction and isolation. SIDVS has application and inproved
ef ficiency beyond the previously disclosed applications. First, it is
effective in correcting inconplete 30 separations of species in comobn
separation nmethods such as extraction and chromatography. Second) it is
applicable as a validation nethod to pernmt the use of other methods after

T Y ~ - NN N PN A~




Third, it is applicable as a nethod integrated into accurate preparation
and eval uation of spectated standard materials. The present invention
provides a new application and inprovenment in efficiency in apghiyoaogon of
SI DVS by extension of SIDhZS to 5 correct for inconplete separation of
speci es. SIDVS does not require conplete separation between the species.
Because nmass spectroneters are not species specific the use of separation
serves to isolate the species. TraditioHxl Iy, in the prior art, both
extraction and chromat ography have been used. However, the efficiency in
separation has not beel iganathert ahject of theninventiamtot promidei sukh tahmethodcor r ect i on
of degradation and,.conversion of the, species.. Sl as inpro efficiency
of the proce‘glycﬁwlﬂé’remlfttm??ﬁufeﬁﬁ}hﬁ?%? rection fof p ed:?‘a %@b‘@ﬁlﬂ% and al so
correcting fipinsfiioRs Bha ivBRHR! f0PAS bf IREHeBRs 'ﬁhil&%ta‘i"rﬂﬂ%gﬁé abiliFy gddi tion, the
present invention permts one to prepare a standard terral” wth

previ ousl y |qubntifydthespeaigee and natural to validate other 15 nethods of

| ysi f ies. 1t i he d i I, f bhi f
anal ye1 Chl procedur es SRR OIGYOf HE Biedidt ib@ofion o Fovtin STRER ocedur o
and the eff qglefRbt G@dntiiAive WPbAhtbd nfeabirOmbad 'St A8iecific Yl ifaUdfpl as in

t hese ot her nethods. Vali dggl on of specific other nethods can be
acconpl i shedremdanvnkinbvodfraction of thdrsampleeasur enents pernmit the use of their

data wh k 20 hi. | d,oth i t . f t. t hods Th
data vher e unknown 20 i ag AGHL oL VS S S LOVEIL A of Lhes et ods The
species and il sehid péfRpRAELAveRRITadd Eorfd fofithedel versidiese

materials and al so the reevaluation of these materials after some period of

time. B0 preparing spelttinndurthesfahjent of theopresintlisvention navipeovidd¢ swaiya be

anal yzed 25 by.S when certified and .at sone.subsequent ti and
accuracy of TP%{FEOSHS‘{\(E#} npt §PﬁFﬂ§g°ru§’Fﬂ§s F%Veéﬁlﬁ%%ﬂg%gfﬂy%?ﬁ%hi s pernits
material s ”ﬁ&ci&i@ﬂ'aﬂd‘lfet&ﬁ% $ighiRQSf the nrasitembm. due to altered species

conposition to be used after SIDVS anaL{ga s. The accuracy would be linited
to the accuracy of t heltiigyetoggiother pbjest abthepreseahinyentior topravide suehsa

oo T B SR i nE e A BF et B oo
illustrgsi onngkest firﬁmaarshmgﬁatmﬁit@f:o@e% derind theSthBasuta@RyUs det ermi nation

of & (lll) and G (VI) in Figures 22 July 2002 -17 1 (a) and 1 (b) show
the initial manipulationssierage or syuplirgthereobi species O (111) and (V) in

50.1 of 200 ng/g O s i i i c t] (rren)
and & (V) are 300 ngi b sREnbCoPl TP ohoial SAGRIL & pRR%s Yarblied o (111
spi ke enri chsgmittheicrusa aGteBsighifichit deprddation of tHecspeties b3 Gortecting forred to 5
the respective species prior to spiking. The altered isotope ratios can
t hen be neas‘iﬁg&ﬁoaﬂﬁn@dtfﬁalﬂ% S@MSD meagifements any coprgetingdhe species, Fi gures

1(c) angnyl( £ mji'e' xi‘t 0 E@m C(llr) (in which ~Cr is
enri cheg? agl)ﬁ EL 'ﬁg’gg sS‘&ér‘?\?ﬁ?k Fr%tl%i“&é@g |tgmg'nri ched) ) and there is
no conversion between Iri§ hhdthenolsiedtrté Yeymit The aanafaemvingcofi spetiated rati os are
used in the 10 deconvol ution of the concentration of each sEeci es at the

time of spi k§tafgardsthasbaxs beep previously spikedswith separated stable isolapesyni o or (V1)
d & (Vl) t I 148 gl } i i whi ch
resent i sueCist folm fiat feriits 8 uSdof thefg Qthdards BisBilibnily Ulef plorige 101 ¢

(f), 20 % of arfdrfdskible degradatioart ed to Cr(VI) and 20% of Cr(VI) is converted

to Cr(ILL). Dfferent Eégree?l of 15 conversjon result in djfferent isotopic
abundanées, so the chalgé anether,gbieet tgmermit;the ExARationRfPERIEEdN can be

applied to t ! i { . :

conver si on. %ﬁ%ﬁﬁrreﬁ@rﬂ)g&%&ni o? ]\ﬂﬁé&%ﬁgiﬁ*e%@ﬁﬁ%%{l&?ﬁe process
i nvol ves pr othest standands asofoothe cursrpntkeontetration lofaf single opahuitiple speeieses with
respect 20 to which a guantj ta‘gti ve determ nati on be made. Spect at ed
measurenents are basedlto & fugher ebigstRf the presert iayentionjedirgyida spehy ope

("spi ke") i t i 1 The
concentrati (r;{r!l‘ th;oﬁg r@@@%@gg‘%ﬁéﬂgu Jéﬂ(l;)lw a?g?@e}[seoﬁa%%gmg{ﬁd? b%? EP g‘aat\?\ndt h the

i nver se30sot apdysi whichanayreé kaployhble withiieemehiotisof thegpriekent dmeentionor

species to be evaluated may be provided in an 25 aqueous solution. The

i sotopi c spike or spikes are introduced into the solution and equilibration
is effected. The specie or species is then separated as by chromat ography
or other known nethods after which a mass spectroneter capable of base |ine
resol ution of isotopes nmay be enpl oyed to neasure the isotope ratios which
consist of the ratio of ~Cr(l1l) to s2Cr(I11) and 53C(VI) to 30 52Cr(VI).
The i sotope neasurenents are nmade separately for each specie to be
gquantified. The nmeasured isotopes may then be enpl oyed to deconvol ute both

NN NN A S o2 e e o o o - o o




22 July 2002 -19 EXAMPLE 1 Step 1. Isotopic Spike Preparation and
Calibration: Isotopic spikes for each of two species were prepared for
C(l11) and G (V). A 5C-enriched spike for Gr(l1l) and a 53%gulerp00zhed
spike for 5 Cr(Vl) were used. The concentrations of these two spikes were
calibrated wth inverse isotope dilution approach where natural chrom um
was used. Step 2. Sanple Collection and Spi ki ng: The aqueous sanpl e was
col l ected, followed by doubl e-spi ki ng wigh both 10 sCr(l111) spi ke and

53Cr (VI) spike. For high accuracy, spiking was done by wei ght using the
net hod described in Ki Rgsyeinanother dbjecPof kivd) inFentidn 0RbvideiRehodd8L ) 53,
223-227. Step 3. Sanple Species and Spi ke Species Equilibration: The sanple
was equi | i bratalyring specieh ¢o ipeomib gemtificpticreof sgndard imegeriads incliing5 sanpl e and

the isotopic_spikes in.aquegus forns. Step 4. Separation of the Species: An
ani on-exchanﬂ’gg%ﬁﬁmeggﬁ?ﬂ@ﬂif%%f%&' connected to an inductively coupl ed
pl asma ness Spect r omet ghesel £a8-dHidr GHR 6RIHeYnA@RBRABIhd ARrOR(lly |) aad

Cr(VI) fractions in different volunes of the eluent. Figure 20°2(a) shows
chr omat o§r amanderstegd freapildallewing| deseriptioni efuthe ivenyion owsfesenasrtattbgr ans of
an isotopical] y-spi ked s lLe. Figure 2(a) shows chromat ograns of the

sol ution con't“é‘%/tﬁ‘l‘t&élsépeﬂa#? hEFne(!io'Cr(Vl) with natural isotopic abundances and
Figure 2(b) shows chr onBRIEFDESCRIPTROSPOF PHEUDRAWINGSd Wi th the

i sotopi c spikes sCr(Il1l) and s : tep S. [sotope Ratio Measurenent
of Each Spectated Conpbigures: 1@att) seenplots gfheidentityt hba dsatopravergusathi ¢ peaks

contains the_isotopic distributi th sSpeci es [ W \1Y iy Yo P I cate
measur enent s18PU "ﬁ% 655%%’3 t?’éﬁm s""ﬁ% usecgeiq{nﬁr}ﬂ(ﬁg&qfo .(hﬁs%}l‘gﬁé&agt i 0
neasureqgnt s wer e madeFRRp&S hid @) shbw!redpeciadly ls@paratidnved thehr ough t he
use of an ICP-M5. 30 Step G:mD);;ermwr)\_ation oﬂfe Specigg Concentrations and
Conver si ons: umspikedeampleand isotopisely-apiked sappleycbromatogramst ¢f a kelutiamni os and
to d lute. t.h ' trati thematically f both th 22
JSI yeggg\zlo_ gepentaxm%gs(ere(\ﬁbegndceﬂ%f rations mathematically for bo e

Figure 3 is a plot showing the influence of deadtime correction
on the isotope ratios measured with mass spectrometry.
15 Figure 4 is a flow diagram showing the preparation and treatment
of three aliquots of a water sample.
Figure § is a flow diagram showing the treatment of a soil sample
by the method of the invention and another method.
Figure 6 is a representation of the influence of soil matrix on
20  recovery of Cr(VI) determined by the method of the invention and another
method.
Figure 7(a)-7(c) represent a series of plots of the reduction of
Cr(VI) spiked into soil extracts measured at different time intervals with respect
to the acidification step.
25 Figure 8 is a plot of time versus percentage for different degrees
of incomplete separation.
Figures 9(a) and 9(b) show plots with respect to Cr(III) and
Cr(VI) as corrected for incomplete separation.
Figure 10 is a plot of the oxidation of Cr(Ill) under different

30 conditions including application microwave energy.



speci es concentrations and conversions. The set of equations (3) through
(6) for doubl e-spiked SIDVS can be used to calculate definitely the
concentrations of Cr(Il1l) and Cr(VI) in the aqueous sanple amﬁuryezgmount
of conversion between Cr(11l) and Cr(VI) that has occurred after 5 spiKking.
Wil e conventional IDVS requires at |east two isotopes for a species,

si mul t aneous determ nation of two interconvertable species by SIDVS enploys
at |east three isotopes. As O has f ouri2sot opes, this requirenent was net.
10 Preferably, the isotopic spi ke I S h| ghly enriched and consists entirely
of speci es which rdiha  bAG : D | EMIBOBIMIENES The i sot opic

spi ke should be able t e %0 t sarrp v.eni ent For e arrpl e)
it may be necessary toR%H%Fda]ﬁegggsﬁp&ﬁt S@F;‘(‘PPA%YG lg&ﬁngLé{ |S§F1 0 the
sol i d sanpl econtiinihy thel§Pebie'Whikh i€ &Hbé Qnityieag@ﬁmﬁ&twel Qhall efehed sanpl e
prior to extraction or analysis. For aqueous sanples) however, the isotopic

spi ke can beclgmensal spaciass lam@dtpg@lcs; rmolgaalas ppacicsg chelated spericse cgmptﬂxy by

m xing the sanple an |soto | ke sol u The | i C .S can be
St 1 Db o cotipies, SR of ARl BmeahBl siecis i oHed sphclfs WARHRe 2aBied T °70, oy ac
the anal yt e. chidat lgalhtitativieetiata aﬁfana@s@cufldle t@bﬁﬁﬂvérttm# d be nuch higher
than the rate of the speci es conversi ons. can correct for species

conversions that occur &N@rh@qmb theptenm; ' wtmc\mtﬁmheefs@mtm"awd sanpl e)

equi li bration_ _shou b eved before an n\(er sions take place. The
concentrat|or‘sml’p‘et't?‘g‘l gpzﬁfgﬁfer St i gfcef?t%n(thatwgc’ic%t opi ¢ 25 spi ke)

shoul d be high so thatmdﬁﬁreﬁﬂ'lﬁtéhﬁoﬁfpréﬂﬂed &Phﬂﬂﬁcﬁ@hﬂ@dﬁhﬁ 9ﬂBPeS a
m ni mum anount of stabili zi n%pg gent which could affect the natural

stabi | i 8§ of Uthdaseniisy414,23% elperiatedydsotepe Milutiop Massetnscipmetry (SHRM® d

ot aci <t on_of i irciRers hVEER 4 SERFElR P et BESRE B OReAE! SIS T < o)

for exanpl e.prd(ide® hewinidthéddepmmit Makiag theye irh&idumenty With hanced@cygpeci es) it
i's proposed that there is no neaningful |oss of the species due to side

react i ons replicability 2 ambdefensibilitie currently beyond the eanabiiry wé draditionahoni t or ed

S0 aue PREAT SRves Uit of duetfyotel B Rl SSPLodi T om 1 e

matrix and fthesp&iesfromivhangiag dutiay anhlysissSIDMS peiinies the acddtienPthat of each
species. In the S present invention, inconplete separations do not

material |y deipsterm %R?éle&é%eﬁ%;ﬂﬂéfm@ @nmmoporrm@ for 8agsat i nventi on
provides for.map Jiﬁﬁﬁ%sca latéh'lgri dlE'%lﬁ;rs @Eocﬁq RUAkAESpLAEs desi red
t he ecl NEORPI

gquantitative re S |ndepe Béi ng 1 nconpl ete) | ost,
degr aded) beungfommabudainen)mw trmdxtiumlanahedd;qvemt;tﬂ@ﬂmhcevahmﬂmnl\aﬂhenat | cal

deconvol ution w || t he rresured r io of s | s to correct

concent r at i oYaligati ‘?‘helﬂ?‘ PPRIpA YFEQHFHI”@P% g}%‘ai‘i"&ﬁeu@pem men

| 0ss anggi nspletifld! 4800:to Ve Pud ﬂ?ﬁ @'W‘ SQQFE’PA%&FM%SG@E@& ehfiidhg ons, with
t aneou

f our varlables permts sinu ematic deconvol ution o Cr(III)
and Cr (V). Specmtui Isntmp}e DihttiomMasscSpestrometry ¢ TestdMethodsefor| Evaduaingci es from

t he chronmat ogr.a be t sanme as those .that, hav

convert ed tog%(fﬂg 2@ 189%;%& telht"o‘lllé'“"@‘ﬁ %Bt?ée‘ﬁrlﬂ\’fé’(ﬁ'ﬁpésggﬁﬁgequat i ons
are applica GalieA cat I on
i s separat elb{?s%&e’r&mogst rg 33 g&hsegquentﬁ%lﬁ?ﬁn%@w%ﬁgﬁggﬁa\k/g? E
preferably petampiescof ﬂhadnnultdneoﬁwdldtammguﬁﬂof:ﬁlr(dll) andtﬁr(\qmntwatupl ke

' sot OpeiSandchr}gxtnliltga})lre ppoecglssersesfdﬁgsf ?&%RS] a;/ned soxle extracts will be disclosed.

While many species separation methods and mass spectrometers are applicable

to SIDMS, for convenience of disclosure, the use of ion-exchange
chromatography to separate Cr(IlI) and Cr(VI) species, and inductively coupled
plasma mass spectrometry (ICP-MS) to measure the isotope ratios for
demonstration will be considered, as well as microwave extractions. The ready
accessibility of ICP-MS makes this method available to a great number of

analytical laboratories.



equilibrated. Second) there is no selective |loss of the species that would
sel ectively affect only one formof species, either the natural or the

i sotopically spiked species. Third, only the conversions arebgtiemot he
species of interest occur. Fourth, each isotopic spike consists entirely of
one species (in this case, 25 all C in the 5C(I1l) spikeis C(Ill), and
all C in the 53Cr(VlI). spikeis C(VlI)). Wiile the foll ow ng equations are
not the only expressions for SIDMVS, thegy3have been optim zed here for the
doubl e- spi ki ng exanple. O her nethods nmay be enployed. rrr
(SOAXCsrryyx+SQOAsr r CsT frysdfitidnal fsotopk Wil §s basedorRA a4hfs flfrl%%é 2 - XX
X S S S (52AszruV\k+52AsrrG~rrvwm?%)(l ~a) +(52A>?8 grv&é@?ﬁg’f\rﬁ ~ur‘§~)~ 22
July 2002 - 22maurk of =RAchRd isvtope Bo\alshiBiplel. VEqUi)ibratiah of SBé\sgiked isotope

VI Wk* S3AS~CS~yys~) ~ Rs3/s2 = (S2AXCX| | Wk+s2Asl rCsrrTirrlr) (1, a)+(s2AxC

vl ~, x*sZ%vr%&%Pﬁmréﬁit@Wm%\pqu pléers the measyred, 1sptapg fatio.y e +s0A vr C
v rr = ~Vtoncentfabniafthe efenfent chn Ko Xalutited uling(thek “/F opit! 52 52 111 52
T ) topoptabriof g e Pt gan Be Eafdulated i e;ké'll Hotopit 22 V7' L W
)(1 ' ~) (sadbubdanceyof YBiksspikesand natyral;(ths AmOunt 9f the+spilde addedytp they "53/s2 - _
X X XS S'Ss (sS2A C.rrrw +S2A rrrC ruWrr)a +(S2A.C vr~ +s2A vrC, vrylr
vr)(1 _ p) xza;“B@e’sa‘Ld the 'itgre)q 1301Qpig ce %%rr‘? thrium ieh BsHally i sot ope
rati o of 'S’ Cnoief airueliofof bl spedids e SiialiBf 5PBBEntikhal OALSZ IS the
measur ed isotngpe ratio of sCr t% szCr of %{ra V1) 1|an t‘%gtlbs‘%lke %arrpl e. yr
Rs3~sz i s t hésotationudibdionsoassspectermeiry)fis shawn aofallo®s:of Cr(VI) in the

spi ked sanple. nr Rsorsz ~s ~e neasured isotope ratio of sC to s2Cr of

G (I1l1) in the spiked sanple. soA~ ~ gz patYr@watomc fraction of sC in

the sanple Cx"" is the concentraRons A 2FLEF 1*n the sanple (unol@)g,
unknown) W« is the weight of the sanpB&L€M+BGM soAfu’ is the atomc
fraction of sC in the isotopic spike: sCr(lll) C" is the concentration

of Cr(lll) inthe sC(lln spike (p.nmole/g) W~ is the weight of the
sCr(l1l) spi kﬁ in grams Cx"' is the concentration of C(Vn in the sanple
(p, ol e/ g, uWRASwN) a is the percentage of Cr(l11) oxidized to & (V) after

spi ki ng (unl | l; ced to Cr(lIln after
spi ki ng (unkﬁgvygm%e'?"héggue&gEﬁ%g%?ﬁ%?ﬁsﬁfreg&mé{ll%m@?gbI e to solve the
equat i ons f oA, atid B, are the atomicdrdetions episetagehAednd B un hthexsampley osoft ( VB)

Excel may be e ed advant,ageoysl n solving this set of equations.
y A gxPA Bsy are the atomic %ractL{onsy otJ isotopes A a%d 151 in the spike; g

C, and C;are the concentrations of the element in the sample and spike,
respectively,;
W, and W;are the weights of the sample and spike, respectively. By

rearranging Equation 1, the concentration of the sample can be calculated as:

C = (CsWs ) (As - RMBs] )

* W RB -A,

X

IDMS has proven to be a highly accurate technique for the
determination of total metals in various matrices (Lagerwaard, A.; Woittiez, J.
R. W.; de Goeij, J. J. M. Fresenius’ J. Anal. Chem. 1995, 351, 786-789; Van
Raaphorst, J. G.; Haremaker, H. M.; Deurloo, P. A.; Beemsterboer, B. Anal.
Chim. Acta 1994, 286, 291-296; Fassett, J. D.; Paulsen, P. J. Anal. Chem.
1989, 61, 643a-644a, 646a, 648a-649a). It has several advantages over other
calibration methodologies. Partial loss of the analyte after equilibration of the

spike and the sample will not influence the accuracy of the measurement.



22 July 2002 -23 A mathematical neans to solve the equations iteratively

I nvolves the following: To sinplify Equations 3-6, let: Cub, N111 CvrWwW
NI CIllw=Nn! C vrw-Nvr xxx~xxx~SSS~SSS(7)22A{11ytjm2
beginning of the iteration, arbitrary values may be assigned to NX~' and a.
For exanple, both of themare assigned as Os. Next the expression of NX

and |i is determ ned After careful derivation, the follow ng equations are
obt ai ned. ~1-a) (" 50/ 5252Ax- SOAXI| NzlI | +~-11410|/52(52AxNx ~| +52A NS~
~SOA~X~+S0As Ns~~~ 111 52 |Il 50 Il J 11 ""51 - ~Rso~s2 '"4s + As ~Ns (1

"a) (8) 1-a Fewd pinsitakaftBehenicall interfeRERes miieaAce thesdbterhiinationdebausel +53A
NS~~ p 111 52 ill g3 I! . o X, ~1 - (R53152 As

Equati ons 8 hgvzgp%eepgé]ﬁq {dpg“caégffegt;pn&]lﬁ&otpgﬁs Ofa‘%@ lﬁnl_‘ﬁ‘%t ﬁ%@Nx +B2
~ G2 (11) ' E% he

foll ow ng toﬂgtc?? do’?ﬂé ' ar%(pé&?éf%)eﬁebé 3%&%0%@%\&%?? I!)'Mi
xC2B21BI 2B2 eﬂﬂbdnﬂéstmeﬂjwith:high Precisiéi, @pidallyl the (e*atiness?aﬂndaﬂbwevhitiopr + [Ryr

ISS éAl ~r1r $+)S( 2@%@] Q%;%_og( SO@&@%ASOS@QAIS&{:%& B guch as mass>i)1a)1(s/ and °0/52, X' x

deadtime correction can be measured and corrected for. In general biases in

mass spectrometry are measurable and predictable and in some mass
spectrometers mass ratios can be measured within 1 part in 10,000 accuracy for
such instruments as a Thermal Jonization Mass Spectrometer (TIMS).

10  Therefore, IDMS is regarded as a "definitive" analysis method. It is a primary
method used in the certification of Standard Reference Materials (SRM) and
atomic weight determinations due to its high accuracy and definitive
measurement capability (Moore, L. J.; Kingston, H. M.; Murphy, T. J.;
Paulsen, P. J. Environ. International 1984, 10, 169-173). This method is also a

15  part of EPA Method 6800 to determine total elemental concentration. This
EPA method is planned to be published by the U.S. Government Printing Office
in 1998.

The SIDMS method of the present invention employs a unique
approach to speciation analysis that differs from traditional speciation methods.

20  Traditional speciation methods attempt to hold each species static while making
the measurement known. Speciation extraction, isolation and analysis methods,
however, inherently measure the species after conversions have occurred.
SIDMS has been developed to address the correction for the species
conversions, which cannot be achieved by other known methods. In SIDMS,

25  each species is "labeled” with a different isotope-enriched spike in the
corresponding species form. Thus the conversions that occur after spiking are
traceable and can be corrected mathematically. While SIDMS maintains such
advantages of IDMS as less physical and chemical interference, it is additionally
capable of correcting for either the degradation of the species or the conversion

30  between the species. As a diagnostic tool, SIDMS also permits the evaluation
of species-altering procedures and permits evaluation and validation of other

more traditional speciation analysis methods. See my U.S. Patent 5,414,259,



1 _ (~yr s2A -s3A INyr + ~~3~32(52A~l rr +52A~I r N~ ~ _
~S3AXNXrr+s3ASrrNsl ~~a ~)"33/S2 x xI L "5 tx py 52 VI 53 ~ =("53/52 As + As
~Ns I'1r ) (14) Equations 13 and 14 are rewitten as: AaN m+B3Jaly2003 (15)
AAN ~+Bd4a = C< (1~ The solutions to Equations 15 and 16 are given by: 3 B3
3 C3 B4 AldOG=x3B33B33B34B4 (17) As the calculation is
repeated, the variables NX ) NX, a and B will converge to constant

val ues, and these values are the solutiqgs of the equations. The SIDVS

met hod of the present invention involves spiking each species with

di fferent-isotope-enriupkiag spetiked IDMS 2theaamble canf spiRddRahdneWri on met hod
di scl osed herein is fundanentally different fromthose previous papers

whi ch appl i edorehsepaiaige is@toypsetﬁaaﬁa‘cmbe(euanhemw@mrtcn i@ a singk® July 2002

-25 Haremaker, .H . Deurl oo P.. A Beenst . _Anal.. | Act a
1994 56, - Spcisuhich il mEn. difietopie RESEER SIS dndeqrRRtions TR,
1984-1989; Kes dfe then edeilibra®diwith the Nturally-becurrinY@hetiviispeciBect rom
1994, 9, 13511355; Nusko) R ; Heunmann, K. G Anhal. Chim Acta 1994, 286,
283-290)3 | rang extrasted maseparated; byf ethen meapefromsthausamplepniistialwt the stme sane

i sotope-enriched material, in the correspondi species forms, and the
conventi onal PHRE ; qﬁaé‘(“iahlw‘?ﬁﬁgnugge?ef"ﬁst %Jéﬁeg?ﬁéﬁﬁﬁ?ﬁl‘%ﬂc‘é}’rff%é%%?’c‘én_t ration
from t he neagpdied withodieefent %ﬁgm%-‘éﬁri&?éamsét@%bﬁﬂx_e sArdeh@ereiBnit hener eci sion and
detection limts were inproved by applying the isotope dilution technique,

t hose ear| i eisotope-parichedpecias i chemieallyt inflistinguishablesfromsthio same cinatunal ”

speci es. The net hod, of t he. e Lnkention, .however, has the capability
of correcti ns(ye?lss?. megﬂgﬁﬁb&t&i’oﬁ\%&rbg’ﬁbmdeﬁgﬁjthie ¢ Ieg‘ftgmgep‘gr ation in
addi tiopgto doRémionabsépasatidhafiktho@ sihchsdtrasionosy ¢irbiafogrdpls, iehdead of

this invention permts the species conversion and can correct f-or such
conver si ons, todiéparateathe spgcies d Traditenslly: eachespaeias isovpsnplewslyrseparated Gomng

Get er m na 1 ote oulel B0 beced 18 SEREGSpeRae? S RBLE. 1RME Biiol ol Pl
Wi t hout det efofieact speties| acrpsihescheamutepiphitSpealed deRrbineRbvekent df ; John D.
Fassett; Edward Wiite, V, "Isotope Dilution Mass Spectronetry and the

Nati onal Ref&pesover biiweemtheayariopsispagiesGnethe sime betyeen spikingnasid amalysiso June

15, A75R-4TIR .+ 1993; . S. Hertz,
kel 35 Noit iy el B onker Y5 et PO Recll G 60 i (21

" Det er m nat i itercHange ftom Qifferentspaciedyat! eaeh@ngﬁ ibitheusaniplinyparl dpbeisr onetry as
a Candidate Definitive, Method", Analytical eni st ré& 58, . pgs. 1681- 1685,
1986; Pol | y Boreduse Thisallows for aconraks,back caloplation of 1he original semplet e v, 25

2 New Candi (ubseaRiaY afth aftfihor bhelsibh 361cd b okRPudf previRGH SR 1Y oo
2173- 2177, 186(he madd.y My LeSbPatefit 4414)2501isddsemna studyrinawHich Smaleaiomisi )

M chael _J. Wl ch nd Eward Wit "Deterpm natign Qf serum Chol esterol by
b Woa 1 2Bt | Berecrerformel St cranonthe sooviaied spoee DRBvR; dadRR alfde

Method” 30 AtigiicseBreGliGHTFRH dpéeicd ranfBfmatiohl®- 1723, 1989.

SIDMS does not require complete separation between the species.

Because ICP-MS is not species-specific, unresolved species can be treated the

same as those that have been converted to another species. Therefore, the same
25  procedures and equations developed to correct for species conversion may be

employed to correct for incomplete separation as in incomplete extraction and

isolation.

SIDMS has application and improved efficiency beyond the

previously disclosed applications. First, it is effective in correcting incomplete
30  separations of species in common separation methods such as extraction and

chromatography. Second, it is applicable as a validation method to permit the

use of other methods after they have been evaluated for bias and accuracy.



Addi ti onal exanpl es applying the nethods of the present invention with
various sanples such as synthetic water sanples) drinking water, 22 July
2002 -26 river water, COPR extracts, and soil extracts are pepWlde002
Dependi ng on the matri x, the anal ysis process nay be adjusted to optim ze
t he performance, precision, and accuracy of the nethod for all matrix
types. EhAU PLE 2 5 The net hod was enpl qéqed with an inductively coupl ed

pl asma nass spectronmetry (1CP-Ms). A VG'PrasmaQuad system (VG Wnford, UK)

equi pped with a water-cooled spr a%/]pcharrber and v-groove nebulizer was
enpl oyed. A EWiFd.i 1hioappligable @8 amethod integralgdsintps aceurate prepatationdnd The

I nstrunent J f LNg conditions: plasma forward
power, 10 1%%1%8{3:%%? %#ﬁgﬁétab&g\gv&g@%'lz 5 L/mn; auxiliary gas flow

rate, 2.0 LInin; nebul THeprdstmvinveritivh providled-4 hew; appfitationoahdupt ake rate, 1
mL/ m n. The mass spectroneter was set to baseline resolution. Chrom um

i sot ope rat i BeProcmapdn effigiencydap/applisatigaref M by extension PYHPMS i ng

de. Thg inst t. ' st h ' t | ' d
he. Ti mes Reo SRRVt ECtoAER, Scbaiattin BRGRcs: ¢ SHioleSToes B3 Halry RS G cco
aspiration veparatibib:tweeithe Spddies. SBétausemassospetitorhetes; ark Mot speids dwel |
time can inprove the precision of the isotope ratio neasurenent (Begley, I.

S.; Sharp, Bspecific the ushaf separasion scpves o dsplate tlemspegies.) Araditignallyr-dn thehe TRA

e per chaidarhtod oot Ooyedfrabhy 3 boG G, HBGREE " e s e
the deadti meeffigiénty irflsepatation Hab ot bbe corfsttsd ot dh iconnétiont With itigedt opi C
spi kes. TRA node was used when the chromat oalr aphy was_connected to the

| CP- MB. 1@hr eeorpastinn of gegradatign gpd eonyerianektherspecint RIPMS kasrimprovedpi r at i on

reasur oment SECeRi OF e Biacees,t, bt i 8 Iebhelil ol fe' REUEFELT, ' 5
1987, 42b) 48sé2orr&uing, fofsthePmixing loff edglpspecies iiwofie afiothé® MS; Jarvis) K. E.,
Gay, A L.) Houk, R S . Eds. , 1992, pp.90-114) . Using the direct

aspiration node, the dbt @&immsﬂle&a%ﬁpnh@vgm&omrwweao ESPATE 2 A set of
DUt ; . . ; 79,
oot opt - ab.FANAS FELGHR sABTPEIIAS B3P lsoldoe i Hghlrhf Yol other o e g

MD) wer @5pr emgﬁds ofr amalgsit of ispmcslcolutpenn' iwltmamemiimioal |of rFi:)s &)segﬁh)atqm, 30,
40, 50, 60, and 70 ng Cr per sol ution, respectiv . The raw data was
exported to aytisabprosednres fechinigugasand Yo bigy 4ss Eg“éqﬂ the pEocedire e ot
enpl oyi ng t hge"epfk . e O If'l%ﬁf £ : t . Te. The
appar ent dea&ei nme i\ll\ﬁf%&%?lg}%ﬂ?d@ e |gigt%%g&r\gﬁcggguns%gé%s?@ﬁ%&?ﬁhgﬁut i ons
of diff er ent methodentValidators of spezifioothenmethods chmwbedcecdmplishatande, t he RSD
of the neasured.i sotope ratios with different c‘gtgtﬁe,nt ati ached a 5

ns r
m ni mum Dea¥¢rification of their gicasyrements pepnit the. pse, Qi theis dataoyhers WnkpowRy | n

| sot opespat i g; W SRRl Se PR eiElse SOMBseameMmbdd N t 0 standard net hods.
(Russ, %\DP.,BII l; Bagan, J?Bl; Spectrochim Acta, Part B) 42b, 49-62, 1987,

Jarvis, K E. ; Gay, #Ahe tdsting fobascurdey réquirdsrstindaribreférende matgrialsi vel y

coupl ed pl asna., spectronetry: Bl akie Acaden r of essi onal . London,
1905, “pp’ 10 SHHDGS Jor Sperics S e SESITRMSRERBHE Foiihe SerERRAGIE R ne ¢ ho
count rate rwgwrmmw tHe Regfth AR idnOGSthb@UnseiRls aflef Y6me Prisden 1 n

Figure 3, which displays the 5Cr152Cr ratios as a function of "the count
rate, the netimer By psepatipg speciated referenoel ouatasials the miaterialimay bé analyzadr e 3,

the 1 nf Lgenc, QEpbRe L eadL R o0k RSO hBlabS driOhaPSechle 5 dIE 21 o

material determined using the SIDMS procedure. This permits materials that

would otherwise not be accurate due to altered species composition to be used
after SIDMS analysis. The accuracy would be limited to the accuracy of the
isotopic ratio measurements made by the mass discrimination devise.

30 Figures 1(a)-1(f) show the isotopic abundances of both Cr(III) and
Cr(VI) in a hypothetical sample. The theoretical illustration of the application
of SIDMS to the simultaneous determination of Cr(III) and Cr(VI) in Figures



15 a continuous dynode nmultiplier. Gain | oss occurs when the count rate
exceeds 5.8 x 105s'. When the deadtine was 43.5 ns) the isotope ratios were
brought to a constant, up to the count rate of 5.8 x 105s'' 22Aulyta003 count
rate, uncorrectable gain |oss begins to occur. Sanple solutions were
diluted if the count rate was higher than this value. 20 The mass bi as
factors were determ ned for each isotope pair wiwth SRW79 standard
solutions every four hours. The neasureppnt of nass bias factors was al ways
done in the sane node in which the sanple was neasured. The deadtine

correction Wyg) RS @) ¥Rewhaé iigal MR abisedpicdbufiddriced of sputids TR &@ aphy 25
A CostaMetric 41008 ol I\/Bﬁ%rrp (Therno Separation Products) Riviera Beach,

FL) and a Ce€e¥DhincQdod 200 ngig &n-selutienrigavhidh thercopomimations opbet i on)
Omaha, NE t || d. G (VI ' hr.omat hy.
The out et o FRLERECHR BRCIE fafi i it is Thes abpO b P R Ve b ¢ i
a piece of T@f(llilrﬁsﬂiuéobmcheahﬁ STrOel NCEVAS Spiké URridhedaf S8Cr Ramstamd for om t he

subboi l ed distilled concentrated nitric acid. The pH of the el uent was
adj ust edSt o thewpsplactiveespecies prieti ta spikiagt rkhecaltergdnisetopenratjas eani then b¥he | ow

2005 35 sanBrEufed in 44k the BODY BREte VD wsPBh I8 TS ol iand Bant' e
correction ame%ﬁplepi@ispnceamm B g FEC I @€ Whithoeek ivémacheWr ifd 19@d t o

cal culate the isotope ratios. The Isotope ratios were then nmass bias
corrected. Eng/gdtG(¥h GmavhiehECr is ensiched), and here isno peaversion btveaes and in 5

cl osed vesse e X ' S - t wer e standard
| abor at ory uhf(m) {‘ﬁ@ﬁ@fﬁsté‘f@% WFS@?%ASE@%&%B% "%‘S‘%@ crowave
extractijgn Wadcoaeslanion bf feCconBertratipe Of ahdhysptids RPHE tithe BE dpikams cAn
di gestion/extractions system equi pped with sti I‘I‘IISIQ AM | est one, |nc.

ag

Monro, CT) .emople phpd0R intgreenvession of £xdIl) opCray &r6¥Hde GxHInist r ogen

envi ronment s..\we jnt i QR of ' and

at or i s DolRFed B Ridie 15 b Fifiee 1°h, SRich nrbthg Dt el B 3 *Nan cpur e
Ul trapure \\afherintSycdneensiob bnoFigures A\e)andelkf)y 1206 6NCidH) iy coipefted e of all
solutions. Subboiled nitric acid was prepared fromquartz 15 stills

(M | est one, €oMIx:and28®) of CrMlyjs comyerspesto /GHHI). o Dififersat degrees off yent .
Anmoni ugx hyd ' 4 ' |0 ' prgeial] S

t hr oughrfgi gh&nglYF‘fL?y“vﬁeg‘t"g#&Bﬁﬁﬁ%‘iq?é%??%?fﬂ@%%sa?%%éﬁa‘%ﬁgoxi rratgg%tgélo ~. g
Mh per g sol isbiopit Aamdaices aue te Applibdse ahe datgriiiibtich oftidespecies and det er . | n
addition, five standards were prepared, including ""Cr(lll) and "~ Cr (V)
with 20 nat ufiegreqssQfithe cenvassifBances) ~Cr(111) isotopic spi ke enriched in
~Cr) 33Cr(VI) isotopic i ' |1 , .

| sot opi c- abundance- cer ﬁ?ip’égelé@& g@?ﬁ%giregt gﬁ%tqrg%ﬂt Wgntécr)%p%l?g{?cgﬁs and

di luti on of mivolvesiproviding andsatopie rspike ferleach ofl the aatiifd) speciesywithaespect cl ean
hoods t Q. reduce pblank (Kingston, H .M. Walter) P. J.; Chalk, S ;

Lorent zeR, Ei0 Whichia qyentifaigdeieminpionhn S %m&mkrﬁwuw%a%m al s)
Sanpl e Prepa ' rﬂﬁﬂ# ' ' | ts " uf—ﬁ,&y\q{ J.)
Eds.; Aneri cg%am%g%r%gﬁ) Soc tel{é?nkf\‘}\aﬁ?h?ﬂ%?%ﬁ)lg%g})ﬂg %ce pp 257é-323?§9). The
""Cr(111) st spedintedl fomnuasi the specie pf iyerestd TheoconCentratipalof the isotopic spike

or spikes may be calibrated with the inverse isotope dilution method. The

=]

sample containing the specie or species to be evaluated may be provided in an
25  aqueous solution. The isotopic spike or spikes are introduced into the solution
and equilibration is effected. The specie or species is then separated as by
chromatography or other known methods after which a mass spectrometer
capable of base line resolution of isotopes may be employed to measure the
isotope ratios which consist of the ratio of ¥Cr(III) to 2Cr(III) and **Cr(VI) to
30  3Cr(VI). The isotope measurements are made separately for each specie to be

quantified. The measured isotopes may then be employed to deconvolute both



(99.995 %, Aldrich Chemical Co.) MIwaukee) W)) and the "Cr(VlI) standard
30 solution was prepared from K2Cr 20~ (NI ST SRM 136e ) Gait hersburg, MD)
The ""Cr(111) standard stock solution containing 1 ng of Cr peryup 2002

sol ution was prepared by dissolving 0.1000 g of O netal in a mninmm
anount of 6 M 22 July 2002 -29 HCI. The solution was diluted with 1 %
HNO3 to 100 g. The a C(VI) standard stock solution containing 1 ng of Cr
per g of solution was prepared by di ssol&i ng 0.2829 g KzZCr20T in

appr oxi rratelg 80 nL of deionized water and dilutin g to 100 g with deionized
water. 5 | sdhepreciner sesigs saRcenfratian apd soRNersipes e dhisrmay be aecomplished

(M am sbur g, %% t}%ﬂge 1 lists the anal yzed i sotopi c abundances of both
sC enri chedHHRYHERIS 53Cr enriched oxi de. 22 July 2002 -30 Table 1.

| sot opi ¢ Abundance of T&p md%gk%r m&gxftahtoamé uk& Of SUBMY 61 b Prlesit 1 i al

Nat ural |sotopic Abundance "" [11 and "" "Cr' Enriched tal 5Cr 1|1

i ke"Crb Enr |nummnomn@@nna@tlpwmﬂk@gmrmma%m% (UBcodd2%YB3in. 470eo®B26. 8
9522.19539. 50 _9530. .1, .96 2. 9540 9%%40. 08 a Isotec Inc. Lot #2691.
b Isotec | nc® me/geg W%l §°?"§idz§eé’(l 1) isotopic spike containing
approximately 10 ~cg of C per g of solution was prepared using chrom um
netal enriched in sC (Lot #2691, Isotec Inc. , Mam sburg, OH) as the
source material . Four ng of the metal was weighted into a 30 nL Tefl on
vessel, and 8 nL of 6 MHCI were added. The vessel was gently heated on the
hot plate until the solid was dissolved and only 1 to 2 nL of the solution
remai ned. The solution was then cooled and transferred to a 500 nL Tefl on
bottle. The solution was diluted with 1 % HNO3 to 400 g. The exact
concentration of the ~Cr(111) spike was calibrated by inverse isotope
dilution. The 53Cr(VI) isotopic spike containing approximately 10 pg of C
per g of solution was prepared using chrom um oxide enriched in 53Cr (Lot
#2691, lIsotec Inc. , Mam sbhurg, OH as the source material . Using a 30 nL
Tefl on vessel with a vented cap, 5.8 ng of 33Cr enriched oxi de was wei ght ed
into the vessel and 8 nL of concentrated HCIQd (67-70 %, Optinma) was
added.



The vessel was slowy heated on a hot plate until bubbles forned on the
bottom The solution was heated for up to six hours until all solid were
dissolved and only 1 to 2 m, of the solution renmained. Aften2tir 2okution
cool ed) 10 nL of deionized water were added) followed by the addition of 50
~cL of 30% H202 and 4.5 nL of concentrated NH ~OH The vessel was again
slowy heated until the solution boiled, oxidizing all C& to C(VlI). The
solution was then boiled for 20 m nutes.jgo renove the excess H202. The
cool ed solution was then transferred to a 500 nL Teflon bottle and dil uted
wi th dei onized water to 400 g. The m%qentration of the 53Cr (V)
spi ke was calibrated by inverse isofop | i on. 22 July 2002 -31 The

i sot opi c- abuSwpricdsaepitiSpike Praparation @nd Caliprafiorsol uti on cont ai ned about 10

~cg of Cr) was prepared by djssol vi 31 of Cr(NO3)39H2 RW79) in 1 %
803 T 0w 500" . RIS I0E oo B ReSTes rerEmueBRed faciGrRASCr (V)
spi ke sol utions by iwAyers®c,SQt; el ' PicG. Sl LONs were
characterized bef gfdevﬁlx'siﬁg,cri%ﬁ%?ﬁﬁ ﬁjégéf tde*t(gfetpyr%%ngt icgne%gikﬁﬁgakgif%{f
concentrati on andCr{\d) aies¢ nsedut The ctreentrationshef thesectwasspikidsevdret al
concentrations of in both 5Cr(L11) and 53Cr(VI) spikes were calibrated
with e Cr(Vv) staFﬂ?&‘%fe‘i;W ‘PESWS%)‘ISOI“;R? 1 lo&ﬂi’&’é?i{cp&ﬁ}ﬂre nay¥fdpe dilution
mass spect romnet rych%iﬁxﬂrvf'ﬂqsc&har acterization 10 was required far sCr(l11)

because all C inthis solution was in Cr(Il1l1) form As nmultiple steps were
i nvol ved i n Step 2or SgraplatGallectidn g Spikinrg:\V1 ) spi ke) the conpl et eness of the

conversion of Cr(LJl) to Cr(VI) was verifi experi ally, To.calibrate
the concentrati onjri}? YOS )“LPP.*)%‘%* lertedy (félk%‘feﬁ Y gg‘g’ﬁ‘?fg’%‘“gfw%%ﬂg’g/ g
" Cr (VI oSt andar dsog;@?n 5 Vi ' b N&yitif tion of
10 ~cg/ }59 were wei gh egs@ﬁgﬂ Iggggt%%lfeénigoigitgp ?ag?ﬂ%ﬁ%’kﬂﬂg?%%a@%g@t hen
diluted to 20 g wby hweight amingdtie method desdribed in Kingstono it avit ;r Bellad BAIMD3 was
used to acidify the ut i o] . The acidified solution was
separated chr omtgﬁqé%@aﬁ%iﬁ #g&ér’iﬂl) and Cr(Vl). The 20 isotope ratio
of s3Cr132C Sieﬁ 3 NSafple pkciePakd S?ik\é’%?eﬁ@@ L8 radsh:-used in the cal cul ation
of Cr(VI) concentration gy enpl oyl ng I nversé conventional isotope dilution.
Experi ment al resullhe samplefwascequidihratet Iwid thenis@Bpic(spikes by amixinglbethshe n
Cr (V) fgrm The fol l.ow i solytlons wer e used égn t he standard EPA RCRA 25
Vet hod 3660A to eMMEIEANGINE sotopjc,sRikes; in QQUERYS fQImS 10" oy r act sol ution was
made up by dkg5d, viseshrafiordofihe \$peties95%) and 30 g anhydrous Na2C03 (99. 6%
in 500 nL of deionized water and then diluting to 1 L.

An anion-exchange chromatography system connected to an inductively

coupled plasma mass spectrometer (ICP-MS) physically separated the
Cr(IIl) and Cr(VI]) fractions in different volumes of the eluent. Figure

20 2(a) shows chromatograms of an unspiked sample and Figure 2(b) shows
chromatograms of an isotopically-spiked sample. Figure 2(a) shows
chromatograms of the solution containing Cr(IIl) and Cr(VI) with natural
isotopic abundances and Figure 2(b) shows chromatograms of the same
solution spiked with the isotopic spikes °Cr(IIl) and *Cr(VI).

25  Step 5. Isotope Ratio Measurement of Each Speciated Component:
Each sample point on the chromatographic peaks contains the isotopic
distribution of that species, allowing replicate measurements of the
isotope ratios for each injection. Isotope ratio measurements were made
separately for Cr(III) and for Cr(VI) through the use of an ICP-MS.

30  Step 6. Determination of Species Concentrations and Conversions:
The measured isotopes were employed to create the ratios and to

deconvolute the species concentrations mathematically for both the



Nat ural water sanple collection and analysis A sanple of river water from
the Allegheny River in Pittsburgh) 30 PA) was collected and anal yzed. Tap
water was collected fromthe Duquesne University |aboratory. 283gRl2ee2used
for recovery determ nation were spiked with ""Cr(VlI). All sanpleS were then
isotopically spiked wwth s'Cr(VI) and 22 July 2002 -32 soCr(I1l1) and
acidified to pH 1.7 to 2.0. Sanples were filtered through 0.2 ~, mnylon
filter menbranes (Al ltech, Deerfield) I1420-before injection. Sanples were
anal yzed before and after filtering to evaluate the conversion caused by
this step in the specicesoncentmtions andheonversions! i The set af gquatiofh (Inthraughr e
Processi ng Resi dug. (,COPR), .sampl rovi ded by Enviropnnental Standards,
Inc. (Valley Forg&) f%flf’&lgﬁisn&ggWﬁg} € usad 'Qc%‘%d‘%‘? Sﬁ{‘]'flwa'&rd of a
residence in Pitt PR I ot-plate
and enploying m C?&g&&ggtgatﬁrggg%gg?gd@mﬁ@@%Sﬁ&ﬁg%ﬁgoﬁigith \E/]vas fol | oned
to extract Cr(VI)amguk ¢f @nSenyionfbetwedn €o(Iily amd Qp(\d) wiexs hae ocgureed dfiet o 250
mL gl ass_beakers and. 50 nL of the 0.28 M Na2C03/0.5 M NaCOH extraction

sol ution’was adde®P¥#B8fore extraction, sanples were stirred for five

m nutes without heati ngyhilGnveRiinas IMMSCrdghiftts Et*ﬁg%t%oti%t s%or & and

stirred for one hour. After cooling, the extract solution 15 was filtered

t hrough a O.speeiesn surnyltancoundetermigatiornoftwdintercomeeriable, speciesbySIBMSCA) and
adjusted to pH 7.5 0.5 . using concentrated. nitric acjd. A.Teflon filter
assenbl y (No&PBlﬂy%ﬁ% BCa%atgrcﬁ’s‘é%OP??‘f Ft@ﬁ’%&@“&gmﬁ%.ﬁﬂﬁlﬁwm t hen
transferred ge 100 nL pol ypropyl ene volunetric flasks (Nal gene) and dil uted
to vplume with deionized water. For analysis by SIDMS, the procedure 20 was
slight! ¥Onodified as dPseferablyd theisptopic spike ssplighblyrenriched arshcorSistsp| e

extracts were also analyzed.using.EPA Met hod, 6A, _a UV-VIS

col ori met ri cCHFEY Lﬁp(§°‘¥?1 “H’s’('f Wr"ﬁ%}%l%‘fm ‘Rﬁéﬁ‘"&isﬁ?{%‘?\yl car bazi de
(DPC) . Due to the | ackhefiscid}i€ ispike Shéflll Veubic o Be 8dded!td the SYIES Were 25
spiked with natural Cr species standard to validate the recovery. Selected

sanpl es wer ecanvenientiyl \Fosexample, iemdyp themecessaryda adfl thaisotopicGspikpacaes. To
eval uate the pabj L. f Sl in correctdng for species conversi.on,
after isotop °§%SIBF€?FHBY(§ R@éﬁh%@“ﬁ@r@a‘ém hﬁm&'@aﬁegwpﬁ ﬁO‘f‘ﬂ%ﬁ%’@Y‘PH of
conversii9n Ofhelsaimpld PrivOfo @iltracaon!of afdl§sivVi Hop AquetussitpRs ahoweRE,mes to

retard the conversSions. 30 Isotope ratios of each species were neasured
wi t h ani on- eisetopitgspikérearhbe praparsdyas| acrelntinn, and spikingieanabe\dons simphrbed to MS

Excel and process P> the . i - Lected and nmass-bi as-corrected

i sot ope rati%‘éxmgglg% _ éefggé&?@a\ﬁgﬁg%gwﬁ%d to the SIDVS equations 3-6
to deconvolute the ini tI‘héHsdi@;ﬂEQ?iké%hb%%qﬁﬂibﬁtéd With the datufdl ¥pecienid t he
conversions between them as wel

bet v ] as for incorgl ete ;gglaration. 22 July
2002 -34 Synithein theswms chemyieal form as thaaralythe Reforablyethpsafe®f t he present
i nventi gR) A I i1 C ' . nal yzed.
Thi s exggri W%@gﬁﬁgﬁéuﬁﬁéngﬁ *IH'SE}] %H‘ é}%{?@é pgﬁ{ﬁégg‘f}g;&}’}&g{sg%‘%\,er si on of
bot h speci esAsISIDMS bairogrec for spcias conngrsionyiiab obedraf@p equilibratialer goi ng
transformation. After a neasured anoynt of ""Cr(l11) and " C(VI) standards
were mi xed tPeswseRyHe spike and sample cequilibration gheuld be ackievedkeforgiay sol ut i on,
it was i mmed; iked with 5Cr(I'll) and 53Cr(VI) isotopic
spi kes. The Spi t%mgca)t'r#% Ela\?vg's then divided into three aliquots.

The concentration of the natural, as compared with the isotopic

25  spike, should be high so that the addition of the isotopic spike introduces a
minimum amount of stabilizing agent which could affect the natural stability of
the analyte. Preferably, means may be employed to retard species conversions.
Species conversions can degrade the accuracy and precision of the determination
at extreme limits, such as 95% conversion, for example.

30 For simultaneous determination of more than one species, it is

proposed that there is no meaningful loss of the species due to side reactions



10 As shown in Figure 4, each aliquot of the synthetic water sanple was
treated differently to induce variabl e degrees of conversions between
Cr(l'11) and G (VI). KWMi04 was added to each aliquot to oxidi 22 Jor(ddoR) -
Each aliquot contained different concentrations of KWh44 to convert
different anounts of Cr(lll) to & (V). As C(Vl) is unstable at | ow pH)
approxi mately one hour 15 after the addition of KWn04, these solutions were
acidified to pH 1 (tested using pH paper)iwth concentrated nitric acid to
i nduce the reduction of Cr(V 1) . Each aliquot was neasured after one,

four, and 13 $h&t civeEISIR: befA&Ene thomitored SfectedS Unithe eXAnplROWet he

fundanental difference between 20 the nethods of the present I nvention and
t hose report edidifiedosalationsutb [prevent dresloshaf Ca(lHp dappd hpdrolysist ope dil ution in
speci ati on anal ysis (Vap Raaphorst, J. G.. Harenaker . M., Deyrl ao, P.
A.; Beensterboer) B. A?iﬂ’fe. SP&E&%WIf&aﬂaP%@W, Seﬁé@%%zéﬁg"z'g&mafﬁﬁﬁ@a from .
Heumann, K. - GocifGiller i O Rbtopk Tard HAsukeRBi SELIAecits. @ fneRoLLmaNN,
L.; Vogl) J. J. Anal. At. Spectrom 1994) 9) 1351 25 1355; Nusko) R ;
Heumann) X. @reséntinve@inningiokpléteBeparatans &kssotzdeeriaby dhgratie thegacatraops of
the present iq%ﬁnti on (Equations 3-6) and the conventional |DMS equation
(Equation 2) ‘é“@ﬁ?ﬂdg)yed to calculate the concentrations. Using SIDVb)
the species concentratipRSpleSer HiventiBf pPovidds@BF ntAhdthdtRaF dé@dhvéiifod if®_of

spiking) and in the final solutions (at the tine of nmeasurenent) were 30

cal cul at ed. Tirderctorprevide 4h¢ desiredtquantitativereesolts indapendentiy of weer spetimenr esul t s

that coul d nqt.be. obt aj nec{ sgy ot hﬁr traditi n&l‘t s1peci ati.on nmet hods, because
't P UB¥e0

those 22 JUISPEEEIMP frgraded. brmeg ARANSEHPRS BAVIRE o ¢ ng

conversi pys tdafirré C Math@thMical GBIVOREBAwill employ te/méfdeed Aifio GHptked-
Resul ts of the Doubl e-spi ked Synthetic Aqueous Sanpl es Contai ni ng Both

Cr(111) and Gp¢sies toSraprast Teragntratiompf thermatural spesies Hvsincbmplets patations at i on
/ g) Co ' %,Co t r ati.onCo trati | B~H) Al i t

gt (111 aprapetom i inktos BACHIREERAE pif ey O (W1 Yar ter (ari v

Cr(111) spi ki ng169. 8t 0. § seBefBédhaitnd Abith fahiraridblés Optrthits seBuleaieody 0. 3

72.7t0.31 469.2t 0.6 69.4t0.33.47t0.11 11.9t0.57S.4 62.978.2t0.6 72.530

41370. 5t 0. 9 cBathemmatcl decanvorition of tCr(UBamd GHVER6 Iy additign,. ®camplete

169. 9t 0. 268. 830, 417. 61 0. 12 . 478,972 41 0. 282 710, 4
469. 3t 0. 759, ATCYER Bf BF‘%"E‘%‘." %‘?%‘9"?8"*27.5}%9‘8.‘89 gh@f‘&&%i&%t ‘%‘.“50*1"3%6‘?‘9‘1 Be168. 8t 0. 31
203503%5233—%%83%‘%??3&;3@& Rdve. be8i cbhvbréeli®8 . adbthep fecitis). Phcteford). tBe sathé 0. 0855

469. 0i 0. 869. crocesmresang eguationsare @pplicablertoscosresting fosingompletey. 4i 0. 568. 9t 0. 8

17. 6t 0. 322. 1t 2, 565 9_4t. . 7 6H. 63 69. 67
56, 63 oci  cOnPrfamt o T ppliCyt Iy Bbdhsdely dindighuihea i st |, 10, 0 e
present i nvendxaniplesy CTIs dériNatipn do preferably perforiried undevthesbliowing each
species. As shown in cglumms 5 and 6, each aliquot, underwent different

degrees 89 cospditionsn Kirst, spikesisglopg andaatneal speqigsolaotanes haygdeeRo Al quot 1

than to Aliq : J t ; was
oxidized to %}%r%ﬂs%s @|,)th?rse 1§r'yg¥sr$o?e8§ﬂ€k]1sgg| Iy %m:g{egtt) é%ull ow pH, the
| onger the stselextieelyasiect bmly romecfofin(dfispeciess eithetuthe chaturalCor( theelijotopicallyi | | be
appreci ated that despite_the different de,%rees of conyersi gn,

concentrati on® §-utIdrdy Enly) GTSIONS AES RETWERTY °ts(5’e‘flﬁ%°{ }Q\(Ezgest

concent r at | ore=<hf® Folihe e RAORIC ooty {HRts erficly S VHE Sptcies (f WS base,
concent r 25i onall @erie theai®Co(lH) epiké ioCrdHy, anduall Conin ¢het PEF(Vpspikeds conver si ons
a1 quot on ¢ HEre. Wiy s folrine gvaliand are et 96 PEICHERSSRIR O coent i n
bei g added t SISy e ive beerl Bpfimeiaanicthir e dOBERPISHE it OTRS) Ve

22 July 2002 mgthodo amgriier emploped.of Cr (VI) becane | ower during storage. This
is consistent with the fact that Cr(Vl) is easily reduced at-low pH The

significance of the capapil i ot kn,mat h gl sy, @ uting the
conver si on bet wqunspgc?ggdxls%'ir?{oﬂst sa eof)r}ﬂ)i'/“ ﬂ&%&#ﬁg{%@ éf’ﬁ@f‘gél(g,&
concentrations of % qutztA%mu, g ""é‘y’vp?”'ﬁllé)ﬁ(wfcﬁﬁf%% we.a'lﬁym%. Due




to the addition of Kvh04, 23 .8 %of C(lll) was oxidized to Cr(VI) after
one day, and 55.0 ng/g for C(ll1l) and 83.3 ng/g for C(VlI) would be
determi ned by the traditional speciation nmethods on that dag2 Jdlh@0eane

sol ution nmeasured after 13 days by the sanme nethods, results in 72.5 ng/g
for C(ll1l) and 65.8 10 ng/g for C(Vl), only 4.1 %and -4.2 %relative
errors for each species. There was not nuch conversion between C(l111) and
Cr(VI) occurred during the 13 days of <22rage. Based on the treatnent of
the aliquots, it is knowmn that two separate redox reactions occurred after
i sotopi c spiking and beforg nmeasyrepeni.: oxidation togk place after the
addition of KMhQ#, anﬂ’?A,@ﬁ%r%A?’r H}Eélé,’té’h(rlrgw( AQC;%V;# ,ch'fvagvgﬁdué to the

instability of $NT) ~@l TawW PH. et he ol VB _BEL NodS, O, THE pr esent
i nventi on showed theséﬁ‘%@c%§ﬂﬁflﬁé%’r’l)@t‘%ﬂsf41€or%é°g 50 gIWpr)por art

met hods woul d not have provided this information. According to the SIDVS
results, 17.6 %of the C(l1l1l) was oxidized to C(VI) and 22.1 % of the
Cr(Vn was reduced to Cr(111) after 20 spiking. Because the initial
concentrations of Cr(Ill) and C(VI) were 69. 67 ng/g and 68. 63 ngJg,

respectively ) the poeﬁuicé’é’ue}mﬂ,«;ﬁ’égs 'S(Vyae@5¢@0§”meé¢AsVC§éM€’g{1ecp)egah ot her)
f t

resulting in acRsgsd =cmmwmh—e~(—ﬁ;{+§—aﬁﬁéﬁ—y—ﬂf e tine
of measurenent close CoAjde, +PALTCAIW.Cone@ €AW ot a€, tHE )i~ of

spi king. Traditional speciation nethods, which can only measure the 25
speci es concentrations at the tine of neasurenent) would have lead to

i ncorrect conclusions about the bi-directional species conversion described
herein. The speciated isotope dilution nethod of the present invention is
fundanmental |y differepsj syt Hade- ity e, o34 ot £ Hat? e

i sotope diluti 3,t52eeh'w . e ‘” d”A@ - A’é‘ WM%‘ S t@?i c
spi kes for all speci eg23@ Had +2ad"c Ame™ & ofoped wdhg¥odtw) ) ang)t he
conventional |DVB equation was used in the cal cul’ation of the concentration
fromthe neasured isotope ratio of each species (Van Raaphorst) J. G;

Har emaker ,uidre M ; Deurloo) P. A ; 22 July 2002 -38 Beensterboer, B. Anal.
Chim Acta 1994, 286, 291-296; Tanner, D. ; Heumann, K. G Anal. Chem
1991, 63) 198p%"1989ine HRMIRANsotdbe rffo-of PCRRIITRP (Y- in the ¥Plibd sathple - Anal . At.
Spectrom 19 Y, 1351-1355; Nusko, R ; Heumann, K G Anal. Churl. Acta
1994) 286, 283+290. t hough t he breci-Si o a etection limt were

i nproved by 82| lﬁg};het%heéislirg%ts%d)g rgﬁogﬁ(?jlr[]o 'E%rc(ﬁ%réﬁgfn %sglskgd ﬁaé%%ds did not
address the comversions between the specigs. |In those nethods, the

di fferent spelfises SHomeyurcdisopee HEP Af t¢Ea 60 GI¥D dbie srikedramplet hey are
conpletely separated. Colums 9 and 10 of Table 2 list the results obtained
using the | rEquation 2. These col uims show systemic errors. The nore 10
conver si ons, s P Gfifeineaspied fisoroge frafie of((srte “Crint CefIiVin tetspiked of t he
present inventiaon) however) has the capability to correct for the species
conversi ons SHEdition to i nproving the precision and the detection limts
of the nmeasurenent. This permts the species conversion and corrects for

t hese conver®,onds thfnauel awmés fraction of *Ystialheissmplehat conver si on bet ween
Cr(Vl) and ful 11 to at. | east A5 80% can be corrected accurately. This
exanpl e shm%rs‘ thé\%mggmgmﬁaélﬁnﬁgéﬁgéd“ Ssﬁ%@%(‘ﬂﬂ%{ﬁ@if‘a PVE det ermi nati ons
whi ch are aoRyr atiethe egpht ef thheangphgingdans on, sanple | oss or conversion. The

met hod advanjageously enploys emaf i cal decony, ion in effecting this
det er mi nat i gn&gZ(bs ‘iﬁgi‘??ﬁ?}r@%@f‘?’gﬁ{i{am‘é‘? ‘S%?‘%Fp‘?anﬁ’@h;rhe SI DVS net hod of
the present ¢nvend iheBodtesrdti8h 6f GRAN)I iR the@rtiNpspiet @udlengt i on of Cr (V1) in

real natural water samples. In this experiment, real natural water sanples
vere col | ect®d ot tHeighpef iy hEHJIDRpikein grams ¢ shbur gh) PA), regul ar tap

(dri nki ng) tier . (P : Wera]l ter 25

col | ection, @achégh%%%gﬁ%%ﬂglégggq?%%% (% ﬁ&%%@%’m thout filtration in
order to keep al lis trapeicantagernd @n@H} exidired: th €rSdngites spikiBpdunkinpgulot was used
for the determnatjon of the Lve .concent r.ati.on of. Vi The ot her

al i quot vvaseﬂl mredi 4t BFYCURRC ég’%{/gl} f?d’t“‘ﬁ‘g%cleélﬁﬁlﬂfr Sspt%%%cg"g%“ "Mget a sol ution
contai ni ng about 50 ndTtuse Gkillél in Rl a weill betdbiento Sd¢ehthelcqaativns for G2t hen

doubl e spi keql wth :
CY, o and B. A spreadsheet, such as Microsoft (MS) Excel may be employed

advantageously in solving this set of equations.



30 ~Cr(111) and 53Cr(VI) isotopic spikes, and m xed thoroughly. The
concentrations of both ~Cr(111) and 53Cr(VI) were approxi mately 50 ng/g.
After isotopic spiking) all solutions were acidified to pH 127 J§192809 W th
concentrat ed 22 July 2002 -39 nitric acid to prevent the loss of Cr(I11)
during storage (CETAC Cr speciation Booklet; Wederin) D , Gerde, D. ,
Smith) F. , Eds. ; CETAC Corporation: Oraha, NE, 1994, pp 25). The prepared
sanpl es were stored at room tenperature-F%r one day prior to measurenent.
Table 3. The Determhtatlon of Cr(VI) in Water Sanples with S>DVS ""Cr (V)
added Conc. Cr(111) Conemathendtical meiirs\b)soBeaHE edudtionYlitbrati9el§ ifitdlves Sanpl e
(n8/8) (nBIB) (n8/8) ("~) (W R ver Water 0< DL' "0.52 Q0. 99N A40. 6Ri ver

Wat er 50. B3<mthesfollowimg:4G09. 530. 2Dri nki ng Wat er 0<DL1. 31t 0. 97Nl A36. 7Dri nki ng
Wat er 45. 65< 4G, . 489 . ioni zed Water O< DL < DL' NI A4. 2Dei oni zed
Wt er 42.83<%§2?ng3{8¢?§’§§§éZ%&ll%PeThe detection linit (DL) for Cr(lll) is
0.21ng/g (30 value. N=10). NA = NO A‘[,)plicable The DL for (V) is 0.37
nglg (3" value) N~ 10)c, 98 avéore " mence”) oftwy val% e ists the
results of the six prepared water sanples. According to SI'DVS neasur enent s
and cal cul ations) nuch of the C&(VlI) in river water and drinking wa(h?r
converted to Cr(I1l1) during one day of storage. The Cr(VI) spiked into the
dei oni zed WatArthe B@g&ﬁi{ﬁg)ofrtﬁa&bﬁﬁdni arbitkaty Vafies thay e ABighsP IPNEY! a4d. 6& and
30.2Wof the C(VI) in the river sanples was reduced to Cr(ll1}); only 4.2
and 4.1 % of a.hForexample; bothaif shem age agsigned we 9sr Nt skt enpressipnt¢feNEane

period. This indi.c t ki [ . dgi nki.ng.wat er .cont ai ned

reduci ng conﬁBﬂ@n‘tggteFC?lmi el rAﬁé'féi}r}é@i%ﬁﬂ%%nr %ﬁ@ag’tﬁg( ?ﬂlﬁat'?lbs %F(I [1) in
the aci difie@dbsdedti on. Based on this information, only 35.7 nglg of the
""tCr(VI) in the river sanple was left at the tinme of neasurenent) which
was nmuch | ower than the actual spiked concentration of 50. $ nglg. This
35.7 nglg 22 July 2002 -40 is the concentration that would be reported by
other traditional spegigatian h , assymng that no furth eci es
conver si on occu(rlred(R?ﬂygfs?Aggs‘fA}ﬁ}rlfe d’zﬁ@m%nﬁAﬂNgﬂcngﬁﬁphf?dg ‘NOHBng t he

SI DVS et hod of _t/her pe eserd tiup)lm tion, both the concentrations of the
Cr(VI) at the ti ‘isp ﬂﬁg an the 5 tine of nmeasurenent can be
determ ned accurately. Chronmite ore processing residue (COPR) COPR i s known
to contain high levels of & (VI) and Cr(I11) (James, B. R; Petura,8). C ;
Vitale, R J.; Mussoline, G R Environ. Sci. & Tech. 1995, 29, 2377-2381,
Vitale, R J. ; Miussolipe, G R . Peura, J. C ; 10 Janmes, B. R. J. of
Envirorc. Qual. ( &gf,g%&;f%ﬁvﬂ'zﬁ&g}sz(fh N2 RV -(Sﬂmga‘ﬁki’né”Ns'@]B R ;
Petura) J. C. ; Jamess b sR "M’ nyiron. Lab. 1995 7, 1) . To extract
the sanpl e) EPA‘I\@@%dASBO*GOﬁ (le'r?él oyed. This nethod was devel oped for
extracting C(VlI) fromsoil or other solid wastes with a hot, al kaline
solution consisting of 0.28 M Na2C03 and 0.5 M NaOH. After 15 di ges@jon,
the sanple extracts were filtered and adjusted to pH 7.5t 0.5 with
concent r at ed Hauations $and9 ane rewrithéneds:t o 100 nL. Two net hods were used to
gquantify the extracted Cr(VlI). One was the SIDMS net hod of the present
invention) the other was EPA Mt hod NL!Q@BtPAm gh has been selected as a
detection nethod in EPA Met hod 3060A *Accbrdiny to Method 7196A) (SW 20 846
EPA Met hod 3060A: Al kaline Digestion of Hexaval ent Chrom um Test Mt hod
for Evaluating Solid Waste, Update 3; U S. Environnental Protecti oﬂoAgency:
Washi ngton, DC, 1997), the extracts were anal yzed by addi ng DPC and the pH
of the solution was adjusted to 1.6 to 2.2 using concentrated H2S04 (trace
nmetal grade) Fisher). C(VlI) reacts with DPC to produce a red-violet 25
conpl ex that can be nmeasured spect r/othfBFB t« Cgal |y at 540 nm Several
steps may cause problens in the determ nation of Cr(VlI) using Methods 3064A
and 7196A pair. During extraction, Cr(1l11) may be oxidized C(Vl). (léscond)
Cr(Vl) may be reduced to Cr(l11) during pH adjustnent from 12 to 7.5:
Third) the cofhe sohitiogs ageguci ng conponents in the 30 sanples may cause | ow
recovery of Cr(Vl) using Method 7196A (SW 846 EPA Met hod 7196A: Chrom um
Hexaval ent (colorimetric), Test Methods for Eval uating Solid Wastef{1Zrd

ed., US Enviy0%E Vvalue EAt 66 L&l in HE t6dowing 16 sdive 3f012ﬁ(32aﬁd4&:

(13)



Washi ngton, DC, 1996). Because the isotopic spikes were prepared as agueous
sol utions, the extraction procedure was not evaluated wth the present
SIDVS net hod. The neutral i zation procedure was eval uated for ®auly 36ump! es
as soil sanples suffer nuch nore serious reducing matrix effects than ot her
sanples. 5 Only the quantification with Method 7196A was eval uat ed agai nst
the present ' SIDVS nethod for COPR sanples. After extraction, filtration,
and pH adjustnent, each extract was divi“ded into two aliquots. One aliquot
was neutralized to pH 7.5t 0.5 and used for the determnation wth Method
7196A, the other aliquot was dou%l ed l spi ked with (rrr) and s3Cr (V1))

and acidified to pH 1.7 to 2.0 fgritheljdetermn ith SIDVS Table 4
shows the results for three R €ampBgs q ti th both nethods.
These sanpl es cover the | ow\x:nedignTand aﬂ&g‘ﬂ T ation range of

Cr (V). Due to the sanple hetero neiBy, the pr for the replicates
of each sanple were not as desired,faB, both net : a 15 result, the
results for each replicate and the standard deviation (SD}. Conparing the
results of each replicate, both methods give conparable results. For COPR

sanpl es) ther o] :the Pk S 0 iy, e vahewd, ts to
Vet hod 7196A fbrP xex"?s)if‘i’s !Igomg@’/? dsog A?Se%f(“ %Aralgs'g]

Resul ts of Cr(;(g"fgg G:,mg’)w{'gxg ) Processing Resi due Sarrpl esMet hod

7196Si DVSTot al 1 e (C'(My](pglg) rtteantSD[Cr (M )] (Wy/ g) neant SDCr
(mgl gy13Z7 1411 t851373 1443t 7010. 40CORPI 141014491 497151291. 2 85.3t5.293.9
88.86. 11. 973CORP2 81.582. 183. 190. 4409 408t 7420 418t 94. 597CURP3

414426400408 a Ve Spy owsl i st at,ab 1 i 'l ey
Forge, PA). Dﬂi %X\%WE? r‘get hé@ Qﬁﬁ/’%ﬁ ent ﬁﬁ\/gg:) zg‘ﬁg‘zﬂv IIV mat i on
about the |an¢(Rgff‘5 mf'mamtsa)w{’ef-ﬁ)ects on the stability of Cr(VI) inthe
acidified July 2002 extracts. The SIDVS nethod of the present
invention also permits the validation of the EPA nethods as it is g‘h“‘

i ndependent method with which permts determ nation of the anount )
Cr(lll) and gﬁ(lg{tanstltgagndhpﬁm@rre{gﬁ&e@gg converted. |sotopically-spiked COPRI
extracts were neasured nine days after s the spiking) and 9.1t 1.5 % of
Cr(VI) was reduced. COPR3 extracts were neasured one day after the spiking,
and 60.0 ~ 5. 8 %of O(Vl) was redgNedB3G:09Fﬂ3 extracts were al so neasured
one day after spiking, and 14. 5t 1. 6 %of C(Vl) was reduced. The | ower
the native concentration of C(Vl), the faster the reduction of Or(\é) in
the acidified extracts occurred. In the experinent, to ~o control tlhe
concentration of G (Vl) in the final ¢plution to a proper value, 50 ng/g to
150 ng/ g, sanple sizes varied depedaVNagBa#t £HE, native concentration of
Cr(Vl). Assumng all these sanple have the sane | evel of reducing matrix,
the final solution of the sanple with | ow concentration should con?@)n nor e
of the reducing matrix conponents. COPR3 showed faster reduction of Cr(Vl).
It is is bel T89selutinas to Bauations) Liwnd ilg asogbendt's did not affect Method
7196A because the selectivity of Method 7196A is high enough for these
sanpl es. Decreasing the anal yte cgncentirati on apd ||&crea3| ng the matrix
concentration may show dlfference 3be en the pPeseE met hod and Met hod
7196A, as was found to be tryar 50| 4sa | es. Soil extracts

spi ked with natural Cr(Vl) Wef‘e z e the possible bias of
Met hod 7196A in the quantificati oﬁzof%%:r(w) whgRe ?Pie mat ri x produced
significant biases in chrom um sp¢ti eS3shifts a diBaect method
interferences in Method 7196A. Soils Surface soil collected froma yard was
anal yzed. The sanple was zs dried at 105 C for four hours, followe y

manual |y renoving plant roots and other large particles. After these
treatments, mahsaalpubnmss repedted, the vptables Nyf,aN¥, loaand Arwdllswovergeitn a col d

room (4C) . The | e al¢ rat n of e s dur| n dryi ng was not
eval uat ed asc??fga rﬁ Chrafld\/ 256 'feé 35?&'& og'ﬂfé@{%égtﬁﬁreg uatian of concern in
this experinment. The sayplDMS &mt(gd?, ‘,M?,ﬁtg -]@%GOA. The
procedure after extraction was g}tere g:ﬁrfﬁgp%% nmet ho o?l tiTe present
I nvention t ocachespeciey Withediffessnt-idotopecemviched spikes. (a\ﬁe)suld,uth'e rig)tbpne pH

adj ustnent a uantifi.cation,steps, | t hod u 2002 -43 Two
experiments aﬂ}‘q" sqlgsed %EHHYéﬁ%fﬁgt ﬁBH‘ 9 PrEVIPUE he
quanti fi catl r r nt showed the
systemati c bi g?s&%E r@‘&/éht ﬁhﬂgéiegltgéékﬂ)hf_lsﬁtg s?g%:%trll%ﬁrgg%ﬁeﬁ% Oﬂrgtl gegrffl ed the bias

sources by enploying SIDMS as a diagnostic tool. The flow chart of Figure 5
s is the procedure for the second experinent. In the first experinent) only
solutions D and F of Figure 5 were prepared for conparing SIDVS and Met hod
7196A The flrst experlnent conpared thhod 7196A and SIDNB (the nethod of



with Met hod 3060A, each sanple was spiked with ""Cr(VlI) so that each one
contained 2.997, 3.033, 1.993, and 1.587 ~g of Cr(VlI) per g solution,
respectively. Thus) the matrix (unit: g soil) to C(Vl) ( ungzmﬂyggoi}lg )
ratio for each sanple was approxinmately 0, 0.5, 1.0, and 2.0. Various
amount of soils is were used in order to ensure the extracts had different
matrix levels. A portion of the spiked extract was sanpled for SIDVS

anal ysis, and the rest of the extract sghution was adjusted to pH 7.5t 0.5
wi th concentrated nitric acid according to Method 3060A The pH adj usted

extracts mrﬁg&.ﬁﬂe@%WEﬁem?M hRd ﬁé"?‘%’bgﬁyze Bﬁ%%@fg% 4,50l ution

F was anal yze Zo sol uti'on’D was an A Effect
of conpl ex n284, |29¢éz96n'1‘biervEL|Hemmmd{ Gt il nﬁhémdls99l[l:l63r o8 298%s of

each nethod are sho ure § whj ch conpar i nfl uence of soil
matrix on t e?@%ﬁ?ﬁoflf‘lﬁ? ?det &k held Rereor1 Y94/, End38ke Sl DVB

met hod of thep n S C a oiJ matrix,
and the recoveri‘es g‘? %r; ?)i E ﬁgfgl ﬁgghﬁ é»f) F?&wﬁ%dg@gg?gebe %‘t T each
ot her anfi wethesecpapess, différefi w01eMesd1qnhed wuﬁltgensané)lsqumemkhed he soi l

matri x caused | ow recoveries % usi ngmNEt hod 7196A. The . higher the
ratio of soimawHalindhe Gowespon m&éa les frmsoaed theneonveriinngl IDMS o (V1) .

Sanple 2 t di t
Vet hod 71004 ARG af ked ThE SHRABTRE M odtcciiior Rbh the nnlEl 7 09 1
acidified tmsabp&rzﬁmZonedch speanducAlthougiaﬂmr;ﬁbdmopumIdetecﬁm)hﬁ»xts wére

colorization reactjion involves,the sjnmultaneous oxidation of DPC to 22
July 2002 - 4IpaeYRdehy, PEPQY‘H&%%@"‘%@A&‘@PPM@PI%F( those earlier methods and t he

chel at i of Di

Chr omat ggra Mgegrééclg 0‘13% gsigﬁg}w porat C(S S’E’lﬁ?\;ﬁg@f%ﬁ iéégrg Vol .
Techni cal Nomeexﬁﬁ))l, |hpw6\)er Ahs ﬂncclapablhtygrbf qzirh'a:sngifor the(ﬁp!bc)xes coriversidng st abl e)
so the reductants s coexisti n ‘ilfii e soil extract i.d not reduce Cr(Vl).

When the sol 413 BROTRIERSEPRFAPE iR adgitien 2 IMpROX N d:tr%ﬁ%’flg“ ARG ACERROTS o) |
Matri X Conpefifls Wrihg lﬁ&ﬁ‘opgf:tﬂl@n{v@ﬂﬁ&ﬁ?éﬁmw t%}e s Qn(léél lonGfaid! ddnnot react

with the DPCto formthe purple product whic asure by the UV-Vis
met hod. As acoreestifar, suak convessious \degradatiom cindfincomplete separatiomsbl e pr oduct

e et 060 reouL o0 o i, MG o S R RIS L
"I dent {1 cat isorahni@deihirdiione Smploy B CMB! HiaCEFS rsstoawﬁﬁy\mmn%A in

progress). The SI'DVMS method of the present invention indicated the major
source of bi aaces;wbuth@lthmﬁudmennmuomf specis( opnyersions hdseorgaNp Bowersi ng

he sampl e s d0PoRs sl FORnl Ny 5 RRe DURRPn Mbs sbeciapdlly, ™ "

Al t hough theaudsm&qmmhll Referinse Systamip | Analgptidal Chemigrys Vgl dstedmo a | ow pH
of 1.7 to 2.0, the reduction of Cr(VlI) caused by the soil matrix was

successQl | yJupgriSe pget BHEATRR 1993; Miﬁb%ﬁlsh SYelch,nAlexdeahens HarmifS.er spi ki ng

can be corre 1) |dIy
after the acﬁéﬁi %@?%ﬁ]of@ %;@r%-ggga% &s I?fé)seg‘}'(lié) ap&ﬁ?fa&fare
chromat ogr any, ¢Deferination of Sefiin Credtinife uyl rlsutoﬂe( Bilutié Mash Spedtronietryt he
sanpl e i mredi ately after the acidification of the spiked sanple. Figure

7(b) and 7(c3s abnrdidatgPefimitieg Methad”s hoabiticahChemistry a P cpes: {81-1685,
aci dificati ofegsT g Erledb, ik '(HneR"Micha3P ! RAAE Snd Fdward RNtk Y25

25  “Determination of Serum Uric Acid by Isotope Dilution Mass Spectrometry as a
New Candidate Definitive Method”, Analytical Chemistry, 62, pgs. 2173-2177,
1990; Polly Ellerbe, Stanley Meiselman, Lorna T. Sniegoski, Michael J.
Welch, and Eward White V, “Determination of serum ‘Cholesterol by a

Modification of the Isotope Dilution Mass Spectrometric Definitive Meth
30  Analytical Chemistry, 61, pgs. 1718-1723, 1989. '
Additional examples applying the methods of the present
invention with various samples such as synthetic water samples, drinking water,



is minly froms3Cr(Vl) spike in this sanple. It is seen that G (Vl). was
reduced very quickly after the acidification. FromFigures 7(a) to 7(c))
4.5 ~, 20.2 %, and 28.1 %of C(VI) was reduced to Q(Ill)zg'ﬁbg,mgrected
concentrations of Cr(VI) were 166, 169, and 170 nglg, respectively,
consistent with the true concentration of the Cr(VlI) spiked into the soil
extracts, which was 1'0.9 nglg. so The SIDMS nethod of the present

i nvention can be used as a diagnostic anr®6-wvalidation tool to nonitor the
species. To do this) sanples were isotopically spiked before and after a
treat nent. Agiven veatem[C@PRientradte, amicsvildextra2d a}el Ipyoﬂﬂaﬁ Dépetimeon et , the
soil extracts were |sotop| cally sp |kedéqbdefore nples C and F) and after

(Sanpl es B arfBRtE, the analyps PROGESS TRAY b adiustad t%@BWCéhﬁPF@P%?%‘ﬁ’ of the

speci es duri d edures that were
followed in t @He)gpgﬁ%ren?}cyéﬁitgg%t@é%? nxh?@x%?%s used to determne the
s native Cr(Vl). Sanples D, E) F wer EXAMPIID2det ermi ne the recovery of

G (V). A B Dand E were obtained foI | owi ng EPA Met hod 3060A extracti on,
in which 2 pH adj ust menthesmethodswascequployed with andinduesiviely cqupledeplasma

adj ust ment st ed
results, all rﬁgs%gggr%fﬁét%]m% AW%ﬁ%W%%xgg%& %h‘y@)rlﬁgﬁﬁa eUgt)]r acts.
When i o conpasqaipped twitlh hevatersadoledl sppdyacinatber and y-groeveShéddlizeewapd of the

present invention) the bias of Method 7196A is apparent. According to
Met hod 7196A, emnfeywat ﬁ/@‘@ﬂ(“?}f‘% dynede multplisrywasdused a8 ladefeetorn oTheiet ect ed

A); however t nd C
|(n21| cated themge%?ﬂence ng‘?l“@ée"’éﬁfffﬁﬂ&?ﬁg tcﬂ*e&iégﬁg‘ Ip?gn{fahﬁ)%w&%ay nz)t
have beelDi s 37wt edolant st fiow rita:%ASOUmmpaukihaﬂ/egasdldv@natéJ 20t LAhind/et hod

7196A not havi ng been | ow eng7 g'e/ .or the reduci ngl mat r.i x conﬁonents may
have |nterfer1¥9§uW°(tI‘ﬂQ"Héa‘ﬁeg Urle/min; solution wetake. rate,n! mL/minfhemassnd 7196A

is 0.01 ~cg/ g, & r@&‘ér @.%E eto%aﬁéﬂx% x’eézAbsﬁtﬁﬁx e&?ﬁﬁﬁl@elsﬁtoﬁ e Yrics BEH2Cr

excl uding the pOSSI 1t St experi nment,
reduci ng soi Iamda’?@r/??Cmmmmsmed)asmgtneeki Jthapmgrmodacovm ynstrbm@n( Wb)kedm ng
Met hod 7196A:, t he hi gﬁher the matr,i x, the,l ovefrlx&; For_t he

ower t,ﬂ
det er mi nat i oridWodRedgs; the.diseet @spiration medecand the Tame AderelRAY hi gh
enough fpg thﬁleq&ﬁél?]'tlfrﬁﬁ%qg'e%h charmb ey d?l‘&l:#ﬁdpﬁ‘a fdn Werd™®CH 1% nmiges2gel gcted in
soil extracts or other reducing

Zs matrices. Ihe recovery of the spiked
Cr (V1) det er masieahdi*Ch, SRiS; mmmlt dwaBAn(eSampher))e thheprtmgbesof theoi | matrix

ly 71.6 %, t by ind ffect. Based
onthi's anal yssiebe ki Eipkasbne Tooblly oG5! SR oL T e?ﬁfjéftérefedefn this.
sanpl e wi th EBAMKNY9Z19661- mcfl:cwataeml&bnm&hﬁ{eé tirié R&asuc\é&w&r(w)

in soil extracCts. The matri x effect t herefore, W t h od 7196A
resul ts in uriefzst amd theororrespading 91welﬂntm per dnaUmlqascﬁ,u% e Binect or

ft | uat . 1h .hod t he j ti
P oF oves2l he SiTRton IR 5Pl tg pisure e AdRahine prf i TSty HE forst0n 4"
aspects: (2) dopeBiitrdidnS of iR isbiopid §ikkad TIRA rhbse #aPakid wheh @ correcting

for species conversions, which provides for a nore accurate and

r epr oduci bl e cmmmwuhy wWashtomngctedstats 16P-MSvaThregtpoints ]Selopeakongar ed with
Met hod 7196A in fic tlon of Or(V cts S| DVBMet hod

TT06ACH (V1) 80 863“ Bl the sk ePrrrion vishs b U85 TREBORE)° o) cr (M)
pg) Cr (VI) recovery (% DRQRinANGrreddlotli$ Perfblmed ir isotope ratio measurement

1. SNANANACO<DLO9. 5'[2 5NANANAD191. 8NANANAL137 t 1271.6E191.85.1

t 3. 3192t 25 195(Russ\NGFPo,1 [IB,<Baaandt Mi. mgrmmaawwnma&wh r4£9e625al s The

S| DVS net hod en nt i sf ul tif orrected
for the redu f’%nkgflpcf A/ I’thﬁ"é\ll(’e 33@3@&3 arf’ﬁekjfe%t iﬁﬂ zét ﬂ'o M%n. The
recoveries OfRSS Fl@%’ I11’4)E USing tﬁ@dﬁe&@é?ﬁatﬂﬁt rode, thEﬂ%fé@ﬁﬁ"sVe| y.
If the criteria (85 % 27115 9% of recovery) specitied in Met hod 7196A is

used, 95.2 %deadtimehvas déternsiped dailycat set of Belutione withaliffercotconcantirations of
Cr(wvl) f din.E f tly diff tant t
V1) ound 44\cE o8l SRRE9A0, B R s e Bh s ro o L2
Cr(lir) was f Of,ﬁod)_ﬂ GUNIST . Gaitllersburg IMID %Eé%?aﬁé@s TRIQARAs! N E If

this ampunt o -1s treated as thé reduced , the totat anount
of Cr(Vl) i n coma;aed appmuimatelur(k 51, 20npay 4 30, 6heand §Oung Copeng Cr (VI),

th f : dd t t det f t
O (V) 1 B et ety LR RNt R Sepeed oot IECRR b By 0 MSC ve
Cr(VI) by the SIDMS nethod with isotopic spiking before and after pH

adj ustnment were 9.5 and 7.7 fig) respectively. Al though these tw nunbers
are not



22 July 2002 -47 significantly different at the 95 % confidence level, it
is reasonable to observe a | ower concentrati on obtai ned by spiking the
sanpl e after pH adjustment than before) due to the reduci ng paYHkQ002
Consequently, by isotopically spiking the sanple at different stages, the
alteration of the species at each step can be 5 identified. Traditional

net hods can not do this because they can only determ ne the species
concentration in the processed final solgtions. Correction for inconplete
speci es separation Unlike traditional speciation nethods that require

conpl ete sep i gTEfeh " . i t mts the
i nconpl ete 1%@%@&&%%?@? % spe??ys& fdr?géﬂp etE geilég\gﬁll@ttpggc’@?&t he

speci es resulémitinte. nTThe apparent deagtime eshitle brumghiethe ditopesianiob nRased! y as one
species by ICP-MS., |In tradjtional nethods, inconplete separation interferes
with accur at ¥ithesplutiongaf ditfesepj goncaaiatipas to acengtantiwas foHaG| JR@ra5HCR0- el Ut ed
species as i fp.t i t %}%@n i at
calculate t htehei Eﬁ”l (gamggh %E@%laggsb\f%n%gﬂ% mﬁﬁgﬁgﬂ e ?&iﬁ‘g‘g 5?4&2%4 Ei ng can
al so cor Sect nfinimimc ddgAdéme crpation and maihbias cogradtioni were gierforvaedrid d

experinental ,conditions to be used in segarati n and avoi.ds the required
use of ext r eMOtAPSHAHP MsASuIERICRtSANd\ MeTe (long gecasdiag fo sendyd meleds: ed by ot her

speci ation meRiQde pl MMk G| £ M DSBEREhfn SREA! Phitd) 428, UDGGRENt SI DIVE
met hod, the anouht of’ cdnversion W I ncor porate’both conversi’on and
i nconpl et e séqraisald.Bn; Giay, e. Epddowks .R.$0 I haddbook o ddductieelpicbbfifedret hod of

the present invention can corre for the |in | ete separation_of the
speci es, a dBlASMa 183ss|SpECtemetyy;)Blakig Asademic é&%}gfﬁ%‘o%] E'PF‘BW’ w225 PRshl y

repar egpusi t j i herel i t hetic
o bt !Bty DRSSO Ve SR LA B P LTS
(he Sl i W e scongeciatl from the | NG and (ho ol tate wan coll et eq
into 10 mL \S@!Wg“yaﬁm gebﬁé}5 ?&s’tatif’%ﬁ%g.?“'?ﬂt\'@“gﬁﬁ_ﬁ‘%@q”é r%‘ﬁn%?é“%égrepnj ected into
the col um feiRNALSE HOFnded bn SRE Beddtifie, AInCFi ﬁg ?,\”/l?m)efiﬁﬂfénbé’ﬁf fife the eluate

was col |l ected a(gﬁCr(lll), and the renmaining a ( by setting a 30
di fferent di deatitime conmrectioni o the Ténteper xasios medstred withdGR-MScequigped avitlon.

£s3Gr (1 1) "o onnrub Raeds BB a8 10 el vt e SEb I oFoeads e ' °°
C(I11) was 582 1oy RHA thé estRinRCWaA43S g, (hé i)s?toﬁél?atiﬂs\/\b&l:%oﬁg'hfm poi nt

for this pair of fractions was 40 seconds. Sets of solutions with different
di vi di ng ti mto psionstantyaipdotthe pouststrate o P. 8 xdlPss ul Atclhis eoudt tfter ent degr ees
of inconmplete _separation. Aflter.collectio, each fraction iluted to
appr oxi mat el )'z‘mi‘ﬂ??ﬁfa% gﬁmﬁ%ﬁﬁ@ﬁmuﬁnga?ﬂé ﬁo%{ogf)gvereagﬁ%gd \C’iéeﬁlhg nmeasur ed
with | CP- M5 dsumtGraichwadhigheit thasiRhis dlalven node. Figures 9(a) and 9(b) show
the actual total concentration of Cr in each container as well as the
concent 2 i ons of Cr (I 1The mass iy factory were-deternined far eaglisotaps pairpwitht i on.
The true con L 1 ndi i L.gu i L from
{hose. desor SRAFT9 bRl BURERRE Crerd shlihour nFE cftafytedl of SRl " 20,
exanpl e, becfageérstvas aldjags Homeinvibk $ame \sdeSia whicle it safiple olas amhaded! vat e
was diluted to 10 nL, the dilution factor was 200. As the original

concent r at i orfhgfdeadtgne cprreciigns was perforgned bafere mass bigs) qorrectiens separ ated from
Cr(M)) the ' "TCr () in C(ll1l) container should be 7.58
15 ng/ g. Thi ggﬁmgfm\/t\ggi ]\p(rﬁ&at ed as the true concentration because the

di | ut ed 250l uti on was usgddstaMetfic #100Bid!MS m@rlﬁﬁiﬁatSe?ﬁﬁﬁaqudni:tst he
dilution effect) the nunber of original concentration o from

> s each speci es,
bot h nat ur al RivigraiBeacha i) as8aBriac ANK S603.Gr amon-exshangs cademn (EETAG 1 he

i nconpl ete s :on) C | ONS 0 0, .and " Cr (V)
wer e Success EtpgreHigRyQbfiay SE ket B0 s CRI snd CHO Vi) o
9(b)) the Sh@ﬂﬁﬂn&@%ﬂaﬂﬂﬁ. e dutiet 6P thecsohifin wak icomectedntoahié netiulizeisof The

bl ack colums are the actual concentrations of C collected. The actual

concent r at i otBe K¢R-MAavighuaipigcs of pkaflondubiagh elhed)86Menitrate eluent wagonvent i onal

speci at i | h . £ct ] i

111y, e iR fioh R soboteduiiClopb i@l EEE 4o, | HSDRERAIRL |,
the concent r ahiend wak adjusctdttod withakie pufifiéd corldentpated anhfonilirh hed@ridedegr ees
of the separation, the deconvol uted concentrati ons using the SIDVS net hod

of the presenkhe flewtateovas hOvmlimingr Ac¥) uLtsymbpksample looprwasusedifobns at the
time of spiking after correctioa for the dilution factor. In Figures 9(a)
and 9(b)) the 30 95 % confidence intervals of the corrected concentrations
were al so indicated but they cannot be seen due to the high precision of
the results. In this set of data, the relative standard devi ati ons (RSDs)

" o Y ~ AN N7 ox ~ - NN N PN




-49 0.48 % . For the last collection where the dividing tine point is 90
second, there was only 27% of a C(Vl), corresponding to 2.01 ng/g of

e (M), was collected as C(VlI)) and the RSDs for Cr(I11) 22dulg2002) were
0.38 %and 0.41 % respectively. 5 An additional use of the present nethod
of SIDM5is in the validation of nore efficient nethods for extraction or
separation that currently are not usable as they do are not conpletely
separated or do not conpletely preserve-28e species. For exanple) closed
vessel mcrowave extractions at higher tenperatures than are achi evabl e at
at nospheri c mampluingecsior. rReak atéhs afedre calenlatedafter ithie demitintiatoroection dcnown to
occur then this nore eltfi i&nt extracéio could not be used by traditional
speci at ed net$6yPONE,¢ l}eégfﬁ HBECOHRFIEY Beakoprent MeFe Bieditnccalaai® dhe O her

met hods .requ'i%&o%@?atf?)rs.esﬂ{evﬁf)ﬂoﬁé‘{@fosws'tﬁe?l i fiad Q@r@tm met hod of the
present invention can optimze efficiency and correction tor degradation to

enhance the efficiency Bxuaoionduastdowe tiy Tefloh vesséB orebdidmiplatanad ysi s. An
exanple is the faster extraction that has sone degradation that is
perm tt ed® by clpseiesssl miciomane gstrackion syetems.e dThehaliphates wsthsfandasd t he

species tran i o t i ] | and
rrore: but  uRSRer, Bfie S ScEoRKE) Bhsbie AP HIONA0E RRARER. 00 s ome
correction theds aspmplistiedcia ssspeyiall @quippeak lopddevesbels digesfidi/exentiongai ned

t hrough the SIDVS of the ‘g,resent i nyventi1 on_when applied to separation of
speci es as cdWfsmeeauippednwith surring (Mifasionge o gMeneo, Cxt Both laherggtihod done

on a hot-pl at j s r Woly] J I Cr(lil)
Co Or (V1) "y Teclyebiesf 1007 % Bdon e bRl eiSnfihs M dieed ey
extracti o r esxtiaction eficirbnfiurno 12 25 pH for efficient extraction of Cr (V).
In such high pH sol u“d?—ﬂ’iﬁ Cr‘(ql 1) may be oxidized to Cr(VI) if sone

oxi dants are Bif; an texial§dar d procedure requires that the extraction
solution (0.5M NaCH andn@: %@ i t rature of
between 90 and 95 C fonglga%Mril. e%?@?éﬂgrzﬁé%agéha#to%g 'S gdrfigﬁstrat ed
usi ng a m cr AMANOpre UHtrapure Water Systad (Dabaqie, dowd0whs ghert int theper at ures f or

shorter tinmes with the_ sane anoun f.oxidation of Cr(lll) to Cr(Vl).
Appr oxi mat el y&’@%a“‘?‘b%?@ls?lﬁ‘}w%s%‘é@@élﬂél“&"& id-Vasmiparadolem quZon vessel
or a beaker ags atméétoweso?@aﬁgm% gw;t)' 4 \9550&&9%@@? h dludit, Y 2002 -50

performed (heating to 92C for 6 .). xidation o was observed
for all theseAmmoniumhydeoxide was prepared)bysbubbding high porityi ainmoniurmmogasCr (11 1)

f h dard .- pl at. h b . Howevy, ly 1.7 % qQxidajj f
G ocourbiayendighttfioVaisr KN3! sotbsiod SoREine, dnfortinfrely P BT or
60 i nutes wieh gdifordfis BieFRRANY disdoifihe KMAO, M dblofizbd Gt Slp M crovave

extraction at a gher tenperaturé of 120C for 60 mn. (bar 4) denonstrates
a sinmlar extadditionpfivemstandardsswerg ipdeparesh; inclodiog &YCe(II) angd "“Er(YRwitlon can be
achi eved,jin onl 0 mmn. wusi.ng 1584 [ . n.the m.craways Gi vessel
Systemwbh el kel gbiatkedeCuiorpic Sk StoRa TG FICEED Yo
appreci at ed tj5atbpit spikePentithed @6 ¢ Mufd MRoOpRLAbuRAnRIERcRMfied Terstghract i on,
extraction can be acconplished in about 5 t0o 30 minutes and preferably
about 10 to 2>®lutionut Ehe prepaation apd slilytion of all salutians were: pprformed in Glassibout

90 Cto 150 nd preferably,about 135C t.0 150C | n , t

oxi dati on occ@sag%pqoénE’BF&g%thgg&)sf{grﬁ B“Eﬁblﬁ'ﬁl_( glg@ﬁs%gsgla'ic}{'}"g%ﬁﬁlé%prrect ed
for using they SChMk, % NoftnBen! BS, Kinks ) In MickowdelErhancéd Chematy} ci ent

nmet hods of extraction and separation nmay be used with SIDVS as the

det ect i 085 net Fundlamentals; SSample Pogparasions asd eApplicarians: iangssors HhM., occur
during the segarati racess... Recovery .of Jd nsol ubl e .and nanss rated
conmponent s Lﬁ@gﬁeﬁgﬁijﬁsgﬁﬁbﬁé"?&éﬁi 8ﬁ§&-&8§ﬂ“§8"cg’?}eﬁ9{§2ejpf’or W th

20 the use ofz3mgrdyl DMS net hods of the present invention. For exanple)

pot assi um di chromate (KZCr04) is highly soluble, but both barium chromate
(BaCr04) and | ead chron#@he )Gtandardesalution wesprepareddiroml €r metals of

G (M) and 0. BoRpsF BRI CRGHR G i ukesy W00 tad e R sfode "
sanpl es 80 25dpRidicwadpreparedSiraifl KIEMANISP@RMLIBEE, Gaithérsbig, MBP! ubl e in

the basic solution used in the stand{arg extraction solution probably as

Po(OH) 4 2. |tThex¥'Griihdtandaxd ssockrsalatian contdinipgel mgdofivireperigebsaltion onns of
Cr(Vl) were extracted b%v A, Met ho OGOfC but that when neutra*ifg i,on to
pH 7.5 was doW8® Brepared by dissplving 0. 1000, g of Cr metal in 4 minimpm gmopnt g of

the insoluble forns of Cr(VI)




30 were renoved fromsolution with the filtered sanple material. This would
produce significant errors in traditional nmethods as the portion renoved
fromsolution as insoluble would not be neasured at all. To 22JugR0@R e t he
anount of 22 July 2002 -51 C(VlI) in solution as Cr04 ion experinents
were done to observe when the precipitation of PbCr04 would start to
precipitate. The error occurring in other total recovery nethods woul d be
di fferent depending on the anmount of Ph@904 in the sanple. The
precipitation in known EPA Met hod 3060A extraction 5 solution is dependent
on the total geyantid si@fon WEPHIMRES Witk PREIRO; 3N00RISTRE ®LHVT) sbshdard
sufficient G (Vl) remained in solution to analyze by the SI nmet hods of
the present stoolestlution gontaining 1 mg ofpCt pspe of aokitios pwas repagedhby ur al

ot hion pH TsiBe b RLE &6 if sbnatriey ST mlo dinsd Beduany T ©
correction agfy@fVe fOU b SWith d@bnie& watert he true concentrations of G (V) in

the origi nal sanpl es. is is a further denonstration of the unique ability
of SI DVB5to make accur dsotopteensichedmatesials worerpusthased froonfsotecdneepar at i ons.

SIDVs as a ngthod for pat.i crated Standard Reference eplal s 15
As anal yzi ngMiamishiyge 'f)oﬁétggéﬁgf‘ é‘&ﬁ‘}élﬁhz?ifsf’ G, RMFansys ngﬁfhr e@r
standard ref 8 haheideder apddnedakignd certified for individual species
conposition the use of SIDMS permts both the preparation of accurate

eval uation of spectated standards and their certification. Standard
reference materials nust both be stored and shi pped to destinations to make
them practical 20 to use. They nust also represent real natural materials
encountered in nature with all of the normal conplexities such as

i nterconversion of reactive species, insoluble fractions, and difficult
extractions and separations. In the preparation and storage of these
materials there nmust be a way to evaluate them accurately w thout bias due
to the (a) method of analysis ) or (b) matrix conponents, or (c) 25
degradation) or (d) conversion of the spectated material. These standards
may be prepared with spectated spikes permtting themto be anal yzed usi ng
the SIDMS net hods of the present invention. This also permts themto be
used after sone interconversion has occurred during storage) shipping
conditions, or matrix conponent interactions. If the initial concentration
and isotopic 30 information for the spectated spike is provided the
standard can be anal yzed using the SIDVS nethods and corrections for the
procedural biases corrected. This conbination of SIDVS and standard
preparation provides a significant new 22 July 2002 -52 tool and that

w Il enable validation of other methods. Just as errors in sanple such as
the soils has been denonstrated herein for EPA nethods 3060A and 71966A
they coul d be eval uated and val i dat ed when bi ases occur such as in soil or
when no bias is caused by the nmethod such as in the case of the COPR 5
sanpl es. The coupling of this technique to standard preparati on and

eval uati on may be enployed to validate other nethods and to ensure the
validity of speciated standards. Standards thenselves are less wnerable to
errors if shifts occur in conposition of species during preparation,
storage, shipnent or nethod 10 evaluation. Biases inherent in the materi al
or the nmethods may be corrected and net hods can now be prepared to assi st
with calibration and accuracy determ nations of other methods. The present
invention also may be enployed with an insol uble species. For exanple) |ead
chromate is only soluble in one stage of separation, 15 but may then be
conpl etely anal yzed due the residual solubility after the nmajority of it
has fallen out of solution. The theoretical background and the experinental
data provided herein support the effectiveness of the SIDMS nethods of the
present invention. Using the SIDVS nethod) the conversion and the

i nconpl ete separation of the 20 species can be effectively corrected. SIDVS
al sa provides a valuable tool to trace species conversion throughout the
sanpl e preparationl anal ysis process. New and internedi ate species nmay be
eval uated for their significance in species transformations. Miultiple forns
of speci ated spi kes may be enployed for sonme species. This nmethod provides
a diagaostic tool that permts the validation of 25 other speciation

met hods, and provides reliable data for speciated netrology . It will be
appreci ated that the nethods of the present invention



permt speciated isotope dilution neasurenent even with inconplete specie
separation. In the present invention, 100 percent separation is not
required. It will generally be preferred that at |east 5 per22dtly@002 nost
preferably at |east 10 30 percent of the specie be separated. The invention
can tolerate up to about 90 to 95 percent of a species not being separated
or being lost, converted or degraded. é a single specie is to be neasured,
separation fromthe specie 22 July 20t 9 .53 cont ai ni ng specinen is
effected. If nore th specie is to be neasured, each species wll

preferably be sepa'lrﬁggdlf WMSMW“%@EC@Q’OWM‘WW ¢ and from

each other species. This applie to bothht Q natP al and Spl ked form of
each speC| I,«..“.::__.:_:_: ______________ ELAD Lo DN CR ULV AL =laat-hor cnocioc O Tharo
is also no nge wmiams&i@icemma@qual EhrRedMetsach speqlsesb Evice@ oR@asur ed.
Wi le for clg Cr@iD @fd YEredl) osur e haeslilhspikephasi s has eVl siked on

envi ronnent aj spses of t4hg%)resen Sonvent [ 84,19 he i nvergd on is nq)to
limted. Nungrov T OTTC ; stciras—tnadustrraf-processes—of |uu1'fr

processi ng a @2st or age83.79% exanoﬁ% wil |l ®8%pparent] 20 t hose kl9%ed in
the art. 10 | 3vvl Il be ..5,o eC|at 93 theref&i%‘tha_t t%,,rlm,.h?d 69;71;7he

present I nvef v sAmeay —aret-rsgrope—tirutrrot—fasSsS-
spect r omet rytlf &36% of 01540r mor e @%eci es. I|t54does so 0.08% val i
and reliabl e manner Ich 1S adapte 0 conpensate Tor conversion and/or

i nconpl et e stfsateat InonLoff #2691 h& Isogeecines Lot #2692s0 facilitates validation of
ot her net hods and prepar atsd on_and 15 anal ysis, of speci ated standard
reference material s. Q(Iyir‘ﬁqt‘&ﬂ:éP‘kEﬁBB@!%?BPTGf‘m@ﬁElY m/éﬁtoif&f have
been describ Safed t dent to
t hose skill eggr' g‘lﬁ?\é&ul lE“QEgF nurre‘%’fci)ll El&/rgtr%ﬁﬁr? dcl)%gl er#rﬁcthﬁg JAet a| may be

made wi t hout #6913 MkotegIrc oanrheburgyeH)l asnthasowet imaterialn Fover nﬂnﬁed
clainms. 20 22 July 2002 - 54 AlM 1. A nethod_ of SR’ECIat ed i sotope

di L ution meaBistal Ve waghtsd eﬁm@ M«‘»ﬂ% Yessqlr and & mly ofto MG wers

predet erm ne a | ke for each
species to bg %ebagtg%gés%l eﬂﬁ?%ﬁkgg,gﬁhgg%ﬁfafé;%?tgs@s %&e 0 a

speci at ed endissdleed anxbbniyel moz nflspf)thm sodution rbhmxmﬂecThssﬁlntx&ewaem ed in

caui || br at | hgoRER and SBREEl Byt KO0 AENBE balen T solifer s dibie

measur ed, SeRaAf %@Ng)éttéx 900 %aarﬁpéidc%m% atidh %Pﬁn@e’g?r(mp%ﬁ@hﬁs sanpl e)

maki ng i sotope ratio erm nations for each sal e to be neasured and
mat hemat i cal calitdated bydhwersepotope dilutieri es concentration while correcting
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enpl oyi ng sa thod on nore than one salid species to be neasured

si mul t aneous #2691, Isotec Inc., Miamisburg, OH) as the source material. Using a 30 mL

Teflon vessel with a vented cap, 5.8 mg of *Cr enriched oxide was weighted
into the vessel and 8 mL of concentrated HCIO, (67-70%, Optima) was added.
The vessel was slowly heated on a hot plate until bubbles formed on the bottom.
The solution was heated for up to six hours until all solid were dissolved and
only 1 to 2 mL of the solution remained. After the solution cooled, 10 mL of
deionized water were added, followed by the addition of 50 uL of 30% H,O,
and 4.5 mL of concentrated NH,OH. The vessel was again slowly heated until
the solution boiled, oxidizing all Cr to Cr(VI). The solution was then boiled for
20 minutes to remove the excess H,0,. The cooled solution was then
transferred to a S00 mL Teflon bottle and diluted with deionized water to 400 g.
The exact concentration of the $*Cr(VI) spike was calibrated by inverse isotope

dilution.



3. The method of speciated isotope dilution neasurenment of claim?2

I ncl udi ng enploying said nmethod in quantifying Cr(ll1l) and C(Vn. 4. The
met hod of speciated isotope dilution nmeasurenent of claim2 RBdllyd00Y
effecting said mat hemati cal deconvol ution enploying the follow ng fornul as:
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To calibrate the concentration of Cr(VI) in the 3*Cr(VI) spike, 0.3
15 g of 10 ug/g ™Cr(VI) standard and 0.3 g of the **Cr(VI) spike (nominal
concentration of 10 ug/g) were weighted into a polyethylene bottle. The
mixture was then diluted to 20 g with deionized water and 70 pL of
concentrated HNO; was used to acidify the solution to pH 1.7. The acidified
solution was separated chromatographically into Cr(III) and Cr(VI). The
20  isotope ratio of 33Cr/*)Cr in the Cr(VI) species was measured and used in the
calculation of Cr(VI) concentration by employing inverse conventional isotope
dilution. Experimental results verified that all Cr in 3Cr(VI) standard was in
Cr(VI) form.
The following solutions were used in the standard EPA RCRA
25  Method 3060A to extract Cr(VI) from soil matrices. The extract solution was
made up by dissolving 20 g of NaOH (98 %) and 30 g anhydrous Na,CO,
(99.6%) in 500 mL of deionized water and then diluting to 1 L.
Natural water sample collection and analysis
A sample of river water from the Allegheny River in Pittsburgh,
30  PA, was collected and analyzed. Tap water was collected from the Duquesne
University laboratory. Samples used for recovery determination were spiked
with ™Cr(VI). All samples were then isotopically spiked with **Cr(VI) and



22 July 2002 -56 enploying a nass spectroneter to determne said isotopic
el enment ratios. 6. The nethod of speciated isotope dilution nmeasurenent of
claim1l including tagging said enriched isotope with an isot@piJalyt28§2i n t he
sanme speciated formas the species to be neasured. 7. The net hod of

speci ated isotope dilution neasurenent of claim21 including enploying tine
resol ution chronmat ography to effect said, separation. 8. The nethod of

speci ated i sotope dilution nmeasurenent of2-claim 1 i ncl udi ng enpl oyi ng said
process on a_sanpl e which has experienced specie conversion prior to

star ation. I JCrecHl) and peidifiegrtopid dr Ate d-9. s oYampleswerr fiBWeﬁéhmﬂFb et pnbf
et . . . &S OLOPK o
The. met hod. ofiof s rfihbidfesS el bedshbia ) Berde AISIHD Seodfhy fre i ng

enpl oyi ng sanghiydeddRicreandaifter fitRmpgad *valuseNhE 2bAVErSipR Chésed by thisgepret hod

of spectated isotope dilution nmeasurenment of claim3 including effecting
sai d separ at bHePrPEEss.r educti on of a substantial portion of Cr(VI) to

Cr(ltirn). 512. Eﬁgﬁoﬂﬁ}enﬁﬂ sBﬁd?Qﬁﬁ ed isotope dilution nmeasurenent of claim
0

1 includifng € yI'ng salrd proceéss on a soil sanple. 13. The nethod of
spect ated isotope di | uChesmive QrerRroesssingRezidae TCOPRICaupleowerenireyide@ sai d
process on an agueous sangle. 22 July 2002 -57 14. The nethod of
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process on sqQlii (Wolgy! . Ssj Ng The

met hod of spg@!egfe\gzﬁzl’@cﬁ%gg} @?fgtr?%ahéngggé grtgskgr?@’ ?TA] ‘c I%Eﬁgﬂsn‘%?ﬁdi ng
storing sai dpefomded &f itRrhat-plale egdichiployihg RcoweRe sked vessel sytent. d
separating step. 16. The net hod of spectated isotope dilution nmeasurenent

of clai 01 | Method 3604 wag folipyedhicyexteach EaeND cAi5 de@Sng of gaghsplid

si mul t aneous | r ' d. 17.
The net hod o%ﬁns%ygé{lﬂgt S%?gﬁlg%q %‘g%ig?ﬁﬁ]t‘ iré%{r%s (r?r’g%seﬁfggnigﬁ né)]? ogﬁ%élﬁrﬁﬁal%g({?ncl udi ng
ef fecti ng saiNa,@D3/0e5rM INZOH @raaction solutigh was addedh Befoge emtractidgpendent |y of

ot her species. 18. The nethod of spectated isotgpe dilution nmeasurenent of

claim1 incl semples werestirethfosfite minutes witheu heatingnlba samples.wern thasspect

3.0' ely to ong.saeq -9?%%1%@%8%9@&%0& h?\ff(éFtcB&% the BEEAG $Gflibg Ot OPC
i lution nmeasurenent of clarm i'ncluding effectng Sal d separati on of at

| east allgut Wwat Giltefedptaroughta Olduim polgcdrberatel fRmbeamee(Poréeticse@wl sai d speci es

fromsaid sagppl e and from sai.d ot her eci es before effecting said
deconvol ut i Oﬂ)vermore, éA) and a&justed to pHsg.S + 0.5 using concentrated nﬂric acid.

A Teflon filter assembly (Norton Co.) was used to filter the samples. Extracts

were then transferred to 100 mL polypropylene volumetric flasks (Nalgene) and
diluted to volume with deionized water. For analysis by SIDMS, the procedure
20  was slightly modified as discussed in the corresponding section. Sample
extracts were also analyzed using EPA RCRA Method 7196A, a UV-VIS
colorimetric procedure that uses color formation with diphyenylcarbazide
(DPC).
Due to the lack of speciated reference materials, samples were
25  spiked with natural Cr species standard to validate the recovery. Selected
samples were also analyzed for the determination of native Cr species. To
evaluate the capability of SIDMS in correcting for species conversion, after
isotopic spiking, samples were either treated to induce the conversion or left in
normal conditions without applying any methods to retard the conversions.
30  Isotope ratios of each species were measured with anion-exchange '
chromatography/ICP-MS. All raw data were exported to MS Excel and

processed, and the deadtime-corrected and mass-bias-corrected isotope ratios



20. The nethod of spectated isotope dilution neasurenent of claiml

i ncluding effecting said separation by at | east one nethod sel ected from

t he group consisting of chromatography) mcrowave assisted eX fdy20@h,
soxhil ate extraction, solvent dissolution, acid dissolution) acid or base
hydrol ysis distillation, centrifugation, and solvent extraction. 22 July
2002 -58 21. The nethod of spectated isotope dilution nmeasurenent of claim
1 including effecting said separating hg3m crowave assisted extraction for
a period of about 5 to 15 mnutes. 22. The nethod of spectated isotope

di [ ution rfea@e&@e%sn&d & tifed Slllegjeghﬁt?dddcb-Ggo abérbivid tRdindiapepar ati ng at
about 90C to 150C. 23. The nethod of spectated isotope dilution neasurenent
of clai m 1 iconcentratignaiof &ir(lEhfandtCniyI)sandcdhe wenversions betwiecerp thedi,| astwelh

measur enent of . a.sanpl.e conparing the results of said neasurenent with
measur ement s35fQ% 40 pAﬁStsﬁgga{‘%e of test to evaluate the validity of said
anot her type of test. 24. The nethod of spectated isotope dilution
measurenent of claim 23 including effecting a plurality of neasurenents by
said another test and effecting said conparison in evaluating the validity
of said another type of test. 25. The nmethod of spectated isotope dilution
, measurenent of claim11 including enploying said nethod to prepare

spect ated spi ked standard materials. 26. The net hod of spectated isotope

di lution measurenent of claim 21 including enploying said nmethod to prepare
standard materials. 27. The nmethod of spectated isotope dilution
measurenment of claim25 including creating said spectated spi ked standard
by spi king separated stable isotopes in spectated forra. 28. The nethod of
spectated isotope dilution neasurenent of claim 26 including enploying said
standard materials after storage.



22 July 2002 -59 29. The nethod of spectated isotope dilution neasurenent
of claim 26 including enploying said nethod to correct species shifts in
said standard materials after degradation. 30. The net hod of2Xxhdr26i%d

i sotope dilution nmeasurenment of claim21 including enmploying in said

m crowave extraction closed vessel mcrowave extraction. 31. The nethod of
spectated isotope dilution neasurenent of claim 23 including enploying said
met hod to validate said tests which are3det independently capabl e of
conpensating for inconplete species extraction or species conversion. 32.
The et hod oSysthetic samglessot ope di |l uti on nmeasurenent of claim 1 including
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IDMS equation (Equation 2) were employed to calculate the concentrations.
Using SIDMS, the species concentrations in both the original solutions (at the
time of spiking) and in the final solutions (at the time of measurement) were
30 calculated. The concentrations at the time of measurement were the resuits that

could not be obtained by other traditional speciation methods, because those
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As less KMnO, was added to Aliquot 1 than to Aliquot 2 and Aliquot 3, only a

small amount of Cr(IlI) was oxidized to Cr(VI). As Cr(VI) is
thermodynamically unstable at low pH, the longer the storage was, the more
Cr(VI) was reduced to Cr(IlI). It will be appreciated that despite the different
degrees of conversion, the concentrations deconvoluted by SIDMS were always
close to the true concentrations that were prepared. Columns 7 and 8 show the
actual concentrations of each species at the time of measurement. These
concentrations were calculated from the true concentrations and conversions
determined by SIDMS. When comparing the actual concentrations of each
aliquot on the same day, it will be seen that more Cr(VI) was present in Aliquot
3 than in Aliquot 1. This observation is consistent with more KMnO4 being

added to Aliquot 3. For each aliquot measured on different days, the
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day, and 55.0 ng/g for Cr(IIl) and 83.3 ng/g for Cr(VI) would be determined
by the traditional speciation methods on that day. The same solution measured
after 13 days by the same methods, results in 72.5 ng/g for Cr(III) and 65.8

10 ng/g for Cr(VI), only 4.1% and -4.2% relative errors for each species. There
was not much conversion between Cr(IIl) and Cr(VI) occurred during the 13
days of storage. Based on the treatment of the aliquots, it is known that two
separate redox reactions occurred after isotopic spiking and before
measurement: oxidation took place after the addition of KMnO,, and reduction

15  occurred during the storage due to the instability of Cr(VI) at low pH. While
the SIDMS methods of the present invention showed these species
transformations, conventional prior art methods would not have provided this
information. According to the SIDMS results, 17.6% of the Cr(III) was
oxidized to Cr(VI) and 22.1% of the Cr(VI) was reduced to Cr(III) after

20 spiking. Because the initial concentrations of Cr(III) and Cr(VI) were
69.67 ng/g and 68.63 ng/g, respectively, the positive and negative errors nearly
canceled each other, resulting in actual concentrations of both Cr(III) and
Cr(VI) at the time of measurement close to their initial concentrations at the
time of spiking. Traditional speciation methods, which can only measure the

25  species concentrations at the time of measurement, would have lead to incorrect
conclusions about the bi-directional species conversion described herein.

The speciated isotope dilution method of the present invention is
fundamentally different from those in the prior art that applied the isotope
dilution techniques to speciation. In the prior art, isotdpic spikes for all species

30  had the same isotopic abundances, and the conventional IDMS equation was
used in the calculation of the concentration from the measured isotope ratio of
each species (Van Raaphorst, J. G.; Haremaker, H. M.; Deurloo, P. A.;
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the different species should not be permitted to mtercovert until they are
completely separated. Columns 9 and 10 of Table 2 list the results obtained
using the IDMS Equation 2. These columns show systemic errors. The more
10  conversions, the higher the relative errors. The SIDMS method of the present
invention, however, has the capability to correct for the species conversions in
addition to improving the precision and the detection limits of the measurement.
This permits the species conversion and corrects for these conversions. These
experiments establish that conversion between Cr(VI) and Cr(III) up to at least
15  80% can be corrected accurately.

This example shows that SIDMS can be used to make quantitative
determinations which are accurate despite the degradation, sample loss or
conversion. The method advantageously employs mathematical deconvolution
in effecting this determination.

20  Natural environmental water sample

The SIDMS method of the present invention has been applied to
the determination of Cr(VI) in real natural water samples. In this experiment,
real natural water samples were collected from the Allegheny River (Pittsburgh,
PA), regular tap (drinking) water (Pittsburgh, PA), and deionized water. After

25  collection, each sample was divided into two aliquots without filtration in order
to keep all matrix components in the samples. One aliquot was used for the
determination of the native concentration of Cr(VI). The other aliquot was
immediately spiked with the ™Cr(VI) standard to get a solution containing about
50 ng of Cr(VI) per g solution. Both aliquots were then double spiked with

30  %Cr(III) and **Cr(VI) isotopic spikes, and mixed thoroughly. The
concentrations of both *¥Cr(III) and 3Cr(VI) were approximately 50 ng/g. After
isotopic spiking, all solutions were acidified to pH 1.7 to 2.0 with concentrated
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Cr(VI) added Conc. Cr(lID Conc. Cr(V]) “Cr(VDrecovery Cr(VD) to
Cr(In)
Sample (ng/g) (ng/g) (ng/g) (%) (%)
River Water 0 <DL* 0.5240.99 N/A®
40.6
River Water 50.83 <DL 51.1+0.46 99.5 30.2
Drinking Water 0 <DL 1.31+£0.97 N/A 36.7
Drinking Water 45.65 <DL 46.5+0.48 99.1 20.9
Deionized Water 0 <DL <DL* N/A
4.2
Deionized Water  42.83 <DL 42.5+0.27 98.9 4.1

* The detection limit (DL) for Cr(Il) is 0.21ng/g (3, value, N=10).
® N/A = Not Applicable

¢ The DL for Cr(VI) is 0.37 ng/g (3, value, N=10),

95% confidence intervals

Table 3 lists the results of the six prepared water samples.
According to SIDMS measurements and calculations, much of the Cr(VI) in
river water and drinking water converted to Cr(Ill) during one day of storage.
The Cr(VI) spiked into the deionized water, however, remained fairly stable.
As an example, 40.6% and 30.2% of the Cr(VI) in the river samples was
reduced to Cr(IIl); only 4.2 and 4.1% of the Cr(VI) in deionized water was
reduced during the same period. This indicates that river water and drinking
water contained reducing components in their matrices which reduced Cr(VI) to
Cr(III) in the acidified solution. Based on this information, only 35.7 ng/g of
the ™Cr(VI) in the river sample was left at the time of measurement, which was
much lower than the actual spiked concentration of 50.8 ng/g. This 35.7 ng/g
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(James, B. R.; Petura, J. C.; Vitale, R. J.; Mussoline, G. R. Environ. Sci. &
Tech. 1995, 29, 2377-2381; Vitale, R. J.; Mussoline, G. R.; Peura, J. C.;

10 James, B. R. J. of Environ. Qual. 1994, 23, 1249-1256; Vitale, R. J.;
Mussoline, G. R.; Petura, J. C.; James, B. R. Am. Environ. Lab. 1995, 7, 1).
To extract the sample, EPA Method 3060A was employed. This method was
developed for extracting Cr(VI) from soil or other solid wastes with a hot,
alkaline solution consisting of 0.28 M Na,CO, and 0.5 M NaOH. After

15  digestion, the sample extracts were filtered and adjusted to pH 7.5 + 0.5 with
concentrated nitric acid and diluted to 100 mL.. Two methods were used to
quantify the extracted Cr(VI). One was the SIDMS method of the present
invention, the other was EPA Method 7196, which has been selected as a
detection method in EPA Method 3060A. According to Method 7196A, (SW-

20 846 EPA Method 3060A: Alkaline Digestion of Hexavalent Chromium, Test
Method for Evaluating Solid Waste, Update 3; U.S. Environmental Protection
Agency: Washington, DC, 1997), the extracts were analyzed by adding DPC
and the pH of the solution was adjusted to 1.6 to 2.2 using concentrated H,SO,
(trace metal grade, Fisher). Cr(VI) reacts with DPC to produce a red-violet

25  complex that can be measured spectrophotometrically at 540 nm.

Several steps may cause problems in the determination of Cr(VI)
using Methods 3060A and 7196A pair. During extraction, Cr(III) may be
oxidized Cr(VI). Second, Cr(VI) may be reduced to Cr(III) during pH
adjustment from 12 to 7.5. Third, the coexisting reducing components in the

30 samples may cause low recovery of Cr(VI) using Method 7196A (SW-846 EPA
Method 7196A: Chromium, Hexavalent (colorimetric), Test Methods for
Evaluating Solid Waste, 3rd ed., U.S. Environmental Protection Agency:
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samples suffer much more serious reducing matrix effects than other samples.
5 Only the quantification with Method 7196A was evaluated against the present
SIDMS method for COPR samples.

After extraction, filtration, and pH adjustment, each extract was
divided into two aliquots. One aliquot was neutralized to pH 7.5 + 0.5 and
used for the determination with Method 7196A, the other aliquot was doubled

10  spiked with **Cr(lII) and **Cr(VI), and acidified to pH 1.7 to 2.0 for the
determination with SIDMS Table 4 shows the results for three COPR samples
quantified with both methods. These samples cover the low, medium, and high
concentration range of Cr(VI). Due to the sample heterogeneity, the precision
for the replicates of each sample were not as desired for both methods. As a

15 result, the results for each replicate and the standard deviation (SD).

Comparing the results of each replicate, both methods give comparable resulits.
For COPR samples, therefore, the present SIDMS method gives equivalent
results to Method 7196A for Cr(VI) extracts using the 3060A extraction.

Table 4. Results of Cr(VI) for Chromite Ore Processing Residue Samples

Method 7196 SIDMS Total Cr
Sample [Cx(VD)(ug/g) meaniSD [Cr(VD(¢g/g) meantSD Cr (mg/g)*

1327 1411485 1373 1445470 10.40
CORP1 1410 1449

1497 1512

91.2 85.3+5.2 93.9 88.8+6.1 1.973
CORP2 81.5 82.1

83.1 90.4

400 40847 420 41849 4.597
CORP3 414 426

400 408

* Data were provided by Environmenta! Standards, Inc. (Valley Forge, PA).

The SIDMS method of the present invention provides information
about the influence of matrix effects on the stability of Cr(VI) in the acidified
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converted. Isotopically-spiked COPR1 extracts were measured nine days afier
5 the spiking, and 9.1 + 1.5 % of Cr(VI) was reduced. COPR3 extracts were
measured one day after the spiking, and 60.0 & 5.8% of Cr(VI) was reduced.
COPR4 extracts were also measured one day after spiking, and 14.5 + 1.6% of
Cr(VI) was reduced. The lower the native concentration of Cr(VI), the faster
the reduction of Cr(VI) in the acidified extracts occurred. In the experiment, to
10 control the concentration of Cr(VI) in the final solution to a proper value, 50
ng/g to 150 ng/g, sample sizes varied depending on the native concentration of
Cr(VI). Assuming all these sample have the same level of reducing matrix, the
final solution of the sample with low concentration should contain more of the
reducing matrix components. COPR3 showed faster reduction of Cr(VI). It is
15 believed that reducing matrix components did not affect Method 7196A because
the selectivity of Method 7196A is high enough for these samples. Decreasing
the analyte concentration and increasing the matrix concentration may show
differences between the present method and Method 7196A, as was found to be
true with complex soil samples. Soil extracts spiked with natural Cr(VI) were
20  used to demonstrate the possible bias of Method 7196A in the quantification of
Cr(VI) where the matrix produced significant biases in chromium species shifts
and direct method interferences in Method 7196A.
Soils
Surface soil collected from a yard was analyzed. The sample was
25 dried at 105°C for four hours, followed by manually removing plant roots and
other large particles. After these treatments, the sample was sealed in
polyethylene bags and stored in a cold room (4°C). The possible alteration of
the Cr species during drying was not evaluated as the true native levels of Cr
species were not of concern in this experiment. The sample was treated
30  according to Method 3060A. The procedure after extraction was altered for the
SIDMS method of the present invention to identify the possible conversion of
Cr(VI) during the pH adjustment and quantification steps in Method 7196A.
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Two experiments were designed to compare SIDMS and EPA Method 7196A in
the quantification of Cr(V]) in soil extracts. The first experiment showed the
systematic bias in Method 7196A. The second experiment identified the bias
sources by employing SIDMS as a diagnostic tool. The flow chart of Figure 5
s  is the procedure for the second experiment. In the first experiment, only
solutions D and F of Figure 5 were prepared for comparing SIDMS and Method
7196A.
The first experiment compared Method 7196A and SIDMS (the
method of the present invention) using four samples. Sample 1 to 4 contained
10  soil extracts digested from 0, 1.53, 3.06 and 3.12 g of soil. After extraction
with Method 3060A, each sample was spiked with “Cr(VI) so that each one
contained 2.997, 3.033, 1.993, and 1.587 ug of Cr(VI) per g solution,
respectively. Thus, the matrix (unit: g soil) to Cr(VI) (unit: pg Cr/g ) ratio for
each sample was approximately 0, 0.5, 1.0, and 2.0. Various amount of soils
15 were used in order to ensure the extracts had different matrix levels. A portion
of the spiked extract was sampled for SIDMS analysis, and the rest of the
extract solution was adjusted to pH 7.5 + 0.5 with concentrated nitric acid
according to Method 3060A. The pH adjusted extracts were then analyzed by
Method 7196A. As shown in Figure 5, solution F was analyzed by SIDMS,
20  solution D was analyzed by Method 7196A.
Effect of complex matrices on the validation of other methods
The recoveries of each method are shown in Figure 6 which
compares the influence of soil matrix on the recovery of Cr(VI) determined with
Method 7196A and the SIDMS method of the present invention. Sample 1 did
25 not contain a soil matrix, and the recoveries of Cr(VI) obtained from both
methods agreed with each other and were close to 100%. As shown in Figure
6, however, the soil matrix caused low recoveries of Cr(VI) using Method
7196A. The higher the ratio of soil matrix to Cr(VI) meant the lower the
recovery of Cr(VI). Sample 2 to 4 contained increasing amounts of soil matrix.
30  According to Method 7196A, after the addition of DPC to the sample, the
solution was acidified to pH 1.6-2.2 to produce a measurable purple complex.

The colorization reaction involves the simultaneous oxidation of DPC to



10 10 10! 7S109%& ()-& 7S10% & ()-&5 10% U& ()-JvzX6r S4 |

T10%ld&' ()-'!gl0%& ()-gl0% & ()-!gl0% . & ()-!gl0%& ()-'!glo%& ()-']dj~]<rs4
I &109%&' ()-Z , #10%& ()-G 10% & ()-Z10% & ()-F ,f10% & ()-! .22 July 2002

T10%& ()-"g' ldErS4 | ,* 10% & ()-m,* 10%W& ()-m,* 10%& ()-m,* 10% & ()-m
, ¥ 109 ()-m Y(10% & ()-DbC ! 109 () - y#&L0%&R' ()- 10( 10( 10(,;10% & () -
,3:410% & ()- f810% & ()- Y%&E1~<bC

ILQFf" 1098 ()-2Z! VEf"10%& ()-Z' al0%=& (#4Z810%& () -

f10%& ()- @YL0%& ()-1}ta?bC !'!!Z0Y 5#10%&'6)- M'  10%& ()-3 Y10%& ()-:!3
Y109&' () -: &;bp@nyimm%,(rpdwam@f Cr(VI) to Cr(IIl), and the chelation of the

Cr(III) by diphenylcarbazone (Dionex In Dionex Ion Chromatography Recipe
Book; Dionex Corporation: Sunnyvale, CA, 1990; Vol. Technical Note 26, pp
7). At such a high pH as 12, Cr(VI) is fairly stable, so the reductants
5 coexisting in the soil extracts did not reduce Cr(VI). When the solution was
acidified, however, the reductants from the soil matrix competed with the DPC
to reduce Cr(VI). Some Cr(VI) could not react with the DPC to form the
purple product which is measured by the UV-Vis method. As a result, as some
Cr(VI) did not form the measurable product, the method resulted in a low
10  recovery. A detailed observation of this bias was described elsewhere (Lu, Y.;
Huo, D.; Chalk, S.; Kingston, H. M. "Identification of Cr(VI) Biases in EPA
Method Pairs 3060A and 7196A" in progress).
The SIDMS method of the present invention indicated the major
source of bias in the quantification of Cr(VI) in these samples using Method
15 7196A, and corrected for such conversions. In the SIDMS method, the sample
solutions were isotopically spiked before acidification. Although the
isotopically-spiked sample solution were acidified to a low pH of 1.7 to 2.0, the
reduction of Cr(VI) caused by the soil matrix was successfully corrected
because any conversions that occurred after spiking can be corrected with
20  SIDMS. The reduction of Cr(VI) occurred rapidly after the acidification for
some samples. Figures 7(a) to 7(c) are the chromatograms of Sample 4 (Figure
6). Figures 7(a)-7(c) illustrate the sample immediately after the acidification of
the spiked sample. Figures 7(b) and 7(c) were acquired six and sixteen minutes
after the acidification. These figures plot only the isotope *Cr, which was
25 mainly from 3Cr(VI) spike in this sample. It is seen that Cr(VI) was reduced
very quickly after the acidification. From Figures 7(a) to 7(c), 4.5%, 20.2%,
and 28.1% of Cr(VI) was reduced to Cr(IlI). The corrected concentrations of
Cr(VI) were 166, 169, and 170 ng/g, respectively, consistent with the true
concentration of the Cr(VI) spiked into the soil extracts, which was 170.9 ng/g.
30 The SIDMS method of the present invention can be used as a
diagnostic and validation tool to monitor the species. To do this, samples were

isotopically spiked before and after a treatment. As an example, in the second
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havmg been low enough, or the reducing matrix components may have
interfered with the measurement. The detection limit of Method 7196A is 0.01
pg/g and the native Cr(VI) in the extracts is 0.08 ug/g, excluding the first
possibility.

20 As shown in the first experiment, reducing soil matrix
components permitted better recovery of Cr(VI) using Method 7196A: the
higher the matrix, the lower the recovery. For the determination of Cr(VI),
even though the Cr(VI) concentration may be high enough for the quantification
in clean solutions, it may not be detected in soil extracts or other reducing

25 matrices. The recovery of the spiked Cr(VI) determined with EPA Method
7196A (Sample D) the highest soil matrix was only 71.6%, thereby indicating
the importance of matrix effect. Based on this analysis, approximately 57 ug of
Cr(VI) was not detected in this sample with EPA Method 7196A, which was
much higher than the native Cr(VI) in soil extracts. The matrix effect,
therefore, with EPA Method 7196A results in underestimation of Cr(VI) which
is a dangerous defect for purposes of toxicity evaluation. The SIDMS method

of the present invention improves the quantification of Cr(VI) at least in two
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neutralization step. The recoveries of Sample F and Sample E were 99.3% and
95.2%, respectively. If the criteria (85% ~ 115% of recovery) specified in
Method 7196A is used, 95.2% is within the specification. Because the
concentrations of Cr(VI) found in E an F are significantly different, it is
important to identify the sources causing the difference. As shown in Table 5,
no Cr(IIl) was found in F, but 5.1 + 3.3 ug of Cr(IIl) was detected in E. If
this amount of Cr(III) is treated as the reduced Cr(VI), the total amount of
Cr(VI) in these two solutions are comparable. The reduction of Cr(VI),
therefore, occurred during the pH adjustment. The determination of native
Cr(V]) in B and C also supports this conclusion that the detected native Cr(VI)
by the SIDMS method with isotopic spiking before and after pH adjustment
were 9.5 and 7.7 ug, respectively. Although these two numbers are not
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significantly different at the 95% confidence level, it is reasonable to observe a
lower concentration obtained by spiking the sample after pH adjustment than
before, due to the reducing matrix. Consequently, by isotopically spiking the
sample at different stages, the alteration of the species at each step can be
identified. Traditional methods can not do this because they can only determine
the species concentration in the processed final solutions.

éorrection for incomplete species separation

Unlike traditional speciation methods that require complete
separation, the SIDMS method of the present invention permits the incomplete
separation of the species. Incomplete resolution of the species results in
mixtures of species being detected simultaneously as one species by ICP-MS.

In traditional methods, incomplete separation interferes with accurate
measurement. SIDMS, however, treats the unsolved or co-eluted species as if
they have interconverted. The same SIDMS equations that calculate the initial
species concentrations at the time of spiking can also correct for incomplete
separation. This capability allows mild experimental conditions to be used in
separation and avoids the required use of extreme conditions to achieve the
100% separation required by other speciation methods. If there is incomplete
separation in the present SIDMS method, the amount of conversion will
incorporate both conversion and incomplete separation of the species.

To confirm that the SIDMS method of the present invention can
correct for the incomplete separation of the species, a double-spiked Cr(IlI) and
Cr(VI) aqueous solution was freshly prepared using the procedures previously
described herein. This synthetic sample contained 1495 ng/g of ™Cr(VI), 1499
ng/g of 33Cr(VI), 1517 ng/g ™Cr(Ill) and 1584 ng/g of °Cr(III).. In this
experiment, the outlet of the column was disconnected from the ICP-MS and the
eluate was collected into 10 mL polypropylene test tubes. The synthetic sample
was injected into the column for separation, but each time a different fraction of
the eluate was collected as Cr(IIl), and the remaining as Cr(VI) by setting a
different dividing time point. This resulted in incomplete separation. Figure 8
shows the chromatogram where eluate of 10-40 seconds was collected as Cr(III)
and 40 seconds to 10 minutes was collected as Cr(VI). Some Cr(III) was
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detected as Cr(VI). The dividing time point for this pair of fractions was 40
seconds. Sets of solutions with different dividing time points were then
obtained and resulted in different degrees of incomplete separation. After
collection, each fraction was diluted to approximately 10 mL with 0.06M

5  HNO,, and the isotope ratios were measured with ICP-MS using the direct
aspiration mode.

Figures 9(a) and 9(b) show the actual total concentration of Cr in
each container as well as the concentrations of Cr(III) and Cr(VI) corrected for
incomplete separation. The true concentrations indicated in the figures are

10  different from those described in the previous paragraph. This is due to
dilution. For example, because the injection volume was 50 pL and the
collected eluate was diluted to 10 mL, the dilution factor was 200. As the
original concentration of "Cr(III) was 1517 ng/g, if all Cr(III) was separated
from Cr(VI), the concentration of "™Cr(III) in Cr(IIl) container should be 7.58

15 ng/g. This number was treated as the true concentration because the diluted
solution was used in isotope ratio measurement. Because of the dilution effect,
the number of original concentration of each species, from both natural standard
and isotopic spike, was divided by 200.

Despite the incomplete separation, the concentrations of both

20  ™Cr(IIl) and ™Cr(VI) were successfully deconvoluted with good precision. In
Figures 9(a) and 9(b), the shaded columns are the corrected initial
concentrations. The black columns are the actual concentrations of Cr
collected. The actual concentrations are the numbers that would be reported by
other conventional speciation methods. Normalily, the longer the collection time

25  for Cr(IIl), the higher concentration of Cr detected as Cr(III) and the lower the
concentration of Cr detected as Cr(VI). Despite the different degrees of the
separation, the deconvoluted concentrations using the SIDMS method of the
present inventioin always agreed with the true concentrations at the time of
spiking after correction for the dilution factor. In Figures 9(a) and 9(b), the

30 95% confidence intervals of the corrected concentrations were also indicated,
but they cannot be seen due to the high precision of the results. In this set of
data, the relative standard deviations (RSDs) were within the range of 0.12% to
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0.48%. For the last collection where the dividing time point is 90 second, there
was only 27% of ™Cr(VI), corresponding to 2.01 ng/g of ™Cr(VI), was
collected as Cr(VI), and the RSDs for Cr(IIl) and Cr(VI) were 0.38% and
0.41%, respectively.

5 An additional use of the present method of SIDMS is in the
validation of more efficient methods for extraction or separation that currently
are not usable as they do are not completely separated or do not completely
preserve the species. For example, closed vessel microwave extractions at
higher temperatures than are achievable at atmospheric pressure are more

10  efficient, but if degradation is known to occur then this more efficient extraction
could not be used by traditional speciated methods that require complete
retention of the species. Other methods require the preservation of species
while the SIDMS method of the present invention can optimize efficiency and
correction for degradation to enhance the efficiency and productivity of the

15  methods of analysis. An example is the faster extraction that has some
degradation that is permitted by SIDMS, but which may not be used by other
methods as the species transformations are interpreted in these methods as

- biases and errors, but which in SIDMS are efficient separation methods that
have some correction that may be necessary.

20 An example of the efficiency gained through the SIDMS of the
present invention when applied to separation of species as compared in the
standard EPA Method 3060A extraction method done on a hot-plate and in a
microwave extraction system. Oxidation of Cr(IIT) to Cr(VI) may take place in
high pH solutions, and EPA Method 3060A extraction requires an 11.5 to 12

25  pH for efficient extraction of Cr(VI). In such high pH solutions, Cr(III) may be
oxidized to Cr(VI) if some oxidants are present. The standard procedure
requires that the extraction solution (0.5M NaOH and 0.28M Na,CO, be kept at
an elevated temperature of between 90 and 95°C for 60 min. The efficiency
advantage is demonstrated using a microwave extraction in closed vessel at

30  higher temperatures for shorter times with the same amount of oxidation of
Cr(III) to Cr(VI). Approximately 200 ug Cr(IIl) was added to a microwave

closed Teflon vessel or a beaker and almost the same extraction procedure was
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performed (heating to 92°C for 60 min.). Oxidation of Cr(III) was observed
for all these three systems (Figure 10) shows 5.6% oxidation of Cr(IIl) for the
standard hot-plate method (bar 1). However only 1.7% oxidation of Cr(III)
occurred in the closed vessel microwave system heating to 92°C for 60 minutes
5 with argon gas atmosphere (bar 2) or with air (bar 3). Microwave extraction at
a higher temperature of 120°C for 60 min. (bar 4) demonstrates a similar
extraction, but less oxidation. However similar extraction can be achieved in
only 10 min. using 150°C (bar 5) in the microwave closed vessel system with
approximately the same amount of oxidation. It will be appreciated that with a
10  closed microwave system employed for extraction, extraction can be
accomplished in about 5 to 30 minutes and preferably about 10 to 20 minutes.
This is preferably done at a temperature of about 90°C to 150°C and preferably
about 135°C to 150°C. In each case the oxidation occurs and is corrected for,
but in each case it can be corrected for using the SIDMS method of the present
15 invention. Other efficient methods of extraction and separation may be used
with SIDMS as the detection method with correction for these transformations
that occur during the separation process.
Recovery of insoluble and non-separated components
Losses of insoluble species components can be corrected for with
20  the use of the SIDMS methods of the present invention. For example,
potassium dichromate (K,CrO,) is highly soluble, but both barium chromate
(BaCrO,) and lead chromate (PbCrQ,) are relatively insoluble forms of Cr(VI)
compounds. In experiments 0.0244 g of BaCrO, containing 5010 pg of Cr(VI)
and 0.017g of PbCrO, containing 2790 pug of Cr(V]) were added to samples to
25  be extracted using method 3060A. Lead chromate is soluble in the basic
solution used in the standard extraction solution probably as Pb(OH),2. It was
found that both water soluble and water-insolubleforms of Cr(VI) were extracted
by EPA Method 3060A, but that when neutralization to pH 7.5 was done at the
end of the exﬁaction as required the majority of the insoluble forms of Cr(VI)
30  were removed from solution with the filtered sample material. This would
produce significant errors in traditional methods as the portion removed from

solution as insoluble would not be measured at all. To illustrate the amount of
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10%-F& (d- soluble at high pH 11.5 to 12 the SIDMS measurements proved 100% recovery
correction and gave correct values for the true concentrations of Cr(VI) in the
original samples. This is a further demonstration of the unique ability of
SIDMS to make accurate determinations even with incomplete separations.
SIDMS as a method for preparing Speciated Standard Reference Materials

15 As analyzing of samples for species concentration accuracy
requires standard reference materials analyzed and certified for individual
species composition the use of SIDMS permits both the preparation of accurate
evaluation of speciated standards and their certification. Standard reference
materials must both be stored and shipped to destinations to make them practical

20 to use. They must also represent real natural materials encountered in nature
with all of the normal complexities such as interconversion of reactive species,
insoluble fractions, and difficult extractions and separations. In the preparation
and storage of these materials there must be a way to evaluate them accurately
without bias due to the (a) method of analysis, or (b) matrix components, or (c)

25  degradation, or (d) conversion of the speciated material. These standards may
be prepared with speciated spikes permitting them to be analyzed using the
SIDMS methods of the present invention. This also permits them to be used
after some interconversion has occurred during storage, shipping conditions, or
matrix component interactions. If the initial concentration and isotopic

30 information for the speciated spike is provided the standard can be analyzed
using the SIDMS methods and corrections for the procedural biases corrected.

This combination of SIDMS and standard preparation provides a significant new
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tool and that will enable validation of other methods. Just as errors in sample
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such as the soils has been demonstrated herein for EPA methods 3060A and
71966A they could be evaluated and validated when biases occur such as in soil
or when no bias is caused by the method such as in the case of the COPR
samples. The coupling of this technique to standard preparation and evaluation
may be employed to validate other methods and to ensure the validity of
speciated standards.

Standards themselves are less vulnerable to errors if shifts occur
in composition of species during preparation, storage, shipment or method
evaluation. Biases inherent in the material or the methods may be corrected and
methods can now be prepared to assist with calibration and accuracy
determinations of other methods.

The present invention also may be employed with an insoluble
species. For example, lead chromate is only soluble in one stage of separation,
but may then be completely analyzed due the residual solubility after the
majority of it has fallen out of solution.

The theoretical background and the experimental data provided
herein support the effectiveness of the SIDMS methods of the present invention.
Using the SIDMS method, the conversion and the incomplete separation of the
species can be effectively corrected. SIDMS also provides a valuable tool to
trace species conversion throughout the sample preparation/analysis process.
New and intermediate species may be evaluated for their significance in species
transformations. Multiple forms of speciated spikes may be employed for some
species. This method provides a diagnostic tool that permits the validation of
other speciation methods, and provides reliable data for speclated metrology.

It will be appreciated that the methods of the present invention
permit speciated isotope dilution measurement even with incomplete specie
separation. In the present invention, 100 percent separation is not required. It
will generally be preferred that at least 5 percent and niost preferably at least 10
percent of the specie be separated. The invention can tolerate up to about 90 to
95 percent of a species not being separated or being lost, converted or

degraded. If a single specie is to be measured, separation from the specie-
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10 It will be appreciated, therefore, that the method of the present

invention provides for accurate speciated isotope dilution mass spectrometry

quantification of one or more species. It does so in a valid and reliable manner

which is adapted to compensate for conversion and/or incomplete separation of

the species. It also facilitates validation of other methods and preparation and
15  analysis of speciated standard reference materials.

Whereas particular embodiments of the invention have been
described above for purposes of illustration, it will be evident to those skilled in
the art that numerous variations of the details may be made without departing
from the invention as defined in the appended claims.
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measured and mathematically deconvoluting said species concentration while correcting
for species conversion, and
effecting said mathematical deconvolution while correcting for
incomplete separation of said species from said sample.
2. The method of speciated isotope dilution measurement of claim 1
including
employing said method on more than one said species to be

measured simultaneously.

3. The method of speciated isotope dilution measurement of claim 2
including
employing said method in quantifying Cr(1II) and Cr(VI).
4. The method of speciated isotope dilution measurement of claim 2
including

effecting said mathematical deconvolution employing the

following formulas:
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where,
ar
R, is the measured isotope ratio of *Cr to **Cr of Cr(Ill) in the spiked
sample.
4] . . . . .
R, is the measured isotope ratio of *Cr to **Cr of Cr(VI) in the spiked
sample,
R:; ,s, 15 the measured isotope ratio of *Cr to *Cr of Cr(VI) in the spiked
sample.
R, is the measured isotope ratio of *Cr to ®Cr of Cr(Ill) in the spiked
sample.
%A, s the natural atomic fraction of *Cr in the sample
C™  is the concentration of Cr(IIl) in the sample (umole/g, unknown)
Wy s the weight of the sample in grams
A is the atomic fraction of *°Cr in the isotopic spike: *Cr(III)
C"  is the concentration of Cr(III) in the *Cr(III) spike (umole/g)
W is the weight of the **Cr(III) spike in grams
G is the concentration of Cr(VI) in the sample (pmole/g, unknown)
a is the percentage of Cr(Ill) oxidized to Cr(VI) after spiking
(unknown)
B is the percentage of Cr(VI) reduced to Cr(IIl) after spiking
(unknown)
5. The method of speciated isotope dilution measurement of

claim 1 including
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' 6. The method of speciated isotope dilution measurement of
claim 1 including
tagging said enriched isotope with an isotopic tag in the
same speciated form as the species to be measured.
7. The method of speciated isotope dilution measurement of
claim 1 including
employing time resolution chromatography to effect said
separation.
8. The method of speciated isotope dilution measurement of
claim 1 including
employing said process on a sample which has
experienced specie conversion prior to separation.
9. The method of speciated isotope dilution measurement of
claim 1 including
effecting said equilibrium in an aqueous solution.
10. The method of speciated isotope dilution measurement of
claim 1 including
employing said process on an incompletely separated
specie.
11.  The method of speciated isotope dilution measurement of
claim 3 including
effecting said separation after reduction of a substantial
portion of Cr(VI) to Cr(III).
12.  The method of speciated isotope dilution measurement of
claim 1 including
employing said process on a soil sample.
13.  The method of speciated isotope dilution measurement of
claim 1 including

employing said process on an aqueous sample.
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16.  The method of speciated isotope dilution measurement of
claim 1 including
effecting said mathematical deconvoluting simultaneously
with respect to more than one species to be measured.
17.  The method of speciated isotope dilution measurement of
claim 16 including
effecting said mathematical deconvoluting for each species
independently of other species.
18.  The method of speciated isotope dilution measurement of
claim 1 including
effecting said mathematical deconvoulting with respect
solely to one species to be measured.
19. The method of speciated isotope dilution measurement of
claim 16 including
effecting said separation of at least about 5 to 10 percent,
but less than 100 percent of each said species from said sample and from said
other species before effecting said deconvolution.
20.  The method of speciated isotope dilution measurement of
claim 1 including
effecting said separation by at least one method selected
from the group consisting of chromatography, microwave assisted extraction,
soxhilate extraction, solvent dissolution, acid dissolution, acid or base

hydrolysis distillation, centrifugation, and solvent extraction.
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claim 23 including
effecting a plurality of measurements by said another test
and effecting said comparison in evaluating the validity of said another type of
test.
25.  The method of speciated isotope dilution measurement of
claim 1 including
employing said method to prepare speciated spiked
standard materials.
26.  The method of speciated isotope dilution measurement of
claim 1 including
employing said method to prepare standard materials.
27.  The method of speciated isotope dilution measurement of
claim 25 including
creating said speciated spiked standard by spiking
separated stable isotopes in speciated form.
28.  The method of speciated isotope dilution measurement of
claim 26 including

employing said standard materials after storage.
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29.  The method of speciated isotope dilution measurement of
claim 26 including
employing said method to correct species shifts in said
standard materials after degradation.
30.  The method of speciated isotope dilution measurement of
claim 21 including
employing in said microwave extraction closed vessel
microwave extraction.
31.  The method of speciated isotope dilution measurement of
claim 23 including
employing said method to validate said tests which are not
independently capable of compensating for incomplete species extraction or
species conversion.
32. The method of speciated isotope dilution measurement of
claim 1 including
performing said method on a species which due to
incomplete separation, loss, conversion or degradation has less than 100 percent
of said species separated.
33.  The method of speciated isotope dilution measurement of
claim 32 including
effecting said separation of at least about 5 to 10 percent
of said species.



