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Application No. 60/966,1 16 filed on August 24, 2007.
The entire teachings are incorporated by reference
herei n. BACKGROUND OF THE INVENFLON Filter devices are
extensively used to renove particles and

m croorgani snms or purify proteins from

bi ophar maceutical products. During filtration,
materials froma filter device could be extracted into

a product andsgfdfrgny AND METHOIS FOROBIYERSION Jha FDA
requires the eva”gging r@ﬁomfghﬂﬁﬁgég]?%\m for

bot h human and ani ug products. T ter
extractabl es are conplex m xtures consisting primarily
of I EBPS EI@/{Aﬂ?IOf ol igonmers and additives of

di verse %ﬁfgﬂial and chem cal properties. Since the
concent raf d . o lication N
bi ophar n@gée%lfgéﬁl&l{pgg%%@% %z[ﬁ%;"g%ljg?l,smtnﬁlelxpp ication No.
an&Dyao6ddb fledjomAuost 24h2007. | Tlerentix¢ teachiagd @rs in@mpdrated by
naségd, aBd t herefore rendering their presence

undeCELEaBPE™ Conventional |y, the Mydel Stream

Approach (Stone, T.E.; Coel, V.; Leszczak, J.

PhaAeReROURD GBAHE MVENTION 130) is used to study
the extractables present followng the filtration

step. DyiitdiQiel s artRixiadivelyn@ell itd ffovéattides shd microorganisms

subjected to a nodel solvent that sinulates specific
chenpuafy profesnst fsoro hiepharmagentieal prehictss dPuringofiltratipaanaterials

D PaR IS BT 0 LS AR e v

hi ghfesal TheCRIDA &8 itdsi tR1Sval@dtiodlof diief e:sted cVbdsstbr béth human and
which the filter device may be exposed, but not to be

i déptmalsrug prodi@sact ual contents of the _
bi ophar nﬁ'%%{elr %Q’Jrac%lﬁgéjzﬁ% 'CO gge%&ﬁgééﬁgﬁﬁﬁg ?ﬁgﬁ}il}p 8flow

be creat'ed under aggr essi ve t1ons ere
f i lcbrtenestiorsodfaliige meeoaridendditives nAdiverse physiéal ahg cheralcal

t echni ques such as |iquid chropat ograph detection .
(Lempe lﬁasg“é‘}?rtb?rﬁ?wg%‘l‘ﬁﬁ @@ﬁ%&ﬂ?ﬂﬁ%@w the Agputical
Eo rdflct (AIRDS highBR, ki &R RRaBRET TORE Fittef Exdiaabfis@an be masked,

a
| oyed to detect the presence of extractables into
t hendthbe¢fosnlenderingdtheir prest s undstectablep auwentianally, the Model

sU gtreaRr\r(l pprgalfé% (lStI\(I)\Ill%I,\DI:!E(.];\boel, V.; Leszczak, J. Pharmaceutical Tech. 1994,
116-130) is used to study the extractables present following the filtration step.

During this method, the filter device is subjected to a model solvent that simulates
specific chemical effects of a pharmaceutical solution. Under this principle, the
model solvents are selected to represent the extremes in environment (high or low
pH, high salt concentrations, or organic solvents) to which the filter device may be
exposed, but not to be identical to the actual contents of the biopharmaceutical
product. A “worst case scenario” can be created under aggressive conditions where
the filter extractables content is maximized. Analytical techniques such as liquid

chromatography UV detection (LCUV), gas chromatography mass spectrometry



In accordance with an enbodi nent of the invention,
there is provided a nethod for reducing or elimnating

woraioiox928nt er f eri ng conponents in a bi ophar mackCt/Usz2M08/010027
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product in a liquid chromat ography-nass spectronetry

system The nmethod conprises diyerting to waste the

entire flow of an eluant energing fromliquid

chromat ography of a sanple, for a tine period to

I e{QERIDUAH FuRBMrSnstéra] infRkRBsp er@&éme&&y (HER aFeeifloyéd to detect
a degree sufficient to allow a desired accuracy in
dethemresencoof exiragiablesdntatthe modeldsolvent éurmm@etwsmg procedure.
period, directing the entire flow of the eluant to a

the presence of the
??ﬁ?ﬁﬁ‘fwﬁﬁ?ﬁﬁ f‘@téll ated enbodi ments, the
method rlse dlre 0 t .
i qui d ?ﬁx%ﬁ%e mee émtshpaélc Cbodq r[%ent og%e {nvgletgo%l ltlgyrf‘?& provided a
pekhietithd fon ekdiding & rmmlﬁe&u@maﬁk Iulitgrféﬂnﬁgl\cmﬁpdﬂa:ﬁts ina
callbrant liquid to waste after the tinme period.

EPhATRACERECab Prdvet ing Hgud ehremamgganharemwwef}&mw system.
ZP ?’g? 'n%eﬁlgc;dt (I{E)gneﬁrﬁ%s ﬂixgﬂﬁ{gy&) QNJsjféethgglﬁ‘%e gﬁusbf AHAL& emerging from

Ing a

Si hqmdrdhromqttegltapbyl oﬁabaaﬂpleTfme anmhdwpm‘lolday reooyps cagaminants that
directing.the ntlref Wof e eluapt to, a. 0

t hERUSE PATX “PtFﬁ FERGLIR grentdo 3 ?‘é{@e‘}?ﬁ‘rg‘ga‘ﬁ&ﬁ?y n

(i NeRctRSH &f Jnréa@awbreh ahd, qﬁbldth% |ti@1¥t5péiliddeﬁfrédﬁntg(1h@eﬂﬁ§ Flow of the
spectronmeter; and (i) & port fromwhich [iquid flows

di ekent tp atmamsmrormtmetotdeteg,t the presefice ¢fghe axtrantahie.

9L R TR ARSKLE OIS She AR LDCoLEE. REELRY now o

af heAlibas: liduid PME indss BPactidthepR Iducin ekt tithe PEriéd; and may comprise
Ssi x-port injection valve. The nmethod may conprise

di Aeetingflaw efuthsfcatinmnt bauid teweste afer detisng prsiodadaiverting the
5SP r

s PESEARATRERS JUfHE1As LG A8 R PRt ol L

| npptronter afteethe Itmcape:rmddﬁmycbe pérfdmwdatshgra :ampoctl injention valve.
of _the invention, thete is rOV|de

chTBFmetRAdIBAY conprse drectipg Pheceniies ﬁaw(ﬂf thy ?IH?‘HéP pgrt of the six-
magsh )fnjkmcﬁ‘{\ta?vé fhg SAARLARNS %oﬂhrb)aa RirPRBAY WhiCR Wqhfflows
product” 1n a |li1quid chronmat ography-mass spectronetry
sydirectly tﬁraenhssqpeﬁrcnhﬂwan@ gl)mmrt ftomewhieh hqmdpﬂcr\sae@lrectly to

? E gvaéﬁea%{ecp ﬁ%hlpe/ocbti tp @ﬁ)ﬁ )iw%gf tlolth%*n&(s:s} %p%g}r(\)/ﬁaieter Huring the

CORRRGckON andl Uite@idd Mot Gf q{ydanafaﬂgﬂ@.hu t6 MabtdnaftePthd tane period
mass spectroneter output port of the six-port

i naythederfpanedusing e sheBert pestionaabiee Theumgshed pgy comprise
be'dlr}?ctin t?clw gi"{h‘% c];ilgf)l(gng gg&pﬁ :?(}5] }hgg?él@gtﬁpe\:/c?ﬁo\%éésdunng the time period
cob¥ ivgiyrofd flow hpdictweait twoaddjacestpdrshd dhdsik weetingction valve.

vaaste flow configuratio
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In accordance with anoHle{;l rcgr(iilbodlment of the invention, there is provided a
liquid chromatography diverter for reducing or eliminating matrix interfering
components in a biopharmaceutical product in a liquid chromatography-mass
spectrometry system. The liquid chromatography diverter comprises an eluant input
port of a six-port injection valve, the eluant input port being in a liquid flow
connection with a liquid chromatogaphy column; and a mass spectrometer output

port of the six-port injection valve, the mass spectrometer output port being in a



source flow configuration, the waste fl ow
configuration diverting an entire flow fromthe el uant
WO pa2pert to be directed to waste, and the SPUF/TS2008/010027
flow configuration directing the entire flow fromthe
el uant input port to be directegl.to the nass
spectroneter. In further, related enbodi nents, the
mass spectronmeter output port may be an adj acent port
of 1{ghR Sdw cOetibRivgtid BRsswpbitforh@ert NEneSixlpBit ihjeBtikn valve is
port, and a waste port may be another adjacent port to
t heorfiguied ta bepantopaticallysmatched betweem a wastsrfloyy cenrfigiation and a

ot D6 R AN R LA P B o

C o fifongthealuamninpay potit tebé diréttedrotwaste, fahd thef Jourdetfidv configuration
el uant input port tgQ the mass spectroneter via the
R rraésre%tmgc‘fl? gpgredlovy QPHU'{he 68439? IpREPQTE Eﬂﬁedd“e“ed to the mass

chr, %E: phy diverter may further conprise a
caIS? ra&%@l ow | oop between two adjacent ports of the

si X- por In furtlet i relatedvahbalimehts, the aiass fpeatwomete iogtpua pord may be
directing flow. of g calibranpnt liquid. through the

caPP BRRAETPPET IR R0d PR Vakis %é&@gmm%gﬁé a waste
th oR S ddoR¥r QaakLM HoRtth Ak gluarﬁsﬁ;mq)oﬁl qwecwasltélgvow

cali lquid to waste and formng a closed flo .
10| oopnfigaatiommby dirsctithe entik iflomafiomfthe eluaniapputBRIEE waste via the

ng) g%%gﬁ%‘ﬂ:hf-#ggﬁgﬁ%%’%grlﬂTgaﬁlé)];lg'ée}eytgﬁ%t{ﬂg g}vgl elnltircp flow from the

d e%ﬁfahpﬁl?ﬁfb&f toftké s & st ofle ¥R RiaSthe inds§ SpecremBier @ltput port.
as illustrated in the acconpanying draw ngs in which

| i A&e lignisk dmermatorraphy dévester wpy further chmpsisere cplhrant flow loop
h i ff i . The. i
t '58{6&%8 ﬁvg ta?Jgicésﬂé glogtg %g {hevsll)?-)g’grt in] gcf‘no‘?{@%‘('zei‘ %3: \8%5% ﬂg&l

neceéssar nphas ead bern ace

15 up@onfigdratsdn ditdcrigg €loboeli neatibsannliqhidethfugh eind calibrant flow loop and
invention. FIG TAis schemati c diagram of a |iquid
f | Snthsanass speciioaster ashike seyuse o agign difeeting ow of the

use iﬂrﬁnﬁiddicﬂtgh\g?ﬁg W@@E‘Ms{d 5% JoP@at 1\5\1@9@?§ the calibrant

t echni que, ™ w e Injection valve in the
sefllownlgopFI G 1B is a schematic diagramof a liquid
flow pattern when the conventional injection valve of

2 BRIER LSS RTOR ORI PR AN 571 ow pattern
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description of example embodiments of the invention, as illustrated in the
accompanying drawings in which like reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead being placed upon illustrating embodiments of the present invention.

25 FIG. 1A is a schematic diagram of a liquid flow pattern when a conventional
injection valve is used in a liquid chromatography / mass spectrometry technique,
with the injection valve in the “waste” setting.

FIG. 1B is a schematic diagram of a liquid flow pattern when the

conventional injection valve of Fig. 1A is switched to the “source” setting.



diverter in the "waste" setting. FIG 2B is a
schematic diagramof a liquid flow pattern through a
wo p@paiozb2ahr omat ogr aphy di verter accordi ng to aPCT/US2008/010027
enbodi nent of the invention, with the diverter in the
"source" setting. FIG 3 is thegbase peak chromat ogram
fromthe |iquid chromatography separation step of the
filter extractables standard overlaid onto the
chromat qIGANGE atsBRert M difdramFdf@ lighid Hot}atteRStrough a liquid
spectra fromthe two peaks identified in'the _ .
c hrebrmasggraphy divetter adcouding wranmmehasimentiof the isyention, path the
st ideaxl{edi fl CiWSei,s li.he overlay of the chromatograns
of The ext |h§ct 2SS PEndar d, a small nol ecul e-based
drug pr quacBand sthengivalidgraml Faulgidaseatietithfsugt adiquid
spiked wwth the extractables standard. FIG 6 is _the
5 ov éhremategraphp divertemiecerdinge asrembodimgntofdheinveation, with the

st apdatdin thel @5 EEe’ | e-based drug product and a
| arge rrofecul e- base 1g product spiked with the

ext r act dtiGe3 isthartdss peakRfdkhatbEraRESGR tRT iGN d@ErdthiEography

I NVENTI ON A description of exanpl e enbodients of the
| nPERATFERR 16 PEe. teR extrasiabics wndard eyerlajsonin flas chromatogram of
pulhd sdirsbrappl i cations and references cited herein are

incorporated by reference in their entirety. In
10accor dardé. diis theanass ishexdiiarfeom thef tworpeaksiidentifiedhin thhehrmatogram

IS provi.de liguid.hro raphy ,diverter, and a
roth 4 B gfite %ﬁpfl%“%pnﬁtﬁgisggﬁ%ém ting fromliquid
chr omat agGap fﬂythetdﬂreﬂayaﬁﬁﬂh_é {cBronfté &ems iof ehet éi@ra@taﬁﬁ:@ Btafdard, a

of interferlgggco ounds in a sanple that is to be
anampaHagolgqul %edg&lg prastest and thegmpll mpleqwobiased drug product

ac%Bfk@h%%ﬁtggtegﬁ%étmggﬁ%ngdé:@l | ows a user to neasure

t he"anbun xtrac I'n a drug or
15bi ophar reiGe6tis thelovptlayofthe chiontiaeliiams of theaxaetables staddard, a

interfering conpunds that coul d mask extractabl e )
pedkiee irrrplmée-hﬁsgg dgperiofBretnda frir ngegvleéaﬂéeeg‘?msfproduct spiked
et etk @BctRbled ﬁﬁ%ﬁrgw d chromat ography diverter

according to an e nment of the invention, there is
first described the use of a conventionalinjection

valRETAHLED DERCRIPTIO @K (THICBWVENTIGNal i nj ecti on

val ves can be sw tched
A description of example embodiments of the invention follows. The

20  teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety.

In accordance with an embodiment of the invention, there is provided a
liquid chromatography diverter, and a method for diversion of a liquid resulting
from liquid chromatography, that assists in reducing the presence of interfering

25 compounds in a sample that is to be analyzed by mass spectrometry. Such an
embodiment according to the invention allows a user to measure the amount of
extractables in a drug or biopharmaceutical product, by reducing the presence of
interfering compounds that could mask extractable peaks in the mass spectrometry
analysis.

30 By way of illustration of the liquid chromatography diverter according to an

embodiment of the invention, there is first described the use of a conventional



between a "waste" setting and a "source" setting,
which alter the liquid flow pattern between ports of

wao b@ojorg2erti on valve. FIG A is a schematic dp@EyUs2o0$610027
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aliquid flow pattern when a conventional injection
valve is used in a liquid chramat ography / nass
spectronetry technique, with the injection valve in
the 'waste" setting. Liquid to be analyzed flows from
a pljedtiohGhlverth@ similatdontxiPCehvehtidnaldnfdclisOvalvéedad be switched
into a liquid chromatography colum 103. After the
| | Gefwger pAVEPS” SeHiDg gw? il héouw qjuretinghwhiehtabigr Hisriguid flow pattern
0 ography el uant 104 enters a
flks 5 B?Hihg %e&%%hg%% ‘ional sixport injection

val ve. TFi@. EAulsamtch]:ﬁfhtlb dédguate of hiligtirl ﬂcﬁxpamhaidieasa, conventional
whi ch are of |nterest for detection in the drug

bi gpectiona@bistis usrd iBradiyed chramatgeraphyd re%ﬁ%ﬁaiﬁﬁr&mtw&fwhmque
' ”h%ftﬁé r]l&ﬂtf:oh vaRRSH &Wst@’fse{tlﬁ% 1 ﬁl?% ﬁp Laﬁacl%zeWﬁ&vs from a

the conventional six-port 1njectron ve I'n
" wasing"1 04 ettbiangutdshmplelr U 82t antl| fows tidkire edd b)hqﬁrdnhrometography

first he .secon ort 106 of .the va

L EoBo s, Berife g} A e fhyB ot e el ehroeldrarhy gotumn
Meapyidud claofdtdgbiphytelhdnd 14l edtbRWSHAT SOR R0S YT 4 B&tfventional six-
punp 112 to a fifth port (counting counter-clockw se

ar port dnjmears\rakvqo oThe ¢ln§né d 0# ancludeis yidier expoactablesh which| ape of interest

The cal i br ant Si.xt h rt 110
an s PERTH el i BB TishEprBa ey PR cohdunds tha
POogitérferd edth mestFdreént bif e dx@laadablesnsWith tihewmubhﬁ six-port
sixth port 110 and a third port 107 of the six-port
v ainjectionvghyetipdhe fivaste pstting the elyang flows idiyeetht fercbe dirst port
t

01 365 e g Y 108 ARGy G, B0 o ke BEECRI S cfini
patspeetmm@tee N 11 hdMeaawhiefd catibrant hgeﬂtﬂaws ﬁahmyoﬂmg&bﬁnp 112toa
oo o bl e e e Gk s of

auR/Ql%@ phe Ealiltggnt 1Rk teh (Plléng tb Q%nétl'l gb‘ﬂt q 16, 4IRS R WP fough a
104, which is

colum 103 to %uoe t he el uant )
[ nﬂpwduop:dm thaolsmoeltfqncétn mles floeselaipnship hetwsen theosixth port

| [ It th | ugnt, 104 | h .
o ¢ (e MRS ERL 08 Shohet st "Bk PRebig ot g 7ripg gpibrant
I ogaulmpisoéeedi ¥ fdurththoPOr08 ahd FronBefeddifewhdie 114.ow | oop
11 preV|oust contained calibrant liquid in the

"wast e" F&gt B kip mhema@ djagrans gfre ligaid; fiyva pattarn ydied thes

fS }Agg\rl]ivlegégﬁl%fg‘.e&& om e tﬁ'r Egrftgﬁegi% tgl{:{‘;% ”tSFt%ng Asin

t h&IGf 1 AMEulididitielysRewh ftomahé plfp,10ad théantostinisled 102, and
to the mass spectroneter 111
throughn;%e ?iqui[()i crhromatography column 103 to produce the eluant 104, which is

introduced into the first port 105. With the six-port valve in the “source” setting, the
eluant 104 is then directed into the sixth port 110, and through the flow loop 113 to
the third port 107. Because the flow loop 113 previously contained calibrant liquid
in the “waste” setting of FIG. 1A, some calibrant liquid is swept along with the
eluant as it flows through the flow loop 113. From the third port 107, the eluant
then flows to the second port 106, and then directly to the mass spectrometer 111.
Because some calibrant liquid is carried with the eluant, the calibrant liquid is

introduced to the mass spectrometer 111 along with the eluant, to allow mass



Because sone calibrant liquid is carried with the
eluant, the calibrant liquid is introduced to the mass

wap@enewsrter 111 along with the eluant, to alPEIUS2008/010027

masscal i brati on. Meanwhile, the calibrant liquid
comng fromthe syringe punp 11@-is directed to the
fifth port 109, and fromthere via the fourth port 108
to waste 114. Using the conventional six-port

| NcAMrhRth. kMBS, ittt daliGRnt héfulﬁrt@rdn% frbhethY 8{NxeCpdinp 112 is

be switched via tine segnents in the acquisitlon

nednwedmme@rﬁthtm lQﬁagmé fromauhﬁenga the foucth ppr 198 do waste 114.
"sourcey;settin r o1t
of the (I:Jgnn\igehﬁ %lh ntlg}xa}q(i sb)!oE?rt ﬁﬁj e Vg}]\levaasﬁgtglibs fA aH@?B the

| qalivel cahboswmitclpdanhiimelsegmentd Qﬂthesacqmﬁilhloﬁlmmﬁd)d/between the
introduced into the mass spectroneter 111

3 t hewatter tetidng of G- dif #nd the canpsen rﬁ&gmlgr?itmcni%r fgwever, in both

ana{hy g ofHhé coeAIBRA B Forkd flrichREIVERHS IR ﬁf&ﬁpﬁs{o@yaphy

ISt cul't to ac rate
detkmant Hidds nemmuoasltyhmrcpﬂuesda e thef méssl specrtrcnndzterab]t labhatherefore

in adru [ t he .conventional six

| nFREER B o TR R A 1 0, B S eI withy the mass
2Agp &t@nﬁﬁp%ﬂﬁ&h@ i iR HREoR! difidul@Biadoifrh@Y Rabdi @hd measure the
through a liquid chromatography diverter according to

10 anprestrediofdilter oftractabl¢sinanirig sample ukinglee clinventienal sipx-port
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the."wast e g,.Unli.ke in the conventiona
su%&’%%‘rof‘vah"eotﬁg'ﬁ 1243818 Fics. 1A and 1B, the

di ver t eByQionfrhSFIRA 2k RBernhed Bidggnpof 4 Ryt aRAY Pafern through

bet ween adj acent ports of a six-port injection valve,
and ligaidrdaematogtan yldi‘@cﬁeaa@mdmafw erpbgdimienbef the gyeption, with

RQY tec i n
B BRI PR R BP gh 308 fcion
t hahlve eﬁHKES oA hed W\Bsﬂhe dddefter bAFIQR: 2ANmsl 283 uﬁfhﬁde's aglow loop
cali br ant guld flows fromthe, syringe punp i nto
t hél3 P?Wr%a jpceny gogs oba sixspashinjectinn ¥ Vmwg}re ices the liquid
fr
£ | SRR Faty b 20X ol PO 307 (R is b Rfk (R GRR 206 that
fi teats twothe nRGS spetctremea:lr i2ibit and tHei puri 208 thehleadsotmhfr wagie 214. In
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liquid chronato%ra phy colum 203 enters the diverter
at added flaw lapppdptbepuden the adipecrd sixdie perti 21Q andy Brst poit 265, the

po 1 d .
2oLk Bof bR AL b i s
of dirbtedtvirhe sevwnt poft ZO5Gandtd, thakhlasoépettiemeleriant. RMddnwhile, the

fromthe |jquid chr graphy colum f]ows to the
waSiuant0f #rome.%e fiid ehomaisiraahy AR g3 eaters e dreater at the

' nﬂﬁfdf &fr{ &y, %Hm%&d t%hé:fburth port 208, and from there is directed to

waste 214. Therefore, in the “waste” setting, using the diverter of the embodiment
of FIG. 2A, all of the eluant 204 from the liquid chromatography column flows to
the waste 214. Thus, in the “waste” setting, all of the interfering compounds, which
are present in the eluant 204, are likewise directed to waste 214 along with the
eluant; while the mass spectrometer 211 is receiving calibrant liquid only.

FIG. 2B is a schematic diagram of a liquid flow pattern through a liquid

chromatography diverter according to an embodiment of the invention, with the



are present in the eluant 204, are |ikew se directed

to waste 214 along with the eluant; while the mass
wGep@menensrter 2 11 is receiving calibrant |iqupdr/osiogs/010027

FIG 2B is a schematic diagramof a liquid flow

pattern through a |iquid chrongjography diverter

according to an errbodi ment of the invention, wth

thedi verter in the "source" setting. Here, the el uant

204; B @ (RO “{duetB tsbRink! Fird tﬁbélﬁﬁﬁtmf&M¥ n@@dﬂﬂ‘fhezl%ud
enters the third port 07 and is directed fTo the

s eebwmam'raplzmlumn 803 eoters the ﬂerd port 2@Hany] isalitertgd te the second

t he net er I ow anal
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fr Avingefremthe faines PP 2 sk direeted figmy diedith part 2o the fourth
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ed via tinme segnents in the acquisition nethod
10 bet ween Ltshg thewbiceter sitht iendpodimdait Gf FIAS.27d anh2B, the valve can be

Lishiing of FLG, 28, he. . .
¢ oS ISTE s e mEnS e e BRTIon e et wastgh getting of
| BFIG A andpagdi ‘ﬂsﬁ%e’%eﬂ": hESE FIRA 2B HRewdr | (@ilike |tl'1é11éb§hlque using

chromat ogr aphy el uant 204 to be direct ed entirel

vvaﬁteeconvmtma valesolF1Ge tlty ang lﬁmble embedimenpefl Seaﬁe@nd 2B

l(i)vﬁég Mqtﬁlg Ex{]ef‘naq@érgpl‘?f %lﬁargl Ver 'i)e dlcht%~I ?glr%g'xto Cfte2 g) the

15 rTHowﬁe’SWtﬁnéj afd tl(bnttb be' dﬂesﬂe& enﬁ&l}t ﬁortﬁe fks pekirbReter, in the
period, such as, for exa rst ten mnute
|
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ex E¥taactabigsexithayt interfergnes fromdhs tsraivgroompoundsypl s, the liquid
25  chromatography diverter of FIGS. 2A and 2B allows more accurate detection and
measurement of the presence of extractables in a drug or biopharmaceutical sample.
In accordance with the embodiment of FIGS. 2A and 2B, the time period
during which the diverter is in the “waste” mode and liquid chromatography eluant
is sent directly to waste may be determined by analyzing the times at which most of
30 the interfering compounds are eluted, by comparison with the times at which the
extractables are eluted. For example, a mass spectrometry peak for the interfering

compounds may be observed over a certain time period, followed by the appearance
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the tinme period during which the diverter is in the

wO wgoezd23ode and i quid chromat ogr aphy el uant PCBEUSH®N$/010027
directly to waste nmay be determ ned by anal yzing the
times at which nost of the integfering conpounds are
el uted, by conparison with the tinmes at which the
extractables are eluted. For exanple, a nass

SPREh pedletor YhedddactaBles! Ndeallp} e UVekBE sHUP B SWRcHEBrdI8 “waste”
observed over a certain tinme period, followed by the

ap e Ssonres ot tha Ipfestitim@possipie b@(fpmbc éim$t@s<tra¢te|lda |cp91p0t1mfb
f t
%F{{'&&r Ig% ?tepe%t %Ilgﬁgligigg tht rl 1d C ﬁrggtﬁgra Py RIEhEE As noted

eth@si‘d; &l rﬁmawm@umem@ﬂacfsusﬁn téme@peridt fft @Sing the “waste”
emer es in the Ieég)ld chr.omat ogr aphy el uant. As_ noted
abé ng pEthedivaiteacbut othsn Emeperigizmgy bs useddenengdingon the nature

f ﬁ% tﬁférr nﬂﬁérm ﬁ]@ %étrX@e%loe Borﬁﬁ&&déi@ gth@fm E?P‘gr %ycﬁﬁ%(ﬁfnds the

but ot her tinme periods nay depen
naprotecadffort the afitoklaee cye asddato, stefrihize ehet ﬁ]m:rtchbice the contents of the

PR A SN o BN TGRS RSt KPRl o ehuat should
d S¥L Afvertel forCOMhE PESo@?o fehfove ibtSeddtarRindiis ft‘lﬁa[f%&@éétrh&ﬁk

product, and other factors. Generally, the el uant
10 s hinterderacediovaetegent sufficientttp pHoweardesided accnmey e detetion of the

ontam nants that cause matrix interference to a

deﬁ’r(té%t‘gﬁ fficient to allow a desired accuracy in

det ecti g agdorddiee Wiﬂlrzﬁﬁélﬂl&lcﬁmeﬁtfbfaﬁ@ﬂh@ﬁﬁtﬁﬁ thd dik-pdft injection
enbodi ment of the invention, the six-port injection

valelve yseiwith the divierteriof LGSy 24 fang 2BInay Aoneranyie. igypased on a

f
oSSR GrisR SRR ol duRfE bahSEFbEOBA eV,
15 nodiddifeed toadddie flow 166 I arlusd the Acw paaemtdfanfelntbudlmem

pattern of enbodl nt according . to the |nvent
Thecqading iy mwamoan?r@y calgbyantgiqiidmay. for gAmpleq Pifaga rate of

Of 221'O]1glc% ?E&lﬁel' fli t@e'ng‘n{b% SpectDRel®9%1 gCFJr%SIE:B le, be a

may, for "exanple e a mcrOTOF mass spectrone
sysrtlen@rm]é niaa:bﬁwctrommelsydt@n abalabinfrom Bmker Daltonics Inc
i%lirl Carr An enbodi nent according to the
frignMA n whi ch the foregoing diverter may be

20 used i mﬁwﬁemcmﬁny@ tR8irdvefitidr in which the foregoing diverter
chr omat ogr aphy-mass spectronetry to det ect the

pr awgrieased, igg tachniqup fersusing kquid elesrategraphy-wass spectrometry to

P B A% AL BRSPS, B o e

ex ex@adtatidssiatrodaded welaatiGreof 4 b’lﬁp}iﬁrﬁﬂualtrc@bptbaﬁitl of@ther

materials in the rranufacturlng ) L )
extractables that may arise from produci-contacting materials in the manufacturing

25 and processing of the biopharmaceutical product, such as plastics. In contrast to

current technology for testing extractables, the method disclosed herein can be used
to detect the presence of filter and other extractables in the actual biopharmaceutical
product, rather than using a model solvent system. Detection of filter and other
extractables in the actual drug product provides an accurate characterization of the

30 extractables profile likely to be introduced to the human or animal patient by the

processed biopharmaceutical product.
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In another embodiment of the invention, the quantity of the extractables

present in the biopharmaceutical product by LCMS can be determined.
Another embodiment of the invention is directed to a method of using liquid
chromatography-mass spectrometry (LCMS) to detect filter extractables using
30 characteristic retention times of filter extractables. A further embodiment is to use

average retention times of about 11.5 and about 12.4 minutes.
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t h%edﬁlltjg d%\rn%g li'i&otulci fd%gfl)fz be {hrc]audsrué) B}o IthI i@s%lft, HI%S ? El?ning the same
qualitative extraction profile (Guidance for Industry: “The Container Closure
Systems for Packaging Human Drugs and Biologics.” 1999; Attachment C:

25  Extraction Studies). However, detection of the filter extractables is difficult to
accomplish in the actual biopharmaceutical solution, largely because the
concentration of the filter extractables in the filtered drug product is often orders of
magnitude lower than that of other components of the solution. To circumvent this
analytical obstacle, the current method for filter extractables detection is achieved

30 through the Model Stream Approach (Stone, T.E.; Goel, V.; Leszczak, J.
Pharmaceutical Tech. 1994, 116-130). In this protocol, a surrogate solvent system

is employed to subject the filtration device to extreme chemical conditions, which



qualitative extraction profile (Guidance for |ndustry:
"The Contai ner C osure Systens for Packagi ng Human
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Conventjonal nethods, such as LCUY and FTIR _are not

c aBg@psemU?ntlon due to the discovery of a method and system for reducing or
eliminating matrix interference. Reduction or elimination of component(s) within
the biopharmaceutical product that contribute to matrix interference will allow for
the detection of low or trace levels of extractables using mass spectrometry that
would otherwise be masked by the interfering components. By applying the
methods of the invention, detection of the filter extractables in biopharmaceutical

products is now possible, and thus effectively provides an unmet need in the

industry testing and reporting to the FDA.



detecting extractables directly in a biopharmaceuti cal
product either due to limted sensitivity or severe
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conpri ses, an, active pharmaceyti cal i ngredi ent (API
r[u'rrl)dergo chemicgl 31 tﬁ g ( )

change e manufacture of the drug product'and be present in

the drug product in a modified form intended to furnish the specified activity or
effect. Examples of API suitable for use with the present invention, include but is
not limited to, small organic molecules, large organic molecules, nucleic acids,
amino acids, and proteins. The small organic molecules typically have a molecular
weight under 500 Daltons, while the large organic molecules exceed 500 Daltons.
Matrix interference is often more severe when large organic molecules are present.

When large organic molecules are present, it may be necessary to include a
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then renoved for further anaIyS|s Met hods for
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filtration when the biopharmaceutical product is passed through a filter device.
Filter devices are used to remove particles and microorganisms or purify proteins
from biopharmaceutical products. Representative examples include polyvinylidene
fluoride (PVDF) microporous membranes and polypropylene (PP) support
membranes such as the Millipore® Durapore® filter; borosilicate glass fiber
microporous membranes and polypropylene support membranes such as the
Millipore® Lifegard® filter; polypropylene microporous membranes and

polypropylene (PP) support membranes such as the Millipore® Polygard® filter;
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product is in contact, the tenperature at which the
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25 Vmgoqberﬂg]mcludmg organic solvents, long extraction times, repetition of autoclave

cycles) to a particular component of the production process, such as a filter device.
The solvent of choice will be selected to mimic the solvent in the biopharmaceutical
product to be tested. In many instances, water or other aqueous solvents will be the
solvent of choice because most biopharmaceutical products are present in aqueous
30 medium. Analysis of the components found during this process can indicate the
chemicals that can be extracted or leached from the materials used in the production

of the biopharmaceutical product and provide an extractables profile in the



extractabl es standard is added. For exanple, the
reference sanple can be a sanple of the
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25  general categories of biopharmaceutical product components that can cause matrix

interference.

The Active Pharmaceutical Ingredient (API) of the biopharmaceutical
product is a source of matrix interference. In some situations, the API elutes at an
earlier time than the target extractable, and can be diverted away from the MS using

30 the methods for diversion as described herein.
Another common cause of matrix interference are buffering agents. A list of

possible buffering agents includes but is not limited to ACES, acetate, ADA,



diluted to achi eve an appropriate concentration before
injection into the LCVS. Liquid chromatography is used

W@ oogeprsnt e the reference and test sanples  PCT/US2008/010027
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shoul d be optim zed during the nethod devel opnent.
Fol l owi ng the LC separation, the sanple eluent is

di ¥@kicdshrh BydRsi®R, AMP f- Bﬁiﬂooﬂ-n{éth}tlllﬂﬁro Ah61),04 MPIDS({204mino-2-
process rermves or reduces conmponents that can cause

mamethylilat-propanesield, AMFISEh BER, SIEBNEsbigittih BIRel RiSspropane,
onaatt, CH e R e LAPS] CRESORRlrBaiR 3588, hatiresO, EPPS,

Mterreréence 7S ca

Wi HEP@S@ émaﬁolﬂhmeafdtﬁﬁte lalygnes glybylgmﬁx&ﬂﬂlﬂ’tBSQrHEPES HEPPSO,
react | ve chem cal constituents, or gh concent r atl ons

5 of histiding s@é@zm%wma@z mafate, menleateiMES pRedy BS,
|
u %’%Ui”%dg gﬂ?%a & SROIHeE gglfldlm: %ES”P@) ? gﬁiglonate

conponen can cause natriXx I nter

Thpyﬁmne,\wrmmsptmatsub@aiteIMBI;:{TABS TAPBD, aiurinb €AES), TES,
bi ophar mac ut| cal product is a source of matrix

nfiinG taethanolaming o hdzmp ations, the APl el utes at an
ear l'ier objiiBretaiihet BSmpHeACS @Kltof)ﬁ&{‘tﬁl@élﬁlcaﬂﬁ%dﬁ&rihﬁecan

di verted away fromthe Ms using the nethods
10 di uerosluwmammmfeurdmd inteths deteciivnt Reprasontative srligdeclude

tri terf b
ot Rnimest e, Jafeedt bt pRaBYflidtate ohffe tplsipm
t Oedtht®, cantgland, %arbﬁ@éﬁea&m&'ﬂdé«l thiysld ﬂ?‘d@&:hldﬂ(ﬁ edetate, edisylate,
(2-am no- 2- rrethyl - -propanol) AVPD (2- ami no- 2-

mspﬁglate esylatp, fypunate, ygept%@onggglugp@twg,lycollylarsamlate

0 B, 0000 OO e

15 HERfhioreitd) davedte,Tactobiohate nmtlate, glajeate) manghlyttey hgkylaiene,
HEPBS, HEPES, HEPPSO MQ(St { di ne, hydrazin [ m dazol e,
rramfffév ¢ FRuCate) ERPSH{a1 G P tEALS, pamOoRiepRant €MOPSO,

gﬁ@gnEt%/dlﬂiogﬁétézﬁdifgalﬁtﬁ%ﬁétg' AficylFleP&earafd CE&chtate succinate,

ate di'ne; - pyrophosphat'e, succinate, TABS,
TAEiBfata' Aﬁﬁ@le tatraﬂen@o@]AES)osyl’ﬁESand trletthunél,de salts Alkah metal salts

SRR SRS s o i B S BIRRATR cliom

20 MataoNedinth g af@hiRimesaltd hed hidmonAing saltsORs wieRs gaq@rihﬁel f¥ém
salts include acet ate, benzenesul fonate benzoat e,

b| pbysmlﬁaucélly aicentablecarganie bases gech asdrigicihylaameatriethylamine,
ﬁ]ﬁbﬁ)@gﬁﬁw g Opebirldfl‘ly chéﬂs 379K %}fg!’o%'é)?ylamme, N,N’- !
dlbenzylethylenedlamme 2-hydroxyethylamine, bis-(2-hydroxyethyl)amine, tri-(2-
hydroxyethyl)amine, procaine, dibenzylpiperidine, dehydroabietylamine, N,N’-
25  bisdehydroabietylamine, glucamine, N-methylglucamine, collidine, quinine,
quinoline, and basic amino acid such as lysine and arginine are also included.
Preservatives are often added to biopharmaceutical products to lengthen the
shelf live. A representative list includes ascorbic acid, benzoic acid, benzyl alcohol,
benzylalkonium chloride, erythorbic acid, propionic acid, sorbic acid,
30 thiodipropionic acid, ascorbyl palmitate, butylated hydroxyanisole, butylated
hydroxytoluene, calcium ascorbate, calcium propionate, calcium sorbate, dilauryl

thiodipropionate, gum guaiac, methylparaben, metabisulfite, m-cresol, paraben,



estol ate, esylate, fumarate, glyceptate, gl uconate,
glutamate, glycollylarsanilate, hexylresorcinate,
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acid, pentanoic acid, phosphoric acid, propanoic acid, sulfurous acid, and uric acid.

Representative bases include lithium hydroxide, sodium hydroxide, potassium
hydroxide, magnesium hydroxide, calcium hydroxide, alanine, ammonia,
dimethylamine, ethylamine, glycine, hydrazine, methylamine, and trimethylamine.
Sugars, including glucose (dextrose), fructose, galactose, ribose, sucrose,
lactose, maltose, trehalose, cellobiose, arabitol, erythritol, glycerol, isomalt, lactitol,
maltitol, mannitol, sorbitol, and xylitol, proteins such as albumin, and peptides can

all be sources of matrix interference
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extractables in the test sample. The ions, if found, in the test mass spectrum are due
25  to the extractables leached from the material during the production of the
biopharmaceutical product.

The appearance of peak(s) in the LC chromatogram or mass spectrum of the
sample indicates that the extractable is present. The detection of the extractables is
accomplished by discovering the presence of peak(s) in either the LC chromatogram

30  or the mass spectrum. Comparing the test mass spectrum and the reference sample

mass spectrum will indicate the presence or absence of the extractables in the test

sample. Peaks that appear in both the reference and test mass spectra will be taken



bi ophar maceuti cal product being tested, the nature of
the extractables likely to be present, and the type of
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the diversion step, the remaining reference sanple is
processed through a nmass spectrnometer to obtain a
reference mass spectrum The reference nmass spectrum

is the intensity vs. mz (mass-to-charge ratio) plot
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¢ oq(.: terp%;li(soepc I\?}Z X% gntzi § %eco&r%tsgclnd to compounds known to originate
from the filter extractables. The peaks were tentatively identified as phenolic-type
of antioxidants used in the membrane manufacturing process. Since these

compounds exist at extremely low concentrations, LCMS provides the best mode for

detection of their presence.

Example 2 and 3- Isolation and Detection of Filter Extractables in a

Biopharmaceutical Product



extractables is present in the biopharmaceuti cal
product. The quantification step can include

woreaseesent of peak heights in the LC chromat PQr/Ef2008/010027
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Wi t.h I

A R ST TR pEI s Av o
anamesinge, thk druggdodufts wrtb@n wpikings Werelprefaréd themshme way before
before injection into the LCMs. Shown in FIG 3 are

t fi%?l%@c%@ak chromat ograms of the extractables and

the cong eoéverl%g%? Flﬁaq{m&{l% srbfttﬂceeﬁ%{ar Eé ’stinlaﬁrd a drug

ext racta ound o gontaln ¥ o peaks

c aodwt end tiei sosallt molehmlemasabdnug Erodukct i;mleasd wifh ¢henaxsmctables

SR LBElETs R A L

th&%sﬁ?@x'ﬁﬁtr&ts Mgés§3§ thé gxt%é?atﬁ&réoﬁﬁpﬁm@eté&ed in the presence of

conpounds known originate fromthe filt
exthe dotgabgredientshia tlpﬂsﬂiibﬁd/\‘@n@ktse nkhas imethiog wafseitpphcd toch wide range

o%ﬁa?' R R SRR oW SeehifinTRNDIRAR fap most
feRions! The aRACRINY] ToNddFOSthe LIpARirRe %ﬁ@kﬁﬁoh e tHegsiEsence or
e for detection of their Bresence Qr;gl e 2 and 3-

| sacblsmore@ﬁ therrxtpetables dgacthy ingthe biophasamacgeticab peasurty Iy contrast,

Bi C C e spi ked

o TR 2SR RHLL ARl ROHE) ot R SUEALARRE P The

| ar ge- mol ecul e appllcatlon am no aC|ds or proteins

are pre pltated fro e bi ophar nmac utlcal pr o )

and t heYYhilgdus grsption 25 VB PRI HD GOPHE aeénésscrﬁeg it
Sax%réﬂcg?to d gqjé é’rﬂb@&ﬁ‘féﬁ&ttﬁer%f QAL Mdﬁbﬁ%dﬁq{}ﬁthose skilled in
prepared the s before berng i njected.

ovthc he yhao fvatibws aha,ngﬂsamfgnnamd ddtailhmay be made alhﬂres without

5 e A ) B i

(FI G 5: small nolecule; FIG 6: large nolecule). The
results denonstrated that despite matrix suppression,
the extractabl es could be detected in the presence of
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the drug ingredients in the spiked sanples. This
nmet hod was applied to a wi de range of

wher@phzmeaceuti cal ingredients and showed t o bBCT/US2008/010027

sensitive and robust for nost applications. The nethod
allowed for the first time verification of the
presence or absence of the ex&ractables directly in
t he bi opharmaceutical product.“ I'n contrast, none of
the conventional methods allows for such detection.
Wiile this invention has begfgggﬁiicularly shown and
described with references t | e enbodi nent s
thereof, it will be understood by those skilled in the
ﬁg%lth t v rlous changes in formand details may be

i1 @PE?H Wi t hout departing fromthe scope of the
i nventi on enconpassed by the appended cl ai ns. CLAI M5
What iAsmethadfetretdcing or Hlimiakiag nfavix intelfieringgcodiponents in a
elimnating matrix |nterfer|ng conponents in a
bi ophbﬂp&e@nﬁqeewal prasigtin g kigyd Fhr@maéography mass spectrometry

chrong% ﬂ@gf spectronetry system conpri sing:
diverting to Was the entire flow of an el uant

ener gi ng f dovertingyei wastdthereaticgfl ap lof aw £luansangigmg fran liguid
time period to renpve cqontani nants that cause matr.ix

|t or PBIOBRRE RSO GraTe.ar  PRISaRTION 30 HTROIR contbuntgs tha
accur agseinatFR i RELERAcOo Pl fiidiam! 16 allaWth @sired addifacy in

time period, directing the entire flow of the el uant
to a da@sU@meﬁmT@ﬂew@bkten@etect the presence of the

extractabl e her
conpr 151 ng et et gretre AP pafa o i it Gimass
MBSS  SPRtloNRIE 6 Heul the grdsbeceldfie Pafdcedle. 3. A method
according to Claim2, further conprising directing
flow of the calibrant liquid to waste after the tine
erio , : .
ver f1 R aPEr A BTIAREL M dohfirfde gieEhE B of a calibrant
and dlhqemttb nke inass splectadrhetendiirivg tha simesgredr onet er
after the tinme period are perforned using a six-port
injection valve. 5. A nethod according to Caim 4,
SO A5 QlOQ'aE@&HHng@ﬁn?@tﬂuﬁﬁerféo%rﬁfn% fechihf Wdtw &fGhe
a port of the six-port injection valve that Is
adj acealibraxt lbpridto wistaafterrthe fimsmewlodch i qui d fl ows
directly to a nass spectroneter; and (ii) a port from

4. A method according to Claim 1, wherein diverting the eluant to waste during the
time period and directing the eluant to the mass spectrometer after the time

period are performed using a six-port injection valve.

5. A method according to Claim 4, comprising directing the entire flow of the
eluant to a port of the six-port injection valve that is adjacent to both (i) a port
from which liquid flows directly to a mass spectrometer; and (ii) a port from

which liquid flows directly to waste.
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which liquid flows directly to waste. 6. A nethod
according to Caim3, wherein diverting the eluant to

woRkEbe2asr i Nng the tine period and directing theCEUSZNE/ 010027

to the mass spectroneter after the tinme period are
performed using a six-port inpgction valve. 7. A

met hod according to Claim@6, conprising directing the
entire flow of the eluant to a port of the six-port

nJ eC | . . . .
7 om SRPERT G AR o ChifY, 3R 1 egthe cluaft @bdstc during the
spect timepeaod amdhdirédting the ploant to tlemads sphctrérgetetaftdrabg time
directly to waste. 8. .A nethod .accordi ngd to daim7,
wher eP§TIof; 36 PETIRNd W& SXHROTHRISBPAXEI VP quid to the
mass spectronmeter during the tinme period and directing -
flow of the calibrant liquid to waste after the tine
Per i ol maetbogacconding tb Giimgd, somprisipg direptingibeicatire/figw ef the

b g : O aim 8 e e .
1 ow SRR a BRRStAE Sereet eyt vaiSe TRE LAt (TR por
dur i ngoinh@hich Mguidefldvosidipdetyay ahass spéciometaPartix(iiyagort from

two adj acent _ngrts of the six-port 1njection valve.

10. AwhichdiawicRewsdiregthaioyastl- verter for reduci ng or
elimnating matrix interfering conponents in a

bi ophar maceutical product in a liquid

g.hr onAtmethagd hgcondiag te Qkatinr ) meierein dirsttany flow opthesiatibrant liquid to
an elyant input port of a six-port injection valve )
the efgapassSPestromsiaTidusiag tbe time geripg, ahdidirscdipe flow of the calibrant
conneghiidfo Wabtl aftet i34k g&f&l’@% BOFOIYe ORI Wsix Ptk iBjection
mass spectroneter output port of "the six-port

i nj ecvalem val ve, the nass spectroneter output port

being in a liquid fl ow connection with a nmass

spectrometer; wherein the six-port injection valve is

gonf i guh&dod Acddedial t@ TRlimCR lcbpsiving GNReHMENYR O ti calibrant
waste flow configuration and a source flow

conf i hawidto 8 masseperizmecten dugingdhe timamgtipd By dvayeafta figy loop

an entire flow f.ro ' . be
dir ec%eetalef%va\%% J%c,eméhgﬁf ﬁigﬁl‘g g}ﬁ(r' %%Pﬁ‘ﬁ%d\?&%g‘é’tﬁ&egur ation
directing the entire flow fromthe el uant input port
to be directed to the nass spectroneter. 11. A |iqui

. ) : d .
Hhr ondlistidigirpmatagsanhyrdixertes for reduging ey glimingting fagenterfering
the nBsSpGRARLHABRS HarAUlREIRRbduck fy 2Nq@HdIcARGRtoPAPhy-mass
of thé ShX- porlt i nj I§eh(r:t I on va:'l1 52 tuo tﬁhe gﬁuant [ np%?b y
port , speottombey systera, cmsprsipprt i s anot her adj acent
port to the ef uant . T .
an eluant input port of a six-port injection valve, the eluant input port
being in a liquid flow connection with a liquid chromatogaphy column; and
a mass spectrometer output port of the six-port injection valve, the mass
spectrometer output port being in a liquid flow connection with a mass
spectrometer;
wherein the six-port injection valve is configured to be automatically
switched between a waste flow configuration and a source flow configuration,

the waste flow configuration diverting an entire flow from the eluant input port
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I nput port, and wherein the waste flow configuration
directs the entire flow fromthe eluant input port to

woREhe2928A8 t he waste port, and wherein the souPCBEUS1008010027

configuration directs the entire flow fromthe el uant
I nput port to the mass spectrojgeter via the nmass
spectroneter output port. 12. i qui d chromat ography
di verter according to Caim10, further conprising a

C.al i brt@% .dfrgcot@{% I{oo\ggstp %\%ﬁ{]%&&@e ﬁ‘g%%?ﬁfg%vurgfg(?# &ir&ftin RRe entire

si x-port Injection valve, e waste I 'guration
di r ectflowgfrbmothe efuaat inpli fratotbel dicpeied to icomads sphetrometer.
calibrant flow loop and to the nmass spectroneter, and
the source flow configuration directing flow of the

q3l I branbuildi Akirfath Srapiy BR eABCa O di 1o @afth Q@,i\gh&%ﬁl%e mass

l'oop that includes the calibrant flow [oop. 13. A
| i qui Gpetirommdcronmtpusipprtds ae pdjecent pod o ithegsix-pottiinjeqtian valve to the

further c risin ali.orant . fl ow | oop bet.ween t

2 acem Bk 4l i s 3Hsts pitLisngiey SUHETY piydo the eluant
wast e ihpiR\WoRtORMd WHERIN 188 wikfeeTdw Béhffdueatidaf difectaheé bht@tflow from
l'iquid through the calibrant flow |oop and to the mass

spect thneluent mpH@ortie wasterde thel waste port.iagdeherain the source flow
dir e.CtCIOHﬂgJI‘:aRXY‘l glfr?cittgﬁle%?ihwj{lﬁgtfr&r% gﬁél egl.éatsn? %rﬁgl% E(le't ?cgﬁlg [mass

form ng a*close wl"oop £ u
f1 ow Ispegirometer via the mass spectrometer output port.

12. A liquid chromatography diverter according to Claim 10, further comprising a
calibrant flow loop between two adjacent ports of the six-port injection valve,
the waste flow configuration directing flow of a calibrant liquid through the
calibrant flow loop and to the mass spectrometer, and the source flow
configuration directing flow of the calibrant liquid to waste and forming a closed

flow loop that includes the calibrant flow loop.

13. A liquid chromatography diverter according to Claim 11, further comprising a
calibrant flow loop between two adjacent ports of the six-port injection valve,
the waste flow configuration directing flow of a calibrant liquid through the
calibrant flow loop and to the mass spectrometer, and the source flow
configuration directing flow of the calibrant liquid to waste and forming a closed

flow loop that includes the calibrant flow loop.



