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Measurement of Endotoxins

The rabbit pyrogen test (fever induction in a rabbit) was introduced in the U.S.
Pharmacopoeia in 1942 for the general testing of pyrogens, which include
bacterial endotoxins. The test is slow and qualitative and has largely been
replaced by some form of the Limulus amebocyte lysate (LAL) test. In 1964,
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development is measured continuously as a function of time. In the end point
assay mode, a colorimetric reaction can be stopped by adding acid or a surfactant
solution (e.g., SDS), and the absorbance can be measured at any time thereafter.
In a turbidimetric assay this is not possible; addition of acid also destroys the
turbidity.
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[29] Figure 8 illustrates a sensor arrangenent of the

PehRE ki ' 7, 30] ..Fi e 9is a
part?glllﬁ%u%?égégﬁj@{’ag%%gérgblﬁgp?%ﬂ']%“g“ > assenbly of
Figure 6; [31] Figure 10 is an expl oded view of a
Eigure 7 dge pattial susatitioh bha de@utingy HistehdBht Firi rootion of the
hﬁﬂﬁﬁﬁgﬁ @ gl%itl on of the cartridge for securely
Fetaln i fp Vigweedis:  [33] Figure 12 is a

partially broken view of a cap retention portion and a
Figake 8 dhBtiticO R serR6F drk i ' . Flgure
13 is a cross secti onﬁigfe&gmf/@éé@%%th giggﬁt%&’g%?glggucr)%l'}bf
he cartrid illustrated in Figure 11; [35] Figure
BU9 Y Eaé&fgk‘/ brpkencview of @ pertiongif thti asgerably of Figuré 36]
Figures 15 and 16 illustrate portions of the

& Fisfag Wil dal ¥ i gure 17

Filgldust r at e;ég ?lﬁge(%:gir%t ri ggc;ahgggee%l‘k%%ted&ggil{gﬁlrs P ng system
nd detecting systemillustrated in Figure 2; [38]
egtsy d ilgstratess pration af the sertedgei for sccenslyofetdififg fluid vessels;
positioning system [39] Figures 19A and 19B are

Fi i tions of the. positioning system
- 0] Fi ‘53‘ e ibg&éeg‘o‘?]é‘gr?gtarcﬁ r?&?rﬁxﬁ%aor%owa Wﬁywenﬁon
pardomobiheicaniidgg; syst emp 8 WO 2005/ 047858

PCT/ US2004/ 037097 [41] Figures 21-23 illustrates

f.or remvi.n cap forma fluid vessel according
FEERT 8 Sl et FriapRacnip al Uaaruingaiiussaied
iAFignd 125 are isonetric views of a systemfor
obtaining and ejecting fluid carrying nmenbers;
Figure 14 illustrates the cartridge including a cover;
Figures 15 and 16 illustrate portions of the undersurface of the cartridge;

Figure 17 illustrates the cartridge assembly, positioning system and detecting
system illustrated in Figure 2;

Figure 18 is a partial isometric view of the positioning system;
Figures 19A and 19B are isometric views of portions of the positioning system; .

Figure 20 is an isometric view of a portion of the positioning system;



[43] Figure 26 is an isonetric view of the detecting
systemof Figure 2; and [44] Figures 27-29 are
WO soes18sE vi ews of the heating and cool i ng porPCT/OsR040637097

: C lfge assenb illystrated in Figure 2.
[41] ﬁélﬂ?i%&%ﬂg%@tﬁﬁt@ﬁ {Oﬁ EqmOriRe 7 ﬁ%ﬁ’ﬂm&nﬂlﬂgd@mbsccording to
an'lasyoet e€the pEREivindes;eCt i on systens (i.e., automated
"on-line" flow analysis systens) that can performa

bl mul us, angbocyte |ysate (LAL)-chronopgenic substrate
1EEES 44 apdsdy are dsometric viewe o Apstémn foratbtdining end @jecting fluid

RN JThe systens can be used to test fluid
sarrpl%s e?l?agfﬁ’producti on lines to detect the presence
of endotoxin during the preparation of, for exanple,

[43]1  Wigues 26 isfandshmetric niew ofithe datectinipisoabm T PeEE 3: and
(i ncludi ng those for animal and human health), and

t reparations. [4 In systems of the
a1 PRGER P30 &F 8 {ieiscdiiechsaind ondcronto negons(ef fhe
sartridgesis@mbIPiIRERA6NIrCrigtt rate and an LAL reagent in
a well to forman assay mxture at the point of use.

Assay nixtures are then tested to detect the presence
BETAILEPABSCGRIBTIONY its | evel of concentration. An
aut omat ed system of the invention determ nes

dot 0xj.n concentration h good accuracy and

5] P B PD PIvde withalcd paddesidetsotan eysidros Giotdsmated
‘Con-tise”( B&/ dihlysis % stEmQ)h%%} canl ??gf?ﬂnlté %nfztrrﬁﬁuss Xl%él?ogzs%eaﬁrgate

él}f present Invention have pe using a
Lyechreppganio sulptratel kinetic sty for . thé. deestiihation Sé £ Bacterial

) [N 0 present jnvention determ nes L
R e R BE oo B sl Hogp mapducton lnes

toafetent! thei faedentey/of dhdbtoin 13 %&’@ |

‘)éni ta'aﬁlg m. (r2 > 0. l99) ok asegr%ﬁﬁgﬁ?gg’ 1??%95 %fcewét&’
P %éawa@quaﬁalopmaum ieluging these sbopeimdl and human

Ke@itl‘l}?ﬁﬁ(‘b&@nt%f&ié&gaﬁﬁ&ﬁse“ of the invention can

det ect endot oxi oncentrations of 0.003 EU nL or

| ower. The 9 WD 2005/047858 PCT/ US2004/ 037097
[46]  Ipaysigmisiofthe mvention, aseshfluietanyde issmixed svitthagenB8Yosuch as a

= . | VSIS ti required for a 0,05 EU nL
S henid Wtk i T L ATE Rt 00 o i . aegmiture a
the ot ef usbe AfBfyisivses rdBh&R R b | S
LAL r eagsgité @gd %hr ormle%ier]i c subs'?%r%alt%e‘f&%ﬂ‘%fc%]QH‘E ?k%%& of an
PdalgEin andals [pvelofironesnirationedn p¥emated systenarfithe invention
dekPRLRS eRAS1BXIALBndhB Rion with good accuracy and reproducibility in the
range of 0.01 to 10 endotoxin units (EUY/mL (¢* > 0.99). The automated systems

[42]

of the present invention have performed using a standard curve from 0.05 EU/mL
to 5 EU/mL. A manual system according to the present invention determines
endotoxin concentrations with good accuracy and reproducibility in the range of
0.005 to 50 endotoxin units (EU)/mL (* > 0.99). ‘Based on three times the
standard deviation of a blank and the slope of a calibration curve, systems of the

invention can detect endotoxin concentrations of 0.003 EU/mL or lower. The



hor seshoe crabs (e.g., Linmulus pol yphenus,
Car ci noscor pi us rotundi cauda, Tachypl eudus
wo pdodessst a, or Tachypl eudus gigas) and to "syPCTEs2004/037097
LAL ...re nts. Syn fic LAL reagents include, for
VeSSt ey Alethof busssabae 260 (%F&Q)c oATRIYHS i Tqaquired
f&mbwsaﬁﬂmmsﬁﬂaa{ra &dily' 18 QR
a surfactant, d écrllyi)eg In % Lg%s,/‘él“)&ré%?ue\ért]he
apelxgje ime Cwbﬂaméﬁmmunes avai | abl e from Canbrex Bio
Sci ence Wal kersville, Inc. Reagents such as that
di sc Pat ent. ation No. 10/183, 992,
publ :L’%e'g %&‘@%ﬂh’ﬂg’%ﬁ?’c%gﬂ %ation No. 20030054432,
can be used herein. LAL reagents preferably are

[47] “hlAﬂ_ardagmt’l’ ras) rasédh hibrefrx réBere both &6 amebbdyte Iyick |dbtauhéacfrorn
o |I|z éLreagent can be reconstituted with 4
e

eLﬁF@ ¥ efentli@lus r Pelaphestisxi GrrrinaEconRiter ')Ol‘umu.da
z&@@tpszd | Bk ahed trdc@gﬁ&du[v 3‘%1% @{%& hio ‘%‘ﬁlalu%” LAL

substrate that cén an act € seri
r@g@m@a&nth(etlh idffbreagents yhide, fc&'texm)rm(e penﬁechhsrséﬁlnee crab

Arg geni c, substrate
PR SEi Bl iRl SShhinko Serrrbinai) sph optonally,
seMRG it adsecfesélﬂﬁ:dViﬁ|WO 637002978N DR $hch FBARAKEC FBldoGene™,” is
avai | abl e. For exanpl e, the buffered chr onogeni c

avqilpble fiom CamprexrBigntiense Welkefsillee énqaema@gmpst sugh as that

o Nevmristu e o
Publieation N&f, 120020054 482) daﬁlbl_elufs% @erefd. UDADJge%getﬁtrsZ;:tgﬁtdﬁ gﬁe
oBfatped i EamBrit iocscitmed WAL RvIes 1ok, Ko crAL Feagont

t
ST U, LAY et e v

cefrigpatedamtiliide. e, I nc. can be used to generate
standard curves. Typically, Iyophilized endotoxin is

48 A5PGRHLLE R0 SRIBL N Ol B8] B AL RS e

(thoorhleinelyfisoit, esd.) (i@qdas fthe/ sequenvet ‘og Idhrorﬂtigeﬂ@ substrate) can
2005/ 047858 PCT/ Us2004/0 7 97 yield a concentration
bgfused) ik therputoated; sysiems Sqlesed herin.y Sish Betases frei well-

kAbWR aBd hRY codméb ?a?l aUTPnEHr eﬁ%&)tlé NRe BLERRE (y%b&%ﬁlc

wor ki ng st andar st oc 'on i's warne
smbs@met (ammlmedprrmmaueé yeutapeptids (Anﬂlﬂ:t@m-AupAngt-INAmsm-
1s s%?a%? and G can ! re&)rt]lgtlt\é erdt\n%)t(heEAE g:!tgrén vevzlt%{ z(;"ndJ stored under

refrigeration until use. Fluorogenic substrates having the sequence “Arg-

fluorogenic substrate” also can be used and are encompassed within the term

“chromogenic substrate.”

[49] E. coli 055:B5 lyophilized endotoxin obtained from Cambrex Bio Science
Walkersville, Inc. can be used to generate standard curves. Typically, lyophilized
endotoxin is reconstituted with endotoxin-free water (LAL reagent water,

Cambrex Bio Science Walkersville, Inc.) and vortexed for at least five minutes to

10



[50] Lysate-substrate reagents for use in chronogenic
assays typically consist of a mxture of anebocyte
wo ywabersamd substrate, which is supplied as a PCT/US2004/037097
co-lyophilized solid in sterile containers.
yiehhacongertrationaff SOEW/sd,. Reéfeigersted renonstitntsidenilatosings etable
nstitutes te-reagent .b ddin

el Sntine Ty Y, SrBRHRD fof o, Bndhrds, the stock

et isMaHhé® ttodnh Qemp&amed, ivoltb e foRad eiihutes) ddiBitdd® $ith
sanple are pipetted into mcroplate wells using
LAL aiseang watesrandevortexgdnggindeforggse.t he absor bance is
nonitored as a function of tine. A plot of the
o . o
o LSRR e b doimbRic R MhAIs e
ndixtgrd ehaneboxiyte]lysate hndadstrate,t whish meggiplied as b @pdy¢philized

evel faster as_the, enpdot.oxin concentratiqn,
S LB Ontaer e BB SR o PE SO T ebatig Sgsip

rédBhIKCO 81 19¥ats-8lBERNBLaddinPa PRIsEiA! drfdflin® WE ¥Bdotoxin-free
generated with endot oXi n standards and the sane

reageitfavater aBqual agwyats| of the rechestisuted rasgentopidax test fapiie pre

oehE TS itk o§ofs clotl 3RRC Gl HUBiEs, and the
absotsmpaly irorfitorld & a Rimefied abiine. Ahgafenpgathhsofahe time
separate vessels unti| their conbjnation at

t ‘fcﬁgﬁ% %ﬁriﬂ%ng&bse@énqerie rBgreess byahired; amoust (typicaliw 0.2 AU) vs.
s . . i L
1%2@}9{18@2@ lligl%e%f‘ it '&P&{%g{é%f I§1to gf({x‘slBF d@bﬂSﬂ?%’s%rCas

cording to ature, the optinump
efidntoxih eoncniration arwrases).hdheAhdotesigevncerntstion Bf avdairdpde is

agpunrd b eigreRoa o aslbrafioh g eetiraBl A hapigyih standards
ad @ @bin@lreagh bab) ufibly bA8HS saBlsARYophatd S 1, J.
Parenter. Sci. Techno?,. 38, 228-33, 1984; Duner, J.
Bi ochem Biophy. Meth., 26, 131-42 1993). In_a .

[511 Insisygeras shskeas $easqrdisshosed therimt thin[rAl Heagent and ghgpmagsaic

Ly . i Plapipipe ; _

sGfflale bbb RasHAD) Fle Prdiilafly, o0 Borbtels grt A
sépasatd eesselsmintit thegat@dbibyticeatdhalpoint o€ ase herensangability of
reported 1 WD 2005/ 047858 PCT/ US2004/ 037097 to be
ﬂse?é"@lle%l‘fg ey & Tsuji 1984; Duner, 1993). W found
that these reported optinma apply to the systens

di scl osed plrg gl Ténﬁa@rdﬁ)fé for PeSHroMag s R HebayF! GURES

[53] Aspects of the present invention relate to a
met hod and an aut onat ed appar at uti 10,
[52] According to the literature, the optimum pH for the activation of the LAL reagent
is 7.5, while that for the enzymatic cleavage of pNA from the substrate is 8.2-8.5
(Tsuji et al., Appl. Env. Microbiol. 48, 550-55, 1984; Bussey & Tsuji, J. Parenter.
Sci. Technol. 38, 228-33, 1984; Dunér, J. Biochem. Biophy. Meth., 26, 131-42,
1993). In a single mixed solution, the optimum pH is 7.7-7.8; the sensitivity is
constant in this region (Dunér, 1993). The optimum temperature for the

chromogenic LAL assay has been investigated by several researchers and reported
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for performng on-line testing of a fluid to determ ne
endot oxi n concentrations. In an enbodi nent shown in

wo@ane7sis the fluid tested is water within a PeDUSRS4/037097
| oop 2 such as a WFI or high purity water system 1. In

tahe 8D 6 (Brsaey, & Fiawji Ea8doPundd 1998 arWe denmicthatothiescoreported
ndot Qi w thin the water .using,agents, such as LAL
Og‘in%g aﬁélé/gﬁ,g}ensgﬁ{emgﬁi&sg{ogﬁﬁer 10i%31 ,ll. t hrough t he use of

a chronogenic or fluorogenic detection schene. [54]

DESCRIRIION@H THE FGIURES 2, the apparatus for determ ning
endot oxi n concentrations 10 conprises a housing 11
with ap. opening 12 for receiving water within the

531 ASperizo! thp EesaRt ipyRatipp gelgfe %H&Q@dwaéan@u@mtweama&s_lo
£S5 fofining SASinB WEnE B hl16a o | dRfriifife erflofRH cénéeﬁﬁﬁtidni
l'atched to a frame portion 6 of the housing 11. The
Injeprentbodiment fshawe ipdiigurod, hecfluiditestéditiewatar withinca process

cont act, sens to determne jf the door, 5 is .oper |

1GPhe 2ich a8 A SRl i SurboRalsr syiife Dorte Ay SRS, il

adfoRRtel Afpaddus B mohRtor @EHdtbARS Hihth ﬂié&vztt@xuﬁsjiﬁ@aéehts%@bh
aced fromthe door 5 so that the el ectronic

s
ag bitly o & regombinaahendojoxin meiaty dhigmsh theneses g chsomggenic or
in Figure 4, a flow path 16
@Qt&%ﬁ%‘%%gleetcﬁ%%%%ﬁ% opening 12 and a fluid sanpling
delivery system 20. The flow path 16 can include a
[S4] Asishodndn Higwes 2bthe appéraiud fatelctermining ehdotdZin @oncenkretions 10

ciptfiin o PRl bh oo seoteningn RorGeckiang Water it tef Buid
11?8(%&1 %ileﬁﬂdié p%ﬂg%@b%b Of tHRSF WA sBROM TE: Rdusig 1t @ndRPsde

Imn. | e fluid sanpling delivery systens
aayor Arfliazs laichesbie 4 fame Gortiss Gobihedmeningilici Tavdoas 5 and
enoi: . Ope 0se . CORLT

RIS B ol i by PR enr P el B s Yook 5
pssPeelyaileheit ahd doddd hads® ell:rcﬁsllﬁ_b contsls 8 \A%)_Eﬁtlltqe qiparalws hcan
it opens, an preset upper |imt at ich it claoses.,
b?rP@Slﬁaa@r on ﬁ}ﬁ ougipg _tlﬁémg seacedh &iom thedper 350 it theeelectionic
cbﬁ&aﬁ@%@@gﬂgaé&s&a'w@w&&%'is opéh, anot her 12 WO
2005/ 047858 PCT/ US2004/ 037097 enbodi nent, the upper
limt can be set between about 15 psi and 55 psi. In a

[55]1 Aswhowaerin &Fagsddne Bow nattel ppgends betiveendhe ppening { hand a fluid

SARE B 50 AT 80 B, A
fluid delbiery ibeUul of oftet typedf eéhvietional Alurdulivery conduit, such as

enbodi nent thg, sol enoi d val ve 22 can have a . .
a pipe. In an embodiment, the flow rate with the flow path 16 is adjustable

between about 0 ml/min to about 100 ml/min.

[56] The fluid sampling delivery systems 20’ and 20, shown in Figures 3-5, each
includes a solenoid valve 22 that opens and closes to control the flow of water
into a fluid storage tank 26. The solenoid valve 22 has a preset lower limit at
which it opens and a preset upper limit at which it closes. The upper limit of the

solenoid valve 22 can be set between about 10 psi and 80 psi. In another

12



lower limt between about 5 and 15 psi. In yet another
enbodi nent, the lower |imt at which the solenoid

wWQ 200804828 cl 0ses i s set at about 6 psi. The sSyBCEIS1084/037097
relatively insensitive to the fluid pressure within

eltnbedmwn@ rthé apperdimiSaap bengt baysbeabafl 1Sapsi had Bsesti Wik fa
wat er g avi ng pressures, up to, or_1In excess of ,

ﬁa‘fhﬁmepl pament,she umprs lipit,ptgviich ﬂ@rg@l%mvaése 22 gpeng; gap be
s& Ot .ta@blﬂ lfé ; d The tl(?\fzérqg?ﬁ %m& é&@eﬂ%}’cﬁ@aﬁ% 35.) be Eeﬁ between
posi t I oned downstream from the sol enoi d valve , as
abdwavinpsi and 2@ psie I4.andther erﬁlbodmiesﬂ; dreasglfnbalmal@ﬁzz:m e a
Tefl on. or other t lining materia t hat
loyyenJaptt Detiteea AoNLR AR 17 rpam kﬂ% i #pthes ep%edmﬁ%rthe lower
ligt hegRicATthd E@eﬁcﬁ&‘ KRB 22 058 '?Q‘.é‘& dt '&bgﬁt%‘gﬁ SFhel tem is
tank 26 i ncludes an outer tank 1, an inner tan
relatdvd{y msonsahvﬂﬂﬁthd}ﬂmm premm wmhne theoweter fidup 2.0 pﬁamﬁphng
t he inner .and 8 ﬁ{ ttan 5{1 and 122. The caver f
Sy§iep e%anaPepHSﬁ Yyaigk lqons AEving presuss,pe (o qrdn eﬁ%“’ss 0
@r\%gsll n Figure 4, the cover 123 can include three
| npu

/out put ports 124, 125 and 126. In other
enbodi ments, the cover_ 125 can include |less than three
[571 Thertiuid sioragsrtank B6 shat rrillcontsas flgid enteritgotampling system 20 is
PEARALEB e 5 LI R it PR 1, T
ﬂaud pm#agaptank 1% daRBhaxe Tt:ﬁoﬂ onether tgipamef hﬂ%‘l aadrials aa;u

B her ol EPRHRNBD (b dntenfuriae of A ek 26, A
sﬁ&?ﬁ’ﬂi PRife s, Eﬁhetaﬁlk g ﬁwfdd%!"a& B{ﬂt‘ef Rk {81 Vi iRfbr itk 2 @9@

valve. —The fluid control valve 28 is set to contro
cover 128 dhmt owposaiorleu @vergh& tapeofshe irmat aral owteriianks il ahd 22,

k ,26 d fl
THE Sk ot g S hisfint SGabRa TR Btt T8 s i igure
45 eendorvet DZ?ﬁcafn' mu@dé ke plt/owtput pds UUIZ5 akdTEHI o Gfler

can include a tupe or other known fluid carrying

epbhediments, Tlrpecowr 52% cqn ipglude dess dhan, fargeeports qrdneyethas thyee
4
PR b oo RIS STl 6 e,

ticpeaingal2y gt éatuppert bad andranssutpet opénitgil D@ it His lower,
valve 28. aresult, fluid will substantially
dewnstresy "y 13 WD 2005/ 047858 PCT/ US2004/ 037097
flow fromthe tank 26 and into the well 30. In an

[58] FegRed 1H’§§Hatestzpﬁe€eﬁh%"ﬂﬁﬁi eonh@?‘%l%& ne qm(ﬁ‘:ﬁféd %wh’él?eaﬁﬂ fofh

conduit 29 is spaced above the opening
the tank 26. In one embodiment, the ﬂu1d flow control valve 28 1s a plnch valve.

The fluid control valve 28 is set to control the flow out of the tank 26 so that a

substantially continuous flow exits the tank 26 and flows into a fluid delivery
conduit 29 for delivering the fluid sample to a fluid flow well 30. The fluid
conduit 29 can include a pipe, tube or other known fluid carrying conduit. The
fluid flow control valve 28 is set at a pressure that is lower than the lower limit of
the solenoid valve 22 so that the pressure within the tank 26 is always greater than

pressure maintained by valve 28. As a result, fluid will substantially continuously

13



30 so that the liquid, such as water, exiting the
downstreamend of the fluid conduit 29 drops into the
wWowrlos/08Bs8 A gauge shutoff valve 94 can be posiPCDUBL04/037097

the flow path at any point between the opening 12 and

flove figen thesnk[2504nd inte dee well 39, Ihen fembpdimmmhe terminal,

I nove, j, Nt o
RESHE A BR Vet fhhut 3% s CRR A openita S8 Ve
30i 4d thatrthe tiqaid)sach g twater] beiting AMe dowhetidamP E£$ D 1tBe Puid
h _sg%gnoi d valve 22 is reached within the tank 26.
wt 29 deaps dnte the well 58. Ao gauge shetativebreeesa hecpagitioned in
i | ' ed. Wen
t{kﬂgo mg{até‘?gg‘s’,%?g&?”%%f h%lbis&?:[% sgﬁenm detlva ve 22 is
reached, the solenoid valve 22 opens and fluid from
[59] Iwopmahom, Hhe ﬂuldwamatdredﬁveﬁfvm therfluwid dine of toapk2 \ﬁﬂil mdveinto

P EPNERE T g T Dot KRG AT b gl e e

I@Weasmﬁulmésshretdfeh@gcﬂm Qalvé Qiz '1§reh51%dtv311ﬂlﬁn thefank 28C Mass
the lower limt as a result of flu passi ng out of

Pm’éw@o\wlﬂsb@ loxyer éhan thefpresyaretvaithin 21@ wn@r bagtz afttbe system 1
t%&%:d v ?)htﬁg ldvl?ér réggﬁ‘re 1|t o§ &'n s/'\f ouf va \é&fe?% gsr Xe;ached,

er s res urevvl ur d

thmmlenchd Qﬂve o2 apemt ang ﬁl.lﬁli?frﬁlhlum&nn defldw patlidloBovaS ihtd the
th lower limt ofthe solen0|d val ve 22 so
t%ﬂ‘i%% ’gﬂ? BPIESB Bethgr tank HOotrgehes Hie fupgerig limit of the

sgﬁhbMeJaYveCﬁ‘ e, §°13‘%1‘E’8§188 rbtb I%%)Jﬁgsnﬁ?tﬁ q‘.}%é Sres@r@WinlPaln

_bein odi ment s o
20irea @ﬂm ldlwmt igiteas o reguldl of Hmid ressieg mxtemﬁ/the dywhstreafOend

t ct.th be t.es be cover.ed
of FRE 5 e, baRF e, GBS o8 i Al SR S i be
uﬁ&éx‘smbd Othe ?Ees@‘m% avittah theflGid dRlivérd cPAGNEDY cleBRd DiynHE MRhid
t he endot oxi ns from attachi ?ﬂ%to the wetted

of
cepirolavalee g8 isHesspthan sheyfowesdimit o, thatsplengidt yalve Reso that

c%ﬁ&g% #Mow b&lds thivu gg‘m‘gﬁﬁ déhgéf’g %Pgdm{ %? wtmL:rliI k:h% t];.éﬂ?yfi is

I'S position acea cartri
deisimgiang bégdilledhe apparatus 10. The cartridge
assenbly 40 is reanany and repl aceably positioned

ithin a eabl.e dra 0 2 S0 tha
SR BT R e e e R e
sgdtame0 thixeontict e iat@do 68 kdsted (e ba s&RARI o lirfed at least

The, drawer 450 is sli dabgl\é positioned within 14

: ousreigeseuith adetion poBE guterial ueomgugum@/emthabmdmg of
tllﬁén%r#ﬁ) d%ﬁ%sﬁﬁg%ﬁug&gﬂé B the welted Ig&lfg‘éers] 9t ﬁi‘e ot tl‘?e flow path

within the system 20.

[61] As shown in Figure 6, the fluid flow well 30 is positioned within a replaceable
cartridge assembly 40 of the apparatus 10. The cartridge assembly 40 is
removably and replaceably positioned within a moveable drawer 450 (Figure 2)
so that new cartridge assemblies 40 can be positioned within the drawer when a

carried cartridge assembly is spent. The drawer 450 is slidably positioned within
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or contact sensor 452 (Figure 8) to determne if the
renovabl e drawer 450 is closed. The housing 11 al so

WO p@b048s8 a magneti c detent 454 that permts tPEI/US2004/037097
accurate and repeatabl e positioning of the drawer 450

tl‘i’dlﬁdlﬁﬁlgclﬂch%lm@hﬁ@dgﬂ Fesufd 2. THe BGUsaipol 1dcanGitdo i8I de an optic

Figure 8) can be included for preventing the drawer

of,montagt sapsemAd EFignsn®) toydepatine d Bgr ﬂeﬁ@"tﬂﬂé GpueradiGis

f.th I
CE’SS(?H ?@Sﬁ(ﬁﬁﬂlgﬁ%}%g}sﬂ lﬂilkﬁl ncl%%s at %ﬂaé%y%ﬁa{t %teﬁglté the
ad@irpre nind g epearibky pdbﬁﬂ)rﬁl’(gibf tharpang 450aduringasiesuie (Higurb ).
A pesanfocs B Pianm) ot b BT HE S BB 45

frbnr ol Léﬁt@gaﬁ?ﬁ?&glg% d{lﬁﬂ%ﬂfeegper&ﬁ)%] of fife §s§t‘52rﬁ§lkdﬂ? In the

asse rtridge housing 4 at has a
epibudnhemyﬂkuﬁtratexbenl Rigsred G5 the nwonsipigy 1t eineluden cpt aleast one

Dl lit t hat b
Brubpiing rBhectie dor domatn fe BERRn ot b w50 o it
i RE Lk %.h@sassﬂe%r&h@' ﬁtﬁg& alofed Posltic®Osiadl, orvakhple, the
sanpl i ng wel In an enbodi ment, the cartridge

WW$GmUY@MSb®WrGPM of a disposable plastic
package. [63] As shown in Figure 9, the cartridge
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original flurd first enbodi nent, the
mgmvdtmgphev ﬂgnﬂgéelp@ry |cgmd®62%an¢\59ehowrb imEiguse 9 the inger

is | the fi.rst
ol st BGH ah AR O F b cher 8 bofitS B ki
ha ltiadd 30 Opposinizestcdhd bppertelige portion 3tsrsaugﬁx the feceived HRiid
e second g@ger edge portion 36 is _positiqgned further
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thé bfer HERSH 3FRY ﬁra‘?xﬁﬁé i85 art BverNBwirkil 88 and Fnto a drainage tube

39 that carries the overflow fluid to a waste container or returns it to the original

O_4

fluid loop 2. In a first embodiment, the second upper edge portion 36 can be
formed or cut sd that it is lower than the first upper edge portion 35. In another
embodiment, the inner trough 33 can be angularly oriented within the outer trough
37 so that the second upper edge portion 36 is positioned further from the upper
edge of the outer trough 37 than the first upper edge portion 35. In either
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43 for receiving at |east one well plate 50. The

cartridge housing 42, for exanple,

[64] Hﬂll i gl%uﬁléla# aﬂﬂh)ﬂ@é adaAlity s oneningsier r@atymg other parts
Bﬁﬂl%' a$&mBbly r@s&g xxeha‘ﬁ%%resoé aﬁc? 180 Fol g}?axﬁ\ﬁ :,@%%ég 42

50 can be snap cartr
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kesb g0 ¢he, Cf!fe‘ld@el@usmg @esﬂuth@t they aterémenablye sechifed: o the
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10 |
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[65]  Eachew P*althﬁQi inclugiss alphlrahtef Of\thmérecewutg memperscsnsh as wells

6 SQ, I.n des at |ea
%’%ei“%% gzg}lﬁﬂt%gqiﬁﬁ‘sg %Pch @g@e& ReLy-§i| e s 52,
quevergwglfb piagd?s 50 wndnaaﬂé gﬂeﬁlﬁr Biemf wellfs2 glavhe {1Ristrated

es an
é:é el Is.” For example, the well plates 50 could each include between 100 and

400 wells per plate. As discussed below, the wells 52 receive fluids used in the

water testing process.

[66] The cartridge housing 42 also includes at least one opening 45 that can receive a

respective well housing 46 for fluid carrying members, as shown in Figures 6 and
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ff70 as ?}SDQ?Wn +1 ":{l gures 6 and 10. In the enbodi nent

Yo e%; qndiused S #9-gure 10, the cartridge housing 42

has three rows 60 of vessel retention positions 61

[67] THRAGeEIdEE BHUBRC albhSdludds ANElutdliey 6BFdwsi GIOEE ViRsk irdtention
42. In other enbodinents, the cartridge housing 42

ns)aﬁlon&% thafgre @;mlgsé to resgiveribug cogaipingjresseley0 enshown in

R L R
honsmgBQ hs |thred epend0 @i veksel raterion pokitiohsi 6 spa:uetl eﬂamh m@ch
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s RN by 30 ok MOt R PR i e e
iﬁfbnhédsto@eg)a@iuahécywmmhé cttiridge heasing’£2.t hat is spaced
froma radially protrudi ng shoul der 73 by an

[68] As shown in Figures 6 and 10, each row 60 of vessel retention positions 61
includes a plurality of openings 64 for receiving and supporting the fluid
containing vessels 70. As shown in Figure 14, each fluid containing vessel 70 has
an elongated body 71. An upper end of each elongated body 71 has a radially
protruding head 72 that is spaced from a radially protruding shoulder 73 by an
elongated, vertically extending neck 74. In an embodiment, the fluid containing

vessels 70 include vials. The terms “vessel” and “vial” does not limit the fluid
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el ongated, vertically extending neck 74. In an

enbodi nent, the fluid containing vessels 70 include
wOor@b®478Fhe terns "vessel " and "vial" does notPCT/IB1004/037097

the fluid 17 WO 2005/ 047858 PCT/ US2004/ 037097
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h
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position in their retention openihgs 64. keyhol e
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pffotiall i moRF i Dh8s 7B380ektion 8 B §edon irdines 64

THer kdyhalel opepiifyl 63 GASd weitht HiameteR IRACtHeVdiambRr of thé @uid
rows . 60. In an alternative_ enbodi ment, the openings

ceatawa% vessglh ZretAs 2 gerult, the Sud coniaining vessehZ) camhe casily
t Y%
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[70] In either embodiment of the openings 64, securing members 65 extend into the

openings 64 and engage the fluid containing vessels 70. As illustrated in Figures
10, 11 and 13, the securing members 65 included molded, projecting portions of
the cartridge housing 42 that protrude into the open rows 60 and deflect
sufficiently as the vessels 70 are being snap-fitted into the openings 64 so that the
vessels 70 are removably received with the openings 64. The securing members

65 do not deflect enough to permit the removal of a vessel 70 as the positioning
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vessel s 70 are renovably received with the openings
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about 10cc and contains about 7cc of the endotoxin. Endotoxins carried by vial
76 can include E. coli. The fluid containing vessels 70 can also include three
vials 77 for carrying a substrate. Each of the three illustrated vials 77 has an
internal capacity of about 10cc. The three vials 77 have carry a total volume of
about 6cc of a preferred substrate. Substrates useable with the present invention
include any known chromogenic or fluorogenic substrate that can identify the

presence of an endotoxin. An additional set of vials 78 can carry any
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76 can include E. coli. The fluid containing vessels
70 can also include three vials 77 for carrying a
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cover. 80 as shown in Fi gure
within the retaining hole 86. As seen in Figure 12, the under surface 82 of the

flange 81 is the only surface contacted by a portion of the cartridge housing 42
(Flange 87). The plug portion 83 that extends into the vessel 70 does not come
into contact with the cartridge housing 42 as it is being introduced into the
keyhole 85 and slid into the retaining hole 86. As a result, any fluid or materials

on the plug portion 83 of the cover 80 do not come in contact with and
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12. An upper flange 87 extending around a portion of
the retaining hole 86 engages the | ower, under
waonsaess82 of the flange 81 and supports the POWES2080037097
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Ti‘he vessel s 70 and secure them agai nst novenent
e @ap3rpstly alspinchides pagetoriaekpositioning system 200 (Figure 17)

positioned within housing 11. In an embodiment, the positioning system 200 can

[75]

include the illustrated motorized robotic arm. The motorized positioning system
200 carries and manipulates an integrated, articulatable head assembly 300 along
X, Y and Z axes as shown in Figure 18. As discussed below, the head assembly
300 can remove the covers 80 from the vessels 70, retrieve tips 48, obtain fluids
from within the vessels 70 and the well 30, deliver the fluids to the wells 52 in

21
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[77]  Ia dhe dlustreied: erabodiment; the biveasymetis wotor sygteny dakiingjudes a
AU 52 i AE 238 RS B S n o
foll@wer pulley 226. The driven toothed gear 224 is driven and powered by a
conventional rotary stepper motor (not shown) within housing 221. As will be
understood, the teeth of the pulleys 224, 226 engage the teeth of the belt 222 in
order to drive the head assembly 300 along the rails 214. When the head
assembly 300 activates either travel sensor 216, the operation of the motor can be
stopped and the direction of motion of the motor and the driven pulley 224 can be

reversed so that the head assembly 300 travels in a direction away from the
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The travel sensors 216 can include a hone sensor 217
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extending below a slide 241. The Y-axis drive system 240 has a half-stepping

resolution of about 0.0005 inch.

[80]  As shown in Figures 19A and 20, the positioning system 200 also includes a Z-
axis drive system 260 for moving the head assembly 300 along the vertical Z-axis.
The Z-axis drive system 260 includes a rotary motor 262 and lead screw 264 that
cooperate to drive a sliding member 310 of the head assembly 300 along a
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to the sliding . As illustrat®e
megbsrnLosis zmzseé rgrmersr,b@uﬂ@dhametcmd thé phiigmprtion 83 so that the

gap receives the plug portion 83 without engaging and being contaminated by the

plug portion 83. The lifting fork 324 includes an upper retaining member 328 that
extends over the fork members 326 as illustrated so that a cover receiving space
327 is formed between the lifting forks and the lower surface 329 of the retaining
member 328. The cover member 328 holds the cover 80 of the vessel 30 within

the fork members 326. As a result, the lifting fork 324 is able to manipulate the
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sliding member 310 and housing 322 are moved vertically upward in a direction
away from the forked portion 364 of the ejector 360. The forked portion 364

prevents the tip 48 from moving as the tip coupling member 340 is raised away
from the respective tip well 46. As a result, the tip 48 is separated from the tip

coupling member 340 and left in a respective tip well 46.
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hollow tip 48 and renove it fromits tip well 46 as it
nmoves vertically upward away fromthe cartridge
whowsiosmsssl2. [83] In order to separate the ti ppdBUS20041937097
the tip coupli ng menber 340 and eject the wused tip 48
[84]  Thethpad assepblie 00 also inclndssen positidrasansiBg Bysttmas S0o(Fi@ute 20)

I QU .t he | Obn 36Q engages t he used. ti
G5k 6 Blidoiet FlPSheRo Jth FAPETD toud it andhe
pepitioh of a3fp48 withreupedtito lartbeeiange FRIlM46N THe foiRiohisenshie
to be renoved by a solenoid swtch 366 that activates
Sé{Stﬁ‘FlLﬁgé’éF peyticyady gsefpldar deormining the pevitieef the cover 80 after

' . rti » i o) ki qure .
A0 e R o Al SRl O o e
sefisieg System 550 iBdudesontansds 55hehatjcantdeterBi, whée the sliding
el ecto 360 is rotated into engagenent, with the held
oD ) LR, FREORRIGFRY SENBICsde 115 BIAORSAIGEE oo aPyS dndbe
difeetidrP¥Ethe & L ' i b
LRt A iR 2o SRUR YYD i
oitben pigkingyupuprneetening a celier 8t orotip 48waWhen die sdnsorf 55k baks

i fq:td |ect 360. The forked porti 4
BRERIRR FR 8 A SRl g ool B pnd gt the
coeeriBirhaddlen feturacd@dheviesgel 70; G sehigdr58$ REGses ¥ SwitkiPto turn
| 46., As a result, the tip 48 is separated fromthe

Afﬁb“%%’&ﬁﬂ?ﬁ"gmﬁ%er 340 and left in a respective tip
wel | 46. 25 WD 2005/ 047858 PCT/ US2004/ 037097 [84] The

85] IheddstanaRalh : ioRES bilo} |

e P stisBs e HR TR soRE? bioh i EETiRon 314
of dheesliding wienther 3bp 8wt recoivies ieadesmmt 2640 Asch tebt, the sensor

i-f.0n of tip 48 w th, respect to re ctive ti

SRE NI e sl o PEtocil iR 3R By 474 ARG I ponk o
theastbpgsitip af the missdf the Iforﬁi%&@?&tiﬂhﬂﬂ thd18lid3RS neh®Br 910 and
the cover 80 after renpval Tromopening 84 or the

theo sprtimgied gotation o the lgad spremt 26chs Alemativabyl . therensor 551

LN i gl . n .

EENILTA oSSR T e (5 SAHoR GRS ALpRR bR (i erine
lgadedl sueamiree it deflected intbi contaat with thégen¥ora5d 1sori the kjrtng loaded

di rect.i of the cartrid ous.i n 2 as a result of
RSB &8 PHoh BT § BEA PG GSIoB o s Segvencioly Wpebihe
sprafigifoad enRnibey Edntatis e sehddr 481 iNPQPoALREOIRE §BPpiRg Lf the
has deternined that the sliding menber 310 is
skiding uneraber iJ Oy the assembly Hhundengiandstbat the\slidingonember 310

WS Rt e, BRSPS 25

48. This length of the vertical distance traveled by the sliding member 310 can

also provide information to the processor and control system of the assembly 10
regarding the height at which horizontal motion of head assembly 300 takes place,

thereby making the motion of the assembly more efficient.

[86] As shown in Figure 26, the assembly 10 can also include a system 600 that
provides a chromogenic or flurogenic detection scheme for determining the

presence of trace levels of endotoxins within the tested water from well 30. The
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fluorescence assays, such as those used in the industry, for example by Bio-Tek
Instruments. The upper arm 636 also includes apertures within its outer surfaces
for receiving light transmissions as is understood in the art. In an alternative
embodiment, the upper arm 636 does not include the filter 652. Also, the detector
head 630 can have any shape that allows a first portion to extend under the well

plates 50 and another portion to extend above the well plates 50. In another
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cooling fins 422 on a lower surface of the cartridge housing 42 beneath the rows

60 carrying the vessels 70. The cooling system 420 uses an electronic cooling
devicee. In an embodiment, the cooling device includes a PELTIER
thermoelectric cooler. A blower fan 425 is used to draw air into the housing 11
and across the heat sink 422 in order to remove heat from the cooling block
within the cartridge housing 42. An additional fan 429 positioned in the top of the

internal housing transfers air from the upper chamber (electronics bay) to the low
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wells is a preferred enbodi ment for assays using

absor bance detection, including endotoxin detection
wW@e@s0wises comonpl ace assays such as enzyme- | i PEBUS2004/037097

i mmunosor bant assays (ELI SAs). This detector head 630

chambeére {robpe hovsingy)f thrbagh hedmglnefﬁewhb)y (mﬁ-mpe) filter that

et t,l ng, and novi.ng, nat eri Isa u
PBES iR e pe Son pindtis B, e hafiek caring the
pdﬁh@ﬁiixg*%?'ﬁeﬁmc The $s£41Y MsdSated BSSltﬁ@%&gsu?e & the h@usmg
bundl ber optic (Figure 20) on the head assenbly
1300 can be used in a preferred enbodi nent with
fl uorescence assays. [88] As shown in Figures 27-29,

o1 SRR B L, 5 4
vsﬂsltlmhdéﬂ)aésemblyamﬂ gFigureg4). c Okile h@dpﬁsahblyelﬁomlimﬂudés a
VAN gl oS L BoOHR e S8 (45 A9 Butds g gyl 30
aRll 38R 1‘Mbetﬁe 1iP€48 HPRRYARE & ARAntaBP SRR e ]f'nston of the

cartridge housing 42 is positioned wthin hous
symngehpump 706+ rAstthel smtgacpumm 700 rétarnkdatréstthe Ivemnt within

A e Bn e R JER e B upd rbhERe i 2
ofid of theawel] plars bhie exterior vertical walls of the

heati ng el enent to prevent heat from being radi ated
aI ongg1 the X-axis or the Y-axis. The cooling system 420

[90]  Ip gRerdtipn, theyassembly JOwillFeceivs andiest agyatesamniefram tbﬁ loop 2
ak %éw&&‘?}p ﬁfs@ﬁs§ W ﬂle%ﬁln@g d sbﬁs)ée@fab%\%o %a'té?g&(%ﬁ benea h

on a | ower sur ace of t artridge housing 4
entees thovibow @athclarangi pagses Hlerougls gl Suid GleliTéry sygehi 2ﬁ)gand into

ﬁi‘%ﬁ’ ﬁ 420thuses an..el ecty crlcfl'%l I ng. devi ce

S8 et the PR s v Hioging ‘sl 24D moves

tméméamo@lsaﬁmla@o@@b x-mé\am/awm@ﬁmﬂaﬁe Pti? déﬁﬁﬁ’régt ﬂemljt])er
Sl

draw air into the housing 11 and across

349 3s pasiderpdrovep a tiprd, withingg tip walh 4th e The sliding membek 310 is
et Bloed NG ncgafh% AL (1 Lﬁﬁf?‘si @ggail%s a %%&dhﬁd ﬁ{éaéengd?r%éllz?s

positi " oned nt er ousi ng
attivaied. eMheaithis focam tth:e stigkeeot thé slidieg n(eﬁi‘tecBl@)fH 1€8erb&d/Jo

he | 28 478 US2004/ 037097
that i i 8 PRV HOTGs BRI W PIoRESPT 16 Ol systemm
off P Asplatd®) 10f thbd Sfust B posftﬁﬂdfgesirsfeﬁﬁmd‘forl%ﬂt@ﬁie%rrféfd tip

ai rborne contamnants into the chanmber carrying t

48 yier therinegy teopgh 8Aof e wath30.f @ncel e tiy 4bisqositiveed over the
n%%%htsb"t%e Rfi& ﬁg H‘nember 3 {J] 18 tﬂ Enveg 1e}tlcally downward until the tip

48 engages the fluid within the inner trough 33. The syringe pump 700 is then

activated so that fluid to be tested is drawn up from the inner trough 33 into the
tip 48.

[91] The fluid carry tip 48 is then moved by the positioning system 200 until it is
positioned over a well 52 of the well plates 50. The fluid carrying tip 48 is then
driven toward the well 52 by the Z-axis drive system 260. Upon reaching a
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[89] The assenbly 10 further includes a syringe punp
700 that is in fluid connection wth the head
W@S@éﬂb‘lsys 300 (F| gure 4). The head assenbly 30BCT/US2004/037097

e it it Pitcns B G RO Ca SGS yotsiased T a
fildt Yell 52 E}} @fé gra'tlﬁn b?%i@iﬁﬁgﬁ%uﬁ%@do%ad‘iﬁ:@&d%%v@ f The

the piston of the syring€e pu e syringe
rpathpd b therpresenhinventianesan inclhde Jupdigatingachitest int helurality of

bt B e sl SRREE 47 frud i the o 055 Pelpreitotte
mad cbﬂwngltrp Mpeirbé fdved fLa 86aTRIN @aﬂa the $i@CH MéRasing
‘gnd test a water sanpl e fromthe loop 2 as previously

¢ sattied dlpid info ¢ e lrﬁérﬁ@é;bedﬂweﬂsls cfter s, earriodh fluid it relpased
BfRPne 0B 1l 30, Besbd fip s WIRGLD ot AN EpRE VS Re 5 WM

pdsﬁiammgwysteﬁh ngs SHt n%’lﬂptvetrp "v'dw cﬁbisl prieferabiy sg?{@ﬁemrﬂ%e
noves,. t ead asse al ong the X-axis and/or

?éfgp%%%ew a pipiee F?IBP’&}é% P lﬁ RBAHRY of & pwyellg47, as discussed
éb%%t '@E&dth@\{ﬁéd ﬁ8t48°184}[§bsY’ﬁJnQH r\mg'nﬁ It ﬁﬁl\ﬁelfl? Eﬁesensmg

sli di nmber 31 hen noved al ong t
Lysitein 5 G d@ﬂg&g@swlam the tipst8aled biekme ﬁﬂb’nsserteﬁﬁﬂtm its well 47 as

t ed thlsocu t he st oke the sl
et Pye 0Tt SpCuBEE 550 e RLle e sin 2 sl P
doupling hﬁnibep 3whﬂ théGmankRe dREOHES §h6ved ”ﬁleﬁoﬂierliéadsa\é
of the apparatus 10 then cause the EOSItI oni ng system

H¥0's mepvied dyithe pomitiening Fystem 200 alpgg dheeartrisgeiframs 42 toward
the QEQBs33,. of the well 30. Once the tip 48 is
p05|t|oned over the trough 33, the sliding nmenber 310
IS then driven vertically downward until the tip 48
[921 Eperergechingthefvessiels 70, theilifting éork 384is movndghrﬁ&llyﬁlmlg the Z-

B PRLB TR O A b HerS Bacti: tiessontiph ater
(lFl@re Rip 4he lifBdg f3ke314 W thefanbied hdhzﬂ»ﬁtall? dohhat FHRV Rk

y the positioning system 200 until it is “positioned
%@@Pera 348 are posiipnadnetyesn the ‘th§§1®082 hthef ¢ayiet) 80 and the

n‘egary 39 thé R4S '7% gﬁg& Zg%'v ch Qhar g érh§0\’¥§|1jge§%ﬁ§3¥md

axis drive pon reac Ing a

mﬂ’@h@dﬁﬁﬂi& BYEF WSR200dg @ﬁeﬂé%7 [thice c®lee 180 medmb%cF from ats
a es i s, rel ease
GUS 9@ 5%35&4# i whssﬂﬁt%etl gb%ﬁ Iy e drass epgesel
T MPhe/ $fstns 200 ﬁﬁﬁ\fﬁaceg_lﬂf‘e co"!%t Qf’gv&fthé E%{ ole 85 of
resen |nven |on can i ncl'ude duplicating each test in

e ppeniag B¢ yandflowers the cover 80 to the opening 84 so that the plug 83 is
positioned within the keyhole 85. The introduced cover 80 slides horizontally
into its retaining hole 86 in response to the movement of the positioning system
200. The lifting fork 324 separates from the retained cover 80 and the head
assembly 300 returns to the tip wells 46.

[93] Upon returning to the tip wells 46, the tip coupling member 340 obtains another

tip 48 in the manner discussed above and moves this tip 48 into position over the
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separate wells 52. As a result, before the fluid

wthin the tip 48 is released, the fluid carrying tip
wadosassse noved to a second well 52 and the sP&pUSF004/037097

releasing the carried fluid into a well 52 can be

opspedale® ofiftteccontiiob watarr iThd fositiodingssysteire 26@ dheni mbwes the

4 REL A S B e R SO B e

ENPTHe byrigéPump700 theR bpéraled &) wltﬁmwe@kefcbﬁw Weter from the
unused tj a_space conprising at |east one row

s 48°b
wel 19 sndaa Fq theip IgasTltﬁ eontrebwater easoieg tlp)48 énQ\ha@ integupsition

[
5\569 ﬂé‘éSWEﬁ gpa?efs §d g{s‘%?%}%eg[‘d%ﬂxée gf?tvl\lhfgﬁoe?ﬁ Sv ﬁ%{g trough
iﬁsandfrelllehsy:s ithe @bhteel walep intb Sat\iedst t#é wells GBSCHS 8 €eteferred
ove and the tip ejector 360 se arates the used tip

gmbadigant, e cppfrolowalsr iih gelgassd dnto3ab least four welns.  The
%By B s@RRCYPthed W@J&tes%&i%gﬁg @ﬁo;%ﬁﬁé/of Q%Iﬂc@, B s

sitioning syste e cartri
4t ané the usedvdipd48 tikecjectesls gits tHE enipd tipUpel 42 as hpragiously
(s}he vessels 70, the lifting fork 324 is noved
8??? ally along the Z- axis into position proximte a
cover 80 of the vials 79 carrying the control water

[94] Afteglie @scdljp 48Tihat ddrfiéd the chitd waket ik PosifiGrivd Pivige the tip well
‘g_]orglzont allly so that the fork nenbers 326 are

§ PoTiRnipS FYREER %ﬂ@w@na dhgliftisre forle 326 peoximgte the
&ﬂz@r ) %caﬂéggl‘ijth%o@é 85 h mbhbes Iv%@%lﬁn ©%7-axis

cover I's recelv posi tione cover
ardcbmgsr@e diftivg fak7324 hetlmoleeel &OthescavernSOe dThe @ositibsing

7 F 23 [jift he |if fork, 324
5 2 Pyl iftingotorin a4 o st the Coves S0 g0 mma e gover
nStRMReyhletdse 'Ovlﬁl'éiﬂl%scobms GRMEFente® M thEo Oﬁ&ﬂﬁ? B€ and

85 of he op eni n 4 and | owers the cover 8

1gperidig 1@4/6@&91 ?(P}agxﬂleh@lemﬁmgg sk 324 hqsagturmadnthd cover I&Orto its
e 7S REhRg oebl o FERHSTR, % BN W Bhepmnion o
y g

femot/ing ﬁ’ravcemrﬂl) fbémtdnetheost theabsets B STRestepd Of rebitving a
Iiftwvgfo 24s aratesfromtﬁhe retalned cover 80
oG Stheeruely 1PVt Withig the opeing, 84, Qhtaining) astip 48

H#6m J 83 lwéﬂow Bﬁhﬁﬁr{g é‘gluié’ﬁ{)ﬁeﬂfe' eﬂ’e\télss%l &@Hﬂg the

coupling menber 340 obtal ns anot h
ohiained ﬂmdswwenbpa:btw\eelhsrﬁz prevting thhused 111 4& and n¢turning the

BB PP Y8 o, o pe Reiv 1 s o w@%”aﬁ?%aﬁa#wéz the
YIS t70th 2R maheR divuskedtabéve. However, the endotoxin from vial 76 is
only positioned in one of the wells containing the control water if only three wells
52 are being used in the test. In an embodiment in which the test is being
duplicated and at least six wells 52 are being used, the endotoxin is introduced

into two, or half, of the wells 52 containing the control water.

[95] Inan embodiment of the method, the system 320 for removing and positioning the

covers 80 removes the cover 80 from one of the substrate vials 77 and the buffer
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sliding nenber 310 along the Z-axis and the carried
tip 48 into the open vessel 79. The syringe punp 700
WO b@s/0o38s at es to withdraw the control water fPONUS1964/037097

iial 79 d into the tip 48, Th tral t
viaks 7§ REPTE obtaiming oY STUSeH P 4539 thi he Sihsirafé gl 27 pud the
b?i“f@f gl a8 0By, ge {RE UAREHMBD BY iy erhBodifRAE Eie dathd HiP48\BdEe

romtroug and rel eases the control water into at
usehit obta avel {alivep the snbstrge anhd rthe uffentsodadieadt the twalls 52

control .water i§ released int t | four .well s
cRmig 5 LSRR oA Pl el 38 coRlElpefyepo
WhiterO VS Biffiént §b 481 orf Mt Yisdd B defVdrany 4T tiinsthéruidsadeives

tip 48 is ejected into the enpty tip well 47 as
apd dolivars fhe engyme Grorewessgl ga)to Hie Wells Yecqpiainingthe water fpjpe

At : ‘ . L g S
5] WREB B E Rt B ek RIS B8 gk
anbiehd flfiidite pe festel, IidH apwater,naan de irteducaliato 8O wetls 42 éxlany

in the hole 86, The sliding nber,. 3 ves .al.ong .t he

et ShO AHFT R, o TR oo P S0 ATRUSeAGoRg df Hot
s IbieNgbRg  Ssystem 200 causes

1 %ﬁlg?Pﬁ?ynlgg?ggﬁf%%?r%gﬁﬂé%gggﬁi he cover 80 and nove

the cover into the keyhole 85, where the cover is
[96] @imenthecfluidedidm dhe tvials S15eif aud dhe srater toebartaged hgve tgen

| ,70., Aft t i i 4 .
0o 40 by Vo 57000 Rkt e Ak e
deﬁédtibﬂ Sas&@réﬁéfi f<-Z’61‘()e &&Ednts th'éOﬂiu?re?ﬁmp agader pnsiﬁgmed_r(r)]m rtht:' ihegd
t he cover rom an r.of the ve s 70. e steps
aspeir30P AP RAsSERVEF thg uid, gentiging V{ﬁﬁégﬁn &%FH’EWEB%?YS%E“

i i ) R i 1 i T4l ' t.'
A, SBEENE i A LU, ot B s 3
¢hnomogknic ogtuttidimetdic ietheds,fdrubeirelative sepntiintensityeof the

2,, ejectin he,us i p 48 and. et urni
Pithsohifiiog dis g2, e Bofisachn0 Bkt 7R Atk spism 600
08¢ Bodharbhe@bduft flohiiitsiscah Bf tHeeluid containdify wells dnd identifies
manner di scussed above. However, the endotoxin from
ifanlendwgoxia is presept Pobe tesEASR®T one of the wells
containing the control water if only three wells 52
e, Bel09 HHSEd abhli : epiRdiABRs HiRc1okir hare
1971 gﬂep gféttg’ ngé %‘2 iah%hctagﬁ%sf, ieaglgt reétg&gﬁ%bsat Ieg\st Si ?(igs/vewﬂrs
&drassly iheorporated dedrein beraferdateoxi n is i ntroduced into
or half, of the wells 52 containing the control

t wo, _
w156 S Fbuttnd " A0Sl M, g b b i Seose
AQORNES ahd) SI1GAWRE (0fcfre@rentbvdiénts f thubiavemion, v & o be

77 and the buffer 31 L. . .
understood that the invention is not limited to these particular embodiments.

Many variations and modifications will now occur to those skilled in the art.
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WO 2005/ 047858 PCT/ US2004/ 037097 vials 78 before
obt ai ning an unused tip 48 so that the substrate vial
wQZ00anersshe buffer vial are open at the same PCTES2004037097
We clai his enbodi ment, the sane tip 48 can be wused to
obtain and deliver the substrate and the buffer to
ach of the we|lls 52 contajning the water to be
L appaiatys fprageitioping yithin fpyl systepdinedprperfrming ewting o
. water. Adifferent tip 48 fromthat used to deliver
testing of Alpidwithinethe line forftheprésence obitverslotmih, dailliapparatus he
enzyne fromvessel 75 to the wells 52 containing the
comprisimt er to be tested and the wells 52 containing the
control water. The fluids fromthe vials 70 and the

£ fluiddainplibe ﬁ;seesﬁ £t obBittille 8 HulBdagiple ﬁ&ﬁrdggghfggsry&gmﬁ%;

into the wells 52 in any  order. "The o

Helsk W ] . ' SS ahove j s

ool AL f Tl b Bl oo ul S PR DR lsma

ce the fluids fromthe vials 75-79 and the

anagent{é?ler}tr%‘t& ¢ eafl%st ed have been positioned in their

appropriate wells 52, the detection system600 =

3 IR Fystemdor drderauning theqyesenen 9f apendateamowithineaid fluid

. fluorescent reader positioned on the head assenbly

receivingg@mhes passed over the fluid containing wells 52. The

detection system 600 deternines either the optical
2. TBermppaptusfofichimfll whaleiacaidaigantrigeluddslaschEonogenidWibstrate
chronogenic or turbidinmetric nethods, or the relative
and/or afrédgepescent intensity of the fluid containing wells
52 in the fluorescent nmethod. The detection system 600

3, Mﬁ%g&ﬁﬂﬂ@ff%&ﬁr}x?exgﬁes&#gﬁiﬂ ffuﬁ@%ﬂllﬁngssg&&nocf n{aﬂ%.aféovega%id

co I ning we n entifies n- endotoxin i
r ' h ested ter. 1971 All patents, patent
valve thzgcp()) g’?ll%géastt%) gﬂ}étf(ﬁ ﬁﬁ%ﬁ?‘@ PE ﬁﬁﬁic‘g@ S%H i‘ﬂd Fﬂnﬁmgssyaﬁegbl osure
re _express i,ncorporated, herein by reference. [98]
4 B OEPL%HQSW% na@drﬂﬁ sanppling sHeern fyharicomprises a
.. . Al'though the disclosure describes and illustrates
fluid stoppge cantaingr donsaiieamrnf saidisoleneidivalverfor eegiving thesfluid shmple
understood that the invention is not limted to these
from thefhid systéra line wihenl isaid solenoid Malvg ivagenat i ons and
nodi fications will now occur to those skilled in the

5. TetappAatidof SRGR 4 BEoMpTisiSAGRAd &ohaaf for dMivetind e 1.
An apparatus for positioning within a fluid system

fluid sanhp18 ErofrPthe FRAd SbFizP Borftiinéd 188 flow well.

6. The apparatus of claim 5 wherein a terminal end of said fluid conduit is spaced

from said flow well and said flow well forms a portion of said assembly. ‘

7. The apparatus of claim 5 wherein said flow well comprises an inner trough and an

outer trough that surrounds said inner trough and receives fluid overflow from said inner

trough.
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testing of fluid within the line for the presence of
an endot oxi n, said apparatus conprising: a fluid
W@ 2009047868 syst em for obtaining a fluid sanpl e PCDIS100£037097
fluid systemline; an assenbly including a fluid
8. Thecapipaiatuy ofetdimr? funther coniprisingai fiiid line dxtsading &oanshid fow
agent are introduced; and a detection system for

well to cefyehebérflowed Sufdl i9seidoated troagh SRskpEexi saidMdw iwesai d
fluid receiving nenber. 2. The apparatus of claim1l

o TSR B g

19 1 ui lJng system tains a | enoi d, val ve
10. PR ool lR Brbr RSN Sty Ry SRk vt
housi fl.uid sggg_l}ing system 4. The apparatus of claim3
ousing f the-ANPAISY £| yi d sanpling system further conprises a
fluid storage container downstream of said solenoid
11.  The apparags ofetaim whereinghe asgerablydngindes afqartridgérasstmblyd
system |line when said solenoid valve is open. 5. The
removatdp perua¢diwithin achoaisimg4f §aid bpygaratoonpri sing a fluid
conduit for delivering the fluid sanple fromthe
12. Thekppatbtey cFafaimoNt whéteih shid cartfidgMsi@hbly flrthefR6mprises a
apparatus of claimb5 wherein a term naIIy end of said

pluralit}féfﬂeﬁo‘&é’dw?ia&esi s spaced fromsaid flow well and said
flowwell Torns a portion of said assenbly. 7. The

i r.i n id fl L1, conprises
13, BRI & e Sl B SRk AR AR
housi sai d .i nner 1t ri_)ltuygu(gr arig recei,ves fluid overflow from
OUSINE SORTISIESPIU Yels 4onRpreivins PEEHE HBS-
PCT/ US2004/ 037097 8. The apparatus of claim7 further
14 "Ehsanrpstuspelaim flowvhereia seid caradgapssenably degledes ableastygae|
to carry the overflowed fluid in said outer trough
well for aeuivifig atbeastiagofticovofitled fluid Samfilee apparatus of claim7
wherein said flow well further conprises a splash
15.  Dusapparatisdf cldim ldpphdrein tite @ftridgabssethblynfarthércobgirles a
assenbly is renovably secured wthin a housing of the

plurality?eBaksdl y&entﬂolq.pomﬁngppar atus of claim1 wherein the
assenbly includes a cartridge assenbly renovably

16.  FERCHpEHNY S BmPBrBHR (3% ket Bhdh VRAR AL N position

includes a first opening into which a vessel is inserted and a second opening that is open
to the first opening for slidably receiving the vessel from the first opening, wherein the
first opening is larger than said second opening,.

17.  The apparatus of claim 15 wherein said second opening includes securing
members for engaging an inserted vessel.

18.  The apparatus of claim 15 wherein said cartridge assembly further comprises a

plurality of cover receiving openings, each for receiving a cover of a respective vessel.
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12. The apparatus of claim 11l wherein said cartridge
assenbly further conprises a plurality of renovable
w@b@smes$7858.3. The apparatus of claim 1l wherei nPGHUS2004/037097

rtridge enb includes a tip well housing
19. ﬁ@%@ﬂa&%ﬁb@?mi ﬁqrﬁhf:g,cqsmpwg smptorized BeSitioning syissat t e
. .tips. 14, The apparatus of claim 1l wherein said
includingzpovw ergd atas srchbhsadiasssmbde for perforsing apheralityelf furfotions.
receiving at least a portion of the fluid sanple. 15.
20.  Theappppsvsedficaint 19%khdirain bdiddead aisemblyefufiBért dotrieRes a
assenbly further conprises a plurality of vesse
memberrfot eMidgdit RATHGIRNSud @mﬁhg PR S dsRiRkd Rl Wals in
claim 15 wherein each vessel retention position
said assédiGliyydes a first opening into which a vessel is
insérted and a second opening that is open to the

' ' .f | i dabl.y ,recei vi vessel from
21, PRSI WhgriR i nerE Ssppl: B omgrie o0
oct fJar er .t han sgilﬁ second opening. 17. The apparatus of
cjector 1y ViR cat Hd cagyige seswghess Bomihabeadmesambds securi ng
nenbers for erjga%i ng an inserted vessel. 18. The
22.  Hispawataius oficlaimdiOrwihicseiniseid giositioning systern indhgles a phentityyof
further conprises a plurality of cover receiving
travel seopan forjémitingdhe movement of vdidbesl wunetly of atdedsEoMESIhne/ €
vessel. 34 WD 2005/ 047858 PCT/ US2004/ 037097 19. The
23. Hpppataus oficldhal fitther dohiptRing GBIk HRA for 'agtteﬂginﬁfggﬂme
nd a head

positioning system including a powered arma

presenceSERANG Dbtk Wﬁgl?‘lftg{ Hﬁiﬂ%&@pﬁl i sakidwya %fgei%glggﬁ%% ns. 20.

The appar at us alm wherern ‘sal bl y

r 0 I nenber, for engagi.ng and.retainin
24 TR SRR v erd® SR8 eeShn B feipfeshiant Spfec andts
detectorsai d assenbly. 21. The apparatus of claim20 wherein
'sai d head assenbly further conprises an ejector for
removi ng spent fluid carrying menbers fromthe head
25 Theswpataips of slaimRd vherein said dight sovrcgiismn BERher ei n sai d
ﬁ;Si tioning systemincludes a plurality of travel
reppargtisod claimiltfiurtiertcomprising aehetting systeintifoh priding heat
assenbly in at |east one plane. 23. The apparatus of
to the assdnablmnahd feoolivey systefiofor fiali@ainindRbeICie@pefafae &r&ind vessels
determning the presence of an endotoxin within the
within sdid Wésénfoyipl € in said fluid receiving nenber. 24. The
apparatus of claim 23 wherein said detector head

217. M&ﬂﬂéﬁjﬁﬁs for biex%ﬁniﬁé’ Yh-fifie ?eggngof a fluid in a fluid system line to

determine the presence of endotoxin, said apparatus comptising;

26.

a housing;
a fluid sampling system for positioning in the fluid system line such that fluid
from said fluid system line enters into said fluid sampling system in response to a change

in pressure within said fluid sampling system;
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detector. 25. The apparatus of claim 24 wherein said
light source is an LED. 26. The apparatus of claiml

wo eoosherssEonpri sing a heating system for provi BCTGSIve4037097

to the assenbly and a cooling system for naintaining
z fuld flewpellgtostioneddovnstiennof ehid fluid ¢ahipling 3i/dem for
assenbly. 27. An apparatus for performng on-1line

receivinig@hé flold théreofnl uid in a fluid systemline to
determ ne the presence of endotoxin, said apparatus

RSl ey b fing & phye) of FER: K oy @bl
. ' | .ui,d stem] i nters into said flu .
fuid calg8aR bt A0 GERUs BEn g S Bpiy e S mplectl sl guid
. .thin said flujd sanpling system 35 WO 2005/ 047858
recetved SR SamblgTe SEIF SRERINS| R pessrirPignten posibon:
downstream of said fluid sanpling systemfor receiving
3 pesifiorung sysiem éfctusling aheadrasseatily fargeteinting and mpwving sagl &
plurality of wells for holding at |east one fluid

least one Auid/canyimembmber, rehutipe tor slid temovhblembdembiygr  hol di ng a
portion of a sanple of the fluid received fromsaid

4 botirek GOERhIiOpressatsPetdiiveBl confdstdd ATRId tdthRudR eSS with

retention position; a positioning systemincluding a

said heaﬁ%@%n?tﬁ? g&tﬂr)(wfn%rthé fbia Foth B ARG 1B Iartndofdkin | €8St

one carrying nenber relative to sald renpovabl e
. . S rce. of neqative.pressure operatively
identity R BN oo B R RGI cHEHRE MEFURTAR ®sar d head
assenbly for .drawing.the fluid fromthe flujd flow
SRR FOIGr ysleu Bt et ine R o e QRRin Suprpsent ity te Buidt i ve

fluid carrying nenbers; and a detector systemfor
sample.qet ernining if an endotoxin is present within the

fluid sanple. 28. The apparatus of claim 27 wherein
28. "Bl apperafus abdlaimi 2fewbérbini sagl endetokin idedtifyiag agent includes a

chronogeni ¢ substrate and/or a reagent. 29. The

chromoggpasubisttateahd/or airengent. wherein said fluid sanpling
system contains a solenoid valve that operates to

29.  ThERMArdd oF MiRSBRercARRET AN mg's?'%teﬁlrk%nféil%"ﬁ Qfiencid
the fluid sanple 1into said fluid sanmpling system

valve that operates to create said pressure change and control the flow of the fluid sample

into said fluid sampling system.

30.  The apparatus of claim 29 wherein said fluid sampling system further comprises a

fluid holding member downstream of said solenoid valve for receiving the fluid from the

fluid system when said solenoid valve is open.

31.  The apparatus of claim 30 further comprising a fluid conduit for delivering the

fluid from fhe fluid holding member to said fluid flow well.
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30. The apparatus of claim29 wherein said fluid
sanpling system further conprises a fluid holding
woreesbes788owWnst r eam of sai d sol enoi d val ve for PEDES0041037097

the fluid fromthe fluid systemwhen said sol enoid

32. Jhe pparafuspltlainpd] whersinagisanineliendor saidflwid sonduifris seaced
conprising a fluid conduit for delivering the fluid

from sajd Gow tredl dndisaid ook sieH ormsramortiomoBsmidirefdovablefaksembhe! | .
36 WD 2005/ 047858 PCT/ US2004/ 037097 32. The appar at us

33.  Dhe appiratuSaf olbied 81 Whareireyald Med velltoRipriSéd 4h ihhéti ttbugh and
conduit is spaced fromsaid flow well and said flow

an oute¥@bigh MARIr@uRY dal P&  troth dsafc%ﬁ%@!ﬂﬁ!l%h??%%mg%d Hrflow

The apparatus of clalim 31 wherein sali

from saftPRES an inner trough and an outer trough that
surr%ut?](g%hsal d inner trough, said outer trough

ceives fluid o flL.ow from sajd.inner trough. 34,
34 Thigamanatsof gy 3 furfhiy eomAriing A uid g etsndige dromm i
| ine extending fromsaid flowwell to carry the
flow w rcﬁrramqurﬂmed Auiddn geid guisr trovghayrayafieny stiddiave wield.
flowwell. 35. The apparatus of claim33 wherein said
35. Thoopmedtis ¢inleined3 wbenom sikfllaw sylldsither gomprisesdbsplaEhe
apparatus of claim27 wherein the renovabl e assenbly
guard. i ncl udes a cartridge assenbly renovably secured
wi thin said housing. 37. The apparatus of claim 36
36.  Thehfaatedd Weeei ' gk
Mg ARE KA ORI el U oridee

assembIEEEAh15 QAR 1B3gRPP! v I ncl udes a tip vel

using tonprising a pluraltty of wells for receiving
idfluid r.ryi nenbers. 39. The arat us of ,
37, T Fanehs pff ey S Hnerer i crpsites PhgmAB DB €yt
ipette tips. 40. The apparatus of claim 36 wherein
ofrmnog cp abl e assenbly further conprises a plurality
of vessel retention positions. 41. The apparatus of
38.  Thewpnagitucofxlaimilp whereisi saidecadhidgesssemblydnendésantip well
position includes a first opening into which a vesse
housing conipmisarptaplumbity of welisdbrireogiemigrsgidifhad casyingarembess. t he
first opening for slidably receiving the vessel from
39.  Theappafsths OMEaHTE whbieindhid 118 carryihs neRMRAY iABlullS pipette

| arger than said second opening.
tips.
40.  The apparatus of claim 36 wherein the removable assembly further comprises a
plurality of vessel retention positions.
41.  The apparatus of claim of claim 40 wherein each vessel retention position
includes a first opening into which a vessel is inserted and a second opening that is open

to the first opening for slidably receiving the vessel from the first opening, wherein the

first opening is larger than said second opening.
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37 WD 2005/ 047858 PCT/ US2004/ 037097 42. The appar at us
of claim4l wherein said second opening incl udes
W@ e@aniises menbers for engagi ng an inserted vesB&l/US2084/037097

The apparatus of claim4l wherein said assenbly
42.  The apmerateneinlaines] whereinrsald segorsk opeoimgdnclndesesemiring

openi ngs, each for receiving a cover of a respective
memberg daserigagihd.an Theerta pesselt us of cl ai m 38 wherein said

head assenbly conprises an el ongated nenber for

43.  EROAPRBuPSILISRCA FhirenSard RidAhI§ Fnther |cHlingri§i{§ rarﬁﬂlrﬁgty of

menbers. 45. The apparatus of claim44 whereln - sal

cove re s o e O LT R Resn BB e

senbly. 46. .The appar at of claim 27 wherein said
4. TRCHBRlhs o dymy S A RaRGakeR pfsmaly cymmies & doasated
sensors for limtjing the nmpvenent of said head
memberfor engnging andsecyrelygetapiing sidfeid capyingmeerabissr at us of
claim 27 wherein said detector system conprises a
45.  "Hea anpamtushefadaing 4 whiereiarsaidiead assembly fsthaceongfrisanan
endotoxin within the fluid sanple in at | east one of

ejector foheemsvdnplisedfolid cagying lembersdrond e leag asinbsy. of ¢l ai m
47 wherein said detector head includes a |ight source

46.  PRSapbarded Sl AR Zﬂ&herzﬁ%a%%%%ighﬂ% 9btem! iRbITUAS m’gx%ﬁ%i &

said light source is an L hé apparatus o
. h o : .
ove e T SO S8 95008 USRS b

R Y T R R AL R -

assenbly. 51. apparatus for pasitioning in fluid

for dete%’&'mﬁ&#i aqusweg%@ﬂ chdatoxin avithimthedlyid sample i atdenst prgeof the
testing of a fluid wwthin the fluid line for the

sample bpldingiwallsof at | east one endotoxin, said apparatus
conpri sing: a housing; 38 WO 2005/ 047858

48.  'BETippe2idvefaBdmtoy7 wherbinsaid deteeturinegd Bighidesn figlht sbaicegnd a
positioned in fluid comunication with the fluid |ine

detectorat a | ocati on downstreamof a first portion of the
fluid line and upstream of a second portion of the

49, %f%@a#%lg’seof AU Wl SinSHI D R YSERAIEBPr 1 Sing a
50.  The apparatus of claim 27 further comprising a heating system for providing heat
to the removable assembly and a cooling system for maintaining cool temperatures
around vessels positioned within said removable assembly.

51.  Anapparatus for positioning in fluid communication with a fluid line to perform
on-line testing of a fluid within the fluid line for the presence of at least one endotoxin,

said apparatus comprising:

a housing;
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controlling the fluid flowfromthe fluid Iine into
the fluid sanpling system a fluid flow well
w@omsnitssed Wt hin said housing for receiving PETIUSR004/037097
exiting said fluid sanpling system a renovable
%@gmﬁ@géwt@@ 1o beingpasitioned éuﬂmdg:,ongwrdcaémm the
.. conmprising a plurality of wells for receiving used

fluid lingraé 2 loratien dpwastekanwofia/fitsyportioef the flaidline aidiupgtredfm of a
fluid sanple receiving wells, and a plurality of

second pasisrlof thet fuitliline, satbsfhiid eaaplieysiesi RRnprisaRaseabe fob "
securely receiving portions of respective fluid

troll HRSHE i%id Ao hd info ,Sing a
oG AN BB APPSR

j L fluid fr. id.fluid
SRy BB FRRY AL TP il
fluid saR .endottoxj nis present in a sanple within a
u atpggﬂ%@ﬁ% fluid sanple receiving well. 52. The

appar gi)g:s of claim51 wherejn said valve conprises a
%Eqrw apsgnyly serarred witkingpiddhopging,said-asserably comprisiog a
fluid into said fluid sanpling systemfromthe fluid
plurality pfwells $B recehdngysed aad usused floida¢anyhifz mbebeis,a plafatity of
fluid sanpling systemfurther conprises a fluid
fluid sathplediengvingvialis/eid dislufatity efarbse] reteitidn pOLIEORA byt
for receiving the fluid fromthe fluid |line when said

recessesSfol StRkkdly Yalelging SorfBRof reshectieSARREs8kLS Of claim 53
urther conprising a fluid conduit for delivering the

f
' 5 ' I t.ai sai.d fluid, .
oL pifoling st Ohitedil £REASRR} B e fuia
. termnal. end .of said fluld. conduit .i. aced from
careying b pR i if sl and PR vad 00 A el andhy o o
%ti on of sati?d assenbly. 39 WD 2005/ 047858 o
PRUSPOYRIERStP dsternaiging than ensotaxin isPresenicing semple within a
MWherein said fluid flow well conprises an inner trough
respectiyhfuigrsappleteceivimggrelt hat surrounds said inner trough
and receives fluid overflow fromsaid inner trough.

52. Tl afipmratapphclainu$1 etherdiméaid $dvé corhprives a aoRnoidivalyeahat
fluid I'ine extending fromsaid fluid flowwell to

operatestidIcoytraly floReofaied e ¥ag ﬂﬁldﬁaglﬁ'liﬁg St Fohhe iuRGHRe.
58. The apparatus of claimb56 erein said fluid fl ow

53. PR dpphbHdd G 1SR WB&SindaRIthAT ?ﬁﬂe@#%r ﬁsg/\s/te@]lgﬁntﬁ&ecogmﬁfes a

apparatus of claim>1 wherein abl e asse
fluid hofd@r?é HlE5né c{o%‘mséga% g% §hid solenoid valve for receiving the fluid from the

fluid line when said solenoid valve is open.

54.  The apparatus of claim 53 further comprising a fluid conduit for delivering the
fluid from the fluid holding container to said fluid flow well.

55.  The apparatus of claim 54 wherein a terminal end of said fluid conduit is spaced

from said fluid flow well and said fluid flow well forms a portion of said assembly.
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cartridge that can be secured wthin said housing. 60.
The apparatus of claim59 wherein said cartridge
w@eoupoases at | east one renovable plate. 61. A¢EUS2004/037097

apparatus of claimb51 wherein said fluid carrying

56. parafusoif glaém 5il véterain said flaid fidw welleomppiassdnian@ftrough
clai mof claimb51 wherein each vessel retention

and an putet troogh thanuriedads sid inhet traphRing YedefMed fMd Serfow ESRE!
is inserted and a second opening that is open to the

said inder k®agRpeni ng for slidably receiving the vessel from
the frrst opening, wherein the first opening is

7. SRS s A sORRAVE T 058 Bt
i AR ST B SRS (1

nprises a plurality of cover receiving openings,
38. iﬁe RPPHALUs Of glhaim AQ whiereiry &aid pidflave wig durthes comprisds.a splash
The apparatus of claim51 wherein said positioning
guard. syst em conprises a powered armthat carries said head
assenbly for performng a plurality of functions. 40
59.  Wihe 3pRMAN4 686GinPET MHESRDOthe Q8 ORDle £6emBlhenAnRAaEMacable
claim 65 wherein said head assenbly further conprises
cartridg@ tHETAR be sfur &N ABIN G dHMsi L ai Ning the fluid carrying
menbers. 67. The apparatus of claim 66 wherein said

' AN e r for . renpving fluid
0. IREHoRdshn Sl ASRTRY WA ARFLEEEE chbind BRI Ve
tus of claimb51 wherein said positioning system
remova?%ﬁ?%tg.r conprises a plurality of travel sensors for
61 jmting the novenent of said head assenbly in at
- & aprasitus OgPlsﬁ%ﬁ 1 ghereyrwid iy caryisag snenhess inchde pipette
. wherein said detection system conprises a detector
tps.  head for determning the presence of an endotoxin
within the fluid sanple in at |east one of said fluid
62.  Theppmrates ef dhingofethilrs51 Whereibhackpesslatieation pssitaiom 69
wherein said detector head includes a |ight source and

includesa fiektopeiiag intd whichEvepi 3¢ Mbdtedthd @'s8bdRd Tpetiig iR Ik open
said I1ght source is an LED.

to the first opening for slidably receiving the vessel from the first opening, wherein the

first opening is larger than said second opening.

63.  The apparatus of claim 62 wherein said second opening includes securing
members for engaging an inserted vessel.

64.  The apparatus of claim 51 wherein said assembly further comprises a plurality of
cover receiving openings, each for receiving a cover of a respective vessel.

65.  The apparatus of claim 51 wherein said positioning system comprises a powered

arm that carries said head assembly for performing a plurality of functions.
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72. The apparatus of claim51 further conprising a
heating system for providing heat to the renovable
wa@s®sisys and a cool i ng system for naintai ni ngPCDTE2004/037097
tenperatures . around vessels withi ajd renmovabl e
66.  The apneHys otrdainp@y BRETel T hag ESEmp BT BET FEAPELE f'em
for being positioned within a fluid line, said system
member forpgdSigand retdmsg therfludearangamenbgisd from said fi uid
line; means for transferring a sanple of said obtained
67.  Thé apshritas of flbini 66 sasteiesaidlomid\firtiger comiptisesrmpamestdrdor
conbi ning an agent and said fluid sanple together in

removing b WRYIng AQHberd koW 20RM Adsea By PCT/ US2004/ 037097

neans for detecting the presence of endotoxins within

[ ] gt b ol | — M
5. THSEraRE g ar ! Rt AT G et e
.. chro eni c .substrate and/ or [ -
pluratity PRI-RHR P F 55 TERERS G “RRrmers S SRS beseBpf AR he
within fluid carried by a fluid line of a fluid
system said nmethod conprising: positioning an
endot oxi n testing apparatus within the flujd |ine of
69.  Thaiagpdrhiws of sipisn Sinwherein shid defesting SApPBr@MSIspER AgCFIAr
fluid conmunication with said fluid Iine; directing
head for tbtetdirfiOtie padsendd afiad endotexinvtithis tiedluidsamplg in at least one
apparatus; sanpling said directed fluid and delivering
of said fiEsFHPIRefvihAweRcei ving wel |;  obtaining an
: endot oxin identifying agent; introducing said agent
70. ’[*H%tc?gp W o?.@ﬁﬁh‘éﬁ%e‘ﬁ@h kai§ QBabPh A i8@hdesld 1t s6@tPhR] a
an etecting the presence of any endotoxin within
the sanple. 76. The nethod of claim 75 further
‘conprising positioning a head assenbly proxi mate an

instrunent, jntroducing an.instrunent ling nmenber
71 Therappagig ofic ﬂgkﬁé}{‘{elgﬁ@g&gﬂ{ﬁﬂgﬁi 1§ & gﬁ&o ng said
i nstrunment on said coupling nenber. 77. Th net@yd %f
72.  WlesipprraBiswi sledin | Suther<camprising adieaiy g iisht wegroviding heat
positioning said instrument within a fluid flow well.
to the re#®vafleasseatbioahdd cadlimigrsy ATmienaintiinag €0 AHPITARISt ep
further conprises draw ng
around vessels within said removable assembly.

plane.

detector

73. An on-line endotoxin detection system for being positioned within a fluid line,
said system comprising:

means for obtaining fluid from said fluid line;

means for transferring a sample of said obtained fluid to a fluid sample receiving
well;

means for combining an agent and said fluid sample together in said well; and
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fluid fromwithin said fluid flow well into said
instrunment. 79. The nethod of claim75 wherein the
wae@p/oessglel i vering the fluid sanpl e conpri SesPCT/US2004/037097
positioning said instrunent carrying said fluid sanple
meansiformdetecting the preseaceofendgtonisl withia rad dapplsilodateyl within
| east a portion of the fluid sanple into said fluid
said well.ecei ving wel | . 42 WO 2005/ 047858 PCT/ US2004/ 037097
80. The nethod of claim79 wherein said nethod further
. s t .. i .
R P i R Bl P84 4 i mb Bnic
bstr tfI u('#/d chei ing well; and depositing at |east a
Substratp RGP 8 Y he "remai ning fluid sanple into said second
fluid eceiving wel|. 81. The nethod of claim79 .
75, pomehed og BeRseTEng gn-ding detsetipm of an gndetoxingvithip flupd gprded by
used instrunent into an instrunent retaining well.
a fluid lge. of aHliGresisteny saild me¢thodheomBpridiRg:ei n sai d obtai ni ng step
i ncludes renoving a cover froma vessel containing
positianidlg iatl endotbxih meyting eparatusvitbohithe Agiddimeiof said fivid systems,o
the vessel and withdrawi ng said identifying agent

saidfte i 9ppHatvi§ 6&ifE in Hdid cohendiBédfios with saldoflutd idepwher ei n
said detecting step includes passing a detection

: %ﬁ.}gfm ] Bl ositioned on a
dire e ag)sﬁg%%@g}l%r}gﬂe? ﬁfg%?{ﬂﬁgémrg%gggﬁt\?i&ng wel | ; passi ng
sald head as I L.ong. a f1uid cel Vi l
semBORS sk s ST g B Rind ol pihyd RS BRe S o,
each passing of sai.d head assenbly to determne if an
obtaingg ?‘P‘ﬁ’“?’g“ﬁf{egggﬁ?g?g?nf;he fluid sanple from said
. fluid line. 84. The nmethod of claim75 wherein said
introfcingsaidpgsntdpto; said igerivingavell gontréning said Hlaidsample; agd,
The apparatus of claim2 wherein said chronopgenic
detestibg theatresencenyfiang esdatoxif Iwithin hersamplubst rat e. 86. The
apparatus of claim 28 wherein said chronopgenic
76.  YhbgictddfeRima 7t Fashat comptising gesitioniay bhtidissembly. The
systemof claim74 wherein said chronogenic substrate

| proxim&8 AR idsiBmeft, idttodREiAG 8 ifktrathRat ddtibBng hdmber into said

instrument and securely receiving said instrument on said coupling member.

77.  The method of claim 76 wherein said sampling step comprises positioning said
instrument within a fluid flow well.

78.  The method of claim 77 wherein said sampling step further comprises drawing
fluid from within said fluid flow well into said instrument.

79.  The method of claim 75 wherein the step of delivering the fluid sample comprises
positioning said instrument carrying said fluid sample proximate a fluid receiving well;

and depositing at least a portion of the fluid sample into said fluid receiving well.
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80.  The method of claim 79 wherein said method further comprises positioning said
instrument carrying the remainder of said fluid sample proximate a second fluid receiving
well; and depositing at least a portion of the remaining fluid sample into said second fluid
receiving well.

81.  The method of claim 79 further comprising a step of placing and ejecting a used
instrument into an instrument retaining well.

82.  The method of claim 75 wherein said obtaining step includes removing a cover
from a vessel containing said identifying agent; introducing an instrument into the vessel
and withdrawing said identifying agent from said vessel.

83.  The method of claim 75 wherein said detecting step includes passing a detection
assembly and/or a fluorescent reader positioned on a head assembly along the fluid
receiving well; passing said head assembly along a fluid receiving well containing a
control; and comparing readings from each passing of said head assembly to determine if
an endotoxin is present in the fluid sample from said fluid line.

84. | The method of claim 75 wherein said detecting step includes measuring
fluorescence.

85.  The apparatus of claim 2 wherein said chromogenic substrate comprises a
fluorogenic substrate.

86.  The apparatus of claim 28 wherein said chromogenic substrate comprises a
fluorogenic substrate.

87.  The system of claim 74 wherein said chromogenic substrate comprises a

fluorogenic substrate.
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