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There is considerable variation in the details of the structure of endotoxins derived
from different bacteria. While the polysaccharide moiety is responsible for the
immunogenic properties of endotoxins, their toxicity is elicited by the
hydrophobic part (called ‘lipid A,” which is virtually invariant in composition
across different bacterial species). Even in small doses, the introduction of
endotoxins into the circulatory system of either humans or animals is capable of
causing a wide spectrum of nonspecific pathophysiological changes, e.g., fever,

increased erythrocyte counts, disseminated intravascular coagulation,
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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 The test is slow and qualitative and has largely been
replaced by some form of the Limulus amebocyte lysate (LLAL) test. In 1964,
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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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when attempting to detect the presence of a species. Conventional sequential

injection analysis involves the use of a System comprising, typically, a rotary,
multi-position selection valve around which multiple liquid solutions including
samples and reagents are arranged. A bi-directional pump is used to draw up
volumes of these samples and reagents through respective ports of the selection
valve and into a holding coil where the samples and reagents are stacked and then
delivered to a detector for analysis. This process causes mixing of the sample and
reagent segments leading to chemistry that forms a detectable species before
reaching the detector. The detector is typically attached to one port of the rotary
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testing for the presence of an endotoxin within a fluid sample from a fluid line.

-

The sampling and analysis can occur while the fluid line is in operation. Also, the
testing can occur by diverting part of the fluid in the line without having to

shutdown or interrupt the operation of the fluid line.

[20]  The apparatus is positioned in fluid communication with a fluid line to perform
the on-line fluid testing for the presence of at least one endotoxin. The apparatus

can include a housing and a fluid sampling system positioned in fluid
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[22] FighESARIsPT IsChenifticT dawi gSoRERSfluid line system including an on-line

endotoxin detecting apparatus according to aspects of the present invention;

-
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-

[23]  Figure 2 is a perspective view of the endotoxin detecting apparatus illustrated in

Figure 1;

[24]  Figure 3 illustrates a fluid sampling system that forms a portion of the apparatus
iltustrated in Figure 2;
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[26]  Tigyrerdeis aniexploded wiewsofanluil sanplatg BteRNNOSAIRN ﬁ@%{&;

fluid sanpling system illustrated in Figure 2;

bQhLT, ' xplogded vi.ew of a fluid _sanpling
7] Tt e R P et kg ur o 6
illustrates a renovabl e assenbly shown in Figure 2;
[28] Fig#p FHsgupatial illasteatioardfisderdding Sydteh AR Bhma BHAGH 0Phe
Syst m.]ihsgrté fQros a portion of the apparatus
apﬁ?ra Adystgtedn Fige & 2; [29] Figure 8 illustrates a
sensor arrangenent of the detecting systemof Figure
[29]  Figure B3stfated\ar i ' roken viewaf a
! pgourti on of thes@g%srgﬁgﬁ%eﬁgép t %5?8&5{?&%@%?#%% 10
Fi.s an .expl oded view of a cartridge illustrated in
IBYgEiP ds spattigy brokgu vigwlaf 4 partien ofthe assembly 61 Eipurf 6t he
cartridge for securely retaining fluid vessels; [33]
311 Fi ; ' ' Kk i ew.o0f.a cap
BUI FRLOis Spitel Hiek B oy RS Rl st Fighe & on of ¢ e
[34] Figure 13 is a cross section of a

cartridge;
[32] Figwsabl ﬂﬁ@traﬁema portionif tre @i‘mﬂg@fd?aééwél? Gﬁaﬁﬁdg‘ﬂﬂi&%g%ls
in Figure 11; [35] Figure 14 illustrates the cartridgé
33 ' | : ed 30] Flgures 15°and 16 illustrate
B3 F i&@?‘% .i%insg“g% ‘?‘ﬁéﬁﬁhﬁ‘{e@r?fl&@ﬁwﬂw RaHOR padsa vigl 3gtention
pditignoéthbkaittilgegt rat es the cartri dge assenbly,
positioning systemand detecting systemillustrated

in Floure 2. [38] Figure 18 is a partial isonetric
B4]  Fighe 458 at‘ﬁ%ésp%gtf‘]t‘\ & Yessd yetewing tegion ofithg eastridge Allastehted
inT9grene; i sonetric views of portions of the positioning
system [40] Figure 20 is an isonmetric view of a

portion of the positioning system
[35] Figure 14 illustrates the gartridge inclu ingg cover;

[30]

[36)  Figures 15 and 16 illustrate portions of the undersurface of the cartridge;

[37]1 Figure 17 illustrates the cartridge assembly, positioning system and detecting
system illustrated in Figure 2;

[38]  Figure 18 is a partial isometric view of the positioning system;
[39]  Figures 19A and 19B are isometric views of portions of the positioning system; '

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



8 WD 2005/ 047858 PCT/ US2004/ 037097 [41] Figures 21-23
illustrates steps for renoving a cap forma fluid
WOR89%M788ccor di ng to an aspect. of the present PCT/US2004/037097

411 Fi i1 O1%; 5 Fiaures 24 and 25 are isonmetric views

41l 0 ggg)}?t?’e%[léggrteso%%gif% TREOYINg aqapdorm, g fluid vesselaecordingto
aeaspectof theqBpseht mwertioa i s an i sometric view of the
detecting systemof Figure 2; and [44] Figures 27-29

c _views .of , the heating and cooling

2] Fiflas 38 TRl 05 GreisTRGiHE vieeot AcsBient r Pbiaining atdbeloiting fuid
daiyitgem@mbédk;TAl LED DESCRI PTI ON [45] The invention
provi des aut omat ed endot oxi n detection systens (i. e.,
43 utomated "on-line" flow analysis systens) that can
(431 Eagre Spiis ap ispmatricsiemefibeyilectipgsysem ¢ FinrechhgIogeNi C
substrate kinetic assay for the determ nation of
44 ' Gl Th tens C be used to test
o ashait Yo, OF 8 it il oaiingcpertione of the
mobly ehbtrtted imFidurd 719 t he preparation of, for
exanpl e, water, food, drink, pharnaceutical products

' ' for animal and hunan health), and
%ﬂgrmggsbﬁ% ions. [46] In systens of the
invention, a test fluid sanple is mxed with agent(s),

45 .c,substrate and an LAL reagent in
5] The ifehof provIBQTRASIIES BHagibtihfessiion mysteian ce.o putamatod

orm an ass

“ousling” Aowt amabymisosystetr)p that @5k Giilédbﬁn dﬂ:ﬁ;‘id!ﬁ gﬁ:géc%?eify%gte

(19/( )a endot,oxip and_|ts | evel of concen
. Aok 6%9@83?9&58&%‘3@?3 kinstie rageayt farnthe ddet@minata of bacterial
TERIOEKG A | t ' j t od accuracy and =
o oo YRR caR b Mg a6 sliies Bolpredasiondines
to ftetect themupsente of endotoRiO@ringTihe pRaNBA O B Skl Alter

or me _

d using a standar

e S i_nvent.i on have, per}
fobl dhihk gﬁr#rﬁl.aﬁ%l%ﬁﬁ/ foducty Gsiefding those rfan waimalystdebuman

curv

health)y aod parenteral prpaagsRNt i nvention deter i nes
endot oxi n concentrations with good accuracy and
.in the range of 0.005 to 50 endotoxin

(6] In'GHEQ @'&% {pfgé tiop, 2 tast Guid sampleis wixed Iwitheagent(s sidteas 2
RN T i A
the) point of diseot Adssay mintuoasndre ahérD bstedlto URQD thdpfsee of an
end SR an-ﬁhi‘tas I%vel of concentration. An automated system of the invention
determines endotoxin concentration with good accuracy and reproducibility in the
range of 0.01 to 10 endotoxin units (EUYmL (> 0.99). The automated systems
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 (EUYmL ¢ > 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



[47]

[48]

[49]

WO 2005/ 047858 PCT/ US2004/ 037097 variability of the
assay nethod is | ess than 20% (n=10). Analysis tine

wonellxum:isd for a 0.05 EU nL standard typical |l y PcInis2e64/037097

m nut es . exanpl e the anal sis tinme can
e&o ﬂ?@@swrrap@gg iy Jess %ag@% nolss getnme required
P AN G AR i o

anelyais dinfeccag.be about80usinmedsy phenus, Car ci noscor pi us
rot undi cauda, Tachypl eudus tri dentata, or

Tac eudusE%i ggd) and. to nthetic" LAL reagents.
sy ntiklt ege i pnd é’fﬂggmicrf@{’ ¢ for exanple, purified
hor seshoe crab Factor C protein (naturally occurring

“LAL keagemidisaned HRbsn r&kts Horal ﬂo)’amé’oocﬁérlﬂl%é@%tam@& from
described in WO 03/002976. One such reagent
hosssshascerbse:g.i sLimulisi pabphermyssnCaginasespiiso r@undinemwia,

TAIEIY | deytald)Cor FRASRERI SR %o HARIRE T AL

reahgeﬁs Fiynéretic [RAID reagants om%man glaﬂe;%ﬂﬂégélﬁﬂﬁed Ehgrdf&ﬁldésﬁﬂb
. AL t t

Faglof s Cobralelt GARANY ORI A1) Feeombipandy gBhiophionaliv, A

sul!‘f&ﬁ%nis d&sib&Ein’ WeP 050029462 done tsﬁ‘bhgreé%n L, E’é/r&(ﬂnem ” is

ent wat er (endot oxi n-free wat er
aval er gremaCambmxt Bio Seience] Walketswille; anxrrﬁ@agcnts sudhsas titat

dlS(L-p 'iJ ge ?t%lg f&hp 1cé'1ﬁt8§ CI&? a{bé?ﬁ ;l?rge %atent

Publ%egtoﬁ er DO0B00 5443 YN M sed Gdfein, bEAllSﬁdgédi’s pieferably are
aut te% ste di,scl gsed herein. Such substrates
obigid feamn Cophesn By Srieiice WWellsbillecioy Laophilizes LALpepgent

caif %R TBRedstituld With 184 &, 6PLATO %@Eﬁt witdP ge(nﬁ@ttoﬁm-ﬁ'ee water)

E@pltroanlllnetermnatedp apeptid
tir¢feigiatedAintil wseg- pNA, S50 640) is suitable and can
be reconstituted with LAL reagent vvater and stored

til I bst r at
Nimobdi¢ WG B AP e piR trsif an deBks reine prafese
(thﬁﬁiblbemmd eto)y(ial, chas mﬁ@ﬁﬁ@&ﬁ@d“m dlﬁ'dm%%bﬂld $ubBrate) can
bellg%(E)om)gem C substrate. coli

m e, agomated %’)‘i‘ieﬁlsdbﬁé $¢édleir¢lem Suchpubsiratpsoare well-
I
kn&%h 8AE Gre Muharcﬁa\n dvéila qlcho yopEﬁF@ eﬁg%pﬁ; rgm

standard curves. yplca
substreter(pinitroandihetietrhinated @BMpcptfdee{Ac*lbi—@lu—AlaAArgﬁpNge 850-

64%% e}rglrb I%é%gfm V\ﬂ rgggeb water andc stz)reg under

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

-

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

“chromogenic substrate.”

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

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

10
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[50]

[51]

[52]

10 WO 2005/ 047858 PCT/ US2004/ 037097 vyield a
concentration of 50 EU/ nL. Refrigerated reconstituted

WORMSHBBN i s stable for at | east one nonth. PEOT/UY2604/037097

Qreparatl on of working standards, the stock solution
siqld 2 feneretraten sfoEHEU bnbe Rafipeeicd isrensiibtod endoomin i tese

| Al agal
for bt MaSolt bt i BE FbmabffcR of, FRBGHE B EORS"HR, Sogk
soluhomm)gmmmed ds soymn teyppemtire,yvareered $or 6fminutes] dilued with
te Iy te and subsirate, which is supplied as a
rela Fyatsrzang vartorediagain Befre Yse. cont ai ner s.
| medi ately before use, the user or a robotic system

Lys&68utstiatd teagedtd For Mﬁf@cﬁr@%ﬁ@ﬁlc ¥sa34 Ay pidalfy cons1st of a
prescrlbed amount of endotoxin-free “reagent

migkgaef amehoeyte lasatc ad pehstrtet whichdsl sumlgadms aa¢uallyaph1b$ed

L LT R A R -

redtmstlttmas dlet mat&-réagéﬁlt by addihg hipi@scribedabuitioftdddotoxin-free
of the tinme, .t for the starting absorbance

arith
i WPl gﬁa“wnsoum%fd amfemtltmeg} 5?8&591 gridpa tesheymple are
pip e&@d [ &g hitdte! %reil ¢ fénhrﬁ{]ﬁ’é%e 4O 1tRE

devel ops faster as t tOXI n concem
absommam))mtdfhda aea ﬁntctlmn nf time.c Anplotaf the lagarithns afithledins

¢ S e P o erne dy i Bked ano i ABpHBIE DR, A) vs.
log W@ﬂ*’“ﬂaﬁcﬁmﬁw oY QALY 6B B CIBloBS TastbSdd the)

systens such as those disclosed herein,
endqtoxja ponggidration Hesepses)c TT@Lﬂadﬂoatneccmmvdwbepf a samzale is

det{?ggx?&? §9 lré(felséB@é){o d caa'i)?al tﬂ%ﬁ %mnv;é %eh%lﬁéﬁ rv&ﬁ{@%l K gcﬁﬁc' %tgncgatrds

arat e vess

and the spmie m_eageﬂt hatch, unmilgaadhe sindmickdplatefl  t hese
conmponents. pH and Terrperature for the Chrom)geni c LAL

Assa 5 Acord'.n theI| ure e,opti mum pH
In p5s3éH, 8081, 5 SERP cliSosefl endim thecl L Tessent 254 Fhtqmpgeste
subistate shonldt Bwreemw dtébl@' %faqslyothe@é\leo&xF&[al e kept in

substrate is 8.2-8'5 (Tsuji_ et "al

seporate ypysels. ungid theliscominatiaysat; ﬂn@m»ggrépf&serm¢ases1stablllty of
Sci. Technol. 38, 228-33, 1984; Duner, J.
theE@E&ﬁ%m EI ophy. Meth., 26, 131-42, 1993). In a

single m xed sol ution, "the optimumpHis 7.7-7.8; the
sensiti vpﬁﬂlaﬁaé’l’enqxawumjbr tha GHromogemy DAL dexaper ; 1993) .
The opti num tenperature for the chrormgeni c LAL assay

Ac:égrggl%tetgghé ﬁt\é?&ttlriegf’illtc %%tx%ns 1?[¥ ?’oratlhe aétivation rc]f e ]‘3&]]9 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

...(D

constant in this region (Dunér, 1993). The optimum temperature for the

chromogenic LAL assay has been investigated by several researchers and reported

11



11 WO 2005/ 047858 PCT/ US2004/ 037097 to be 37 C

(Bussey & Tsuji 1984; Duner, 1993). W found that
wobbeagrgseported optima apply to the systens @icari8637097

herein as well. DESCRI PTI ON OF THE FlI GURES [ 53] _ .
to Be36¢CtG (Basseh & Wsws £984; Dunén)t1063). r Weafoand ¢thad thiesé epdrted

nd an, aut omat ed a ratus 10 f perform ng on-1ine
op ’é@tiﬁpﬁg’a‘f}f %SWFemsdﬁ@@saéﬁgpm 2Wé""'ngot oxi n
concentrations. In an enbodi ment shown in Figure 1,
DESCRIPTION OB THE gREGAESS wWater within a process |oop 2

such as a WFI or high purity water system 1. In an

enbodi nent, the automated apparatus 10 nonitors
[S3]  Asppefs pbthiepsesgpt invention selafgte o mathothandpnautomated pppasatus M
[ . 0x 1 ' . t .
fof porfork il SRRkt P42 GRUGhrtind BGHHAn Rficdtigths.
In An enitmdiment shogurie Figure Ne thepflaidatsted iowakte twithim ai process
engdot oxi n Cﬁff?{em r,géi ons 10 conprises a housing 11
loqg) ¢ Fugh & PriBigh uripewatey i sygfemal o ingn fRodifent, the
sulobMEl appaRuElQ bRt UhotBRs Ran BRPwatel hothe Bedft Bk
as [Latlc oeal recombiriant emlopaxin inviety, thfough éhdrusesofirgclirdmogérdc or
or 5 d.. frame portion 6 can include an optic or
ﬂuggolﬁeglgtcﬁegegﬂg%Pc “Bdeternine if the door 5 is properly
cl osed and | ocked. Also, electronic controls 8 for the
[54] Asashpandn gk 2¢ the apparatus $ortdeteiitiniag chddtoXiaudnohtrbliomsn
spaced fromthe door 5 sp that the el ectronic, .
CORBHEGSH Bovsing L1 Faldy an opeaings ke for resivipg avaterowithin the fluid
_ o Ei .
inE8Fthe bR 2ol el £ TN Rt
a ddet Svtbatyis datchahtio20frarhéa poftioavé phithe Homsingr 1i nEheideorss and
rigid.or flexipl.e fluid delivery tu 17.or..qt her _,
frargchor i 6 G 105 A PP €5 Saninsy pamis 0 gt if Diios i
pr@eﬂgﬂﬁoseﬂ and Tocked 0 Alsw: Blectréhie coh@¥ls Bafop thi dppatdies 10 ek

path 16 is adjustable between about O m/mn to about

be pogitiangd emtheftmpsing hb and spaged Sop thagoged 5o dhaf the elearomic
coritfols 8k &80 ﬁm%d{“ﬁg{%m&? 53; gp each includes a

sol enol d val ve opens an T oses to control the
flow of water into a fluid storage tank 26. The
[S5]1 Assbbwnon Figuae ¢ea flowipath 6 extesistbetwaoarthe opaningi2 andha foid

i £..0 s and r,as upper Li ot _at jch it.clase
sachplifiE ATy Py 0B e Bt Th o inellWeSH st e 2B
flubbdslRery AbeuY ot Bthestypé Bflcdieiidnal fiidalREVES conduit, such as
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



12 WO 2005/ 047858 PCT/ US2004/ 037097 enbodi nent, the
uE(?_?r__ [imt can be set between about 15 psi and 55
WOSRPS047838 2 further enbodi ment, the upper | i miRCTAYS2004/037097

whi ¢ch thgwsol engi d val ve 22 opens can be set at about
embodguent, theanpenlimif ¢ai he st beleennbenbil 8 psiaande59 psic afn 2

e . o is. ot her
fulfferatbodhitibhe BBkt 1P Wi o SB1cRGta vl 26l pn be
sel atraboub &6 peie rTedower Bmitrof (A& sglehoid valveed2 @ndehsRE between

di.rregt t he_ | ower erlgilm't at ich the solenoid

nb X
abguy { psizpad 20 sk a0 odigsat, the palenoid aive g2 caphae 2

y . ot f ot . . i thi
ol PGB STRSRE 5t 81t 18 | Sy Sl WY B
lingid tat whicholhs shizuoidgvaprec2ds dosss isset at, abont 6 pstxThe systém is
el.aht y. psi... 7], The. fluid starage tank 26 that wl|,
rolflel pRPetive Y rthe AR PRt MIENGas Spordos 2 Sampling
systemi 20 EEBe GRINGIRK St 16 Hadm SRS hp4ia)] Uleinz&ceﬁsof,
.shown in Figure 4. The | uid storage tank 26 can have

eighty p#in or ot her types of lining materials that
prevent the endotoxins frombinding to the inner

: 159 . ' L.aure 5 henn :

1571 THE AiaS5Hrfe bHE 263 il oobin HARY ytofing Litfne ygleh? 20 5
positidned dewnstreal?fBormithé soélengid Sialve02®;chs aewn tih Figu@p 401 The
ﬂt(ﬂe inne{agr?(m out er t%nﬁs 121 tﬁ«’%d 122. _The cover 123

g, SHaraess q,rap npve detlom ggrotherdtyses pfidinggr materials that

) . . e el el o

prévearie S fioth biplife ) @ ihick Gfck UF HERark"26° As
shewh dniFigere § the task 26 insludeg 8n outer tank| 12d canl jeser tadla22 dnde

. .th { ts. | th
co 3 Bl AP BOHDy 5om Sh r SB Bpacagna 122
Thierokerdi23 iacludéspluraipest ifutlahd ditpiittpdrtsPASshGwR irﬂF%g?é"
Qut put ogenl ng 128 at its |lower, downstream end. 81

4, thegepver 123 eqnigchude thieeyinpat'eutpptgparts 24, d2hand 126, alnvethes

j f he, t
eIt SRART BAHERAE ol i R i S s,
poutal \Ia.anothee efubudithenn) riltogtatedoinv Pigdfe Bstheahnk 26 Gadtadaal an
. the flow out of the tan(ﬁ 23 so that a ,substantially
RS ARCATGUS> ¥ Pt 1PPELs SRt @nd Ak Ovigut ARerng U48 jahtits lpwer,
dofvnstréhntiédd very conduit 29 for delivering the fluid
sanple to a fluid flow well 30. The fluid conduit 29

.can include a pipe, tube or other known fluid carrying
158]  Figge deilustrafese metering flpidosontrohvalye 284s lasated downsteqarmtrom

thefafi 98" En bAG bmbSdilnQUE the! MAF HoRFcdntdValbé 58 §s £ f)inch 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



t he sol enoid valve 22 so that the pressure within the
tank 26 is always greater than pressure naintai ned by
wovedswa7#8. As a result, fluid will substanti aldca/us2004/037097
conti nuously 13 WO 2005/ 047858 PCT/ US2004/ 037097 flow .

flgw drom Hhe danki26 end afoi the ovelh30.wdh [an3@nbddiment, the terminal,

oSSty of g g Al o SURBA PR ok i S
305 so tthatt tht Hieyuid, Gsuch  as Svatbr, Rxititat e do%s&bé}ﬁ dnld€of the fl d

0%8 atream end of the fluid conduit 29 drogs into t
cofidyit 29 ¢lrops igta the weH 30014 gougeshutnff valve B4 cp eposmmbdm

o o Rl e g PRSE. 22

recelved fromthe fluid Iine of loop 2 will nove into
[59] Intoperatlbn,vthp Slufd saﬁlpdeFregeuved ﬂrq»m thidy ﬂuﬁldimemf labpmwe nd¥e into

o Fo hRETS Gl 35 456 sl snba 7l wil Footail cfoss {13@"{116
lowér Emitipressart &f thé béleﬁtﬁd amenatis ?&cﬁﬁwﬂhﬁsﬁé‘ &%ﬂc%

the water line 2 of the system 1l Dbeing test
pressurel wilkbe ﬁm@eﬁbareﬂm. pressursf withio tho M@tﬂmlme\%bf/ﬁle&fsﬁem 1

I 2 d flu,d f
belyBYRER, WhRiTtS UGtk tiSie oF o iR Falie 235 renlien.
thebudengid ek e openddmﬂ fhiad koRbwitEiaghefow pathUNBbvés iflid the
solwehnm d valve 22, the solenoid val ve 22

gy 8§esTb?ﬂ of resspEes iy the Ak oy reagkest ﬁﬁkuppegéméaxﬂfég
soleh6id VANRS 23,1 tHd Eol@ﬁn@ v?l% %btcl&t:i {15%1' pas ? %ﬁﬁﬁ }lféf

t he downstream end e tan
26gearhes the, lower lmt asma resulb ef ﬂaid pafssing Ant of the dosnstream end

of Y6 ik 08, bedl A5 eRsth el 28 dBipu hEmegfy o Agistit be
und@sdod e présSure Wilin |tlhd‘lh§1d Qfehi/él'? c‘éﬁc‘hﬂf‘@ @reﬁﬁhgﬁ 8¢ fhfd

that continuous flow occurs thfough
copfeol; valye 28 dg desst thaw theh dewar Himit .ofkthe 6016901ddvdv¢1 2@ csoa thet

arsithdk t nent

cml&we a fg\(/)(ke‘} %f'q'scusseéﬂgﬁuﬂﬁhggﬁg%%gnﬁmgégmggy%t%?#zg

draiming agd beingtfillehe water to be tested can be covered or
i ned al ong at Ieast their i nner surfaces with a

[60] ThgﬁJ olrt? esoéfngot OXI i&?l élfet geqr% :FE (ﬁﬁs ﬁﬁ'ﬁ’tq\é @ 8V

systeth 20kt cohtatitle Mtdr%o Bé tosted chh B&Vc@@!réﬁ otfidelialorfgh® least
system 20. [61] shown_in r@?ure , the fluidTlow
thepippe aseswéh 8 Téﬂ%lOW’E material inegrdercto pngvent the bindingof

theae?ﬁ%fﬁgzlll%s ﬁgmi%gtaé}ﬁﬁg APRE VWS stiPaced OF tHeYakts oF U flow path

assem
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

14



renovably and repl aceably positioned within a noveabl e

drawer 450 (Figure 2) so that new cartridge
WO204H4p¥58es 40 can be positioned within the drRGHRVS2H0MEI37097

a carried cartridge assenbly is spent. The drawer 450
the bowding b hyilinstsated mkEiguei2s Fhe libllSM@lI @an Al3d Tiddle an optic

PCT/U2004/O 097 th || ted i
OrFAANAE SSor 2 B ) 14 Selehines Vi srELE cBer 4500
cléfd! aThe H80SAE 145sd fricides a%a%&tzéede@éﬂvm tht its the

renovabl e drawer 450 is closed. The housing 1

acpweteaskrepestale positioning of theidrawen 460 during pbsume(mgure 7.

AR B OB P56 BETRLER, B9 Pl HEdBiel

frdrfi wiintentBonallg ropbsing rduring atle foperapion o rthé ﬁgsehiwy d02VIR the

-

fro ni ntent i onal | penl ng during.the operation
e“ﬁf"dl“ﬁgmag'l@ﬁ’ﬁ'ie i Figuge ¢ e the hpwsingrekd: ingludest atadesgt jome
P e e

molveswinto 480 assumes theopeaper rdasedimbsamuwhsn t for quaophy, the
sed t or,exanple, the cartridge

caﬁt S;Q/mikﬂ@?sy] feP[?ﬁF%ced [62] The cartridge

assenbly 40 includes a cartridge housing 42 that has a

[62] The ¢ar@idgk sinblPRE MdlgTes b Vartfidg® Hewing 42 Bt Kad 8 pRirality of
plurality of nmenbers that can be used durin ?

OHGE%F eF fﬁf‘l?c‘!@dﬁ FRESIVIRg: p nbxrﬂgwiemgbef@ﬂ% l@ed during

thg gér%ghé %Jdﬁgﬁhs mcﬁfdﬂ% ﬁiﬁg%ﬁ%geagéntg h@g Atib gl\i\ﬁbﬁﬁtes and
a dispasableywater samplingavdlor nech mﬁb@dmsqo dmnirmagb asseinbly 40

oo SR D0 MRl PERicekedhy 52 thar e i nes an

outer fluid well opening of the wel |l 30 through which
[63] Af $invid Wi Flgheionthelaatigge haRing & Fld%fh fivat J()jpe'ﬁglg 30 @atWRifines

30 al so includes an _inner trough 33 and an outer

an; QWergfuid 7wellr ppeningef therwell A0 3lsronal:t, whigh (hedlvid beingiteged
engé?% Bid Q1 30, L wgg%' M?os rfcﬂﬁles\é{ﬁ ﬁﬁer%ugh% Se¥ard hifed

ivery condu t omn I'n ure the i nnher
traugb3dh TR inaer teough 36\vimk la fﬁﬂd témivuligamtmdrBH&hatlrmu?\res the

ort 3p,t.hat is verticall hi gher than an,
wilf SRR e Buih detibe Suiih o e S T end, throimer
trdugﬁeslavrfad afsidedll 34hRdt HRSE st dpber d&«@elpoaibnvyd &mﬁ@ k/é:lncamy
a predeterm ned direction édl rected spill)

dhan arooppesivg, sespndipppeniedge portion 36 swbatfth@wcgwad rﬂm;

be w

2 G50 Y sl SRS i
theoutgi traigh 37 for draining into an overflow drain 38 and into a drainage tube

39 that carries the overflow fluid to a waste container or returns it to the original
fluid loop 2. In a first embodiment, the second upper edge portion 36 can be
formed or cut s6 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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[64]

[65]

[66]

wol200sr147¢s8an t he first upper edge portion 35.

fluid loop 2. In a first enbodi nent, the second upper
edge portion 36 can be formed or cut so that it is

enbodi nent, the inner trough 33 can be angularly

cotioditent, thet Witer bherflows dlie inhetGbugtd?3 Bobflh gd\Bty-induced

ortion 36 is positioned furtheér

secand er .edge |
‘ﬁf?séﬂPY"he £uid, spefeasoyater, samples are takenyfom withia the well 30

ol diSdussiaPBEloRd B ' ' o withi
2005/ 047858 PCT/ ug%%{diil/%ggbgtgﬂ?&gﬁg’%??eﬂg’? %%?Sm\%a‘f"é@“ the

igReartrquahis33 alethe tives of sasepding3 A tshlashighard 31 can extend upward
L1y . Cr flow ,Wien fluid, such as water,
o bt P iR 3t Pl U dha Ve Wt om spiling
otit sf thesmteritogh3 7! e seembaanest, Henhd fgh 39 ES securely
fl |g retﬁlg)lng within the inner trough 33 at the tine
aéfﬁé% HPIthe ipwer surfacesof the qutar Baughnd’.elit swthen pwbodimandthe
; ' t uter trough.t hat
ihRe ToReh R Be reb iy surc 15 o Jhek SpHBHEST e Bhter g oo
sBawn imFiguredbThié inmei trougdhes 3i 0an &k ined wilh, SfofA8d B€ TEFLON
secur el arta hed to the |ower surface of the outer
of Pl afria, oo pLYetilens PR o privest endatesinsfrem anding

tEh iRGer sAET the REME&ELN33, an | nner _surface of the
outer trough as shown in Figure 9. The inner trough

Tﬂg can_ be lined with, or fornmed of, TEFLON or other
cantrdgehousing f2:alsq)has,apliplitshef qremings far rpceiving bther parts

OF IROISERBA 10 SCMRl i B ed 44, 10 0For efnfy o s 42

infchislea aplleasabn¢ ypering @8 niop Qé‘cefvﬁlig':hﬁ @gva%egvg% lml‘%e rsg{) fr Phe
I gures .

.0f the assenb 40 as shown in

‘@%&Wﬁﬁ é’aftflﬁ@ %{%}%@lz&r examle; daeludes atdeast theereongmingsip

tHAB eAdl rdcBives Ui reheRtivd R2fl lpIfAL S0V he Weft 1250 LA be snap-
g 42, G or epxarrp?e, P

illustrated cartridge hodsin

locked infe ghe cartridgs: housinged D pee tiat dlseyd@re milinaVatﬂylaleéblllred to the
i . j |1 late 50..T . t

kil 8hsi 43 HESlletCio¥ine plphsfe rmvingiretioiond o7 axgend

thsaughhegeniriysyinathe caftiidye hbusirEes2! k¢ odkOtht Reell fRTds 3078 the

housi 42. Resjilient | ocking nmenbers carrying
capfPiciep JOuSAR 420 V13K le1n emouahlA Sepine menbars cifebe used to

se@dfelths G pRALSSS tﬁéc‘&&dﬁg‘rﬁbﬂﬁn 4¥el | plates 50 to the

cartridge "housl ng renovabl e securi ng
menbers can be used to secure the well plates 50 to

Eqchewelh plate 8@ inchisles iajurality dfdhiid Feveivingeiempbn) eachQs wells
52612%“% lqu%zl pqatgsl 5 ﬁidsErXte(? fin {gﬂ{'edl(; eeagc Ii\riclthgesqﬁx%%%;isx’ Wcszllljscgz.

However, well plates 50 can include greater or fewer wells 52 than the illustrated

96 wells. 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.

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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52. The well plates 50 illustrated in Figure 10 each
i ncludes ninety-six wells 52. However, well plates 50
WOAH/478Bude greater or fewer wells 52 than t HRCT/US2004/037097

| . I

1 e it Sk, LA Gnchlfs 45 b 95

eashaeeeiveds rdspectivcstii wiel lhousing H6. Hath tip S2llrtposing asﬁhalgd%
t est . 66 T reri e

= RSt £ avils A eetiue eI CASY Piaite lps A8 kptors them e

usedMhing @6 taNEhated ﬁnﬁé&@ﬁﬁd YEafth the ehﬁlé’l/%' e ﬂ@edf t@rdgfl{\;%' £ fiuid

carrying nenbers, as shown in ur es
tomfahvwgs ﬁ@ﬂhsm%mﬁ?mmngq 6 cam eaqhsnclndm shou thitty

des, f
wEERR! Tfovel, 45ciP B8 W oS 2 ol R 408 freoh B R, e
than:Wells 47.\Ehd minohig iof gretl647 per ewteﬁgahahsufgatz Shoulprédesa
ﬁf’é f} recei ve and hol d neg{i Bette tips 48 before
buyfterptt deast Weiempty st ofwel ?j ghvsen the used and gherpnwsed
iR, HONCHAIEBR #85htbe Rl G IohY %uﬂmv& B QB el %7

I's 52. Tesetlpvve can eachrrncl
bQ!iWGQIt thehiisadyandmtiel snused ttﬂsm&erHowmh, itiip prefetred bt g

e obe 47 Sugiioutoad o 28T of o el hipwatn tieotred
andl @Miseé® tips 4BUTHaeh tipf wall hb@sisd 45%%&5&0@&? s&furéﬁeﬂd the

47 between the used and the unused tips
cagisidee hpusipg 4BaThe iinsiratad embadimaet @nma;ryrabwto@nedrqmd; ed-
i n the used and the unused tips 48.
fi V\'/ie“?/%nfdu &’é\&greferred that the cartridge housing
42 include at least two rows of enpty wells between
[67] Theheartrisige hoasiog 42 aisedntiufes o flurdity lof rows 66 bf véssalsnemtﬂﬁ

bl d.to,t,. cartrid h
posftbo 1 (GATALS el Girrcine i confryngisdels Jcs shown in
Eﬁk’é@ reednd floverh e ambodiffRet ‘il'llié‘&aﬂ:a inl Bi é]nr Th@ ﬁl@r&?&f&%

ousing 42 also includes a plurality o ows 60
hapsinged2 hastthreeirovs 690 vesash seteatianpositinne 6drspasrgeliorn esach

OyV
ot[yl gué ?glh% an cjg%gl%%g t4 g'em g‘ﬁ%‘ﬁn‘%on(ﬁmgﬁ?'fa‘g cl;agfrb(fée. ﬂusmg
42Fczguha/e]1ﬁ/o towe @yrivu thye 60Noti graager 4Rarhfotr rbwe 60 rofWes6él
of vesse tion.positions 61 spa from each

cofiprigh DaoRy ¢ broariTing Genc GomARPEESl 1b; g Somber of
1oRRDE0! IR Ndcpend MR B8R hlithBlgeo Mid ROntathingC dssh@VR) fﬁ%@ Jgre

rows 60, four rows 60 or greater than four rows
inteadedto ber!@ﬁ’élﬁtlﬁbwltbmth@ fastrislgs hofiging A2cei vi ng f1 ui d
contai ni ng vessels 70. The nunber of

[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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rows 60 wll depend on the nunber of fluid containing
vessels 70 that are intended- to be positioned within

wol2b&/aagskr i dge housing 42. [68] As shown in FiggteSo6/037097
and 10, each row 60 of vessel retention positions 61

cohmc:imxgi &Bssalsmr?mﬁnlytparttﬁul@&ﬂﬁpeﬂgssiﬂ lﬁlellread,gtg@iviss'selg ﬁaﬂ@e |
ortin t he u tal ni Vess S . snown
%P%YYP@ ane oréyaﬂmmﬁlﬁ i TRQ’S\¢§§§€ icarybe gpgaged Y
7 f
¥ go@’ decufely P{rﬂgglﬁng e@ Oeg t ﬁﬁélp Pb&le ga%

asaradlaly pro at 1s" space
60f rFogna 13astibws lay ememplaqdcnﬂtgpdﬁhemlod ¢he flddlvpntaining vessels 70

e vert caII exten .neck 74._ In an
aogorg, e Presrat FVGMIPRE oAS AMARH 1S dis ol T4 o
smuue} §utexT Bandefr When \@ﬁxgﬁfed 18 f5d héétlf?b gra% thé Sdulder
he fluid 17 WO 2005/ 047. 858 PCT/ US 004/0 7097

73dbﬁlpwlﬁ) ng vessels 70 to any particul ar shape or size.
I nstead, the vessels can be of any knovvn shape or

[69] EE&E&&&%QEV@SEI' reIénhoﬁ‘"pBQ’tr}g&é ?%dgl?q% a ur eI yaﬁrﬁ%ht\ﬁhlch

the esssel | ) i€ Mntvadubed imeo therew g and ‘ae:oomstmmtenﬁog openid$64

in e 3251 Tk SRR T B SEQBRI PR | foh ishend OF
eaéﬁ‘?cYW 60 hds! ﬁPérﬁarE%d Kefifole %Pﬁm?% 69 eh‘itoaw E‘y {1 cgéﬂia%gng

di anet er when conpared t ove it

vessek 76 lvan IanOMe(l ot thm ibeing Hoeamnahuh thwdﬁrat: epaning: 64 ais

t 61 d 63
shiih &0 Fite 102 StonflRey okt AinaR el RO Rdsiioh Sk Basita
ovéh mwi@ueatlarg& He@h@letolpemg 68 ahd) 8mbHer didindbi fetbnﬁoﬂ epaﬁhg

70 is securely retained. shown in Figure 1

64 | Asta seiltouring rodustion @f e r%mmé\bleaa&jé@bb'esmoﬂé of the
ver%?s R S"tab % dhlﬁlt??]éghﬁgﬁu%ﬁgﬁ et fbg%ec‘geé i@#'thoi& 63

can el ng-posi t1one
intpi the tcanpégﬂ h«gpsﬁxg 43 and; Iimmntnrm cairiflgecholSing Si2nednabe yhifted

eac acent wvessel ositi.on 61.has its
hoam Ve 4T Seges TG A ihoR the® Seioh Sreiatets 4.
I@eg/ﬂbl%f opcRiN63 Mas queateg diafittter Aar? tHeCidhieter Gf1the Fluid
cti on of the renopvabl e assenbly 40, all of the

coo@ygr& yessgl 7Ry Asea resslly theqfhuirl ontaining yesspl 79 cauds casily

r \, 6 t
rogch i e BREAY el YR WD rosp el i o e FUyB0, tn gm
alteimafive dmbbdlment) rthabj)e}mrtgs Gdthage hithametexsthb&s?éﬁbétmttially the
0Sj ti o t heir re% tion open ngs 64. The keyhol e
ﬂg‘ﬁé’ﬁFﬁé 1pmetes ofthe keyholed t han the di aneter of
the fluid
[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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contai ning vessel 70. As a result, the fluid
contai ning vessel 70 can be easily received and
WORBIYMIEBl v positioned within a respective onePQI/U$204/037097

rgewsggg In an alternative enbodi nent, the openings

SYpEeTR Iﬁalapﬁﬁ’@s the yessel 7D and dtssoxent 8 lyandtker abodiment,
[ ' I A ol e openi 63. 1

(% i Rk S ol obasp el SRR Il el 0 by o

springbeMéellbbnasxi ematerialst thatt will deflpicn@ihttd RB6vE MRS

i nt.ai ni.ng ve |s,70. As illustrated in Figures
o e S GRS et 3 of it semimamembes ¢3-erclnde vl known
plastided, projecting portions of the cartridge housing
42 that protrude into the open rows 60 and defl ect

su{lfi cieptly as the vessels 70 are being snap-fitted
AS show HLFigyin] 3 dhe e obthe sequringanembsars 65 areabapedtto engage

- - i 4 T ,ng
oG 1L PN v
shosltioy 3B wdfendhe essatt 70 Greasrtically Bl waimthe bartMEhe housing

4508%/ 047858, PCT/ US2004/ 037097 sg/st em 200 mani pul ates
-hd 1 Losttionipg of the pecyripg oMb 63 prexaws terticshinourmenttof

theNGesaBISUTD Nth HRIDSH CathiRe afo? hii cnoa !
with the vessels %l%gy g’ Q?‘B% r?g? %g%eh@r%mlﬁr%ﬁ%g%%@
mpyementiof thejeiplsgOtwithnn thgtrows 60 daiundetstoodydseibnial relfd
e} th essel 70 or the securing npenber
togdB il R hlific! WP Surfbe  pobich StsStesietoe of he
caFirigge holsing U dies BiAs isofardllet to AR UEAGIR oFEENS D Afeftica]”
sﬁgp d gjgpgnga e th? out er surfagggoof thgvgr@gqufgmg% ?
o5y Oag'é A8 a glifgction thatgxtends parael th dbetheightanfdhe cartridge
housiilqder 73 when the vessels 70 are vertically noved
wthin the cartridge housing 42. The positioning of

the securing menbers 65 prevents vertical novenent of
[72] ThenBuidecostdiningvesselsb?t bardcarsc iftuid usethid ®stdhe Aluid samples

B M Y AR b S s 30

Inral enttesliment illistratidria Figee 30} 4 &st 3 ' %%rryﬂ nfym
l,ane .i :]mV\:f&i;Ch ia?n l}p]?legrlﬁsurfaceSto?te%fﬁgmgggrtr 3{32" ©

fOﬁB‘ag"Fﬁag&% § wells; a1 Injag gmhodiment, foyr wiads Teeap ¢rchhavéan

- n H n 1 n | S a

inteRIP IR candBiy bESHout sec B10EPRRdLIEY o 1A yRiag of ghput

1.20grar igrerger oftaniemizymye.4The fnzRied ket thnibel c@mﬂh&%] i) tgi via(ljs 76
test the ul

. |s 70 ry_a tluid used 40 [
‘“‘\’si'g‘iﬁz&‘&% dlsﬁ’%g?f’ F‘?af%‘ﬁiy%ﬁ?‘;wgl ?wga.%%’té‘? tAtdersh ong viak Z6rpare
inoledd dn cAQStbRAINNGH a dulbolirhéle, #8!vial 3 has an internal volume of

about 10cc and contains about 7cc of the endotoxin. Endotoxins carried by vial

<

[71]

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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In an enbodinment illustrated in Figure 10, a first set

of vials 75 carry an enzyne for delivering to the
wo/MRbi/¢7858 | n an enbodi nent, four vials 75 canp@pg82004/037097

have an internal fluid capacity of about 5cc to 10cc

camcbnmnal)buﬁfet intchidirg thbsevdibctREedHerainO Wach 4f t?\@ ﬂh%&ated vials

r.eat er. n enz The enzynes that can
g n‘élgerf‘ ‘iaﬁ'éc‘éf af abops 10p¢, @Fl(! dhey BoEe adptab gembined fill
vORER) dF a'bﬁﬁﬂ M%‘c@ 9fa giﬁft&%ﬁﬁf@ rsef Of \h‘gl@g rrgrgfam{ tﬁgan\ﬁogfrol

can i ncl ude an endot oxi n n an e
watrhds the illwstretedatmbodimens, tife asadmbily 400ncludsd fou@ M08E Rials

7cc of. th d d b |
BB ok o TR Vil 18,30 é’at?q%%'ga%o@g%m& the
Vil can halea preater Ghtehddl SRS Fhan e VBh funfee¥tidlbd “above.

substrate. Each of the three illustrat VI a
Siplarlyy, the fuid contrining yessels fcan beOGited Mhacldy mere/bralleSS of

7 RGPt AT T SR o cn

bcp gmmm torilessethén ementioned abdee aBarthefibreC the YHPGE BhE sWstrate
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or 0 bst r at Hat can identify the
may B8ORS o e B Feageat Siuloy, the e Bulpente and
14 0
re@&hbiﬁaﬁ@b!nz%&emaf Qf¥a/t &ﬁxﬁﬁn%&?%%gﬂz% £ ?od-mh%r} Fr eze

conventional buffer includin I SCuUSse
niegoeagsmtt he il lustrated vials 78 has an internal

capamty of about 10cc and they carry a total conbined
Anot her se

' I t.1 5
[73] Tlfl% dr a(?, B@(ﬁm%ﬁ a:fli') i ﬁxélggc 8. f\ﬁiqtg:fi opepings, S4 }’or
recctwmgtdb&tme(SOdh’ﬁﬁ dhérmbels 7b easﬁﬂﬁﬁiﬁibduﬂﬁ%h&qlo%ﬁsl of Qitfle

tthcc ¥l76 that hold a total of about 5cc of
fesse! 79 s hepe secessed ansbfuids within the vessel Heare \biemmigstakem

[ I
TRl 5 R o Ml B witlPh, Wer Siffhcs B alfl M pogtion 83
foyy pesitipring owithin ag:eopaningedf bme loﬁ theistessalo . OEadheogentiig 84

m&lﬁﬁ 52 f(%fl?)?ec%é wztg rls{j éﬂﬁ“& gggtlaﬁ%lgﬁ_? g,m ! ge%];nd

duh’ﬂetﬁr rmmd:emriﬁdﬁ%h@\lﬁ ﬂlEblfah’[é@ér'Hfrtﬁe ké}’h@le%flﬁ afef than the
e conbined to form one 1 qui cf reagen

bst
1%5?@!{ éﬁatﬁiy ret@lnglgam 86 Ag atsgauitath@ comer 80r caudmntmmed into
f

one freeze reagen
retaining kalei86c ﬂilldestamm:g hﬂi@86 te;cen/ﬁes ﬂieOctotveth(D&%bWﬁsn Bibure
rs,.80 fro t he vessels 70,

for, .recei 0 as
12, P fEE ol 627 eifading atangd s poyiom of the retaning hole 86
engages the lower, under surface 82 of the flange 81 and supports the cover 80

™

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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the vessel 70 is being accessed and fluids within the
vessel 70 are being taken. The covers 80 include a
WO2PYHE8S81 with a | ower surface 82 and a pl ug REFYES2004/037097

condamingfe thE Stk AR : I Q: ni fbnone. of the
emibple (O S ARAINE 1 SRR G 8] S 3P isReens s
7Quvilhnet tej qoptantinated by theanriridge dwaingi42g hol e 86 with a
second dianmeter. As seen in Figure 11, the dianeter
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coffSolcidably ere? With tnd SRR Gpb 0% Brbinn! BEouiencria
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cartridder hodgidghiRuss) dHlileéﬁ’né ilﬁle gﬂgﬁtg 9% é%% tHer AbheBARCRLARR dyay,

the cover 90 could inclu : er serum St Opper o
from, gpgngement with the sppddze howsing é3.erPriwd tortwirer randvied, the

00 1. ai or .a, repl acenent carfridge
PoSO 0% BN Tndj reEt0é |G o atfy R 38T Bk ol athsargs
70 mndcs@gvé tisin dghimsh mgm?%t) felativEn® @ Girtrkidel RiieR.
. DOSt S -l gu an at extend into openings
S“g‘i"rfyn %Pﬁg&gag?ﬁﬁageﬂﬁ &4 snd heiprespactive senpring protnpxsiqmagg
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carflsd Sétmbe %Qvé?ﬂﬁfe% ggiéﬂ@mﬁﬂjabﬁ ﬂogsgneé{}gih ag 515{ lil%%r\ﬁgﬂ

cartri

within an openin
Whﬁ?lﬁ?eaﬁf@@@’ek@h}dgeaanveﬁ%so that the post 92 and
cover 90 are secured to the cartridge housing 42

[75] Thﬁ gﬁgéllr%tg?? Q?a?ssbem%iu\{lesd' Q nimgtofige%dﬁ/os}tf)onmgagy%%d 5.]600 (Igigl(lere 17)

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

£

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
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As shown in Figures 17 and 18, the pesitioning system

2 0 |ncI udes vertical mounts 210 that are secured to

l“

[77] ¢ A ystgted| embodimenty thy liness daotion metorneystenm 32 1ncludes a
hoﬁéllggg)%@gﬁlasﬁ‘a&@éj tAdﬂ'tihﬁaﬁelg 4o8ll Dras (SREP HLIAY 257 ahd a

follower 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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vertical mounts in a direction along (parallel to) the
X-axis to provide support and stiffness to the
WOBHS0#785%i ng system During the operation of tPGa/US2004/037097
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understood, the teeth 'of the pulleys engage
Y-pHis drive system 240 pelt 222 in order to drive the head
assenbly 300 along the rails 214. \Wen the head
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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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sizZ@B 6 rétRivel thelphify FortifR 83! oF the Gottr '88C I THY \gap between the fork
members 326 is sized greater than the diameter of the plug portion 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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be formed as a portion of the housing 322, as
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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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absorbance assays, and a conventional photomultiplier detector 654 for

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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cogilows a first portion to extend under the wel

ing Has 422 ama lawet sefaceef the sartridgehousing 4hbensathribe wows
60PaRlyhiy 8- vebSt1AP8! HRE cooling system 420 uses an electronic cooling

device. 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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27 WD 2005/ 047858 PCT/ US2004/ 037097 enbodi nent, the
head assenbly 300 carries a fiberoptic fluorescent
Wor@%%'ﬂsftshat will rmove over the well plates SOCEES2004/037097

p ropriate readings as the head assenbly
hf’é'g’ g& Qusing) ethseyah, F‘db’@hfﬂfﬁ@ﬁn@’ (BER ARiypey dilte?) that

rekd
R LR kydeBon o Rine O IR Bl ke e fhe
pesitiprang systens 20Q eThe fanwi29 absor dreates pisithagftesstite in Te housing
@Iso light can be delivered to the LED and data can
)e transnmitted fromthe detectors using fiberoptics.
The illustrated U-shaped assenbly that reads through

[89] Thdrasseinblyopd firther WRltdes aSydngs ?ﬁ:ﬁ b r7ed tﬁﬂh@% AR conflbction

égy alng ahsor bance detec i ncl udi ng
gﬁ 3@&"&&3@9 dhgnree  dbenhsag|agsambly 53@951nshmihs a

BT LGS S AR AR S T3

angseassdls ¥0 Bﬁ@tlfedlpspmpaﬁ'wpbgseaﬁdhmald&%tﬁﬁé of th%'p?sté\:ﬁ of the
h a mcroplate well

wel | as coupl light thrau
SYRER PUmP a)éﬁglﬂ %’9'8& PE@Pa@géﬁBF‘}S toust, ﬂr'FeVa%lemdfllﬂan
the cirsted

as‘;i,"?nbfmy i g Pleasbid i A nefén i e Roshesl M| 52 in
ong Hhﬁfwe’épbé@e’i@ce assays. [88] As shown in Figures

27-29, the assenbly 10 can also include a heating

00 oY B0 PRS0 VR el e

asammlapgsly iiscusssd.e lhs tl?eli)maﬁh? dZslngSeggltbSyéStmﬂtﬂ&nCtﬁg loop 2
nci,u eemn a IS OoSsI T one

ol € i ey 70 pipasecsdhrang e A delivebnpmiemaaiand into
thé SRlIE3E abtne Iﬁﬁ{nbf HBRsBPHRIRO T pabiBfild ﬁ&g‘xg 28 v

housing 11. In the illustrate
the)head pagerablyralons the K-axis landies Yaaxie skl theaiphemplingmember

s 898 3Hondd 4 A1 I O B ThETER G e 10
thene nidved|aloy {e Dhaxishenth qatehg@eelaeﬂﬁ 48 b Fﬂ{eeyéfxe&r §§Pﬁs

he X-axis or -axl s

érro gﬁ} radi ated al on
ac {J(L i§ \PEEULHy the etrq,l%mof the gliding menshen B&@ 1axfevemecﬂ SO
thatithe 8 484 fehﬁb%&@h‘oﬁﬂh% l@xﬁtwﬁp@@ Rl ?&cgs&h?n% cE) H'olasysEe%l

of cooling fins 422 on"a lower surface o
of the anniaraies Hothei paysd Zhdqmsﬁmnhlg stystetm%i) tod0catathe)dartied e

48535 e upba 35 RR Wi WelF 8 o P e 41788 siopimgecevin e
trough B8sihe sl&dlﬁ’ghiEhﬁBr 310 rtmlﬁ%rﬂeﬁlcﬁﬂg 'dﬁ{vnwé‘dtl&m‘l’i‘lvﬁ{e tip

fan 425 is used to draw air into the housing
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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and across the heat sink 422 in order to renove heat
fromthe cooling block wthin the cartridge housi ng

wo 4ids0émseddi ti onal fan 429 positioned in the top/hodineroo7
i nt er nal Eousi ng transfers air fromthe upper chanber

predqtermiinghheighty ag pmognt ofethe sojried fnl fydeitmgrisseeased into a
e P e oy R SATHS IR, A BRingll Bo1E, Srne
method ofl thetpresenbinventidyocandnclode duplivating eacht testtihe plhatityest

seiale Welh oA s oL IR 59 BRE AR e 5 AT By ssbisch e

fhild ti04¢ bdd B&movee kd'dR8cahdSvell SBand i
isin f uiﬁg connection wth the hegmél as%ﬁ@g%%%mg

the cagigd dluid intoraavelleXocandeanprajeds bftenthe cateied dluid screleased

. A in.the ti 4 d
e ShOP B B MR B I b By RS g e
pdsitionfigpeystem 200.t HEhel erhpliyetis wellk47 &f picf@abliySipafedfrohthe
syrjnge punp 700. As the syringe punP_7OO returns to
mwé%d t,lPSﬂ»?gbx/%\atfﬁﬁﬁmwmg at lgast 8¢ Fove 1 tip ellg 47sas discussed
abloft. P AR, (6 hstd fip (4R |sCpdehicitl el (1B Wit 470 BREGenbinG
systear 310 daterntines wissetib tip 480hasi Helen fdlyeinverteainiaitd s el 47das
wat | e.fromthe | 2 i l i .
o] SRR 50 ' B ety S0, Seeie e “ospl e 48 gl b i
coRplilgf Mmehiber B4OM BRidanklr andudias %B’&ve} lhn%gso thd hédf dskdrfbly

de.liveré system 20 and into the we O'in the manner
309 is smpyed byihopesitioning pysterm 200 alope she eastridpgoframe 42 toward
enbly along the X-axis and/or Y-axis until the

ﬂl?is%g%lgﬁ% ing menber 340 is positioned over atip 48
within atip well 46. The sliding nenber 310 is then
[92] Upmwreschingthg vesselsZ0athedifting fork 324 engegdsventitdlly aléhgothd Z-
t he, sensor 551 i act i vat Wien_t hi s .occurs, the
o3 5PN on it Fivendltiina VS 10 PArpanl i Gipeol ater
(Fidhee Rt 48eilHifgTorkesd iOheh RovddPhodbhtafi§- soTtht the fork
processor and _control system of theagg aratus 10 then

mepbrse 326 arg, Bsitionsd; begvesps therndetideos lccm% 80 zand; the
he%n?1 glzt Iﬂg tﬁ% Skssel 90! {Pl‘ﬂ ire ?22” 9 bﬂt tﬂ% cb¥& @@ SIIS 1iégeeivéa1 %fid

I'S posi ver e trough
positiodedhin thentoever BaBivisg Spaee 327, dencovee B is akmyvetd frona itsl

vesiol 0 Fige 2ahey Linetfe fBinesonot4 terictly awdy o hecess!
70t NPtle. ds&idﬁn{gosygfeﬁ{ 860 &idn iptacds MU LoNEr 80 6VRrtHE KEYHYHL 85 of

trough 33 into the
the opening 84 and lowers 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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tip 48. [91] The fluid carry tip 48 is then noved by

the positioning system 200 until it is positioned
woaoev042858el | 52 of the well plates 50. The fl war/uS2004/037097

—carryi ng titﬁ¢48 is then driven toward the well 52 by

opérevial gRiof the comtralywatern TheO posiboming eystainn20Mili2d fiéves the

/ 8 [ US200Q4/ Q370 det. i hed _hei ght ,
STNRE pister 310 alre e 2 e e Be HE 48 B it st
TONThedyrifigd FImPTOD the dpérdidicio APitidhw We eént{rdwﬁétw fro8i&he
p 700 as di scussed above. The nethod of the
W@Llj ggéﬂ into, harfip 48 dhe contral wekerpapingdin 4% maven inte position

[ l.S. t .o befor
of SR oPR0 oS BRRLALE B Rl
33 andyiietegsesi the 4®ntrah viaterninteedt eastatveewelld S&| |In52 pasterred

rel easin ried fluid.into. a we

. f .th I
clBOGTiERD e ABHDD JYale Scieloatel Bp 3t clgast foug Wals 55. | The
poSliGARE Systdn 1 0 thdhClobNES tHE bt @?48 bh& diﬁed? thd Qmﬁﬁl ﬁnﬁwells

wel I7 47 by the I"orti ng

| ocat ed 'over an enpty tip posi
4 yandethe 2p@d tiha8eispejpeted ntaethe efptystiprweélerddohy psodoesty
d{s&? &he unused tips 48 by a space conprising at
east ‘'one row of tip wells 47, as di scussed above.
Once the used tip 48 is positioned wwthin the tip well
[94] Adigr thehsedstip 48 ot cayiel € dhftobwhter i¥ipoeitionbd Withiethe it vidl]

b full i ted intqQ it A 7 di s¢ d
40 oStk sVetey 2L Een postons e diling dos oA Meaimiate the
' RS | .

céver 8O %ﬁaﬁe‘ﬂemttb@hol_er%gﬁ 'I'ht@ %lel gﬁ%&f‘grlrg F&‘/&‘}ég Sgﬂﬁggﬁ%\-/aé%s

di scussed above. , ad ass

angl, brings fhesliftingnforly 329 do dhe ko6l af dhwy cover 8ar (Thedgmitioning

2.1 .o h 70. [921 U hi th
0 b B DS VR 357 ki bR S RS B e
ingd eegkdyh6leZB5, auticte Y QVEPH thb® Relb @ FHBhotha o?)@i_ﬁ%ﬁ 8%0and
of (tﬁ?e vials 79 carryi n%ﬁhhe control water Figure
refurned terits vesgel 70 g Aftor Rheditiing fork 32 hantesamed ieonens( tp its

h j .t e
VR0 By, bR nRELTI el M yBGSHs) 1O I e BT o
reptoyingsthe ebvetB( Foguanetl2? pf thenvssdlh@0.c Therstdps df vemoving a

recejved d ositioned_in.the cover, receiVving space
ody55 80, sexorgly plp B8 the, Cover B0 ifhih (o apering S obpinfeg 4 tip 48
fromi alﬂi?)ewé’lﬁ)ﬂﬂpﬁbﬂahﬁﬁ% Bdlid $ron td Hkn’ Beskel 70 iﬁﬁb&ﬁ&%kﬁé

away tromthe vesse 70. The, positioning system 200
obtiard friddaty anpeopiieWelB0S2 eiscting thelisgd i d8gmdatturming the
R vl R0 30 MR Bt o 8 4BHe 7 ehéh 16 8RN S T the
vials 70 in the manner discussed above. 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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positioned within the keyhole 85. The introduced cover
80 slides horizontally into its retaining hole 86 in

woReERAEE to the novenent of the positioni ng S Ed%004/037097
200. The lifting fork 324 separates fromthe retained

vigle 78 rbefitre abthining aneunwsedtip disoythanthersubsirate vial 17hand the
|1s,46. [93 '’ rai [ 4,
boffEr v % oesg ohibeBae 1t TR ¥ shibolisfers; e i 5ig 8 coh 8
e e T s
osi.t1 gn over the
copjpiming he water g5 b3 feeted GAE B atgé‘erweqlﬁrﬁg B‘Hg?lm-“& fgontrol
wies £ B tb, BB IRathlded bt iy EITRE ottt AufdsW0kives

carried tip 48 I'nto the open vessel
andSlelivérs tlpyenzpme frommpessell7S todhe wpls 82 contnining thedvater tbibe

coptr water_fromthe, vial .79 and. n{0. ti,p 48,
tosband e RIS T2 OPIRIIPE Yt oar e B A il 70
an@\BE 680 18 kdstdd] fichss Wit ScatlibeGrssRREed BRY Sha/vElls 52 in any

respect to the water fromtrough 33 and rel eases the

ordemt The oxdercef delivsring fluidssto theowels 152 discusged gbove is not
. preferred ' trol water is rel eased
llrﬁwgo&tﬁ?ggéxgg?)gtl{r%gepgﬂg . The positioning system

10 then locates the used tip 48 over one of the enpty
[96] Ondeptheeilhids fomathe vidle 1622 and phd 8vater &9 det testell fhavet been

mpty. ti 1 47, j | ' d 941 Aft
posiontid it eloapmuonrinls WRllS SpetherdeteolioR SRR, GO tcfgine e
AdRQEibh | &5%1851?‘ 410 Bnd/be the BudrRkdent 4dadef %si@i@ﬁ%dz L?ﬁ“ﬂleghead

system 2 hen positions the |ifting fork .
aspemobdiy 300 are passedoryee thegftnid centeining wellsii2. Hbredegetion sstem

Lding. me C 21 R :

ot A etnp g R, b SRt Bty B d figrobifing ey fiihe

clpehbEdnid binirbidisdtienmedds,corshs rdl dtivel flddresegntf inteksiRBdf the
engage_ the cgover 80 and nove the cov nto the

fiyidyoopieining wellp S2dn e Augtescent mctndy  Thedoteaion systam £00
th?:lP ?(ﬁl ; e?lg)f E‘Ek‘ihts E@ht i §dn bP thelfuid eaftainindwely Ay idéMiffies

324 has returned the cover 80 to its
if uin ahdotSxintidypresnntin the testedwat®00 returns to the vessels
70 in preparation for renoving the cover 80 from
nother of th : e LT '
o7 ARCHRE Buch FplfIAGHS ol RtEnclsTafedin | MBBpfte are

expp@slyificiiforatel theicii bgreferenqe. 48 froma tip wel | 47,
obtaining a fluid fromthe open vessel 70, introducing

[98] ng;h 3@9‘?&}2 tél?shrllpggqgg leéog ?pL ril&%t gﬁ«g i O\%Ftﬁ%? néﬁH@ghS %he disclosure

describes and illustrates preferred embodiments of the invention, it is to be

= o]

—+

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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removed cover 80 to the open vessel 70 are done for
each of the other fluids inthe vials 70 in the
wonerse78sei scussed above. However, the endot oxiPCTIUS2004/037097
'Weclairﬁ’-i al 76 is only positioned in one of the wells
containing the control water if only three wells 52
are bejng used,in the test. In an enpodi nent in which
L Afggppatys %P%P%éfwg ‘U{E'E}Piaét\’ﬂ‘%%b’sm ling for pgeforming opelines
) Eti‘éare, bei ng used, the endotoxin is introduced into
testing of thgjd withim therline for thp presenceof 812 endotoxinrsaibanpasateont r ol
water. [951 In an enbodi nent of the nethod, the system
comprisi®R20 for renoving and positioning the covers 80
renmoves the cover 80 fromone of the substrate vials
a Tididesachpling sPstéh €or obtaidiRe 2GREd \dazd ife/
vial s 7% e?%re obt ai ni rg19 an Sﬁﬁlgggoﬁiggé% s%‘%’gtﬁgfg’he

arP4RSMbBLRcMiRL a fhid e mety f)érﬁ%to‘@rlﬁ):h 95{1(? g%ﬁg&gg)ae Lhe

sane tirne. In"this enbodine e sane

t.aiy;n and deliver the substrate and the
anagent%‘%??%c%&tcg&eaggh of the wells 52 containing the water

t c tested, a each of the wells 52 containing,the
= et SSHe o7 OetaimedhepreSancp ofien endofprom sithiraed fgd
.., deliver any of the other fluids receives and delivers
recetvingipemist, yng” from vessel 75 to the wells 52 cont ai ni ng
the water to be tested and the wells 52 contai ning
2, Therappamates of claisn bwherthesaid agenisintluden 4 dheombgériic Febstraged
the fluid to be tested, such as water, can be

and/or a resgeantduced into the wells 52 in any order. The order
of delivering fluids to the wells 52 discussed above

D L
valve thadirdtiioBhesl tB? g@%?@@gfor@%cgﬂﬁgsgxg? uggslé)é g’?'g(rjn IGBO

thelr appropria

' i.n e efectio ssenbly 610 and/or the |
4. TRl £0hGE R BT St et compsisgs o
fluid 300 are 3ssed over_the fluid containing wells 52. The
uid storggz coptamsh Qyastesam ofeidseleapid; vabee fer repeivingithe fpid semple
density of the fluid containing wells 52 in the
from the Qyid sysegmiing whensaidispleneidivalve isepénods, or the rel ative
fluorescent intensity of the fluid containing wells
5. Tigzapparatdseoficlaimrdcforthert comprising a fliié ceteluitdbt deliveyiag e 600
then conpares the results fromits scan of the fluid
fluid samplerfion therftnidetotage 20atainde@ta fidwwelli I an endotoxin is
present in the tested water.

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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[97] Al patents, patent applications, and references
cited in this disclosure are expressly incorporated

woRbHAsdy reference. [98] The above di scussi opsT/g8009b37097
l[imt the invention. Although the disclosure

8.  THeSHHArEES of IBl?uh bl ffthérebRpriBing hehfid Hnﬁgs?&ﬁ]ﬁiﬂﬁ Bt &Ed hbe

i nventi on, is to be understood t e i nvention
j (P g .Q . L.gul ar odi,nent s. .. Many
wellto oy i ovekMuk i bSR3 SuRE by ERRSRATION Felinose
killed in.the grt. 32 WD 2005/.047858 W ¢l ai m
9. TREWPRIEIERAF g Aiercin s Jo% Well eiiss ootmeRtesFpligh Evard
ithin a fluid systemline for performng on-line
10. TW@ appargfus of elaim 4 “wiherein said gesembleisremovably pacumdrwithinfa
. an endotoxin, said apparatus conprising: a fluid
housing efthppppagatss.st em for obtaining a fluid sanple fromthe
fluid systemline; an assenbly including a fluid
11.  Theepparatngofielninel virrein Weiastenstly thehideh d camAdeasséifiblyan
agent are introduced; and a detection systemfor

rmnovab%@e.@(ﬁr%iiwiﬂﬂn ahgugﬁggpﬁﬁpa@ raffs, endot oxin wi thin said
uid receiving nenber. 2. The apparatus of claiml

I
12. | ' L i elaly | ubstrat e
2 TGRS O daB £ bRy 4RSS oML RRt S o,
.. sald flyid.sanpling systemcontains a solenoid valve
plurahty?ﬁ%letm%'ﬂgireﬂ%gs'to control the flow of fluid into said

| uid sanpli.n stem 4, The, apparatus, of claim3
13. T{mm&rﬂugﬁ daify if&@w%w@yﬂgﬁ assenbly ineludepatipvells a
. fluid storage container downstream of said sol enoid
housing cpmprisinigx pleealisy of wells foe receiving pipettsitips. f rom the f1 ui d
system |ine when said solenoid valve is open. 5. The
14.  Theappasatusobidlainl bl whérefnsaidhettridgepssembhyginelutibsdtdeast one
conduit for delivering the fluid sanple fromthe
well for reteivitlg at RagtIPHoEior of the Auiddampld. ow wel | . 6. The
apparatus of claim5 wherein a termnal end of said

15.  Thé Mpdreekttitdind 51 9BaERthe E&mgé%&n{mfmgk Lgﬁﬁﬁaﬁg gl d

flow well fornms a portion of said asse

i tm.5 wherein said flow well conprises
plurality gﬁ%ﬁé%@ t?cgn L}Sg:(Lsﬂgdan an nmp

I nner

16.  The apparatus of claim of claim 15 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.

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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outer trough that surrounds said inner trough and
receives fluid overflow fromsaid inner trough. 33 WD
WO20584T8¥858 PCT/ US2004/ 037097 8. The appar atP€3/us2004/037097
' ther .conprising.a fluid |ine extending from
19. T@é?ﬁ‘wf‘ %‘évgf%@"i” IriIt)ﬁéil"i"yp Fag gmatenizsddiesitioping systemai d
includi out er trglgrgh &vvay fromsaid flow well. 9. The
neludingg poweret arg and p head gssqipbly dprperforaintg aopluvadity of fanttars.
conprises a splash guard. 10. The apparatus of claim
20.  The ppparainmotelnin 18 whatein/saidheadrmsentbly firtteucaepiicshi n a
housi ng of the apparatus. 11. The apparatus of claim1
member foh engiging el meshting fyid daelyligafie@b&R posilickta vARRE WAL in
renovably secured within a housing of said apparatus.

said assethBly. The apparatus of claim 11 wherein said cartridge
assenbly further conprises a plurality of renovable

, a pl remyab
P TR SRt AR PORCH Ry R e g ud
ejector fof RFRSViR e 0B ina e et it headspamblyaal o

29 cartri (g&eta semply includes at |east one well for
- Theanpatatus pfglaimel O whereig said positioningisystemuincludasrpleralitysof
The apparatus of claiml 1 wherein the cartridge

travel sengers domlimitig theymeverentof said head gssembllyiin yt lefst vas phhe.
retention positions. 16. The apparatus of claim of
23.  The agiparat® oftelaimi Infoethehcongristrlg o ddtendr Head Bt deter@ihing the
includes a first opening into which a vessel is

prosence ftuperidotbxinhithinths H10M ABHNY GaldHRiid Fede R InedBor e
first opening for slidably receiving the“vessel from

24.  THehphiatitorepsn! A i ening is
| ar ger t han Sai%&g%é@%ﬁgﬁi&@gﬁ%@&@&@ﬁ% %F%‘Fﬁ%aﬂa
detector. C!l @l M 15 wherein said second opening includes securing
menbers for engagi ng an inserted vessel. 18. The

ratus ~of .cl.aim 15 wherejn said cartridge assenbly
25. Th?%?’ﬁﬁrgbs gﬁ%’frngg” “”BISQ}&;‘  Spuege 183 BEDy ecei vi ng
26 openi ngls, el%?p for receiving a cover of a respective
: SDpptus 9f clym J funhes soumgsing 7/ hegtunsysear e providing fiewt
apparatus of claim1 further conprising a notorized
to the assem}gy and aicaelingsystem for maintaining cool temperatures around vessels

within said assembly.
27.  Anapparatus for performing on-line testing of a fluid in a fluid system line to
determine the presence of endotoxin, said apparatus comprising;

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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including a powered arm and a head assenbly for
performng a plurality of functions. 20. The apparat us

wo8oslfsgn 19 wherein said head assembly furtheicT/us2004/037097
conprises a nenber for engaging and retaining fluid

a BRId HoW veIBFIRRIche® A6 WhittARTofiald Mid Wahpitng §YstepRid
assenbly. 21. The apparatus of claim?2 ereln said

receivingﬂﬁ@ﬂuﬁlsﬁl%{gﬁlo)é};further conprises an ejector for

renmovi ng spent fluid carrying nenbers fromthe head
sse .22, The ar at.us,.of cl gi 9 erejn said
SRR pssg ity SO e RIBE of vl o ip1dhpE o Jedype
) sensors, for |im¢ting the vemrent of sajid head .
fluid carryngapembers,p plpraligne wsﬂ%foggaw@g ppprtionel apmpleof hedtuid
. claim1l further conprising a detector head for
received flemesaid flnidpampling pystern nné ableast one flvidtvessehretértionrposition;
fluid sanple in said fluid receiving nenber. 24. The
a ppgitioring Sysiém dlaluding 3 hefdassemblydbriretisvingt and theviflg said at
includes a light source and a detector. 25. The

least oneARRPéRtying fenbloridlitiA tyeid ebiovabl cbokdnly, sour e s an
LED. 26 he apparatus of claiml1l further conprising a

a BGabd ?Ex%@éﬁ{:@{i?eﬁ e BpNFHI SorthRated irf Buill REmBRSERLY wAfd

a cool systemtor mal ntal ning cooﬁuten'peratures
. u vessel Ltk N Sali S |y, .27 appar at us
said head?fsRA¥ty {EP 8N e s W00 fo RSOV Vel Al e BBRT
] ...Systemline to, determ ne the presence of endotoxin,
ldenuﬁq%?ﬁﬁméﬂﬂfé’rrﬁfﬂﬁ’%“\i“oﬁ‘ﬂgiw "’ée"ﬂ‘g‘ﬁ%iiaﬁ@; a fluid sanpling
system for positioning in the fluid systemline such
a defgetor system fardetarminiag ifj ag cadetprind prepent within the fluid o
said fluid sanpling systemin response to a change in
sample. pressure within said fluid sanpling system 35 WD
2005/ 047858 PCT/ US2004/ 037097 a fluid flow well
28.  Thesppakstoedf clsinn3] whereinndaid endbtdxinidéntifying dgest iaviatieya
for receiving the fluid therefrom a renovable

chromogéifié fulbdtiteCAdRr htbdpan@ Pl urality of wells for hol ding
at least one fluid carrying nenbers, a plurality of

29, THEMBE oL SR b0y ol il
valve thaf et |l i) PESREA g aRes B o Ry oy B e id famote
into said Htl)l;ﬁl srelng-lp?iglgcslys%ém.

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 ﬂle fluid holding member to said fluid flow well.
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| east one fluid carrying nenber relative to said

renovabl e assenbly, a source of negative pressure
wOogaperarissel y connected in fluid comuni cati on RETYS2004/037097

Tﬁgid headw?ssenbly for drawing the fluid fromthe

32. GPPATAUS OF Gleim 34 ehersin 8 tasminal endiefisaid flnidcoaduitisspaeado
.respective fluid carrying nenbers; and a detector
from said {lewawel} and swid ﬂpm‘w#lhénm a portionaddsais remowble asenbly.

within the fluid sanple. 28. The apparatus of claim
33.  The apparates of elaiml 3¢ vwlptain baid fldenylf yonsrisg e inriep Gotsiesnd
chronbgeni ¢ substrate and/or a reagent. 29. The

an outer &PREH BatiSurfiunds sHidirdiér WORIHE bA1d daleftrbligh Rc&38PhLAD verflow

system contains a solenoid valve that operates to

from sai® i@t o, d pressure change and control the flow of
the fluid sanple into said fluid sanpling system 30.

] s. of. Gl aim 29 wherein.said fluid sanpljng
4. ThBpRRRG B tie® 33 ML bimurttine i etz Bam sad
wnst ream of. sai d sol engi d val ve for receiving the
flow welf RURFSES ferHan o4 Haftingpdcouiar soveh surtiom saibdwesll e
is open. 31. The apparatus of claim30 further
35.  Theapparaippgf elaim 33 whereinisaid flowrwelbfurther Gompriskea splasti d
fromthe fluid holding nmenber to said fluid flow well.
guard. 36 WD 2005/ 047858 PCT/ US2004/ 037097 32. The appar at us
of claim31 wherein a ternminal end of said fluid

36.  Theagptritus 6f Slpias 27 whfe@ihe aéxﬁoxﬁdbw/&s&@ﬁﬁlyM&éiadca}:giggé

well fornms a portion of said renovabl e” assenbly

assemblyi3fo9R1§s8¢u'ed Rithin s@id‘ﬁ(%%in%er ein said flow well

conprises an I nner troug d an outer trough that

L]k ough id outer trough .
7. TRELRAEEoF Bt 36kl AP P rrSimhisomitia a plsalty
The aratus of claim33 further conprising a fluid
Ofrmnovﬂgﬁgﬁ§§¥ending fromsaid flowwell to carry the
Tﬁverflomed fluid in said outer trough away fromsaid
¢ enpapains of clajm 36rwherginaideatsidge asspmbly induders tp wellai d
. flowwell further conprises a splash guard. 36. The
housing coppisingasplutality of wellsTonteeeiving satdefluié varvying enenstresrbl y
includes a cartridge assenbly renovably secured
39.  Theé spyiaratssofbliin (8 wiereBisaidTiheid RRPFADA émbREs BLRIATpRRtte
wherein said cartridge assenbly conprises a plurality

38.

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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of renovable plates. 38. The apparatus of claim 36
wherein said cartridge assenbly includes a tip well

wohespumgsconprising a plurality of wells for rgeeienGsi0r -

said fluid carrying nenbers. 39. The apparatus of
42.  Thbappar@Bs vhelaih 01 sdieskid k4l cecond bpérifg MRITIRE Sedufin ude
pi pette tips. 40. The apparatus of claim 36 wherein

members 0f eAIFAN iRsra’dey, further conprises a plurality
of vessel retention positions. 41. The apparatus of

' ' : ej I ' .
5. T8 Sl G A A0 IR g BAERAN P SR Bt
is.inserted ang a second opening that .is open to the
cover receiving CREnIAES, Gaoh T 1EFei NG APOYE QA FETRFCH YRV RIS el f 1 om

Lhe first openi ng, wherein the first opening is

44.  Theppparatpsahclaim 38 wbersitsaidherd fgsembly pempriss/ap £lapsted
PCT/ US2004/ 037097 42. The apparatus of claim41

member {5 engaging andisesenchrdtainiag said flurtcanging membeisng nmenber s
for engaging an inserted vessel. 43. The apparatus of

45.  Thé appucatds oheliial 44 sheditssehdad\asdembl Qirtes RNPHEES af
plurality of cover receiving openings, each for

: byl i . The
clector foTRAROVING dscil il ShrrPheInn@RCR o KERSemtld. y
' . Jenher . f [ nd .

46. Tléhg raeﬁ§oia&alﬁ4 PPAALRHh saf ]mbalo(l:)g% v?%g?%g@ggf a plupglity of

retal ning sard

vt sn5, TR Sl A ol PR BROTHRLY
7. TR BRSBTS e Sgor b

includes a plurality of travel sensors for limting
for determiningthe prasprcesif an gndothxingvithis thefluid sample in atdeast oneof the

pl ane. 47. The apparatus of claim 27 wherein said
sample holdingovells. syst em conpri ses a detector head for

determi ning the presence of an endotoxin within the
48.  Thd appdra3a e chaiin Bkvhéreiashiddetectir Heh®inchdePh fighotida%ind a

wells. 48. The apparatus of claim47 wherein said
detector. det ect or head includes a |light source and a detector.

49. The apparatus of claim 48 wherein said |ight

4o TREHrRRSo b8 wickin SR PR BB R L0k Gl g e

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. An apparatus 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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to the renovabl e assenbly and a cooling systemfor
mai nt ai ni ng cool tenperatures around vessels
wopasiostasted Wi thin sai d renovabl e assenbly. 5PCTAIS2004/037097
gﬂO‘fr at l.iS for positioning in fluid comunication wth
a e syster foebeing nesidonediin Suidcommuyniostion withithe
... withinthe fluid Iine for the presence of at |east one
fluid linesth @deention dowssireampfrafizst pertion npthedtuidylinaakdusstiegin oF3
WD 2005/ 047858 PCT/ US2004/ 037097 a fluid sanpling
second peywhearfithofluiddine gsapbfinitisanpling §ysfichtesnmPimg A vERE G
with the fluid line at a |ocation downstream of a

controllifg the tflu® AbivaFor? thet MBd ii#lile‘irﬂo h:ie_ffﬁﬁ@mnM. Sl g@gl;of a

second portion of the urd l'ine, said- sanpl i ng
S B |81 i e ntralling.the flui,
AT ow ?ervom tk?}desﬁ%oﬂgcllg T neeé?q lfrl@lgmlg&gr ?Fﬂ?"a‘gg@ﬂé ergs Shid
. Lfluid flow well positioned within said
ﬂ“‘dsm“ﬁ%“ﬁésﬁée‘ﬁbr receiving fluid exiting said fluid
sanpl i ng system a renppvabl e assenbly secured within
a n@"ﬁb&@?%‘?%ﬁ%@f&%@@m&d hoysipgi s;e;c%aysqnblm qemyirising of
. Wells for receiving used and unused fluid carrying
plurality owelds for recejying uged apd vhused fluidicasying embers; aphugalisgbf s,
) and a plurality of vessel retention positions
fluid samplermecéivinggvells pmdensiaratinr ofs@sse! RhentioR pBbibADCRAPH NS
of respective fluid vessels; a noveabl e positioning

recesses foy Sécuiely ectR{ving ﬁtﬁﬁandmssfpa&wmha végQElsobt ai ni ng the

fluid carrying nmenbers fromsaid assenbly and fluid

bk i kon,system far.
o oV SRS pivitonthe sl ersing W fead SRR KA R BipE o Al
. LR wyve flui.d.sanple.receiving well. 52.
cat g%’é%%p@r%%%é Q%% B’(@Yya%fﬁﬂg%&n%cﬁﬂglgﬁﬁ’W‘XPﬁ' npri ses
ﬁiltsql enoid v I%ce t hat ,gperat es to control the flow of
2 $SEEFUPD; SYPIESIQr detemmypine dbamendatoxin is pasrentip & semple withia a
. line. 53. The apparatus of claim52 wherein said
reSpect‘V‘?hEﬁchaw epiyingyesllem f urt her conprises a fluid
hol di ng cont ai ner downstream of said sol enoid val ve
52.  Theappasates of elgim Hib whergindsaid vaive tomprisesia olensid vatverhgtai d
sol enoid valve is open. 54. The apparatus of claim 53
operates tb ephinel the Aowrdf fuitingo édidiflgideanglihg systim H8ld thetupplisd)e
fluid fromthe fluid holding container to said fluid

53.  THd dpplaild of chiim SERPheRGIR iR %gpﬁitnﬁ:sghgngi g@@géred.oﬂxp?ises a

term nal end of said fluid co
fluid holding container downstream of said 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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fromsaid fluid flow well and said fluid flow wel |
fornms a portion of said assenbly. 39 WO 2005/ 047858

wo Rho5loya2904/ 037097 56. The apparatus of cl ai Mped/s2004/037097
wherein said fluid flow well conprises an inner trough

56.  FeCippara@is cldifn® GhhdrbidlsaRlii@ HBHSwa Pédnprivas 5? i E‘Bugh‘

and receives fluid overflow from said i'nner troug
and an ofter trbSh SR ShrRduA id Grherd RS, riSian
fluid ' ne ext englf %gd romﬁjgg?ldw Ui Y 5 owoy\%riﬂparti%om

i away the overflowed fluid in said outer trough.
Saldmnégl.ro%'e apparatus of claim56 wherein said fluid flow

|| further conprjses a splash qguard. 59. The )
57. T6 gupatis o claip ap fuher eupesine g bno oxending Sommtsid
) includes a repl aceable cartridge that can be secured
fluid flovjwell to caryaway itk oxerflewed finid inppd outentrough.cl ai m 59
_ wherein said cartridge conprises at |east one
58.  Themppatbtus ofichaime 56 Guheréih said finixt Adw wellf fustheri oonfpkisvd e §thdh
said fluid carrying nenbers include pipette tips. 62.
guard. The apparatus of claimof claim51 wherein each vessel
retention position includes a first opening into
59. lapparftud is$ w - | al
T OF Sl ST WAL MRt SERARK RRENL Krehiigpore
E P L SL.opening, wherein the first
cartridge (e %ﬁ%%%%cv{ré{%%ﬂfsﬁfd ﬂ(ﬁlg‘n&' second opening. 63. The

opening i s an's
62 .wherei n sai d second_ opening

aratus af. cl aj )
60.  TRRRPRHAWS of claim 19 Whesin, 9id cpides somprises 3 heshaner t od
vessel . 64. The apparatus of claim51 wherein said
removableqlatey, v further conprises a plurality of cover
recei vi ng openi ngs, each for receiving a cover of a
61.  Theappasating ef dleiss 81 whesin Siié flejdrargingsnenfibers iictnds bipette
wherein said positioning systemconprises a powered
tips. armthat carries said head assenbly for performng a
plurality of functions. 40 WO 2005/ 047858

62.  Thédpgdeatioéf dafD8 claim 51 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,

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

64.  The apparatus of claim 51 wherein said assembly further comi)rises 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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66. The apparatus of claim65 wherein said head
assenbly further conprises a nenber for engagi hg and
WORSA#HSHg the fluid carrying nmenbers. 67. Th&CT/US2004/037097

apparatus.qf. cl.ai m 66 wherei.n sai f
66 TEBRa i Br Gt pS ol BRERFHRRY iR sOERASGa,

nmenbers from sajid head assenbly. 68. The apparatus of
member for|epgaging agghestaning e duid SaFYIng MEMPEsy st em furt her

conprises a plurality of travel sensors for limting
67.  The hppargivenfelaino 66 sdietein ssdihepdforthencompriges anegigeton s

pl ane. 69. The apparatus of claim51 wherein said
removing fleideatrying mpabenfoaniid bed aasetdilect or  head for

determi ning the presence of an endotoxin within the
68.  Ththphfated 8PLIRIn 51 Mhelt@RSdid pOtionhg Steh firtheflcompRie a

receiving wells. 70. The apparatus of claim69 wherein

i : i / st one

sy of st RS Rkt ot Pt
l'ight source is an LED. 72. The apparatus of claimb51
further conprising a heating systemfor providing heat

to the renovabl e assenbl.y .and.a cooling system for
69.  Thggpparatus ngla%éﬂ wherp Faﬁ G?tsgﬂona&yatawo“\%&g‘és? R AgeEior n

sai d renovabl e assenbly. 73. An on-line endotoxin

head for dgtetraininmthe pyeseren df@n epdotaxinpatiin theflidd sample in at lepsiioge
line, said systemconprising: neans for obtaining

of said fluid sanplé reerivegy welis. ui d 1i ne; neans for transferring a

' sanple of said obtained fluid to a fluid sanple

70.  Theespirdtud 9f dRirh 69 WEtRAsin k£id detestior taddnelndeagelight aoutcs andla
flurd sanple together in said well; and 41 WO

detector. 2005/ 047858 PCT/ US2004/ 037097 neans for detecting the
presence of endotoxins within said sanple |ocated

7. ToabBARaS B ol il whefein K8 iBNELERACAPLADNY L0 cl aim 73
WHEPEI R Sard agen\t conprise&s a chronbgenic substrate
and/ or a reagent.. 75. A nmet.hod.for performng on-lin

2. THGRPRERERT SPTRN SR SRTRTHRE AR E I Hogaor PRy g b
fluid line of a fluid system said, nethod conpri sing:

to the removable assembly and a cooling system for maintamning cool temperatures

plane.

around vessels within said removable assembly.
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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posi tioning an endotoxin testing apparatus wthin the
fluid line of said fluid system said testing
woadpatasss being in fluid communi cation with sgrdudbededzosr
line; directing fluid fromsaid fluid Iine into said
meRkifoNdetétidgthd presentd oPendi@oxing wittin'said sathpld leicsted Mdthin
delivering the sanple to a receiving well; obtaining

said well2n endotoxin identifying agent; introducing said agent

74,

co
substrate apd/or 3 FRIE
75.

Into said receiving well containing said fluid sanple;

nd . detectj.ng, t { < ' MY TP
THR et g o' HfuP T RABES B Al SHEMA b an et
risi n&l positioning a head assenbly proximte an
. i nt r oduci ng an instrunment coupling nmenber
into said instrument and securely receiying said ,
Aimethedfos perferming og-ling dlstection abamendotoxm withw fhid wagiedby

claim 76 wherein said sanpling step conprises

a fluid lineaxfiatfludd systenssanll methed comprisingi thin a fluid flow wel .

76.

78. The nethod of claim 77 wherein said sanpling step
positibiing AR endso%in itesting dpparhtng withinuine fluidlineefisaldflsidisgstem,
flurd flow well into said instrunent. 79. The method
said teéﬁ#g'agbﬁm%é bUE e hlid dbriiniBativh Wilh sil@flbiddiriehe ! Ui d
sanpl e conprisés positioning said instrunent carrying
. = API - Of.0X | ' ecei ving wel | ;
dlrecé%ﬂﬂgp#éggfﬁﬁgmgﬁlﬁlgﬁ@%%@é%}#%%{‘{sf he fluid sanple
.nto.sgid flyigdr . Vi n 1. 42 U W) 2005/,047858
sampbgg— f@%@ﬁ?‘iﬁ."?g@ﬁ %gé‘.’e“ﬂ%éﬂﬁﬁct“ﬁ% Qf e yig %P’Wh erein
.said nethod further conprises positioning said
obtaiping en gndatexin iden{ifying 88eat erai nder of said fluid sanple

proxi mate a second fluid receiving well; and
introdiejngsinid aggntintol saidbreceivingrwélbeontdining said dhwid sammjesfand d
sanple into said second fluid receiving well. 81. The

detectiBf Heprévendd ofiafy éRddtoxinteithia drganmplery a step of
placing and ejecting a used instrunent into an
Thé filefHoaRT blaftf t73 iftittheg cdBipkising posifibhingatheadlaémblyai m 75
wherein said obtaining step includes renoving a cover

proximatlfe%‘iﬂsmﬁ{tmﬁﬁ&hghﬂ ierufihfcduding menibelintIeRd

ro runent into the vessel and

an 1 ns

instrometand ] okt S el oB PR Lol BRERREE TR0 o

71.

Q?rle %%Sof % a?nsl 76 QNl?eréjlg tse(;"lsltsleugf)lgling 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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assenmbly and/or a fluorescent reader positioned on a
head assenbly along the fluid receiving well; passing

WOL0:04388d assenbly al ong a fluid receiving wlGT/US2004/037097

| 04 . n .. and ¢ ri,ng readi ngs from

B0.  THEWtdH BPelfion 79 e, 5B @g@%@eﬁ’ SOBEBFR R e
. o resent i e fluid sanple fromsaid
instramef gy e remBinder g sot visonple peromas Agnearel S avasiving

detecting step includes nmeasuring fluorescence. 85.
well; andidepositipg phleast agrortinnafitheremaining fluibsathplé imorsajd séend fluid

substrate conprises a fluorogenic substrate. 86. The
receivingawelhr at us of cl ai m 28 wherein sai d chronpgenic

substrate conprises a fluorogenic substrate. 87. The

81.  Thystethodosf elhiad 79 fisttheh eb@prisifsa bt GOPRARE hid SjERAAS 3uSed
conprises a fluorogenic substrate. 43

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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