WO 2005/044418 PCT/US2004/029637 -1 FLOW-THROUGH REMOVAL
D SYSTEM USING SUCH DEVICE [0001] The present
W?}\%r%ﬁo?‘r‘ﬁ%\éirected to a flow-through device for removing &g@f@&”
compounds and/or components from-a fluid such as, but not limited to, a
biological fluid. The present invention is also directed to fluid processing
systems using sucFiov-BHBOYEH QEMes2BASKGROUND OF THE
INVENTION [0002 ¥ vERF TN E8Yee SYCHr evRuYirE) compounds or
other components from a biological fluid are known. For example,.
flow-through removal devices have begn used in medical processing sets
[00Rhtre thEgtﬁolagﬁ;%WEid%@‘rm@?é@mo rb‘i’no@ér@n'des_irddbblaodfilowt:through
components, such as leukocytes. Flow-through devices have also been
devﬁﬁ?pogs%]ﬁ fB?I%%‘él\%eﬁée%ﬁ&Bﬁﬂoﬁ%P‘?Wﬁ%a@k@éﬂh‘—‘tr@mﬁn@ from a
Ivent or chemical agent as, for example in a pathogen inactivation
m%%océég.%[oﬁﬁs] I%U‘r}_ial'ﬁfJ [t)at%hﬂ)@gﬁelﬂac?ﬁ?/ati& bEe8gesad cHeedl  The
ti ically added to the bjologjcal fluid tq either (1) directly
preigllﬁga%%vg?éy g‘ﬁ%zigrﬁ p%t?hoag%snos 5?16’23%3 iv%?e 513(%4519% HRAB§ERsIn Systems

ns ig@n@g@ti@@a&iﬂ&ﬁ;@g&%@%i such as light. Regardless of the method

used, after treatment, it Is desirablé to remove unreacted chemical agents

or by-products of thgﬁ}@ﬁ@@@g@f@gﬁ%ﬁﬂfﬁﬁﬁ jological fluid prior to
e

its transfusion to the patient. [0004] On(_a example 0 such a pathog_en
[ootmctivatioropracessing systerpds deseribed.ind 3y PateptApglication ...
Serial No.
components from a biological fluid are known., For example,

04/029637

flow-through removal devices have been used in medical
processing sets where the biological fluid is filtered to remove
- undesired blood components, such as leukocytes., Flow-through
devices have also been proposed for use where the bioclogical
fluild has been treated with a solvent or chemical agent as, for
example in a pathogen inactivation process.

[0003] In many pathogen inactivation processes, a chemical
agent is typically added to the biological fluid to either (1)
directly inactivate present pathogens or (2} inactivate present
pathogens in combination with other means, such as 1light.
Regardless of the method used, after treatment, it is desirable
to remove unreacted chemical agents or by-products of the
inactivation process from the bioclogical fluid prior to its
transfusion to the patient.

[0004] One example of such a pathogen inactivation processing
system is described in U.S. Patent Application Serial No,

09/325,399, which is incorporated herein by reference in its



09/325,599, which is'incorporated herein by reference in its WO
w02e091944418 PCT/US2004/029637 -2= entirety. in the systpm gessiiRBss7
therein, fluid from a source container that has been treated in a pathogen
inactivation process (e.g., photoaetivation with ultraviolet light and a
_psoralen compound) is passed through a removal device and collected in
entigfekeiving comairtrsTae réawsval edictlingiadas £ Soiberdirsalestesidorce
remove residual chemical agent and/or by- products of the inactivation
contyrqi@ss. 10065] Risw-thR6iigh deateEmayalse b@wusbedpithe TkeataR bf on

blood products to remove, for example, Ieukociét%s from a collected blood

PLOCHGuct At exaME R EATRE DPGcekEing systemafapifiudtddt and a

leukoreduction filter in a ,flow-through arrangement is described-- in U.S.
psorﬁeg?élnt Iﬁglfa%?ggé?42dﬁzlo$ﬁﬁ‘?r%%ogh 3@?@@‘5% may alSEH ised o R fovénd

ing agents '.rghe tre tgnent of blaad orabl%o _fra%tion, whic.

o o e PO eRTi i pre (Hes Los o e lidsces

a 500001 Inlie aboyedesethed o anpias,hedgmonal deyies. inaldes 2 oy -
housing and a removal media inside the housing. Regardiess of the

prodigrpgvalforyhichthe davice is yseddi.e., leukoreduction, or removal of
inactivation compounds or other agents), complete and uniform exposure

[ocogfi the fluitkie-ther sagovalimediam is important Jo ohfgin thegfeatest +ne
efficiency for the removal medium, it is desirous for the fluid to come in
£ilteantach with ast outthpfdhedemaral megive, asmpaessibiants, eXampe e s

ensure substantially complete removal of the
from a collected blood product. An  example of a fluid

processing system that includes a leukoreduction Ffilter in a
flow-through arrangement 1s described - in U.S. Patent No.
6,358,429, Flow-through devices may also be used to remove
treating agenis used in tlhe treatment of blood or a blood
fraction, which agent is desirably removed from the fluid prior
te further use of the fluid.

10006] In the above-described sexamples, the removal device
includes a housing and a removal media inside the housing.
Regardiess of the removal for which the device is used (i.e.,
leukoreduction, or removal of inactivation compounds or other
agents), complete and uniform exposure of the fluid to the
removal medium is important. To obtazin the greatest efficiency
for the removal medium, it is desircus for the fluid to come in
contact with as much of the removal medium as possible. For
example, to ensure substantially complete removal of the
inactivating agent in the pathogen inactivation example

described above, 1t i1s desirable that the fluid contact the



inactivating agent in the pathogen inactivation example described above,
w4 180drsiable that the fluid contact the WO 2005/044418  peyuis2004/029637

PCT/US2004/029637 -3 removal media as completely as possible,

without bypassing any part of the rebroval media. Likewise in a

leukoreduction device, complete exposure is important to ensure
rengypdtaRfaiy compfetePiarhoVEl cfdeukosyids, evhich iffothenkispassing any

transfused, may cause an adverse reaction in the recipient. [0007] To
Parfuiter&fs @ SBstalitidiy confpiéerarttudiorn leprosedietiheriidatbce,
c:Omt}%]e media, it is impqrtant that the removal media be maintained in a

BEtAnTARY TXEY Ofieridioh: Hof exEmpRETH S pideskemy edtthafomplete

includes.a . hanging-type filter where the flow is "top to bottom," very
remg}ft%lin, hats r%ﬁ\ﬂgsﬁ%% m%}_r‘ﬁé:\rgt c %Séj TS FitePto Rang Btsat anffy, Aguse
an y@égh&@g@%@e Ilge%glgapgg% ngiee. as the coIIec_tion cont_ainer fills),

the moment increases and the angfe changes. A device that tilts away -

roolren the ggntral vertical. axjs-may result inungvien disiribytion %&%Qe HH%om

across the removal media, resulting in incomplete exposure and remov

expOkitbe Updesired agents. [OD0BhLIN agdition touniform apd.complete, .. y¢

exposure of the fluid to the media, it is also important, to have substantial

renpreessingdime corsistencinli£ineprodusibility) frosmone deviaa {o the; ;o4
next. [0009] It is also desirable that a device that meets the above

oripetforhance requirementd is alsa easy-andesongmicakiormanufacius@es a
with a low rejection rate.
hanging-type filter where the £flow is “top to bottom,” very
often, a natural twisting moment causes the filter to hang at an
angle. As the weight below the filter changes (i.e., as the
collection container fills), the moment increases and the angle
changes. A device that tilts away from the central vertical
axis may result in uneven distribution of the fluid across the
removal media, resulting in incomplete exposure and removal of
the undesired agents.
[00608] In addition to uniform and complete exposure of the
fluid to the media, it is élso important, to have substantial
processing time consistency (i.e., reproducibility) from one
device to the next.
[0008] It 1is alsc desirable that a device that meets the
above performance requirements is also egasy -and economical to
manufacture with a low relection rate.
[00010] The above objectives are addressed -by the present

invention.



[00010] The above objectives are addressed by the present invention.
W02005/044418 PCT/US2004/029637 -4 SUMMARY OF THE

INVENTION [00011] In accordance with a first aspect of the present
HOZfrentibAddiere is provided a flow-through device for #emGirG CdeiafeeR 7

compounds from a liquid comprisigg_a housing; said housing comprising
first and second side walls and a peripheral end wall defining an interior

chamber, a compouréqjm yir@F n}%%iUfﬁ I within said interior

chamber, said medium ncluding a peripheral end surface terminating

[ooosrior te said-perigheral end wall of S@@r@%usiggtgégg aliguid, present

impermeable barrier in the area of said chamber that is substantia
i nveletween said-medium periphesal.end shrface-and:said peripheral %oving

wall of said housing. [00011a] In accordance with a second aspect of the
seleptesentdnyentions thereds provided.adlowdhroughs fluid proeessingy; said
system for removing selected compounds from a fluid comprising; a
hous $ogreecegntamergndiding afluidseuttetsia seceivingl tontainer-inghidingharal
fluid inlet; a compound removal device disposed between said source
end amlliecelvingrdortairers, saitk disvice commgrising aehousingoconiprisingving
first and second side walls and a peripheral end wall defining an interior
medighanfbefPeifta cCORYPGUNd Ferndving imedhan disposetewithiresaid medium
, interior chamber, said medium including a peripheral end surface
incligimifafing fteRBREF said seripheraicend &/l 13aid thousing, whqiig said

_impermeable barrier in the area of said o
peripheral end wall of said housing; and a liguid impermeable

barrier in the area of said chamber that 1s substantially
between said medium peripheral end surface and said peripheral
end wall of said housing.

[00011a] In accordance with a second aspect of the present
invention, there is provided a flow-through fluid processing
system for removing selected compounds from a fluid comprising;
a source container including a fluid outlet; a receiving
container including a fluid inlet; a compound removal device
disposed between said source and receiving containers, said
device comprising a housing comprising first and second side
walls and a peripheral end wall defining an interior chamber,
and a compound removing medium disposed within said interior
chamber, sald medium including a peripheral end surface
terminating interior to said peripheral end wall of said
housing, a liguid impermeable barrier in the area of said
chamber that i1s substantially between sald medium peripheral

end surface and saild peripheral end wall of said housing, said



chamber that is substantially between said medium peripheral end
surface and said peripheral end wall of said housing, said -4a- housing
including a fluid inlet and a fluid outlet; a first tube providing a flow path
between said source container outlet and said device inlet; a second tube
providing a flow path between saic device outlet and said receiving
container inlet. [00011b] Also disclosed is a flow-through device for
removing selected compounds from a liquid. The device includes a

housﬁggsiqga!@@mg@fi@t portion and a.second pam.t'%“ thatare joined ;.

. U
together. Each of the first and second portions in ude outer walls and

rubeinBehwalls, With a compeund remouing medium disposed hetween the, ., .

walls of the portions. One of the first or second portions includes an inlet _
and pofien hewwer wall ang the otherpfthe. first or, secondportionssincludes .,
an outlet port on the outer wall. The inner wall of the first or second
betwpertionsiitclislesse paripheralyextenting tengue while the innerawal of o+ .
the other of the first or second portions includes a peripherally extending
[000gidnive fdr seceivingstheotongjue i[00012] Alsocdisclased:isha flave-ttirough for
device for removing selected compounds from a liquid that includes a
remolgysing SEiE Howdingrisldes dist dinbsecend duterivhlls defifiing afevice
‘ interior chamber between the walls. A compound removing medium is
inclyppssed willfid $HE thtefidl éRAmber. Ihig Sref@eed tatbodif@ént dhesecond

housinghincludes an_ inlet port on one of the -4b-
portion tThat are joined together. Each o¢f the first and

second portions include outer walls and inner walls, with a
compound removing medium disposed between the walls of the
portions. One of the first or second portions includes an
inlet port on the outer wall and the other of the first or
second portions includes an outlet port on the outer wall. The
inner wall of the first or second portions includes a
peripherally extending tongue while the inner wall of the other
of the first or second portions includes a peripherally
extending groove for receiving the tongue.

[00012] Also disclosed is a f;ow—through device for removing
selected compounds from a liquid that includes a housing. The
housing includes first and second outer walls defining an
interior chamber between the walls., A compeund removing
medium is disposed within the interior chamber. In a
vreferred embodiment, the housing includes an inlet port on

one of the



outer walls and an outlet port on the other of the outer walls, wherein the
location of the outlet port is diametrically opposed to the location of the
inlet port. [00013] Also disclosed is a flow-through system for removing
selected compounds or componeantgfrom a fluid. The system includes a
source W02005/044418 PCTAJS2004/029637 -5 container, including a.
fluid outlet and a receiving container including a fluid inlet. The system
includes a compound removal device disposed between the source and
outreCceiMingcontaiNers: Therdevicedneludesia housingthavingdirst and  cuter
second outer walls and a compound removing medium between the
wallwalls. The hausing figher includesoa fluid fhlet bheone of thesoutepwalls  is
and located between the center of the device and the receiving container,
diamand acfiuid putiep ondte totheheuterarall.end dbcaterl bethweencthretcenter
of the device and the source container on the other outer wall. The
[00%L8lem fulthepinclides! agirst tub2 providing Eoftov patib&wedrsthen  for
source container and the device inlet and a second tube providing a flow
rengiai heffesithetevicBRritetand the FEEENARG EoRtaineF fiffet 2 (0001414 -
Also disclosed is_a flow-through device for removing selected compounds
The foMSFiguid HRe Yebite iR conipissl of a housing having a pair of side
walls and a peripheral wall defining a chamber. A removal medium is
located within the chamber, the medium having an end wall terminating
interior to the peripheral wall of the housing. A liquid impermeable barrier
is located in the area of the chamber substantially



between the medium peripheral end surface and the peripheral end wall

of the housing. [00015] Also disclosed is a flow-through processing

system for removing selected compounds or components from a fluid.
Wo2The/ flowwtlrough system includes a source contaipermoiuding/a fhdd7

outlet and a receiving container including a fluid inlet. A compound

removal WO 2005/044418 PCTIU82004/029637 -6 device is located

between the source container and the receiving container. The housing
contipbiftes 4 fifstihd gecond ouiét Wil sh B¢ oM pEERL FEmevipgR tainer
, medium between the walls. The housing includes a fluid inlet on the first
Inclydidiavan Thelfietbsitg lodited Hetiéet the Eittef of & firthairEiRy 2L

.wall and the receiving container and a fluid outlet on the second outer

de“vcvaﬁéégt%%@b%? BERTHE selbnd POlSTHGEWAI EETRTF Ahadhée SBlfcE TS -

The SRNIRINET (ThEYLeM. 210 Ncjycdes.2 1HOIna Providing W DI o ter
between the source container outle andlﬁ using infet'and %ublng

wa1 1Rroyiding a floyy,path between.the receiving container, inlet and housing,,

outlet. The length of the flow path between the source container and the

hous gt ingreater thamtheslength of s the; flowpath between the.deyice.ouflst.
and the receiving container. BRIEF DESCRIPTION OF THE DRAWINGS

and [QOHG}Eigwe kisaplan view of adiuidprocessing system hHiacludiag a: r g
flow-through removal device embodying the present invention. [00017]
contkigueer? imadgpastiad plariviewcoktbedhuidhe other outer wall and
located between the center of the device and the source
container on the other outer wall. The system further includes
a first tube providing a flow path between the socurce container
and the device inlet and a second tube providing a flow path
between the device outlet and the receiving container inlet.
[00014] Also disclesed is a flow-through device for remcving
selected compounds from a liquid. The device is comprised of a
housing having a pailr of side walls and a peripheral wall
defining a chamber. A removal medium is located within the
chamber, the medium having an end wall terminating interior to
the peripheral wall of the housing. A liguid impermeable
barrier is located in the area of the chamber substantially
between the medium peripheral end surface and the peripheral end
wall of the housing.
[00015] Alsc disclosed 1s a flow-through processing system
for removing éelected compounds or components from a fluid. The
flow-through system includes a source container including a
fluid outlet and a receiving container including a fluid inlet.

A compound removal



processing system of Fig. 1 showing the reverse side of the flow-through

W(g%%#ggow] Figure 1A is a plan view of an alternative ﬂmﬂc@;ﬁ’%%ﬁﬂ&gﬁm

system with a flow-through removal device embodying the présen

invention. [00019] Figure 2A is a pagtial plan view of the fluid processing

system of Fig. IA showing the reverse side of the flow-through device.
deviM® 2603/644448 RETNdE20040 203 e’ §H02P] IigUrend iISBe receiving

perspective view of the removal device embodying the present invention.
confgo0RL] .Figiitee4 isaniexpldded wirw ofithéiflosw:-thiadgh eemavaldevicea1ls

embodying the present invention. [00022] Figure 5 is a cross-sectional
andsige VERBIHe fioneThrsugrertimoya efewierof Eigg 1w§00623] Figeret®is ing
~an enlarged, partial cross-sectional view of the flow-through removal
incdagRe Gf Figusd [Jovd] Mguieh? i€ apafi perspectve vidhof indet being

retaining clip on the housing of the flow-through removal device

Loty BiPpredént n°f000B8] Figdrets i8UsaARMI férshestive the

view, of a retaining loo nthe(?ou ing of the flow-through removal device
£ CE o)1 the PIRbeARinEnGOR 00T Piouifio K& pErSEBEvaA ARy a12
locoaft%r&e B(e)g‘idoen gf t]ggefl%vgé[gao 0qlesmoval d% ice embod%ing the gresent
invention ncluding a version of the infet port \[{b%of?]nlj—;@ ré'10 is-ABigReuree

configynatone %H@ogg‘&?@nﬁaﬁé@wincludes a tubing providing a flow

path between the scurce containexr outlet and housing inlet and
tubing providing a £flow path between the xreceiving container
inlet and housing outlet. The length of the flow path between
the source container and the inlet is greater than the length of

the flow path between the device outlet and the receiving

container,

BRIEF DESCRIPTION OF THE DRAWINGS
[00016] Figure 1 is a plan view of a fluid processing system
including a flow-through removal device embodying the present
invention.
[oo017] Figure 2 1is &a vpartial plan view of the fluid
preocessing system of Filg. 1 showing the reverse side of the
flow-through device.
[00018] Figure 1A is a plan view of an alternative fluid
processing system with a flow-through removal device embodying
the present invention.
[00013] Figure 2ZA is a partial plan view of the fluid

precessing system of Fig. 1A showing the reverse side of the

flow-through device.




through removal device. [00028] Figure 11 is a partial plan view of one
embodiment of a fluid processing system including a flow-through

WRLH5V4H Hevice. [00029] Figure 12 is a partial side view of & p004/029637
embodiment of the fluid processing-gystem. [00030] Figure 13 is a plan
view of still another embodiment of a flow-through system including a

[ocdipathropghiemaoyval sdeyvicss WE-2005/044418 PO E’§e’-09éﬂz93§§3éeiﬁ1 ce

[000311 Figure 14 is a side cross-sectional view of the system shown in
enbéiyidd. [(I00324=bigureityésrapattial plan view of still another

embodiment of a flow-through system including a flow-through removal
[00@eVice. [B008BEFigure 46 iara plaspYimvedf the eeverse side=of hiow-through

flow-through removal system and device of Fig. 15. [00034] Figure 17 is a
renpERap e viesiroP AYRod ek i6r Bepponting aviaw-through removal device

embodying the present invention. [00035] Figure 18 is an exploded view
L0092 e holdersErig. 4. f00bRB] Figaret191s & petspectiveviow othe flow-

removal device within the holder of Fig. 18. [00037] Figure 20 is a reverse
thr %‘é%}é’pggfﬁ?evei]ev?%ﬁﬁg Hotdér*@nd ftow-through removal device of Fig.

00038] Figure 21 is a cross-sectional view of the tubin
{00&&5{ %ﬁbu§é % %s an enlarged, partial crossggectional view

cf the flow-threugh removal device of Fig. 5.

focoz24] Pigure 7 1is a partial perspective view of the
retaining clip on the housing of the flow-through removal device
embodying the present invention.

[00025]  Figure 8 is a partial perspective view of a retaining
lecop on the housing'of the flow-through removal device embodying
the present invention.

[00026] Figure 9 is a perspective view of one portion of the
flow~through removal device embodying the present invention
including a version of the inlet port.

[00027] Figure 10 is a side view of one embodiment of a flow-
through removal device,

[00028] Figure 11 is a partial plan view of one embodiment of
a fluid processing system including a flow-through removal
device.

{00029] Figure 12 is a partial side view of anotRer embodiment
of the fluid processing system.

[00030] Figure 13 1s a plan view of still another embodiment
of a flow-through system including a flow-through removal

device.



channel of the holder of Fig. 19. [00039] Figure 22 is a perspective view of
wEh@igipadve embodiment of the holder for supporting the flowsthrough,, -~

removal device. [00040] Figure 23 is the perspective view showing the
reverse side of the holder and flow=8hrough removal device of Fig. 22.
400041] Figure 24 is an alternative arrangement of the holder and
[00GR5-throfigB ¥emovhl HevicesdfiFigE 228 sneladintraadoniestop ttatked fat em
a vertical support pole. [00042] Figure 25 is an exploded perspective view
showdt & furthe? Wé'2005/044418 PCT/GS2004/029637 -9 alternative
I (%razodi nt of the#‘%ow—through removal device embodying the present
IV

ntion’ T60043] Flgutd 28 is Félodisebidial EteWicls ofthéflowanother
; removal device of .Fig. 25. [00044] Figure 27 is a cross-sectional
Ty 1 ramar L G ot GO mdbidrFdRodba flererthzoush

side view of a removal device ov
remd9994aLKiguLe 28 is a cross-sectional side view of a compound removal

device with a sealant being injected into the housing interior. [00046]

[ood3gyre 29 iga.cross;secliopalsigde vigw of gremoyal, device witha. - the

sealant filled gap. [00047] Figure 30 is a perspective view of one porti8n 0

flm\thehmgvlalMb%wiﬁhaea@m&%s%{foﬁfn%EPJGC“O“

apertures. [00048] Figure 31 is a perspective view of the reverse side of
[00G®asing Podioreof Fig. 38. a perspective view of a holder for
supporting a flow-through removal device embodying the present
invention.

[00035] = Figure 18 is an exploded view of the holder of Fig.
17,

f000386] Figure 19 is a perspective view of a removal device
within the holder of Fig. 18§.

[00037} Figure 20 is a reverse perspective view of the holder
and flow-through removal device of Fig. 19.

[00038)] Figure 21 is a cross-sectional view of the tubing
channel of the holder of Fig. 19,

[00038] Figure 22 1s a perspective view of an alternative
embodiment of the holder for supporting the flow-through removal
device,

[000401 Figure 23 is the perspective view showing the reverse
side of the heclder and flow-through reﬁovai device of Fig. 22.
[00041] Figure 24 is an alternative arrangement of the holder
and flow-through removal device of Fig. 22, including a

connector attached to a vertical support pole.

[00042] ~Figure 25 is an exploded perspective view of a further



[00049] Figure 32 is a perspective view of one embodiment of an

W@?@%m% removal device. [00050] Figure 33 is a patrtial, cross-sectional

view of the tongue and groove engagement prior to welding’: [00g81}929637

Figure 34 is a partial, cross-sectional.view of the tongue and groove
welded together. [00052] Figure 35 is a perspective view, shown in cross-

altsesiionrof afparbeiteaoutlet housing portgn (00053 FIgWeR6 1S A device
perspective view, shown in cross- section, of a part of the outlet housing

embpdytion with g adtethativeaits astangement. WO 20051044418
PCTIUS2004/029637 -10 [000541 Figure 37 is a perspective view of an
[00@fdInatiVegertodimant af the semevakimedid withde ringof bifdethe flow-
material around the perimeter of the media disk. [00055] Figure 38 is a

ChrperspERtioEade WD tRe BIBKEGIFigePe 37 with a portion cut away to show

a cross-sectional view of the disk and ring. [000561 Fig. 39 is a
[00Q¥5ds-sdCHIMER sk vidwRorCd PERTRRF tdenad ircld@ing the refovakemkval
4 of Fi%, §,7. 000571 Fig. 40 is a perspective view of an alternative
Y EHibbament OF tife r&OVAR MedRORRA diiaRRdRr gasket around the
imeter, of the media disk. [000581 Fig. 41 is a perspective view of the

(oo %l?sgggf I?irég%ewlgﬁ a Poftio of the ?g%%%ﬁnesd‘ig%ui’é%ﬁ EhGmtReund
renfstelo MDA TG 52 SAsR seiopalalfesiay ola/smae! S8,

including the removal media o
interior. “

[00046] Figure 29 is a cross-sectional side view of a removal
device with a sealant filled gap.

[00047] Figure 30 is a perspective view of one portion of the
removal device housing with sealant reservoirs and injection
apertures.

[00048] Figure 3i is a perspective view of the reverse side of
housing pertion of Fig. 30.

[00049] Figure 32 is a perspective view of one embodiment of
an assembled removal device.

[00050] Figure 33 1is a partial, cross-sectional view of the
tongue and groove engagement prior to welding.

[00051] Figure 34 1is a partial, cross~sectiocnal view of the
tongue and groove welded together,

[00052] Figure 35 is a perspective view, shown in cross-
section, of a part of the outlet housing portion.

[00053] Figure 36 1is a perspective view, shown in cross-
séction, of a part of the outlet housing portion with an

alternative rib arrangement.



[00060] Fig. 43 is a perspective view of the removal media disk with an

wompeongaple skin around the outer perimeter of the media gigh,§Q9364}es37
Fig. 44 is a perspective view of the removal media disk of Fig. 43 with a

portion cut-away to show a cross-"gettional view of the media disk.
[000[88 621 Fig. 45 is a cross-sectional side view of a removal device
iRcilding #&FmoVal fHédia oPekS PRCDERAIEBDESCRIPTIGN®ENat i ve
em.boT iII%eI%I@EF RtRED EMBO%IMEN,TS [00063] Turning 'now to the
rawings, Fig L EhBRAS fion Bt gh Hthd Broeéssing Sy téncembodying.al
ent invention. The system,may be used in any application where
aro%ﬁidgg? %a G ot G R 04/029637 -11 from a fluid

o . i d contact bet the flujd and
[0ogHBICe gl%%eng@gi%o“&a'{ﬂgﬁ'g%%cE‘?er‘rean & W&%g%nlqgaa% %el?égur@

treating, removing or filtering medium is desired.
37 s ShowbaRotsge Soniaiper 1JoLaholding g, I0.90c specicyyel, oo vy
non-limiting application, source container 12 may Rold & bio oglcaFfT'uﬁT
disksustdasiieqed or a component of blood. The system shown in Fig. 1 also
includes a receiving container 14. A removal device 20 embodying the

[0005€bent invention is alsa shewssandistypically sogated-befween andig, ..
flow communication with the source container 12 and receiving container

devipe [D0CBE] Otidrealy; ¢hesyster=l0 mayringluderadditional containers.
For example, in the embodiment shown in Fig. 1, system 10 includes an
[1000&dditionBlegentaifer 22 whichomeyriectutfes  view of arn alternative

embodiment of the removal media with an annular gasket around
the perimeter of the media disk.
[00058] Fig. 41 is a perspective view of the disk of Fig. 40
with a portion of the removal media cut away to show the gaskst.
[00059] Fig. 42 is a cross-sectional side view of gz removal
device including the removal media of Fig. 40.
[00060] Fig. 43 is a perspective view of the removal media
disk with an impermeable skin around the outer perimeter of the
media disk.
[00061] Fig. 44 is a perspective view of the removal media
disk of Fig. 43 with a portion cut-away to show a cross-
sectional view of the media disk.
[00062] Fig. 45 is a cross-sectional side view of a removal
device including the removal media of Fig. 43.

DETAILED DESCRIPTION OF THE PREFERRED EMBODEMENTS.
[00063] Turning mow to the drawings, Fig. 1 shows a flow-
through fluid processing system embodying the presant invention.

The system may be used in any application where fluid is passed -



an agent, useful in the treatment of the biological fluid. Specifically, in a

- non-Iimitin% example, container 22 may include an agent useful in the
QY ehthactivation of the biological fluid. [00066] One exarRpl§2144/029637

pathogen inactivation compound is @, psoralen compound, such as, but
not limited to, 5'-(4-amino-2- oxa) butyl-4,5',8-trimethyl psoralen as the

fropathogenuinacti@tiencompound examplespf suitalile psardlena iy contact
compounds and methods of inactivating pathogens in biological fluid

betwsiny pseraiens areptovided-tutingRateaidNes. BH 78/ 36 aMNtbring medium
5,593,823, both of which are incorporated herein by reference. [00067]

is dperexamples of pathogen inactivating compounds include
phthalocyanine derivatives, phenothiazine derivatives WO 2005/044418

100 T/US20041629637 -I29Hfcludinesimetiylene blyexre container 12 for
dimethyl-methylene blue); endogenous and exogenous photosensitizers

holding aEl3idkazind, alIBRESHES Finclvfithg RipBitaVia) Mithisin aaplication,
vitamin L, napththoquinones, naphthalenes, naphthols, pathogen

S OUE TR tio AN G - B pbunBR HitioSe fin Rirfitedostaies PaiehtNosSuch as blood

or %’2%851%73151@6' 68, ZQB’fnéj 6,277?2;7, which are incorporated herein bg

PhoeR™16%0Rich is thsde BY P echiSities: M InE whith also

referénce, or W

incIRAEP KAOWD A5, 15 Inactpe] . compound, [D000BLEXERBEEG! sorice 20

pathogen inactivation compounds that may ‘be use uI_iﬁ:Fe_ H_
e B U o (o SO A S
locdtsu Appligation Serial No. 09/639.226 filed-March 80,2009, which is source
container 12 and receiving container 14.
[0006E] Cptionally, the system 10 may include additional
contailners. For example, in the embodiment shewn in Fig. 1,
system 10 includes an additional container 22 which may include
an agent, wuseful In the tresatment of the biclogical fluid.
Specifically, in a non-limiting example, container 22 may
include an agent useful in the pathogen inactivation of *he
bioclogical fluid.
[00066] One example of a pathogen inactivation compound is a
psoralen compound, such as, but not limited to, 5’-(4-amino-2-
oxa) butyl-4, 5’ ,.8-tr:i_mei:hyl psoralen as the pathogen
inactivation compound. Exzamples of suitable psoralen compounds
and methods of inactivating pathogens in bioclogical fluid using
psoralens are provided in U.S. Patent Nos. 5,578,736 and
5,553,823, both of which are incorporated herein by reference.
[00067] Other examples of pathogen ina.ctj,vating compounds

include phthalocyanine derivatives, phenothiazine derivatives



directed to the use of compounds having nucleic acid affinity and

wWOoComaang a mustard group, or mustard group equivalent ofpdqustassl o637
group intermediate. U.S. Patent No. 6,093,775 and U.S. Application

Serial No. 09/539,226 are incorporated herein by reference. A preferred
compound for red blood cell pathogen inactivation is p-alanine,

{inclGickiflin-9ndT i fisis@- ciéiethyljaminod teyilastendoopEOT Retuiming ) ;
to Fig. 1, container 22 is connected (and is in flow communication with)
endogEHiaS SN SHESFRP b e D t DRl 61 8RS Alusitahvesy stdrhoaimE oRes

, tbhle Qath.o en inactivation process with which it is used are set forth in
1s0a § \

Patenit Appicatibh Serial N 097328, 599, Hikathe & 1098 HHin L
reviously incorporate eference. [00070] As further shown in Figs. 1
e i NG SO0S A LT DRI 20587 o i
compfAREClafh eIl devia3Q 0y a Jstiube 10 Tube 1, P1oU0588 577,
flow path from source container 12 to removal device 20. Bhe ent o tBe

5, 264618 joined,1 outles pars24 of cantainer 12, a@ﬂé@%;%@ﬁ{:gﬁd tplhe inlety,,
port 30 of device 20. [00071] As shown in Figs. 1 and 2, system 10

refeliEiides tube 3@ whigh gonneeis gevice 2004e¢RiViRg EONBRINe LA ogies,

Specifically, one end of tube 18 is joined to inlet port 26 of container 14,

Inc.andnhetothier endds jeised taHuilel PorhI2 DldeWeRRRA:{P072] An
alternative flow-through system 10 is shown in Figs. IA and 2A. The same

[000kHrencexampbrals afe yseddacidentify dhesarme feaiuigsasdBosthat may
shown in Figs. 1 and 2. in :

be wuseful in red blood c¢ell pathogen inactivation methods
include the pathogen inactivation agents disclosed above and
those disclosed in U.S8. Patent Wo. 6,093,725 and U.S.
Application Serial No. 09/539,226 filed March 30, 2000, which is
directed to the use of compounds having nucleic acid affinity
and contz—:'xini_ng a mustard group, or mustard group equivalent or
mustard group intermediate. U.S. Patent No. 6,093,775 and U.S.
Application Berial WNo. 09/539,226 are incorporated herein by
reference. A pfeferred compound for red blood cell pathogen
inactivation is ‘p-alanine, N-{acridin-9-yl}, 2-={his (2~
chloroethyl)amino] ethyl ester.

[00069] Returning to Fig. 1, container 22 is connected {(and is
in flow communication with) source container 12 wvia tube 28.
Details of this illustrative system and of 'the pathogen
inactivation process with which it is used are set forth in U.S.
Patent Application Serial No. 09/325,599, filed .June 3, 1998 and

previously incorporated by reference.

[00070] As further shown in Figs. 1 and 2, source container is



the embodiment shown in Figs. IA and 2A, it will be appreciated that the

W@g@@'ﬁ&mgnlet port 30 faces away from the center 36 (i.e., toward the
periphery of the housing) of device 20. Similarly, the openinpgci]rj{lgﬁ%ﬂ%‘Wi‘f637
faces away from the center 36 (and $oaward the housing periphery) of
device 20. While the orientation of inlet port 30 and outlet port 32 as

consbovedin digs:dnand 2 igpreferable, e embedimentshownin Figspdd 16
and 2A is equally suitable. [00073] Regardless of the orientation of ports

pro@0darsd 82,21 @ommol dspectafieth afdhecmbediments shewsim Figsyi ce
1 and IA is the location of inlet and outlet ports of device 20 relative to

20. thé'devicetenfert3dantcontainers 42 andid Lkeeach-of 2hecf container
embodiments, inlet port 30 is located between the center 36 of device 20

12, aMecreeefirFaemtaanegr 14, Thre 4oileE3Rds HodkterEbernvder thd center
36_and source container 12. This WO 2005/044418 PCT/US2004/029637

[00074 JesufsSin bR thiodd Hevicei2d tRat is Weetiondllyl reverias tube 18

. relative to the flow through the remainder of the system 10. Thus, fluid

Wh“é%ters%ﬂf@?f)‘éﬁ%o T i forcedto fibd "uFacditiet s, IFRBSbEwE  14-

discove ?‘d that this r%/er%e(%ltgw, least in part, reduces the time

Specitlca ora fitfd t%ﬂpags th pgh evice 26’1&%%01‘9% rﬁB?@FEﬁ%HECi%fe cf

require

@Q g&onigevi 0 ic provides more ¢ lete sure of tg
Conqui%‘to the rém%%él f%%%ige?ng et e(%//icjészé.o[b?)%% ur?{‘,l?%)éﬁ?f\)%\,\? t%xljiig 8 of
dev3cé, 8Rd 5, there is shown a removal device 20 embodying the present

invention. In a preferred embodiment, device 20 is comprised of a
[008PHPING 42  alternative flow-through system 10 is shown in

Figs. 1A and 2A. The same reference numerals are used to
identify the same features as those shown in Figs. 1 and 2. 1In
the embodiment shown in Figs. 1A and 2A, it will be appreciated
that the cpening in inlet port 30 faces away from the center 36
{i.e., toward the periphery of the housing) of device 20.
S8imilarly, the opening in outlet 32 faces away from the center
36 (and toward the housing periphery) of device 20. While the
orientation of inlet port 30 and outlet port 32 as shown in
Figs. 1 and 2 is preferable, the embodiment shown in Figs. 1A
and 2A 1s egually suitable.

[00073] Regardless of the orientation of ports 30 and 32, a
common aspect of both of the embodiments shown in Figs. 1 and 1A
.is the location of inlet and outlet ports of device 20 relative
to the device center 36 and containers 12 and 14. In each of
the embodiments, inlet port 30 is located between the center 36
of device 20 and receiving container 14. The outlet 32 is

located between the center 36 and source container 12. This



made of two separate portions 44 and 46 that are joined together. Each

wpastionddsand 46 includes an outer surface, identified by S@a96:82,63880637
Fig. 5) and/or inner surfaces, identified by 54 and 56, respectively. As

shown in Fig. 4-6 and Figs. 35-36; p&rion 46 provides a base for
receiving removal media 60 and optional filters 62 and 64 (described
resPaigiv) 1Thus, Housing Porasai6 fes some Hepthitatit, with ndlitisletionally
concentric flats 82, 84 and 89 (also described below) at different depth .
TEVRRRAE o Sk Yemdial rhB8ia Bbrdnd Bptoral filkde nesmakstivngd  the
ig. 6, portion 46 is comprised of a generally planar side wall and
5Y sg@%lpﬁé)ral end§all 57 HEuSRG SparioR B Mg e mbréfifthe forfrarad to

floshape of atflat coxégr member wi gﬁ}as%gnificant depth. As shown in Fig.

4, pottion 72 ifc1Gd&s infet port ortiit 26 MERHRESEGHEt fdeR3orhis

revé%%aovmu,Figtf%q’e%%@ios?ﬁﬁ;%%gd 48, &{fgpvt%ea“ .nclude alignment

tabs 48 to ensure proper matirig of portions 0051044418

£1ulé HYS2004/02 268 h'%%ﬂ’&%@oqwmﬁ%@_b&oi@%@ e%ﬁ%%efez £low

is preferably made of a hard plastic that can be injection mo

eromateialusedforhusing 42n ghoiighessuitahle for sterlization Q;%I&%% of
he

forms of sterilization such as gamma or electron beam radiation.

thematgrial shouldhalsorke-amenatle toyefarrad sealing @perations  such
as, but not limited to, ultrasonic welding. Examples of suitable materials

[ooibdyde prlymethyimethaceylated{PMNBA) and agsylanjitriteitadieBe shown a
styrene (ABS). As shown in Figs. 3-5, one of the housing portions 44 or
remd@ahaydaeluce alétaieimigodying the present invention. In a
preferred embodiment, device 20 is comprised of a housing 42
made of +two separate portions 44 and 46 +that are Jjoined
together. Each porticn 44 and 46 includes an outer surface,
identified by 50 and 52 (see Fig. 5) and/or inner surfaces,
identified by 54 and 56, respectively. As shown in Fig. 4-6 and
Figs. 35-36, portion 46 provides a base for receiving removal
media 60 and optional filters 62 and 64 (described below).
Thus, housing portion 46 has some depth to it, with multiple
concentric flats 82, 84 and 8% (also described below) at
different depth levels on which removal media 60 and optional
filters nest. As shown in Fig. 6, portion 46 is comprised of a
generally planar side wall and periphéral-end wall 57. Housing
portion 42 may be more in the form and.shape cf a flat cover
member with no significant depth. As shown in Fig. 4, portion
44 includes inlet port 30 and portion 46 includes outlet port
32. As shown in Fig. 30, portions 44 and 46 may optionally

include alignment tabs 48 to ensure proper mating of portions 44



member 58 for receiving tubing 16 and/or 18 (discussed in more detail

W@ﬁ}%)m[ggom] As shown in Fig. 4, device 20 preferably inclydes one or
more treating or removal media (e.qg., disk 60) placed betwebn Ny +029637

surface 54 and 56 of device 20. As Thud enters device 20 through inlet
port 30, it comes into contact with media 60. The fluid permeates the

and fédrpadaramsiseiekyss the surface 60a thereof before exiting through
outlet 32. In one non-limiting example, removal media 60 may be

[00QTHd ctediRirgRmbvidg diwanete coninorads from afluidckh eppathagenthat
inactivation fluid processing system of the type described in U.S. Patent

can ARBlichlioR SRl NEP 17925 508 the Ta&AitHF ay drch sbeienbomedtiy 42

for.,removing unreacted pathogen inactivation compound, by- products of
shoygd %uﬁwtfc?%/%tioﬁr%atrﬁéﬁféﬁ&%ﬁﬁéf’rbo und8@sy forms of

the pathoge
reSHpsances, inclug':i)n other pathogenic.compounds. [00077] As
> S describedin U'E a%esnt %ﬁ%ﬁ%atf% S NS 047395, 58§ tatrkoval The

matdpedia may by in fhe fum of a disk made WO 2005/044418 '
PCT/US2004/029637 -16 of%%ég e?agi’/, Hﬁ"nenijﬁ é:r?égenseegt%:’r‘élﬁe operations

wagliculatethatis finely:qrgund an i with a binding material
e i w%?r%t%%'is siﬁf;ealﬁna%?'es of

such as polyethylene or a blend thereof. This com

suigesulinguirt diske6@ showe inuEigs drrhaving side, swfages 60a apg 60b

and peripheral end surface 60c. Disks of this type are available from
acriRorex Tethnalogies ehEaighyis (eeorgisswith Q@éti@ﬂ%tﬁrpf%id@‘%%%’.th&a
he '

Purolite Company of London, United Kingdom. [00078] Of course,

one rgrhovakemédizsb0glesonhiedisndd or 46 may include a retaining
member 58 for receiving tubing 16 and/or 18 {discussed in more
detail below).

[00078] As shown in Fig. 4, device 20 preferably includes one
or more treating or removal media (e.g., disk 60) placed between
inner surface 54 and 56 of device 20. As fluid enters device 20
through inlet port 30, it comes into contact with media §0. The
fluid permeates the media and travels across the surface 60Ca
thersof before exiting through outlet 32. In one non-limiting
example, removal media 60 may be selected for removing unwanted
components from a fluid. In a pathogen inactivation fluid
processing system of the type described in U.S. Patent
Application Serial No. 09/325,599, the medium may be a sorbent
media for removing unreacted pathogen inactivation compound, by-
products of <the pathogen inactivation treatment and other
compounds and substances, including other pathogenic compounds.
[00077] As described in U.5. Patent Application Serizl No.

09/325,899, the removal media may be in the form of a disk made



limited to the materials identified above. The medium can be made of any
woBRiSsialgorbent or otherwise, that can remove selected cqrppRIAIS Q50637
agents from the fluid. Examples of materials useful in the removal of
compounds and agents are providédsin U.S. Patent No. 6,544,727 and
U.S. Patent Application Publication Nos. US 2001/0018179 Al and US
of, 20016609758.Al, dii oiniHitleareterein igcerporatetby crefetencet fdie  is
. medium can also be a filtration medium used to capture (other than by
Einedstptiory Witvaried Csmboifds ol EBmponbaisi e exahfiléathe such as
medium 60 may be used tq capture leukocytes and remove them from
POLYRENIbRicA Hiuid. J06BF] RS SRotn in By %, tRiide 2Ry ifcladetered,
resu'zf\_ﬁjtc‘;ihi}:i{onalzl iréser}(;, f60r filg%%on and removal of compounds or components.

For g)?arj.ﬁple,jiﬁ m%odﬁe%f‘wﬁé?esde\%i‘ég IG5 Bgedii DRfHGGET 602
ana 1BBEAlIONIICAUMENLID emove, esidual agents gnd, Oy products ofthe

% S
Inactivation process, it may be prefera mcludle € or more

ava1adgitignakfijtrati i ;Filters 62 and/or 64 ma geincluded
ve %%?gp%u?g%%l@kﬁ%%g%%}g% A e e

partiasticstate fomyremevalmedia 68, Filters 62.and 84 may be of s united

conventional type as, for example, nylon mesh or, more preferably,
Kingaiyester mesh with a pore size of between 0.2 and 0.8 microns.
Although two filter elements 62 and 64 are shown, one filter element may

[oodye puffickent. {8Q08E] Ascshowr anshprevieusly desuribe igusieg 42 8f not
device 20 is preferably made of two portions 44 and 46 joined together
1imivith rémovdlemediter 681(and dapwrimere filtervaedia®2e medium can be
made of any material, sorbent or otherwise, that can remove
selected compounds or agents Ffrom the fluid. Examples of
materials useful in the removal of compounds and agents are
provided in U.S3. Patent HNo. 6,544,727 and U.S. Patent

Application Pubklication Nos. Us 2001/0018179 Al and US

2001/0009756 Al, all of which are herein incorporated by

reference. The medium can also be a filtration medium used o
capture (other than by sorption) unwanted compounds or
components. For example, the medium 60 may be used to capture

leukocytes and remove them from the biclogical fluid.

[00079] As shown in Fig. 4, device 20 may include additional
inserts for filtration and removal of compounds or components.
For example,  in an embodiment where device 20 is used in a
pathogen inactivation treatment to remove residual agents and
by-products of the inactivation process, it may be preferable to
include one or more additional filtration media 62 and 64.

Filters 62 and/or 64 may be included to capture any loose



and 64) enclosed within housing 42. In a preferred embodiment, portions
: re joined to each other at or near their outer perjpheries.
W(ég%%{g%gﬁéﬁment of housing portions 44 and 46 may be ens %/HWMM%%
aligning alignment tab 57 with retaitiihg member 58. (Alternative and
optional alignment tabs 48 are also shown in Fig. 32). Portions 44 and 46
Parist bebpinetPibgetRer by Sesliny foethdtihhersurbacestd andm6/(afe of
ortigns 44 and 46). [00081%Preferably, portions 44 and 46 may be
CON LR tog etiBR by Smatih§Ton e ERA Yroovevamangement. Figs. 6 more

an%%?);% shJc_)wt e greferred mating arrangement. Inner surface 56 of

Pre L oHION U6 Provides & griova 68 éarthe BERipRéRFof tndresiitase 662 and

8is inuouys along.the, entire periphery of housing portion 46.
0. B O MOV e Gitoialhy are hmm,

With reference to

one egggrgg'@getgé}gé@c?gap gg]eguséﬁ%eeéé of housing portion 44. Like

groove 68, tongue 701is continuous along the entire outer periphery of

tooqEwtion 44 [00Q821 During assembly of device 20..tongue 70 is inserted
into groove 68. The area o1ﬂt§h§e tongue gnd gerggggﬁﬁ?rgéntzl}s%ng 42 of

dev 205004444 8 RETHIS200 4263/« 'lﬁvmeﬂcﬁr@&%ﬁgly t?&(p%%%d P2 joined

sealing means. In a preferred embodiment, the sealing procedure ma

togsntludevdn ultraseniel devictitor soniawelding apd fysing of tongpe 70 . .,
and groove 68. Other forms of welding or sealing, known to those of Sklﬁ

and A4y aisobesedediThereriergy fram the sonig welg rsitstheplastic pas:
of groove and tongue 68 and 70 and fuses them together, as shown in

porifigne? dthepstsy féhmintea peimedericseahohpartinBs at or near their
outer peripheries. Proper alignment of housing portions 44 ang
46 may be ensured by aligning alignment +tab 57 with retaining
member 58. (Alternative and optional alignment tabs 48 are also
shown in Fig. 32). Portions 44 and 46 may be joined together by
sealing together inner surfaces 54 and 56 (of pertions 44 and
- 46) .,

[00081] Preferably, portions 44 and <26 may be attached
together by a mating tongue and groove arrangement. Figs., 6 and
30-33 show the preferred mating arrangement. Inner surface 56
of portion 46 provides‘a groove 68 near the periphery of inner
surface 56. Groove 68 is centinuous along the entire periphery
of housing portion 46. With reference to Fig. €, groove 68 is
sized to receive outwardly extending tongue 70 on inner surface
54 of housing portion 44. Like groove 68, tongue 70 is
continucus along the entire outer periphery of'portion 44,

fooosz2] During assembly of device 20, tongue 70 is inserted

into groove 68. The area of the tongue and groove fitmenﬁ is



44 and 46. [00083] As shown in Figs. 10 and 31, inner groove wall 72
' outwardly extending shoulder 74. During asse Vi
W%%%Btéglﬁgﬁﬁe@m first comes into contact with shoulder 74 Ofr;?%\ﬁgsg@\ﬂ&%éﬂ

During welding these areas of tongugzand groove 68 are first to physically

fuse together to provide the seal. As further shown in Figs. 6 and 34, the
theronguetZdz0rice insestetkdntogroove &81leayeseutar and lowep gapse 8 rred

and 80. These gaps are provided to receive melt from the sonic welding
enbprdeess andreducesstlésg orpthe hdusing B2whichcathbswise could teathnic

to cracks in the housing. [00084] As best seen in Figs. 35-36, inner
deviiffaée 5o portionl4E iay RetHarias detdstingshdlldersionftats82 68.

and 84 on which filter media 62 and 64 are placed. Peripheral portions of
Othgifie £52 AN 3 B4 ¥ESLERTaRE 85 SR A whide WRay: Detdbrmmuels akddd may

the entire periphery of housing portion 46. Filters 62 and 64 may be ‘
alsgdﬁ%réﬁteodihnef['g‘l?rfa?ébeﬁ%ybﬁﬁﬁwﬁhﬁdﬁ%ibﬁ t‘é%ﬁﬁidﬂ%%?ﬂo%\;@/e?,lasuc
Qgefeﬁabl¥bfikt}rers 62dand 64 are éSonic we ded to flats 82 and 84 along the
beridhenies MeredF “FIAIEEY and & thal fuileriHotite Biidhgy WitiSs 25

. Energy WQ,2005/044418 PCT/1JS2004/029637 -19 directors 83 ma

Shoﬁ% rglnsed,.%r”la%g%u'ia?és%uer a?c%gs, iacgré?]lélvgn in ip—‘?grf[?g,e d 5§ 77\91” Bi potiOHS
14 gcognyzed by those of skill in the art. Energy directors 83 assist in

providing a firm weld between filter 62 and/or 64 and housing 46. [00085]
[oodedyirthes seaninggig. 6 (apg;35 and 36),9ne or bath, housjng portiqns,44 -,

and 46 may include a continuous gripping
includes an outwardly extending shoulder 74. During assembly of

par

device 20, tongue 70 first comes into contact with shoulder 74
of groove 68. During welding these areas of tongue and groove
08 are first to physically fuse together to provide the seal.
As furthexr shown in Figs. 6 and 34, the tongue 70, once inserted
into groove 68 leaves outer and lower gaps 78 and 80. These
gaps are provided to receive melt from the sonic wélding process
and reduce stress on the housing 42 which otherwise could lead
to cracks in the housing.

[00084] As best seen in Figs. 35-36, dinner surface 56 of
portion 46 may further include nesting shoulders or flats 82 and
84 on which filter media 62 and 64 are placed. Peripheral
portions of filters 62 and 64 rest on flats 82 and 84 which may
be continuous along the entire periphery of housing portion 46.
Filters 62 and 64 may be adhered to inner surface 46 by known
achesion techniques. However, preferably, fiiteis 62 and 64 are

sonic welded to flats 82 and 84 along the peripheries thereof.

Flats 82 and 84 may further include energy directors 83. Energy



member(s), or seal ring(s) 86 (and 88). As shown in the Figures, rings 86
be raised surfaces that extend from inner surf
W(ﬁggﬁ%? gg/ripheries of portions 44 and 46. In a preferred éﬁ‘%%gézn&e%%g%s?
seal rings 86 and 88 are located bet@een center 36 of device 20 and the
. _tongue and groove assembly 70 and 68 described above. As shown in
dLref g SselP rifgy 8@ and 8BSSArtially éenmress removalanediuas6CGandn in
substantially prevent liquid from traversing and bypassing medium 60.
gPre?e"raﬁﬁ)f1 riNgs B6rand B RSP ARl intR 9ssined ekd 1 bnterhpiprt.
Ene% MoV, llrnéggigm 608 0005856g For additional assurance that liquid is not
%/Eassmg mediim 60, The Gap 9 reMaing Biwden mERiUMEEE arkg tween
: S substantially filled with a liquid impermeable barrier.
fll%%%w%r? %?g%&%%ng %% ?éogr?g rﬁqeﬁ?%d of sealing or substantially filling
0068190 i unintentional |j ui(g ass., Turning briefl _
: ba?k to eg?g %ﬁggg%%gféggu%dgs%?&%o?al Er%ré i?’ diéal%dGC‘)31 |gr% fheozé?eéy t both
houbetweeyd Hogs86 ang 88.ands the inner, surfages 54 the side, .
wali‘% % peri|58h§eraliill@len%n%valtll %‘)7%(1)1‘ ojén%%agzg A%s saﬁ%%lva%ﬁqﬁ%g 27 aha e
men28; s spalaint 928y beikjested o gap 0. dajpction parts.ydmay be .y,
provided in housing portions 44 and/or 46. Sealant 92 may be WO
FigR085/044448 PET /LiGPM/A296382 120 Myacteddsy s¥ange P95 QalY.d from
other means. As shown in Figs. 30 and 31, housing portion 46 may also
inngiclgdefmesr hbrendseivoies) Ihoraecepling guatityofseatantas ang
Reservoir(s) 91 provide(s) a space for a sufficient quantity of sealant to
46. offektive i gapbEmbodiment, seal rings 86 and 88 are located

Fi

between center 36 of device 20 and the tongue and groove
assembly 70 and €8 described above. As shown in Fig. 6, seal
rings 8% and 88 partially cempress - removal medium 60 and
substantially prevent liquid from traversing and bypassing
medium 60. Preferably, rings 86 and 88 may terminate in a
pointed end to better grip removal medium 60.

[00088] For additional assurance that liquid is nok bypassing
medium 60, the gap 90 remaining betwgen medium 60 and housing 42
may be substantially filled with a liquid impermeable barrier.
Shown in TFigs. 27 and 28 is one method of sealing or
substantially £illing gap 90 and preventing any unintentional
liquid bypass. Turning briefly back to Fig. 6, gap 90 surrounds
removal media (disk) 60 in the area between rings 86 and 88 and
the inner surfaces 54 and 56 of the side walls and peripheral
end wall 57 of housing 42. As shown in Figs. 27 and 28, a
sealant 92 may be injected into gap 90. Injection ports %4 may

be provided in housing portions 44 and/or 46. Sealant 97 may be



[00087] Suitable sealants may include epoxies, RTVs, hot melts,
Wpglyiwethane, EVA-based hot melts, silicones or other plasg#gs;/guehh#gro637
acrylic polymers. A preferred sealant is an EVA/wax hot melt available

from Bostik Findley of Wauwatosa;2@isconsin under the name Bostik
. H]t7 4. The sealant may also be a gel that remains semi-solid after being
HIGSed e&ylnsé’ﬁy}%qferﬁt,sin‘%cﬁf&’n@ SRMHRBap 96, 8 eKHBwitn Hgs. 30
and 29, effe gvelkl revenﬁ Ii%uid ggm bépassing removal medium 60.

[00088] Prevehiing Tiguid Bypass oftiefhoval ifedid BOtEET alfipe ©F more
lished by proyiding the disk,of removal media 60 with a_preformed
res%ﬁiﬁ%qﬁg 93 or ga];/ get arg]ﬁﬁaTﬁénp%rimgter u?ﬁ% itith 60?55 ShdRHHATE -

95437 and;38. ternati odim rin may_be . .
R o Stitalle Binding et (e Sah bb ALIE (b oRtg Ticy of

seamﬁﬁnetﬁre@‘fr@&g@l@eg@ém g G@. Ring 93 can be molded onto disk
60 during or after manufacture of the disk. For example, in one

[oo@snhodirent i1g: 9% mAkbesnokded during thesintgring etremevals . not
medium disk 60. [00089] Ring 93 should have a thickness substantiall'y

melEgualtol the 9@ formad-by haiising porienst4 and146vhes the: other
portions are brought together to form housing 42, as shown in Fig. 39.
plagthybinckrahatis sabsyditiallydigoe impernfeabie fnd-bivcempatible and an
can be molded onto or with the disk is WO 2005/044418
EVA pie¥/UsE00aein68 72 sislitalisom oResixdmple riibeing @3 Maubetosa,
. made of a binding material made of a polymeric material, such as, but not
W1sGpRtdd f&)‘}‘#%"fyé’t%?lé?@?% BrsteiredipblyethyleBess shted Aigh matealap be

weight polyethylene (UHMWPE). The UHMWPE may be
a gel “that “remains semi~solid after being injected. In any

event, introducing sealant into gap 90, as shown in Fig. 29,
effectively prevents liquid from bypassing removal medium 60.

[oooge] Preventing liguid bypass of removal media 60 can alse
be accomplished by providing the disk of remcval media 60 with a
preformed sealing ring 93 or gasket around the perimeter of
medium 60, as shown in Figs. 237 and 38. 1In one such alternative
embodiment, ring 93 may be made of a suitabile binding matérial
that can be applied to the outer perimeter of removal medium
disk 60. Ring 93 can be molded onto disk 60 during or after
manufacture of the disk. For example, in one embodiment, ring
93 may be molded during the sintering of removal mediwm disk 60.
[ooo8e] Ring 93 should have a thickness substantially equal to
the gap 90 formed by housing porticns 44 and 46 when <+he
portions are brought together to form housing .42, as shown in
Fig. 39. Any binder that is substantially ligquid impermezble

and biocompatible and can be molded onto or with the disk is



blended with other compounds, however, a 100% UHMWPE is preferred.
WQQ&Q%MIQ variant of the above-described embodiment, ring 93, or a
suitable sealant or binding material may be formed first and piatlgH4029637
sintering mold cavity. The removal azgdia can then be sinter-formed
inside the molded disk, resulting in a structure substantially similar to that
Su%Wﬁ_in Figs. @7eard=38. Fhe tutenring 93T andhe pldedisonieally, 1001 ng
otherwise, to housing 42. Where housing 42 is made of an acrylic-based
matRsteial P8 StitalsleemBediTaIoE fing R isiadny isurhichcanstiende®  1imited
. welded to housing 42. [00091] In another alternative shown in Figs. 40-42,
7 tHin- §35RET£88 made’of R TghREResermeabletand bivconpatiblé tra high
oAt rgarl can be_placed.inside a mold cavity. The removal medium disk 60
can be sinter 1oithe P8R YBH b RBYaskKBiM¥RE lgasketThray BENBERd @y be
1 AoHsing ég% solvent bonding, ultrasonic welding or other known sealing _
fechniques. Gasket 198 rﬁgrﬁxg%uré%chea%etﬁﬁ%urfa%e of ik 6(VHMWEE  is
préliacent to the outlet port 32 of housing 42, as shown in Fig. 42.
Preferably gasket 198 extends substantially to the outer end wall of the
roeeweiar gap 0 ip-hqusing 42, therehy preventing any liquid that may not
have contacted removal disk 60. from exﬁier]gé:%srgﬁé%ﬁle SO pBRAE2, Aing
§3 suitablesgasket spateriakean be apy pglymenic, WQ, 2005/044418
PCT11JS20041029637 -22 material or blend of po yrggﬁ% matetiathatigred
fiaiso didcompashleAnexample of onasuehngieral is ap ethylene vinyl,
acetate composition.
can then be sinter-formed inside the molded disk,

dia
resulting in a
structure substantially similar to that shown in Figs. 37 and

38. The outer ring 93 can be molded sonically, or otherwise, to

housing 42. Where housing 42 is made of an acrylic-based

material, a suitable material for ring 93 is acrylic, which- can

then be welded to housing 42.

(00091} In ancther alternative shown in Figs. 40-42, a thin

gasket 198 made of a ligquid impermeable and biocompatible

material can be placed inside a moid cavity. The removal medium

disk 60 can be sinter formed on top of the gasket.

The gasket
may Dbe sealed to housing 42 by solvent bonding, wultrasonic
welding or other known sealing techniques. Gasket 198 may be

attached to the surface of disk 60 adjacent to the outlet port

32 of housing 42, as shown in Fig. 42. Preferably gasket 1098

extends substantially to the outer end wall of the annular gap
90 in housing 42, thereby preventing any liquid that may not
have contacted removal disk 60, from exiting through the outlet

port 32. A suiltable gasket material can be any polymeric




[00092] Still other alternatives include depositing or printing a hot-melt
waehesyepnto the perimeter of the medium disk 60, shrink-fi gﬁg{ @%I'I Y
around the perimeter of medium disk 60 or dipping the perin%eter 0 Q‘Pﬂ&gﬂzgéy
medium disk in a PVC plastisol. [06093] In yet another alternative that
does not require applying a sealant around to the disk 60 perimeter, the
matgndaduriaie 60eleMAe retfovabriediemidisk 66 may be tregtiad to 1 s
provide a liquid impermeable peripheral edge. In one embodiment, disk
60 Ste may*Be BXpBEEF10% hiJFE teiipbratares sich ds; an ethylene
ving@proxima%te)ly 120C tq create an impermeable skin around the perimeter.

ST can be ToRed bl tating the disk and exposing the peripheral

co8dgs of di to a hot air source or placing the disk in a hot-mold press
S Qfﬁrthgré?grgn?it aﬁaéctﬁgiﬁterir?gﬂ/%% W Figh2@L &in 20tPRe FéiFhed o
around the gyter perimet eripheral e of medjum disk 60 with
P ome of skin 203%%5:&%%%9 tgﬁ% 56% %?lt ?ﬁqgteﬁaﬁr&ﬁlﬂjf@%u%ﬁ shgc&pfiumn
disclisk60. Rigferahly, skin 200 extends uter, surface of disk 60 such
that seal rings 86 and 8?3?:,9pr2viously d%\g%rﬁ%[é{d,%%o%t&?%ﬁ%es fif-cSVer@gdium

dispordon «f disk8@nas shawnio:Rige 45::[09894) Lurping briefly, back.to
Fig. 1A, one or preferably both of housing portions 44 and 4 may include
blagplurality of ribs 96, 98. Ribs 96, 98 may be raised surfaces that extend
WO 2005/044418 PCTIUS2004/029637 -23 from inner surfaces 54 and
wo@@%bspebtivelgﬁ‘tn apretersed anrasgarientePORIQN46 gwhich jpgludes ., o
outlet port 32, includes

applying a sealant around to the diszk 69 perimeter, the end

also
bhio

PVC

surface 60c of the removal medium disk &0 may be treated to

provide a liquid impermeable peripheral edge. In one

embodiment, disk 60 perimeter may be exposed te a high

temperature, such as,

approximately 120°C to create an

impermeable skin around the perimeter. A skin can be formed by

rotating the disk and exposing the peripheral edge of disk 60 to

a hot air source or placing the disk in 2 hot-mold press to

further form it after sintering.

As shown in Fig. 43, skin 200

is formed around the outer perimeter and peripheral edge of

medium disk 60 with some of skin 200 overlapping the sorbent

material on the outer surface of disk 60. Preferably, skin 200

extends over outer surface of disk 60 such that seal rings 86

and 88, previously described, contact the skin-coVered portion

of disk 60, as shown in Fig. 45.

[C0094] Turning briefly back to Fig. 1A, one or preferably

both of housing porticns 44 and 46 may include a plurality of

ribs 96, 58. Ribs 96, 98 may be raised surfaces that extend




two or more ribs 96 placed at or near port 32 as shown in Fig. 31. Ribs 96
filter 64 from blocking outlet port 32. [00095] Housin rtion 44
W%@gﬁéﬁ?ﬁclude a plurality of ribs 98. Ribs 98 may be raiseP(% f PALEI29637
that extend from inner. surface 54 and provide strength and additional
support for housing 44 during assembly. This may be particularly
frogesirable wherfdlevice 20 isfaineibhy wiasonis welding. Additonalsrerrea
ribs 96 may prevent removal device 60 from adhering to the inner wall 54
arrafpemsT 44qantisasshily biddkihg imel port=3Qu Thetplucatity 3 ribsn8 udes
may be spaced and arranged in any desirable configuration. For
WO dMBRE TibSIO8 iy Be 3p8eed trom exrtrotherin paratiel abrwss the Fig.
surface of inner wall 54. Other arrangements are also possible. In a
31- prételied erRbGURRENT HbsIB Gfe FAMRIY Spaktacemahdfiy FORTaYoint
[Geps E)the enter 36 of d%\gce 20 (like spokes on a wheel), as shown in Fig.
A.% 0096] A& Sowi in Fig" 35, % PIArAIIG ST HbEHay HsobePpHiidédyn of
...noysing poriion 46. As shown in the Figures, ribs 100 line the outer
rlbgeﬁrﬁﬁ'ete?%# a4 fers %Egagé SafAGEnt 38 FoGve B inner

. g
portion a t%e inner sur

spegcifically ri uppert the peripheral upstanding wall segment
Surg%%ha%%ef%%%, w&%ﬁ%%é roo%%%g g%l%s %)f? prao%/%ét‘ lé?r%%%th %ffﬁgrt for

houB@H§INgsaNd, Rreyentagoye 68 fr@%geﬂr%%}irﬁged Lg%%:j 0 é%@’l rl%% Sf&fble

ultrasonic welding. Alternatively, as shown in Fig. 36, a series

whefMayeaisedeprovided alaag tha,perirherab WO 200044418 rsuitionatly,
PCT/US2004/029637 -24 wall 57, and more specifically wall segment

ribb7BsRiay 10tevent removal device €0 from adhering to the inner
wall 54 of portion 44 {and possibly blocking inlet port 30).
The plurality of xibs 98 may be spaced and arranged in any
desirable configuration. For example, ribs 98 may be spaced
from each other in parallel across the surface of inner wall 54.
Other arrangements are also possible. In a preferred
embodiment, ribs 98 are radially spaced extending from a point
near the center 36 of device 20 (like spokes on a wheal), as
shown in Fig. 1A.

[00096] As shown in Flg. 35, a plurality of ribs may also be
provided in housing portion 46. As shown in the Figures, ribs
100 line the outer perimeter of portion 46 at the inner surface
56 adjacent to groove 68. More specifically ribs 100 support
the peripheral upstanding wall segment 57a that defines, in
part, groove 68. Ribs 100 provide strength to the housing and
prevent groove 68 from deflecting during, for example,

ultrasonic welding. Alternatively, as shown in Fig. 36, a

series of ribs 101 may also be provided along the peripheral



which may be more widely spaced (and, therefore, fewer in number) than
woibnd PR Akovide at reference point for locating disk 60 on flg-§3;dbyill P83~
understood that housing portion 46 may include either one set of ribs 100
or 101, or may include both sets. {2@097] With reference to Figs. 3 and 7,
device 20 may include, one or more retaining members 58 on housing 42.
wallAs Bhewrid thec Rigures cistairiid mendders 58 may be fitegral wittbthe 101,
_housing portion 46. Retaining member 58 may be in the form of a two-
whigfonged clfe adishewrifepéxangmecmdrigl anduringassémbly ofiteer in
rocessing system 10, tubing 16 or 18 is press fit into the gap between
nm‘ﬁ?&broﬁ@%"of WELNiG U SHoWr feFig. 10 TRERIAMg ANdMberiss islocating

. _substantially aligned with port 30 and/or 32. Alternatively, retaining o
di §1e bgPS%%rﬁﬁy%se‘a cl%tée‘fﬂ%ﬁpbﬁ"lrbﬁ’&?ﬁﬂﬁa?%é:&?dé P16 isportion

threaded. Retaining members hold tubing 1 d 18 § cent to housing

16 Bhnd" gégf% i lr%%?nrta?nnlﬁg %%%s?n% Eﬁr}?ﬁ aqﬁd%s?gnti @vé’rﬁcgﬁy +n&lude

bot RrigNtation. As mentioned above, maintaining the vertical orientation of
housing 42 is important to ensuring uniform exposure of the fluid to the

[octRpval padia of devige 20, [09098] Figs., %‘W,a%%éé‘%dxi{%egenhcmde,

fluid circuits and tubing configurations for directing flow through flow:

onethieugh fllidprocasaingsetld of tie Rresentinvention. Twicallythe 5. the

processing set is suspended from, for example, an IV pole to allow for
FiggeRsty induaed fioy abliyigkihraohtie systems: Sy Fid. 1l fherers showRng

a portion of the flow WO 2005/044418 PCT/US2004/029637 -25

portion 46. Retaining member 58 may be in the form of a two-
pronged clip, as shown, for example, in Fig. 7. During assembly
of the processing system 10, tubing 16 or 18 is press fit into
the gap between the prongs of the clip, as shown in Fig. 10.
Retaining member 58 is substantially aligned with port 30 and/or
32. Alternatively, retaining menmber 58 may be a closed loop
through which the tube 16 or 18 is threaded. Retaining members
nold tubing 16 and 18 adjacent to housing 42 and assist in
maintaining housin§ 42 in a substantially vertical orientation.
As mentioned above, maintaining the wvertical orientation of
housing 42 is important. to ensuring uniform exposure of the
fluid to the removal media of device 20.

[00098] Figs. 11~16 and 26 show different fluid circuits and
tubing configurations for directing flow through the flow-
" through fluid processing set 10 of the present invention.
Typically the processing set is suspended from, for example, an

IV pele to allow for gravity induced flow of fluid through the

system. In Fig. 11, there is shown a portion of the flow-



through fluid processing system 10. As shown therein, the flow- through
I 1cessing system 10 includes a housing 42. it will be understood
“{ﬁlg? %%@%:%ﬁpound removal device 20 of the embodiments s"t%Wﬁﬁ’?"ﬁf&?s?W
11-16 is located between source coptainer 12 and receiving container 14
(as shown in Figs. 1 and 1A). Thus, container 12 will be "above" the

thromgpodididmovatedevice 2 anereteivingisoniaing L4yl be, "belew's1 oy-
the compound removal device. [00099] As shown in Fig. 11, device 20
thiftlgdes halidlep pore80-oa ovessiam of BousinguRandoutetsgory 32N 1t
the opposite side of housing 42 (e.g., outer surfaces 50 and 52) . As
withoRf iiRIFiERAES, hathe Prefefreicmvadgerantorss30.and 32 a® the
diametrically opposed such that inlet port 30 is in the Iower1end of one
B W hereaS Butléfpofis? is I0ckTéd in ithe Lpparend Sftiessthersource

ortion. As discussed aboye, placement of inlet port 30 in a location
co@vﬁ?é‘“l%eﬁuigzmﬁgfith%%%%mﬁp“%lﬁ?éaﬁﬁetli% preferfb@uhdiprovides 1 and
mjmpro&(ggsand co gistgnt Rré)c%siifg timeg, and ensures more complex

exposure bf the Tuid 1o the média whbe_@h compafed tBh&h(?rOWﬁ’é’t‘/’&ﬂlg‘femoval
de@i@qg%@enﬁciooz%‘g&’”@no{e ce,cr}nnbc%dj%nbe? nt, sych as.the ?geg sf‘ﬁévé:ég” the

Fig. 1, where the opening of inlet port faces the center

corkeeibe AGeommupicates directly with inlet port 30 in a straight path. As
shown in Fig. IA, where the opening to inlet port 30 faces away from

[os08ge containgbd2 (andiftgm the center 36 %fotheﬁ%ﬁ%é%ﬂo%%%ﬂe port
must be re-oriented to allow entry of fluid into device 20. Thus, as shown

30irofrignkl, sukeredd/ QAH944418 RCUWS0402863¢ on the opposite
side of housing 42 (e.g., ocuter surfaces 50 and 52}y. As shown
in the Figures, in the preferred ar:cangez_nent, ports 30 and 32
are diametrically opposed such that inlet port 30 is in the
lower end c¢f one portion, whereas outlet port 32 is located in
the upper end of the other portion. As discussed above,
placement of inlet port 30 in a location where fluid must then
flow “up” to the outlet is preferred and provides improved and
consistent processing times, and ensures more complex eXposure
cf the fluid to the media when compared to other inlet/outlet
arrangements.

[000100] In one embodiment, such as the one shown in Fig. 1,
where the opening of inlet port 30 faces the center 36 of device
20, tube 16 communicates directly with inlet port 30 in a
" straight path. As shown in Fig. 1A, where the opening to inlet
port 30 faces away from source container 12 (and from the center

36 of the device 20) flow path must be re-oriented to allow

entry of fluid into device 20. Thus, as shown in Fig. 11, where



-26 tube 16 is not attached to inlet port 30 through a straight path (as in
wriodd4ihg direction of flow must be reversed. [000101] For %"ﬁﬁg’iﬁe Bo29637

flow through fluid processing system 10 where flow enters device 20

through an outlet that faces away #B#&rsource container 12, may include

a flow conduit to allow fluid entry. In this embodiment, the conduit diverts

tubfelffowsinra direttiontthdt iPapproximatetyz 180 tuimecifybne the: mifedtionpath

of flow from container 12. [000102] Thus, in the embodiment shown in Fig.

(as11rgévige 20 incheedid fdid eanadit f@?‘wmué*{ad??l@ﬂ‘mawécelves

fluid_and a port 106 that introduces fluid into inlet port 30. As will be
0%t BhhizecP by HHESE bF skl i tRY artE6HEkitS 162 IniPEe stshdarasm 10

N ¥gefgnnecto well k own |n gﬁOne branch of conduit 102 includes
v eport wWﬁere%fésth OthEF br heteRs 3Bt 186 Ao fuHer porceds avay

acggg ted to ube or " my line". 110, discussed in great r detail
ke % érllr% a(rjfagrr’;ar%A Rt 1S provmaedeg[ outlg?% ?tl§2 tﬁsailow

flﬂ@%wg 1%na fyid.conduit 112,.suchas, butnat, limited fo

branched *Y" is provided. One branch 114 o conélwt 112 commuSnlca 8s Elow

in With qutlet port,32. Branch;L16 95’%‘;&5 %@H“'Caéﬁ%’&'éh RS, the

118, which ultimately communica ith tube 8 and the receiving

di£optainer df. A (PrE12 oleanduibt12 js connected to tube or "dummy
line" 122.[000104] In accordance with the present invention, it may be

[O0les0RY oraven neeesshey knbecrsierally yRekAIr fleMr1gceiving device 20
container 14. Typically, this is achieved by

includes a fluid conduit 102 with a port 104 that receives f£luid

and a port 106 that intreduces fluid into inlet port 30. 2As

will be recognized by those of skill in the art, conduits 102

may be a standard “Y” type connector well known in the art. One

branch of conduit 102 includes port 104, whereas the other

branch includes port 106. A further port 108 is connected to

tube cor “dummy line” 110, discussed in greater detail below.

[000103] A similar arrangement 1s provided at outlet port 32.

As shown in Fig. 11, a f£fluid conduit 112, such as, but not

limited to a branched “Y” is provided. Cne branch 114 of

condult 112 communicates with outlet port 32. Branch 116 of

conduit 112 communicates with tube 118, which wultimately

communicates with tube 18 and the receiving container 14. A

port 120 of ceaduit 112 is connected to tube or “dummy line”

122.

[000104] In accordance with the present invention, it may be

desired or even necessary to occasionally vent air from

receiving container 14, Typically, this 1is achieved by




WO 2005/044418 PCT/U52004/029637 -27 "burping" air from receiving
through a line in system 10. in many of the em
Wt(gsr?lg'Ii %o'(%?ﬁp%?h is provided as bypass tube 38. In Figs. 1A, ZAPQ%}?@ Joz9637
bypass tube 38 defines a flow pathihat provides a vent for air from
system 10, and specifically container 14. Bypass tube 38 includes a
“bugnéngdy etieck Tabre 40 ¢ BBawittovedue dr-allows airtube ventedne in
from receiving container 14. [000105] Where bypass tube 38 is included,
sYSiRtadditional Branshadl fleW codduitendpdiseebe provided asfahawrpith  is
Fig. 11. In one preferred embodiment, additional conduits may also be
Proﬁf‘aﬂ?&e@c&%ﬁreﬁ‘% and 128 Im aFp@Eterréd entfodiment, these bypass
tub 6%1 d conduits 126 and 128 are trifurcated conduits, such as, but not
fmitdd 16 HTE "V CohmEcRitEbf HRE Fy pRT BVASRM be Kifwin EPmoskiof Erom
%kl” in Be art 001064 .Thus, f oW thr%\}vgh the processing system 10
Rown if Fig. 11 iS%% folows: FluidRBWE ST sotfrce comBmigs12tabe 38

hI| 6 [t.en r ed duit 126. In the referred
mcg?r‘{n%gc%lme%ﬁ%%bra chée% (C::c%n ﬂ%ls a %?urc;[tea@co%ddftl &s SAOWNH. Ongllows

= xlubp b29exiends fiam RALI20Ad [ 1acelyed fy port 104 of conduit
102. At this point, it should be notéd that tu 56 1 may be a "dummy

[oobﬁeSwhlmgréeawp%féowtmeﬂt{@ug'ié’th%{\é?tﬁ&%t”m% additional

Accordingly, flow through bifurcated conduit 102 is necessarily directe

rattuneghqeit 166ndhiaugtswhichs epéers dayice 40, Thisyanchedy; o 11
conduit effectively reverses the direction of flow by 180. [000107] Once

in thedluigreds passecttivodgidhe deditai vhef@it conduits may also be

sys

branched connectors 126 and 128. In a preferred embodiment,
these branched conduits 126 and 128 are trifurcated conduits,
such as, but not limited to, triple “Y” connectors of the type
that will be known to those of skill in the art.

[000106] Thus, flow through the processing system 10 shown in
Fig. 11 is as follows. Fluid flows from source container 12
through line 16. It enters branched conduit 126. In the
preferred embodiment, branched conduit is a trifurcated conduit,
as shown. One tube 129 extends from port 126A and is received
by port 104 of conduit 102. At this point, it should be noted
that tube 110, may be a “dummy line” which is sealed or Fflow
therethrough otherwise restricted. Accordingly, flow through
bifurcated conduit 102 is necessarily directed through port 106,
through which it enters device 29. This branched conduit
effectively reverses the direction of £low by 180°

[000107] Once the fluid has passed through the device, where it

contacts removing medium 60, it enters outlet 372, Flow exits



contacts removing medium 60, it enters outlet 32. Flow exits WO

WD 4488 PCT/US20041029637 -28 the device 20 throughpptbsd n2os37
and enters conduit 112 through port 114. As with fluid conduit 102, tube
122 is a "dummy line" that is sealed?&rflow therethrough is otherwise
restricted. This prevents flow from entering the tube 122 and directs the

O oW g Rgh?ibé T FuBRCFES commbficarsawith comduit 128 landtnrongh

rticular port 128a. Port 128a communicates with tube 18 throy h which .,
P e e IGEA T R bing) Lonkaiher 420D T06] AEmY Line

own in Fig, 11, a bypass tube 38 may also be provided. One end of
th%?/p\gsss tlf’beé9 %%&co?ﬁ:m%ahtfégteg%ﬁﬁa %13% c OPth8 tHRTFEART cORahRcted-

Th}ng‘QIQUQJIEg Ogl%rwe 8:[1“%3@%%%8% n%lﬁqaicaée%s\a,v it@ 6&%10 trc‘:g.mcts the

trifurcated conduit 126. [000 ternative fluid Circuits are shown In

£15igsed2546n 1ndig. 323.ginlet pp 30,and BHHﬁhE’ﬁgé’@e%rewEﬁl?aE%d oS 109

which include openings facing both away from and toward center 360

anéevige gO-Withithis y/sangement, the wifurceded capdiit of Eig. 11.canbe. .,

eliminated. Accordingly, as shown in Fig. 12, flow en_ters qu_id condui_t 112
1 sanchiscdigectesh teinlet nord 3Q.s Thesembodiment b it dzincludesling ; ving

130 with a one-way check valve 40a of the type previously described.
cohetckasmlie 40a, shown in Fig. 12, prevents flow from entering line 130

and outlet port 132, thereby ensuring that fluid travels through tube 129
[Oelinlésposh86nFlind etters delvice2Oranshexitst tiwougls outist paltso  be

32 where it is directed to tube 134. One end of tube 134 is attached to
Prefé franch@forkd 3% Wiviess tube 38 communicates with port 128¢
of the trifurcated conduit 128, while the other end of line 38
communicates with 126c of the trifurcated conduit 126.
{000109] Alternative fluid circuits are éhown in Figs. 12-16.
In Fig. 12, inlet port 30 and outlet port 32 are T-shaped ports
which include openings facing both away from and toward center
36 of device 20. With this arrangement, the trifurcated conduit
of Fig. 11 can be eliminated. Accordingly, as shown in Fig. 12,
£low enters‘fluid conduit 112 and is directed to inlet port 30.
The smbodiment of Fig. 12 includes line 130 with a one-way check
valve 40a of the type previously described. Check wvalve 40a,
shown in Fig. 12, prevents flow from entering line 130 and
outlet port 132, thereby ensuring that fluid travels through
tube 129 toward inlet pert 30. Fluid enters device 20 and exits
through outlet port 32 where it is directed to tube 134. One
end of tube 134 is attached to orne branch of outlet 32, while

the other end of tube 134 is attached to branched conduit 102.

[000110] A further alternative embodiment is shown in Fig. 13.



the other end of tube 134 is attached to branched conduit 102. [000110]

W%f é%@%emative embodiment is shown in Fig. 13. WO 2005/044418
04/029637 -29 This embodiment is similar in marfy fESpWA{E29637
to the embodiment of Fig. 12, in thabi includes T-shaped ports 30 and
32. The embodiment of Fig. 13 likewise includes bifurcated conduits 112

Thand < dHkes: 130 anehdB2rarereqiipped i chgck yaes 408 athent of
40b. Flow enters device 20 at inlet port 30 and exits device 20 at outlet

Figoert 32, [000111EA futthetralfernatverembogimnendsishown infigs32y- The
16. The embodiment of Figs. 15 and 16 is similar in many respects to that
enbReWASAFig L1 Filn. lidu of Ykgpes eonmedios showefrarg ksHapethduits 112
conduits 136 and 138 may be provided for communicating with the inlet
angnd Btitlet Peves 301 dhdeael of RBusing 4euTHeremboadirhemtsiwwral Figs. 40a
15 and 16 may further include bifurcated conduits 140 and 142, which
andontitits are i OWPBGATFAUMEHIG Wit lingt1 6isvbvidinepa HlowO pathdrosxits
de%o%g:ez%ontainertlz and Iine§18 leading to receiving container 14. As
Shdwnin F1§. T8 Bhdtit 42 tommunicates fluid from tube 16 through

4. Tuhe 144 is connected.to U-shaped flow ¢onduit 136 attached
1% iniét[}poé 3%115]1%8\%0%9Eﬁ¥ﬁ&av§xit%n§’e?ﬁ&g’%tthf’5u&Il]’%mellﬁoﬁ]@? - 15
s premiuslydescrinad, aad is.diyerted-by U-shaped conduit 138 to tube
16?46. EEI'[\'lilljl%e 146, in tl%ﬂq?dcgn%mgﬁ?%%iesf\:\?ith -?ypa'el‘f:orjfguitsfiﬂ)1 ang T meny
redtimately with regeiving;cantaingr, 14ngt3ypalsls line 38 may, also be.

provided (for reasons previously described), including” one-way check fotype
cofdl¥e¥des, however, U-shaped conduits 136 and 138 may be
previded for communicating with the inlet and outlet ports 390
and 32 of housing 42. The embodiment shown in Figs. 15 and 16
may further Include bifurcated conduits 140 and 142, which
conduits are in flow communication with line 16 providing a flow
path from source container 12 and line 18 leading to receiving
container 14. As shown in Fig. 15, conduit 142 communicates
fluid from tube 16 through tube 144. Tube 144 is connected %o
U-shaped flow conduit 136 attached to inlet port 30 of device
20. Fluld exits device 20 through outlet port 32, as previously
described, and is diverted by U~-shaped conduit 138 to tube 146.

Tube 146, in turn, communicates with Y-type conduit 140 and

ultimately with receiving container 14. A bypass line 38 may

also be provided (for reasons previcusly described), including
one-way check valve 40.

[000112] Turning now to Figs. 25 and 26, there.is shown another
alternative embodiment of a removal device embodying the present

invention. In this embodiment, inlet port 30 is located between




[000112] Turning now to Figs. 25 and 26, there is shown another

woalieshaiiMg embodiment of a removal device embodying the prgsefyes 629637
invention. In this embodiment, inlet port 30 is located between WO

2005/044418 PCT/US2004/029637230 center 36 and source container
12, and outlet 32 is located between center 36 and receiving container
CeREL M8t pREI0SAN CEutRYRR AR fid cormPlinieatibntwithantémnal ocated
betwcréqlnneA%%QO \?Ed 192, respectively. [000113] The tubing configurations
cscribed above a8t it SanahifPREGSRG 4254 a subd@htafyt 30 and

tl\éegti%@l ogi tation.. As described above, this allows for substantially
ou D T o R e oeh na PR eI Le 190

uniform and complete exposure o

and Media 60, 1000114} Einally, shown in Figs_ 17-24 are additional ways of
organizingthe fluid circuit of a fluid processing set 10 of the present

rocopyentionxandisubsiantially-maintaining the Mg@i‘{;ﬂé}%@ng tiovneOfB%eSVJi.%%O in

20. Shown in Figs. 17-21 is an external holder used for holding device

mairAs ShoMe iRdtigs 4%, holdes Jasosﬁ@w&mmgfzt%f@f@ﬁ“&&%fﬁ%&ﬁgm.

and 154 that are clipped or otherwise joined together. Holder 150 may

As deade Dbeal suitable plasittsmateTiahandssjectianmalded s older 150, mays 4
include stiffening ribs 151 to provide additional stiffness. As shown in

compiigfee 1 & apasischatder:b80 mayl ingludsliulya guiging clips 15823691 16241 4
into which tubes from processing set 10 may be press-fit. As shown in
60. Fig. 21, clips 160 (and 162) define a channel which receives tubing. In
addition, clips 160 and 162 also assist in guiding tubes 16 and 18 through

[0001%4h tufdnally, shown in Figs. 17-24 are additional ways of
organizing the fluid circuit of a fluid processing set 10 of the
present invention, and substantially maintaining the vexticai
orientation of device 20, Shown in Figs. 17-21 is an ;xternal
hoelder used for holding device 20. As shown in Fig. 17, holder
150 mey be made of two separable parts 152 and 154 that are
clipped or otherwise joined tcgether. Holder 150 may be made of
a suitable plastic material and injection molded. Holder 150
may include stiffening ribs 151 to provide additional stiffness.
As shown in Figs. 17 and 18, holder 150 may include tube guiding
clips 1538, 160, 162 into which tubes from processing set 10 .may
be press-fit. As shown in Fig. 21, clips 160 (and 162) define a
channel which receives tubing. In addition, clips 160 and 162
also assist in guiding tubes 16 and 18 through a 180° turn
without kinking. As described above, turning the tubing
approximately 180° allows entry of fluid at the “bottom” of

device 20 and exit of fluid through the “top” of device 20.

[000115] As shown in Fig. 18, both portions 154 and 152 of



without kinking. As described above, turning the tubing approximately 180
W@yéh\%ﬁ%y of fluid at the "bottom" of device 20 and exit of fluid through

the "top™ of device 20. [000115] As shown in Fig. 18, both p]c))f:t%w(l%/ 29637

and 152 of WO 2005/044418 PCTIY$2004/029637 -31 holder 150 may

be identical. This allows one molding tool to be used for both parts of the

hol fletderS05@:{p0pE L 6}Adettional means fennesaining deyice20 are shown, 1.
in Figs. 22-24. In these embodiments, device 20 is nested in a
usedafeie-hyig hpldersl ZE Shddienlze mayalso include tube guiding clips
172 for directing tubes of the processing set in the desired configuration
[008hHedire dis. titna hs Bpwn ifoFige 22-24np fetherensorethe dosirad in
. Vvertical disposition of the device 20, hooks 180 may be provided to hold
F13%wo portidns of'the FRAS RirGHPRAERSR SroxiAfiTiteeeadh othernFinally, ias a
dﬁ]oyvn in Fig?.fgf the entire saddle, or holder, 170 may be att|ached to a
=4 ve?tiécaﬁﬁfst ﬁ{ﬁv &3@'182. Wle/] ArSthérdMpcriatt objectivde  tube
. achieved. by t resent invention is the ability to ensure processing time
gul%%%%is?eﬁ”&% f?‘@rfg oﬁ%rdisﬁgsea e'6bt 1005 ndkt. Fhe chafergeing set in

+he CUUSE, Jesides in the fact that there are injgkerent differences in the )
® resistance to ﬁgwjf%nﬁar%ezh%va?%%dfﬁrﬁ Uik ' removdiihediah glgvn in

rigAPPlisants have discoyered that flow thr OHQQﬁ%Q%F%V%teeJE@i%aQ b

substantially controlled and, thus, the influence of the ress?anc%lfsrgﬁ?ltmn

e e P T e
of thamelersiofdnletuit in close proximity to each other. Finally,
as shown in Fig. 24, the entire saddle, or holder, 170 may be
attached to a vertically standing IV pole 182.

[000117] Another Important objective achieved by the -present
invention is the ability to ensure processing time consistency
from one disposable set to the next. The challenge, of course,
resides in the fact that there are inherent differences in the
resistance to flow from removal medium disk to removal medium
disk. Applicants have discovered that flow through the system
can be substantially controlled and, thus, the influence of the
resistance from disk 60, substantially diminished. in
particular, and as discussed in more detail below, by adjusting
the length of the flow path and the internal diameters of inlet
tube 16 and outlet tube 18, it is possible to provide
substantially consistent processing times from one set to the
next. |

[000118] For example, by lengthening the flow path of the

system, namely the distance from source container 12 o



tube 16 and outlet tube 18, it is possible to provide substantially
WwWoaoensistestsprocessing times from one set to the next. [000 1484/ E0t604/029637
example, by lengthening the flow path of the system, namely the distance
from source container 12 to WO 20057044418 PCT/US2004/029637 -32
collection container 14 the "head helght") the force driving flow
CON‘t%?&déWthg%%?éﬁer’ﬁaage icrBased e addificn, BRAfRG devics®d force

dmvfurther fi'om r%f source, ontaln ri2 and %oser to receiving contai &ﬁe% L
@s%h eneraIIy ESI8d Elg YTV RtrBdeLthe RFEE BRTHe fluid GG~

oc h be.,16 ri Vi 20at|nlet ort3 durln n
. ag%r%llér?g (%g%%g] huggfgoér%%(?a gth engﬁw of tuege 18’ ma may % 12 and

closRPred %@Qﬂvﬁ? %BH&%ﬁéﬂoﬁQ ag dube 18 In pne ﬁ%%&g%ed in Fig.

non-limiting example, the length of tube 16 may be approximately 26

1) inches:and thelength of tube t8eapnroximately, 3inchesJO0R120h K-has,pe

also been discovered that additional control over the flow rate can be

16 aaghievadbyadjusinghe diametan of: the flovepath(s).korexamale, by
narrowing the internal diameter of inlet tube 16 (as compared to the

[ooOdiadpterrfound infstandasthsized tubings iseskin blopd progessirg afgly  be
the medical field, generally), together with the lengthening of the overall
appriwdudiaight," betdisbusstd above, the resolting dlow tatesis Safficientto one
substantially reduce the effect of the inherent resistance of the removal
speGhédium oraiskimThishdovsEHIEbe s betier cosmalidd afd rendain Adatively be

insensitive to the

approximately 26 inches and the length of tube 18, approximately
3*s inches.

[000120] It has also been discovered that additional control
over the flow rate can be achieved by adjusting the diameter of
the Zflow pathis), For example, by narrowing the internal
diameter of inlet tube 16 (as comparad to the diameter found in
standard sized tubings used in blood processing and the medical
field, generally), together with the lengthening of the overall
“head height,” as discussed above, the resulting flow rate is
sufficient to substantially reduce the effect of the inherent
resistance of the removal medium or disk. Thus, flow can be
better controlled and remain relatively insensitive %o the
resistance provided by the disk.

[000121] For example, inlet tubing, disk and outlet tubing form
a hydraulic circuit that can be described as resistances in
series (Rl for inlet tubing, R2 for disk and R3 for outlet

tubling and Rr describing additional resistances from connectors

(such as Y-sites, diameter changes and other connections). Thus,



resistance provided by the disk. [000121] For example, inlet tubing, disk

wan@outeidubing form a hydraulic circuit that can be descrig q.
resistances in series (RI for inlet tubing, R2 for disk and R3 1%r/§§tGeot‘mn%37

tubing and Rr describing additional ggsistances from connectors (such as
Y-sites, diameter changes and other connections). Thus, WO
tot2p0570444 1 8rRET/LIS2004/02068 7 -33:total tesistancern thafiuid-gircuite 5o
is the sum of these individual resistances. The driver for the flow is
indhgituRdight Hdesenised Shovalfdoer22fdtis knownithat tiskhead-height
manufacturing will generate variability in R2 resistance. If, R2 is the
a5 RMRERETeSRMMEn the circuit, the variations in its magnitude will cause

lgnificant varjations in flow rate and ultimately processing time. Thus, the
[00%%%& o ek ﬁmar%&fé‘%?uriﬁa%riéidimii oo Ebameels by akingenerate

Another.com nt in the circuit, specifically inlet tubing R1, the dominant
racf I T R resrﬁ%a“acﬁehgﬁfma‘iﬁjfé&uﬁﬂa {OfStaRRRE dresistor in

resistor. Since tubing ID an
conty. to ahigh compared tq disk manuyfacturing, inherent
the COBYRUADIE, 10 AIONGLAPGLIR CC sﬂjrﬁificéqﬁﬁy sPifaifet Hmhaghitille cause

variations in R1 are expected to be

i qeompared tg R2 varignees. Inlet tube resistance is primarily defined by
> ihe internal diameter of the tub%elg‘{r'?d g%e%gnd%rﬁﬁy Biyeglénf‘etr%’tﬁ ferRe=ss+ng

t imdaminanflgw regimeef cinterest (Reynglds aumber 100-1000) Tﬂﬂégye‘d%_%n be

internal diameter (of tube 16) is the primary parameter to be chan

min{600223] Selectionigfibe inlabiubing compaiedde:outler, tuhing as the..,;
primary restrictor is also driven by relative tube

specifically inlet tubing R1, the dominant resistor. Since
tubing ID and length manufacturing tolerances are controllable
to a higher degree compared to disk manufacturing, inherent
variations in RL are expected to be significantly smaller in
magnitude compared to R2 varilances. Inlet tube resistance is
primarily defined by the internal diameter of the +tube and
secondarily by the length for the laminar flow regime of
interest (Reynolds number 100-1000}. Thus, the internal
diameter {of tube 16) is the primary parameter to be changed.
[000123] Selection of the inlet tubing compared to outlet
tubing as the primary restrictor is also driven by relative tube
length considerations. The rationale of having longer tube
length on the inlet side of the processing set as comparsd to
outlet side has been discussed above. By selecting Rl as the
dominant resistor, added benefit from tube length is gained as
well. |

[000124] Thus, whereas standard tubing used in blood processing

typically has an internal diameter of approximately 0.118



- length considerations. The rationale of having longer tube length on the
winlzaesda4afi$he processing set as compared to outlet side hagbegoo/029637
_discussed above. By selecting R1 as the dominant resistor, added benefit

from tube length is gained as well.7880124] Thus, whereas standard
. ~tubing used in blood processing typically has an internal diameter of
IRChisiexintate§ I T WEP200876444 58 PETAYS004/829887 -Basindidenal

to provide the benefits desc ahove, the internal diameter of tube 16

. ibed
d1amaGHe 183 tﬁﬁﬁeth%%stgﬁﬁgr(igndl,‘?ﬁ&e%ﬁef@%lf%ﬁ%@%iaﬁ?%s@ore
t t bove-identified di ter. | f , -limiti le, .
I e Lt e e R T

a1 adfie: 8,09 i”%esor@%?e@@a@%Q&gf%%@yi%i@iir a(%g%ﬂg %"‘f OLfNe ;s ternal

tubing may be approximately 0.057 0.03 inches.T0 urther

d1 SMprevement in the pracessing timeand flaw W&@Cﬁe@a&e&%ﬁ)mzs and
achieved by altering the internal diameter of outlet tubes that are in flow

0. oGPMAWHeation with auet 3P- ka2 pae BMbediment: the, interal diametels the
of the outlet tube 18 (and/or tube 118 in Fig. 11, and/or tube segment

tublidbgnig: 16 may:behetween @uBoxmatetyz0.04dneles and 0.120
inches. More preferably, the internal diameter of tube in flow
[ 00cBhABdnication veith outletreaybe approkimatelyd:0801i 03 inehesnd flow
Narrowing the internal diameter of these outlet tubes (as compared to the
conjatedia dimetarfowridan standandisizedubing) asdists imdrividgeout.aiternal

bubbles that may
diameter of outlet tubes that are in flow communication with

outlet 30, In one embodiment, the internal diameter of the
outlet tube 18 (and/or tube 118 in Fig. 11, and/cr tube segment
146 -in Fig. 16) may be between approximately 0.04 inches and
0.120 inches. More preferably, the internal diameter of tube
in flow communication with outlet may be approximately 0.080
0.03 inches. |Narrowing the internal diameter of these outlet
tubes (as compared to the internal diameter found in standard
size ‘tubing) assists in driving out air Dbubbles that may
ctherwise accumulate and restrict f£low.

[00012€] The present invention has been described in the
context of its preferred embodiments. It will be understcod,
however, that the present invention is not limited to the
embodiments described, and that further improvements and

modifications may be made without departing from the scope of

the present invention which is set forth in the appended claims.



otherwise accumulate and restrict flow. [000126] The present invention
has been described in the context of its preferred embodiments. It will be
-understood, however, that the present invention is not limited to the
embodiments described, and that further |mprovements and modifications
may be made without departing from the scope of the present invention
which is set forth in the appended claims. 35 CLAIMS 1. A flow-through
device for removing selected compounds from a liquid comprising a
housing; said housing comprising first and second side walls and a
peripheral end wall defining an interiorxshamber; a compound removing
medium disposed within said interior chamber, said meddium including a
péAgMeral end surface terminating interior to said peripheral end wall of
said housing; and a liquid impermeable barrier in the area of said

champer that is s tantl lly between ald edium perlpheral end
oo BN DAL A SRR B SR FUBEG oL e debite o
CRinsrghiEnsingne of said first and second side walls comprises an inlet

port aggldheRihecahsaithiirstand seendisidealsCopmiRes aia witlet
QLert. rt 3. Th%dewh f Clalm 2 wherein the inlet port is located

diametricalty y OpposI i€ to the outlet port. 4. The device of Claim 1 wherein
said caRvIIAR rsRRRs GIAden isoesh Britbsajshinioinntbanber seiberntiun

mmﬁ@tm@m&@m@@ ReRnDing hedRYiceal GlaiR-hyherin saidid

g% articulate comprises beads of divinyl benzene polystyrene and
sal in

er comprises polyethylene.
a liquid impermeable barrier in the area of said chamber that is substantially

between said medium peripheral end surface and said peripheral end wall of said

housing.

2. The device of Claim | wherein one of said first and second side walls
comprises an inlet port and the other of said first and second side walls comprises an

outlet port.

3. The device of Claim 2 wherein the inlet port is located diametrically opposite to
the outlet port.

4, The device of Claim 1 wherein said compound removing medium comprises

particulate of a sorbent composition and a plastic binder.

5. The device of Claim 4 wherein said sorbent particulate comprises beads of

divinyl benzene polystyrene and said binder comprises polyethylene.

6. The device of Claim 1 wherein said first and second side walls

comprise an outer surface and an inner surface,

7. The device of Claim 6 wherein said inner surface of one of said first and
second side walls includes a continuous tongue at or near the periphery of said side

wall and wherein said inner surface of said other of



6. The device of Claim | wherein said first and second side walls
comprise an outer surface and an inner surface. 7. The device of Claim 6
wherein said inner surface of one of said first and second side walls
includes a continuous tongue at or near the periphery of said side wall
and wherein said inner surface of said other of 36 said first and second
side wall comprises a continuous groove at or near the periphery of said
other side wall for receiving said tongue. 8. The device of Claim 7 wherein
said inner surface of at least one of s%j first and second side walls
includes a raised gripping member disposed peripherally inwardly of said
sdengiee-As Goauaid vEeAavice0f CaimsavBRIsio £achof saiddirst and,

S de s includes a raised gripping Surface dispose
perl%ﬁlésrléﬁy m@érﬁfﬁ%’f@ﬁ@t@ﬁ%‘ﬂ% and groove. 10. The device of Claim 8

wherein said compound removing medium is partially compressed by

8sa|d n{mm&mbﬁfz wierdilSstevics ol Glainy AQbareln saif-anpping
s gr maﬂ elstflespomt tip. .12. 'I;h deyice of any of Claims 1 to
??Jr er comprising a fiter B‘r‘i‘fgd’%ﬁb Z A EReRrRs e et cad

to5RpE WAMRCVE3. The device of Claim 12 wherein said filter medium is
disposed between said compound removing medium and said side wall

|ncIu said let port. 14. Th of ClI wherein the i |nner
surfa%%%%iF salﬁcfncl"tl IC}W(‘a:'r\e/vxff.la Comptis gggtaa%‘f iifyelnmntidese

mﬁé@ﬁﬁﬁ%&ﬁ&é@%ﬁ%@ﬁ?p@%ﬁg@aﬁ&ﬂm&ﬂ@ dsedtevioe afiClaime.| wherein

said housing is made of a material that is suitable for sonic welding. 37

6. The device of Claign 15 wherein said hoysing is made of polymethyl
100 1% 98 @W]hcmm a(i‘%al?ﬁnﬁ ERERY weRseiReral portion of

methacryﬁatlg 17 deV|ce 0
is §aﬁ@aﬂné¢m&§m¢m§aﬁ gripping member.

1. The device of Claim 10 wherein said gripping member includes a pointed tip.

2. The device of any of Claims I to 3 further comprising a filter medium
disposed between said first and second side walls.

13. The device of Claim 12 wherein said filter medium is disposed between said

compound removing medium and said side wall including said outlet port.

14, The device of Claim 13 wherein the inner surface of sajd outlet side wall

comprises a substantially continuous nesting surface or supporting said filter,

15, The device of Claim 1 wherein said housing is made of a material
that is suitable for sonic welding,



adhered to said inner surface. 18. The device of Claim 17 wherein said
filter medium is adhered to said inner surface by sonic welding. 19. The
device of Claim 1 wherein at least one of said side walls comprises a
plurality of inwardly extending ribs on the inner surface thereof. 20. The
device of Claim 19 comprising a center, wherein said ribs extend radially
from a point adjacent to said center point to a point adjacent to the
peripheral edge of said housing. 21. The device of Claim 1 wherein at
least one of said side walls includes &#ib on the inner surface thereof. 22.
The device of Claim 20 comprising a pair of raised ribs on said inner
16urfane dfvisaist finst or secoReksidawalls.and saichoutietoninletport is
o | between said ribs. 23. The device of Claim 7 wherein the end of -
said tongue is rounded: 24. The device of Claim 7 wherein said tongue
includes an outwardly extending portion and said groove comprises an
linwartlydextendiopish ou ke <258 vt vehidvid pracassingmystem
acfﬁéré&?&?a‘ﬂ{‘@?%?!g%?}%% compounds from a fluid comprising; a source
container including a fluid outlet; 38 a receiving container including a fluid
inlet; a compound removal device disposed between said source and
lgeceiagecaupmers, | Saiddavieedcaeprsiicha NRnsiag: e UnNHSing fitst
bﬂ39i§%%h Iside walls and a peripheral end wall defining an interior
chamber, and a compound removing medium disposed within said
interior chamber, said medium including a peripheral end surface
IStermimatisgitanQuia saifperiahessl anchralh s3SI edhidy
: er rea @f said chamber that is substantially
Oflk?ie]'?\f%gg’r% %%%%Ir%%%%uéﬂ%g:%é%rgﬂgﬁ%%ﬁ? ace and said peripheral end
wall of said housing, said housing including a fluid . inlet and a fluid outlet;
20. The device of Claim 19 comprising a center, wherein said ribs extend radially

from a point adjacent to said center point to a point adjacent to the peripheral edge of

said housing.

21. The device of Claim 1 wherein at least one of said side walls includes a rib on the

inner surface thereof,

22, The device of Claim 20 comprising a pair of raised ribs on said inner surface of

said first or second side walls and said outlet or inlet port is disposed between said ribs.
23, Thedevice of Claim 7 wherein the end of said tongue is rounded.

24.  The device of Claim 7 wherein said tongue includes an outwardly extending portion
and said groove comprises an inwardly extending shoulder.

25. A flow-through fluid processing system for removing selected compounds
from a fluid comprising;

a source container including a fluid outlet;



a first tube providing a flow path between said source container outlet and
said device inlet; a second tube providing a flow path between said
device outlet and said receiving container inlet. 26. The system of Claim
25 wherein said device inlet includes an opening that faces away from
said source container. 27. The system of Claim 25 wherein said device
outlet includes an opening that faces away from said receiving container.
28. The system of Claim 25 further comprising a retaining member
adapted to receive said first tube. 2958 The system of Claim 26 further
comprising a retaining member adapted to receive said second tube. 30.
The rsystonp @h@Glasm2hdiderdinddaieyetaining member comprises a loop
int ' j ing: ' ically aligned with.said
dei%%ﬁﬁeﬁigé%ﬁ?@rﬁg%%%%‘%?%ﬁ%ﬁ’ o A
COREGTh BT GAR SIS iR AT TR HRE favbandsesombsirnavalls
andlarprrgihsaldditstaliveiag Thesyisterhaafb@laimi 2Gadperaihreaid flgw path
melRiR S34:30WRBiInGRRMBAL SR ISHICR ISR, FOMRUSES-Beng
Sur?aggtroxmately %éBOO turn, 33, The system otj Claim 31 where_ln_ said device
compEIrnlsmemsn%gc%nﬁg%ﬂ%?% SP! PRVl O SHERRTS S Bewi BRErsrlid
barpgranithgsres il shothchontan tricatidntntialbaidtniet spdriedisaicheheal and
endbrRtIen O SaiOpRMNESIISAN How Commupicationwith, said. Arst Lues
i :%Aéha'g%s%sctﬁgé of Claim 33 wherein said device comprises a connector
<iwavmg tWo opethings wherein one of said openings is in flow
conirghidatisavidits s dievorticbepernobshichdeviogsanddiie:atiiendf said
dev@ie@niags is in flow communication with said second tube. 35. The system

of Claim 33 \{\)/herein said ﬁonne tor comprises one end that includes a
a second tube providing a flow path between said device outlet and said receiving

container inlet,

26.  The system of Claim 25 wherein said device inlet includes an opening that faces

away from said source container,

27.  Thesystem of Claim 25 wherein said device outlet includes an opening that faces

away from said receiving container, -

28.  The system of Claim 25 further comprising a retaining member adapted to receive
said first tube.

29.  The system of Claim 26 further comprising a retaining member adapted to receive

said second tube,

30.  The system of Claim 26 wherein said retaining member comprises a loop

integral with said housing and substantially vertically aligned with said device inlet.



bifurcated conduit wherein one branch of said conduit includes one of said
openings and said other branch includes the other of said openings. 36.
The system of Claim 35 wherein said connector comprises a second end
with a port and a tube between said port and said receiving container. 37.
The system of Claim 36 wherein flow through said tube between said
connector second end and said receiving container is restricted. 38. The
system of Claim 33 wherein said connector comprises a U-shaped fluid
flow conduit. 40 39. The system of Blaim 25 comprising an upstream
connector having an inlet in direct flow communication with said source

31cortasrepiemd EoMurality dbmin dts fodoviismédmroognedtbdéniek ditigaan

direuitlet nd apisalitatdnlets reminsaidfirs g provides a flow path
between one of said upstream connector outlets and said device inlet;
and said second tube provides a flow path between said device outlet

32 andsrie veead ceimtrebercoonaikfow iplstsi40 sTHesystem of Claim 39

cofUitRetComniisng iadtRgefining.s dow patnans ang. ghyhich is

connected to one of said upstream connector outléts and the other end
connected to a downstream connector inlet, said tube including a valve in

33 saithgwsrthofor [eislettivdlr vesttdidg ioncthepetirou gmntitod eviaystem
Eeaﬂfbﬁfdajﬁ&rﬁﬂvw'li}ﬁé%ﬁi %@Q@m 6Bl CRMIRE S AR i8NG, aWay, [B%P

Org,a%ds ﬁc a%lcne ta| er, § |d s%/{ stem furth%r) comprising a tube, one end
PP Which 18 8 it S SREPARE §° 4 P P LRI B St disther
tub@nd of which is connected to one of said inlet ports of said downstream
connector. 42. The system of Claim 40 wherein said tube comprises a

pepmanently s ath 43 he system of Claim 39 comprising: a
4 G & et %éoﬁq Hh e ot PSS CBARE R Bigtlets

twogngnings wherein one of said Openmgs is in flow communication with said outlet
port of said device and the other of said openings is in flow communication with said

second mbe.

35. The system of Claim 33 wherein said connector comprises one end that includes a
bifurcated conduit wherein one branch of said conduit includes one of said openings

and said other branch includes the otber of said openings.

36.  The system of Claim 35 wherein said connector comprises a second end with a

port and a tube between said port and said receiving container.

37.  The system of Claim 36 wherein flow through said tube between said connector

second end and said receiving container is restricted.

38. The system of Claim 33 wherein said connector comprises a U-shaped fluid flow

conduit,



said device inlet; a tube defining a flow path between one of said
upstream connector outlets and one of said downstream connector inlets;
a tube between one of said upstream connector outlets and said device
outlet connector. 41 44. The system of Claim 43 wherein said upstream
connector comprises a fluid conduit comprising an inlet and a trifurcated
outlet. 45. The system of Claim 25 comprising a holder for supporting said
removal device. 46. The system of Claim 45 wherein said holder
comprises a sleeve for receiving the 4fousing of said device. 47. The
system of Claim 45 wherein said holder comprises two separate parts
joined together to provide said sleeve. 48. The system of Claim 45

3owherpinsgaith holdaids Attaehetitap ol EsRReshndS. Hesysiemof,
. ?HHI g;‘g in.sai using inlet and said putlet are ed 90 from
dlrtghée centra vgqug"c%?rg?gi{stp o%u §§%§S§f?}tﬁm§r® %pg%? n%%‘c%c%?ﬂing to any

of CRIMTEDBNFAYHRERSHIRE W@éfééﬁ@is@gfaﬁfimm port on one of
said/sienwallistiandube putiatpeman the othersf saidmwalis.ecaled
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said second tube provides a flow path between said device outlet

and one of said downstream comnector inlets.

40.  The system of Claim 39 further comprising a tube defining a flow path, one end
of which is connected to one of said upstream connector outlets and the other end connected
to a downstream connector inlet, said tbe including 2 valve in said flow path for
selectively restricting flow therethrough.

4l.  The system of Claim 39 wherein said device inlet comprises a port facing away
from said receiving container, said system further comprising a tube, one end of which is
attached to said port facing said receiving container and other end of which is connected

to one of said inlet ports of said downstream connector.

42. The system of Claim 40 wherein said tube comprises a permanently sealed
flow path.

43.  The system of Claim 39 comprising:

a tube defining a flow path between one of said upstream connector outlets and
said device inlet;

a tube defining a flow path between one of said upstream connector outlets and
one of said downstream connector inlets;

a tube between one of said upstream connector outlets and said device outlet

connector.



41

44.  The system of Claim 43 wherein said upstream connector comprises a fluid

conduit comprising an inlet and a trifurcated outlet.
45.  The system of Claim 25 comprising a holder for supporting said removal device.

46.  The system of Claim 45 wherein said holder comprises a sleeve for receiving the

housing of said device.

47. The system of Claim 45 wherein said holder comprises two separate parts

Joined together to provide said sleeve.
48, The system of Claim 45 wherein said holder is attached to a pole support.

49.  The system of Claim 25 wherein said housing inlet and said outlet are spaced
90° from the central vertical axis of said housing,

.50.  The system according to émy of Claims 25 to 49 wherein the device comprises an
inlet port on one of said side walls and an outlet port on the other of said walls located

diametrically opposite to said inlet port.



