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present invention is directed to filter nedia having m crobi ol ogi ca

interceptiogoGababysl ity, filtration systems containing sygdydd medi a,
and et hodsoo? rrgl:gi ng and using sane. Moddern consuner wat erfddf)ﬁotﬁgepirs of ten

provide '"health clainms' including reduction of particul ates, heavy netals,
toxic organic chem cals, and select mcrobiological threats. These
filtration systens have been able to intercept mcroorganisns such as
Cryptosporidiumand G ardia using rou m cron structures. However,

hly 1.0
in order to provi ¥8CROREEALS il é{‘Em?ﬂ@t{EWﬂ(PUﬁYSBEM%GQNTMW%r

m crobi ol ogi cal threats Sugh %0 YAETHERS oBRMAKINEANS Uswihavi ng  a
sub-mi cron microporous structure is required. Prior art filtration systems

often attenpt to achi eve broad m crobiological interception using filter

media with insuffi th%w'rés\éntsiﬂ@énltioﬁﬂrcﬁre%&?o R4 dihRRG mRRbRIGRal | Ntegrity.

The bal ance between the necessary pore structure require or ‘successful
m cr obi ol ogi cal intercentioe prapahiiliinfiiteten systepsosaptainipg sucpéifttroredincenthas not

been achieved. JabhoA9 hhiORk addf dsiie s3hs, Systens did not provided devices
capabl e of operating In the presgnce of "interferences" consisting of

substances that causdodexn icomwmef whitef filtexs ditan preyitie fmalib slaimrineludingf t he
| nvention The pragent, bﬂ"g LIRS o b fs,e%xhzoorﬁérﬁc Shihicst, ?rﬁp?e(fé a filter
a mcro avPbng a nean flow p

. . : r‘hgr? o
medi um conpri sinNg: por olis structure ath of |ess
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edi um compri si ng. as, afsorbent bref 1 Ler. oyl ng Lmekl) hagd g n @ 2 9
a sub-micron microporous structure is required. Prior art filtration systems
often attempt to achieve broad microbiological interception using filter media
with insufficiently small pore size and with poor physical integrity. The
balance between the necessary pore structure required for successful
microbiological interception and satisfactory filter performance has not been
achieved. In addition, prior art systems did not provided devices capable of
operating in the presence of “interferences” consisting of substances that cause

a loss of filtration performance.

Summary of the Invention
The present invention is directed to, in a first aspect, a filter medium
comprising: a microporous structure having a mean flow path of less than or
equal to about T micron; and a microbiological interception enhancing agent
comprising a cationic metal complex capable of imparting a positive charge on
at |least a portion of the microporous structure.
In another aspect, the present invention is directed to a composite filter

medium comprising: as adsorbent prefilter having immobilized therein a



2 material capable of renoving charge-reduci ng contam nants; a m croporous
structure, disposed downstream fromthe adsorbent |ayer, conprising a X
plurality of nanofibers, the m croporous structure having a nean fllo‘i/vwé‘hiﬂﬂb

of less th@ﬂo@B&Ub 0.6 micron; and a mcrobiol ogical i ntﬁ?‘éﬁﬁﬁé{i‘)on enhanci ng

5 agent conprisSing a silver-cationic material -halide conp v‘f“ﬁb a high
charge density, coated on at |east a portion of a surface of at |east sone
of the plurality of fibers of the fiber2Zmatrix. In yet another aspect, the
present invention is directed to a filter system conprising: a granul ar bed
of particles capable of renoving charge-reducing 10 contam nants; a

m croporous st r uatasink capdblepafsrediodogrbirgesduding nonitlreingntznalinsicroperdys havi ng a
mean flow path of |ess than

about . 0.6 m crpon;_ an i.crobial.ogi cal
i nterception enfE¥Ygdkpest ‘g% ey {59 tg‘? Iaﬁorr-g%ngt Eaggﬁrr ccomr?ﬁts'ggi%l -hal i de
conpl ex havi ng alufdighoChumbtiisers elfs mtcyopoeatseactan hating aasdandlowppath iobn of a
surface of the m cfoporo structure. 15.In..still t anot her, _aspect, the
present inventi & {hé'ﬁ)a'i’?“@tﬁéa“:{"& ﬁn‘fi 1% gpcrolg?&)tgrg% X@?‘Fﬁ?ﬁq@f‘n@haﬁc' lid
conposi te bl gck agamidontpiisigg ca RieetatdhicCap@bhldabde complexi hayirghariggh r educi ng
contam nants; a ym CrQpoyous Structur di sposed .downst,ream fromthe bl ock,
havi ng a nean flcg]%gep‘i‘%) NG CoptE g"?ﬁéﬁ?alﬁ’%‘?ﬁf%S”rfﬁcﬁ\l‘g@ﬂts‘?asg??ﬂ"%ome
m crobi ol ogi cal plundliey efiblets@f ttifiban@atig. agent conprising a 20 silver-cationic

mat eri al - hal i de conpl ex having a high charge density, coated on at |east a
portion of a surface'"d’Ft?Wg‘eﬁgwgp@gmergt"?vﬁemﬂ'é.d"g‘ﬁeéfq?ﬁ'te;?é‘(“eghot her

aspect, the presembridify @Nérbfilari leddif fpakicRsl ciabR ¢iremesng chargdRiucigga filter

medi um conprising the steps of: providing aJ;Wcroporous struct uge havi ng a

mean flow pdfh GPMREEENtEH A THEGRCrOYs FTHSR, diswasedodeyRgream Jiom digt a

portion of the HpLAPBEDUHRVRE AUREAN Row\bith oft1d3t tafRbeltodls GakrohN&fy £eption
enhanci ng agent, the m crobiol ogical interception enhancing agent conprising
a cationic metamieghiglagical insansertions enhapsipg jageptacomp¥istigve sikerrgionit at | east

a portion of thdHabhaiaer Hplekt Kavfig Bigh Zh&rgbRiEndYOBodle BR/aPHekarld
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portion of a surface of the microporous structure,

15 In still yet another aspect, the present invention is directed to a filter
system comprising: a solid composite block comprising a material capable of
removing charge-reducing contaminants; a microporous structure, disposed
downstream from the block, having a mean flow path of less than about 2.0
microns; and a microbiological interception enhancing agent comprising a

20 silver-cationic material-halide complex having a high charge density, coated
on at least a portion of a surface of the microporous structure.

In still yet another aspect, the present invention is directed to a process
of making a filter medium comprising the steps of: provfding a microporous
structure having a mean flow path of less than about T micron; and coating at

25 least a portion of the microporous structure with a microbiological interception
enhancing agent, the microbiological interception enhancing agent comprising
a cationic metal complex capable of imparting a positive charge on at least a

portion of the microporous structure.



3 In a further aspect, the present invention is directed to a process for
making a filter medium conprising the steps of: providing a pl uraljg)MA?fzﬂ
nanofi bers; coating at |least a portion of a surface of at |east sone o Qple

plurality ofomnsnabizbers with a m crobi ol ogi cal interceptimiseievei ng agent,
5 the mcrobiological intercepting agent conprising a cationic netal
conplex; and formng the fibers into a $n'croporous structure having a nean
flow path of I|ess than about 1 mcron. Tn still a further aspect, the
present invention is directed to a process for nmaking a filter medium

conprising the steps of roviding a plurality of , 1 | yner_ nanofi bers;
coating at |east a BBratfugﬁero?Spﬁd’s%Ffpé%s&o‘fw?{&'gp é‘rhgl[recg%cﬁg(’ %fp”i’ﬁ%%sa’%r urality of
pol ymer nanof i bedakingi 4 Kiltér Fedivabicompsingathe siewr ofe piroading @Wbﬁmitﬂ@f aglent, ”‘S
m cr obi ol ogi cal intercepting agent conprisjn cat.ionic  netal. conplex; an
forming a mecr oﬂﬂ?‘%‘ggrs?s ?"‘\H'Egl.ﬁtgeaﬁtaeiw v\ ﬂéﬁ%“’?ﬁ%v@fp‘ﬁg ast 3?mFe°>f§ﬁ? han about
1 mcron. f15 | NpRidlity ofndndfib&e rwiths P eeitrobiolicar Retdptibm\eaRdricg dgentdi rected to
a process for

king a filter medium conprising the steps of: providing a
plurality of® cg%I il O'H%{Fﬂif'f‘tS@F%‘!"gca&S?tin‘%@"pé‘P'" &gfionic _‘?t?li Q?H“jgef"'a surface
of at |east somandformingehdfitetfihiola/mRioperiuk shrife havnes méard flovd path of
m cr obi ol ogi cal .interception enhancing agent, the m crobi ol ogi cal

i ntercepting agfst thapaARytdimigro8- cationi c metal 20 conpl ex: and formng a

i croporous struct urig sy fiithePadpB@Nthé R #vBntidn 5 BFcted B prakQifor 1 m cron.
In still yet a further aspect he present invention is directed to a

t + - -
process of makiing 7 ififtelmedin GAMPBNRE the FePs Ak Mevudias & Plunlyiofi ng a

menbrane  hayi NGoRmEEAhdibeW RAliRg & 1edse 8 pokiBATs aRAMIce bf Bt afRomBlefl coating
at least a 25 portion of the nenbrane with a m crobiological interception

enhanci ng agent the phualiiy cofopplsmeyinepefitierst wiithept misirbiolpgirdli inéereaption
Comer 219, =, 2Lk e S gk Sy gl WSS OB AL v 110
PCTI US03/ 00067 metal complex; and forming a microporous structure having a mean flow path
of less than about 1 micron.
15 In still a further aspect, the present invention is directed to a process for
making a filter medium comprising the steps of: providing a plurality of
cellulose nanofibers; coating at least a portion of a surface of at least some of
the plurality of cellulose fibers with a microbiological interception enhancing
agent, the microbiological intercepting agent comprising a cationic metal
20 complex; and forming a microporous structure having a mean flow path of less

than about 1 micron.

In still yet a further aspect, the present invention is directed to a process
of making a filter medium comprising the steps of: providing a membrane
having a mean flow path of less than about 1 micron; and coating at .least a

25  portion of the membrane with a microbiological interception enhancing agent,
the microbiological interception enhancing agent comprising a cationic metal
complex capable of imparting a positive charge on at least a portion of the

membrane,



4 In still yet a further aspect, the present invention is directed to a
process for nmaking a filter nmediumconprising the steps of. providing a
plurality of nanofibers; coating at |east a portion of a surface of) MY 2006
| east some wo obo&013pl ur al | ty of the nanofibers with a m cpebiRsamctal

i nterception enhancing 5 agent, the m crobiological intercepting agent
conprising a silver-am ne-halide conplex having a nmediumto high charge
density and a nol ecul ar wei ght greater 4 han 5000 Dal tons; and forni ng a
m croporous structure having a nean flow path of | ess than or about 0.6

mcrons. In still yet ﬁfur% r asg S‘E‘ t he present, invention is directed to
a process 10 for mikfthigrerafyrihepaspegpe pesastivetionds ¢ BBL™HESS provi di ng

an adsorbent  petiakinga m@émﬁéoﬁmﬁgma.pnaﬁ@meadtep@aﬂa@bﬁdmfg 4 pRRMibyNSF
charge-reducing c nt am nant s L.?om an | an uent oo oﬁr ein the ma% rial is
[

i mobi | i zed i nt BNRfibess| saating Ahast  PANGR Kof 3 pytrreiioh Gt deast sreg of $heof

nanof i bers; coagluRdty@bf H&aasn&beneow&ﬂ AN midrofRolicilameerédptioh dnBasdngsone of the
plurality of the nanoflbers with a 15 m crobi ol ogi cal lnterce tion enhanci ng

agent, the nfcrisrbsgiicatbiolpgie dupiceRilgs 28R GPMBRTRS 3 Sivsgamine-nalide

si | ver-am ne- haédrﬁkﬂe;&ﬂ&(ﬁh%’é M%bmqoa].%mawg@ Béhsfﬁr dhd aCRdled@ad@Bight Y and a
nol ecul ar wei ght greater than tons; and form ng a m croporous

structure havi n%feﬁefnﬁ&ﬁ 5908WPpitane #1d fos8inet AHC'BPOTaVD HTUCEHS haingons. 20 I n

still yet a fur{ntgﬁ.[ (fw gﬁtoﬂet_;marpg,%ggttoﬁﬁ,y,%ﬁsl on is directed to a nethod
of renoving m crobi ol ogical contamnants 1n a fluid conprising the steps of:

providing a filter rr.'eghwyretlmrmagaﬁew 1HE PROSP HiveStdnUs ik Ged B\ fisked Mean fl ow
path of |ess than about m cron, the m croporous structure having coated on

at least a ﬂ@rtf%rﬁn%kﬁtsr%cﬁte%lsﬂﬁe&? seTRIsHgi balstephtosr REPingraneAdraIEM g agent 25
conprising a cabjRidC c%bﬁ&m&oﬁmhﬁi&nw“etfaﬁéﬁb t bye r@n"i\Eﬂ/lQﬁ” EhdrBdlRAl@lg has a

medi um to high charge density and a nol ecul ar Wel%g greater than about
5000 Dal tons; cetacnamy fiopead linflugnt avheredn fhe| materigeldiivmabdizedirtataer t han

about 3 second r | ¢
ot obi ol gt oal Sljd M@Q&@gu@t%rgg;mgagﬂ%@h%? néndf®ars! BSHRE 2P Radia

portlon of a surface of at least some of the plurality of the nanofibers with a
15 microbiological interception enhancing agent, the microbiological intercepting
agent comprising a silver-amine-halide complex having a medium to high
charge density and a molecular weight greater than 5000 Daltons; and forming
a microporous structure having a mean flow path of less than or about 0.6

microns.

20 In still yet a further aspect,. the present invention is directed to a method
of removing microbiological contaminants in a fluid comprising the steps of:
providing a filter medium having a microporous structure having a mean flow
path of less than about 1 micron, the microporous structure having coated on
at least a portion thereof a microbiological interception enhancing agent

25 comprising a cationic metal complex wherein the cationic material has a
medium to high charge density and a molecular weight greater than about
5000 Daltons; contacting the fluid to the filter medium for greater than about 3

seconds; and obtaining at least about 6 log reduction of microbiological



5 PCTI US03/ 00067 contam nants smaller than the nean flow path of the filter
medi um that pass through the filter nmedium In still yet a further; agpmed .
the present invention is directed to a gravity- flow filtration systemfor
treating, swormsmgpizand di spensing fluids conprising: a 5 gdmsdosh@ser voir for
holding a fluid to be filtered; a filter mediumin fluid comunication with
the first reservoir, the filter nedi umcg)rrprisi ng a mcroporous structure
with a nmean flow path of |ess than about™ 1 micron, and wherein the filter
mediumis so treated as to provide at |east about 4 | og reduction of

m cr obi ol ogi cal cont.am. nant mald er than th an.f| ow pat f 10 the

1 ter medium SHRGUE gid o SRR OE et o e T B ist R Poutnlivef '« ne
filter medi um f throughkhecfiiter Agdaind.i | tered fluid. Brief Description of the
Drawi ngs The features of the invention believed to be novel and the el ements

15 characteri stic ofinttikyet avetiter aspeciy the peserit gvehtion is Hirgrded foaudravityty i n t he

appended cl ai ny. e.figures.are for illu f1lon. se |y and are not
roen to  scal enownh SHTE Bl sbihabd HdBirR HRRRE RGN £0T O and
nmet hod of oper fitsi exservoinyfobdstdidgea Uik it theofiltdoad; rae filtere mediutro it Hleiddescri pti on

of the preferred enmbodi nent sngt E{at f ol I.owil tﬂi%n i a conjunct.ion with the
20 acconpanyi ng“YPAM A" W''h g FeSPVPIL Ines i 1RGN ™ i QIPEYNE & i | t er

i ncor porati ng t hcrépdrbBrstroetdieawitf a blaan flgw eatdf lesshamtban .1 rhic@n, &hd S a cross
sectional view o thethfix'lter of Fi,sg. "1 taken at Ii({;ﬁes l2-2. Fin?" 3is a
front plan vi ewvBfrelnthe,dtienmgdinm isse freated g5y tq provids: ptolfad pbewid 185 of (he
present inventi @ductfon®f nficloBiofogial &pe@iihanG wiatlér thin heGhdarflodxgitipbary gravity
flow filtration sf}/st em of the Eresent i nvention, 2 9 MNAY.2006, WO 03/ 064013
PCTI US03/ 00087 the filter medium; and a second reservoir in fluid communication with the

filter medium for collecting a filtered fluid.

Brief Description of the Drawings
The features of the invention believed to be novel and the elements
15  characteristic of the invention are set forth with particularity in the appended
claims. The figures are for illustration purposes only and are not drawn to
scale. The invention itself, however, both as to organization and method of
operation, may best be understood by reference to the description of the
preferred embodiment(s) that follows taken in conjunction with the
20  accompanying drawings in that:
Fig. 1 is a side plan view of a filter incorporating the filter media of the
present invention,
Fig. 2 is a cross sectional view of the filter of Fig. 1 taken at lines 2-2.
Fig. 3 is a front plan view of an exemplary gravity flow filtration system
25  of the present invention,
Fig. 4 is a perspective view of another exemplary gravity flow filtration

system of the present invention.



6 Detailed Description of the Invention In describing the preferred

enbodi ment of the present invention, reference will be made hereinqgty YHO%S'
1to 4 of the dranwings in that like nunerals refer to |like features o? the
i nvention. weabBwss#ss of the invention are 5 not necessaripyrsdienset O scal e
in the draw ngs. Definitions As used herein, "absorbent"” shall nean any
material that is capable of absorbing i népuri ties primarily by drawi ng the
inpurities into its inner 10 structure.” As used herein, "adsorbent" shall
mean any material that is capable of adsorbing inpurities primarily by

physi cal adsorption to its surfac As used herein, "adsorbent filter
medi umt or "adsorbent prefil bﬁ?ﬂ@ﬂe“ﬁa‘m’\ﬂdﬁ‘h%'ﬂé‘ﬂ“°ﬂean a filter medi um nade

Wi th an adsorbent sy¢hea@ibidgothe pRfeprédndthitadinaditi sfatrRd pesérdORvenisgpl ary of
an adsorbent fil }er medjum i s PhEKX(r) . cQmer ci aLI y, avai I,abt!he @{eom KX

I ndustries, L.P® eﬁncﬁ}‘%‘ﬂéﬁ mage, Aers0; fockigs: 1A O dNh ErYIREs Mhefgike shal |
mean a materi al ndigRsls PfereilRa kdayurbOofiId Miver@foR € IFeiiBies IoF BHeSinted@ieh ARy . 20 As
used herein,_ "Canadi an ,E&ndard Free ee;:E" or "CSF" shall mean a value for
the freeness® or "YNEFSsEY QY"@t‘bfca[?dPB‘ MB%sured by the rate that a
suspensi on of pulp may be drained. This nmethodology is well known to one

having skill in_the paper making arts. As used herein, "conposite filter
medi unt shal | nBENIEC®; | ter nedium 25 that conbines-a prefilter, an

adsorbent prefiltratysQRedRElMTYab3HerdtN Shall Thdah QR PhRGiaf Hat isapdtER i ON
enhanced filter medium of the present invention, 1nto a single conposite

structure. |n su¥nerbings&spurtige piiverily thyr disingo ghea iseyritiesr intq tis faerct | on
assuned by e gdeprdent prefiltration medium ~2 9 MAY 2006 WO 03/064013

PCT/ 11S03/ 00067 7
As used herein, "adsorbent” shall mean any material that is capable of

ads;)rbing impurities primarily by physical adsorption to its surface.
As used herein, “adsorbent filter medium” or “adsorbent prefiltration
medium” shall mean a filter medium made with an adsorbent such as, for

15  example, activated carbon. Exemplary of an adsorbent filter medium is
PLEKX®, commercially available from KX Industries, L.P. of Orange,
Connecticut.

As used herein, “binder” shall mean a material used principally to hold
other materials together.

20 As used herein, “Canadian Standard Freeness” or “CSF” shall mean a
value for the freeness or drainage rate of pulp as measured by the rate that a
suspension of pulp may be drained. This methodology is well known to one
having skill in the paper making arts.

As used herein, “composite filter medium” shall mean a filter medium

25 that combines a prefilter, an adsorbent prefiltration medium, and the
microbiological interception enhanced filter medium of the present invention,
into a single composite structure. In some cases, the prefilter may be absent or

its function assumed by the adsorbent prefiltration medium,



As used herein, "contam nant reduction” shall nean attenuation of an
inpurity in a fluid that is intercepted, renoved, or rendered inactive,
chemcally or biologically, in order to render the fluid safer as, ¥drMaY )05

exanpl e for use, or nore useful, as in industrial ]?CDIZIII ipons. 5 As
used herei n\,xrof}r'fa'/iff@g}s,, shall nmean a solid that is characteriz ddog'@&ogphi gh

aspect ratio of length to dianeter of, for exanple, several hundred to one.
Any discussion of fibers includes whiskérs. As used herein, "filter nediunt
shall nmean a material that perfornms fluid filtration. 10 As used herein,
"fluid" shall nean a |liquid, gas, or conbination thereof. As used herein,
"form ng" shall meamsosed deteimdcatdngosd redunton”sballimedn aesgtiemekan nto a

cohesive, uniformstructure. Epr, ex t er si . e fibers
into a paper. Agnpd’s”é’d et e‘ﬁ'r‘nc,l t%tnfse?ngge%%tedbp Sm?‘(n?{b\ér%reﬁ%%g%a 5‘|ra £e}R/t%'aken to
mean 15 i nt er f elrénicpliyidr thjolagicadly,ap pideg ta rardep desfhude sabér,as Sfor eaample fef f ect
renmove, inactivate or influence. AS. h | "l og reduction val ue" or
"LRV' shall nea U'Pia*l'?eusleoﬁromgﬁe 455 Hléasn'ﬂﬁ%@%qglfa%éﬁ%agﬁ?ss'm; in the influent
di vi ded by tBe nunbeiks wabd bergianifibe shall medmen wfifl thae istcherfactarifdd dyerhig?0 As used
herein, "nmenbrane" shall.,mean a,porous ,redi um wherejn the  structure is a
si ngl e conti nuoB®egdpigeld toﬂn{)rﬁeteo{ Ochﬂrﬁxﬁ'ﬂg sseﬁf?)r?eh‘g}dffiﬁictf’ﬁpeé‘. Rn‘fAs used
herei n, "m crobdrtwgbe af fikend iacloéptvtoskeenhanced filter nedium' shall nean a
filter medium having, a m,croporgus structure where at least a .portion of
its surface is treat’%"d”?ﬁdﬁﬁ’%"'m&' tFrOB'ieg'I”B‘giséél "Teﬁ?é’r@éi‘}f'glo&?atem ing 25
agent. As used Heddilttionm croor gani sm' shall nean any |iving organi smthat
but not, limted to bacteria, viruses,

fungi - prot dBoa, andust befe: it cbFeiviaia. s of GRTHGHEIAE ey spor oo,
2 9 MAY 2006 WO 03/ 064G:k8 hBfeir, Wodin@O SN nfean converting a loose, unstructured

substance into a cohesive, uniform structure. For example, the conversion of

loose fibers into a paper.

As used herein, “intercept” or “interception” are taken to mean

15 interfering with, or stopping the passage of, so as to affect, remove, inactivate
or influence.

As used herein, “log reduction value” or “LRV” shall mean the logio of
the number of organisms in the influent divided by the number of organisms in
the effluent of a filter.

20 As used herein, “membrane” shall mean a porous medium wherein the
structure is a single continuous solid phase with a continuous pore structure.

As used herein, “microbiological interception enhanced filter medium”
shall mean a filter medium having a microporous structure where at least a
portion of its surface is treated with a microbiological interception enhancing

25  agent.

As used herein, “microorganism” shall mean any living organism that

may be suspended in a fluid, including but not limited to bacteria, viruses,

fungi, protozoa, and reproductive forms thereof including cysts and spores.



As used herein, "mcroporous structure"” shall nean a structure that has a
mean flow path | ess than about 2.0 microns, and often | ess than ab@utMaiy. Wb
m cron. As used herein, "nanofiber"” shall nean a fiber having a dianeter

|l ess 5 thagoabedsh133.0 mllinmeters. As used herein, "natu@buseseaes c matter”
or "NOM' shall nean organic matter often found in potable or non-potable
water, a portion of which reduces or inhibits the zeta potential of a
positively charged filter medium Exenpl ﬁry of NOM are pol yani oni ¢ aci ds
such as, but not limted to, humc acid and 10 fulvic acid. As used herein,

"nonwoven" nmeans a web or, fabric_or other rredjtf‘r;rr] havi ng a structure of
i ndi vidual fibers thAtussd bereif, Spicarprous siruciye” !l Anean i rﬁf‘cmﬁ’rtb%{ 2%ed manner

as in a knittedaGheaONin phthéss EhanNBBVOY.E MiveHS 2B orEmIdsy thafRolter.pr epar ed by
met hods that are well known in the art. Exanples of such 15 processes

include, but ar&#BF- linmted to, and by way of illustration only,

nei t bl owi ng, spunbongli agd Heddifli AbnofdBE sRAIN meay b fier RIS diahRERiI&s " paper”
or "paper-like" shall nmean a generally flat, fibrous layer or mat of

mat eri al f or fed AP akoyiet.0 milligelsisocess. As used herein, "particle" shall mean

a solid having a siZzg (@A%Rreld, CRaturaPorkdific FaldrobAalo® sARFHRSFORMAe and with
no specific limtation on shape, but "generally of alimted length to width

ratio. As used Kwattei gftenfpunskinppiple os Ren-potale water 4 Rortégn efwdiidinegedser al |y
| ocated  upst regmhiomdal DRI pbibdal 84 QRivel Rhdge il Giddiis. Blenfifdf ces and

capable of reducing particulate contamnants prior to the i1 nfluent

contacti ng subs®fjiNEy are polvanipnigtacisk shelyes but Betr liritady tos homiciesid eed. As used
herein, "shegt" fﬁﬁ@lahid.”ean a roughly two-di nensional structure having a
length and a width that are significantly greater than its thickness. 2 9
PLAY 2006 WD 03/ 0640A8ufedTersdi3ho0geend magnys web s fakirie, or'atlher shegium shal | mean

a filament havi hdvifg Iai muh%@, 8FR8FIdual fibers that are interlaid, but not in a highly

organized manner as in a knitted or woven fabric. Nonwoven webs generally
may be prepared by methods that are well known in the art. Examples of such

15  processes include, but are not limited to, and by way of illustration only,
meltblowing, spunbonding, carding, and air laying.

As used herein, “paper” or “paper-like” shall mean a generally flat,
fibrous layer or mat of material formed by a wet laid process.

As used herein, “particle” shall mean a solid having a size range from

20 the colloidal to macroscopic, and with no specific limitation on shape, but
generally of a limited length to width ratio.

As used herein, “prefilter” shall mean a filter medium generally located
upstream from other filtration layers, structures or devices and capable of
reducing particulate contaminants prior to the influent contacting subsequent

25 filtration layers, structures or devices.
As used herein, “sheet” shall mean a roughly two-dimensional structure

having a length and a width that are significantly greater than its thickness.



ratio and internedi ate between the aspect ratio of a particle and a fiber.
Any discussion of fibers includes whiskers. 5 The M crobi ol ogical 73 May 2005

I nterception Enhanced Filter Medium A filter medium of the present invention
i ncl udes a wbes/eqaerous structure that provides mcrobi ol ei@adedoet er cepti on
capability using a conbination of an appropriate pore structure and a

chem cal treatnent. The m croporous structure conprises any nmaterial that

i s capable of having a nmean 10 fl ow patﬁ of less than about 2.0 microns.
Preferably, the m croporous structure conprises nanofibers fornmed into a
nonwoven or paper-|ike tructure, pyt nmay include, whi sker or he a
nenbrane. The tight Aﬁﬂ?eg%ege(’?'ug{’ﬁ?eé g?”t"?%“ﬁi?@% ?B?"d’bﬁ %EWR‘?%TSEF eption
enhanced fil t errati®shdifetrhedifte befWe@h @l aspstt eftioi cda fartivld alrksa itk tAndi f f usi on

di stances from{he flui gigto,t e 15 surface of the filter nedium The

cheni cal treat fhfsSIANGE BLEs nclifles Bhiskesst the surface of the nicroporous
structure utilizes a synergistic interaction between a cationic materi al

and a biologjcally,actjye. al, that whe onbj ned, provide broad-spectrum
reducti on _019-4 m’alnl:!}e&ﬁ'f:&&’l?é?%‘gﬂnﬁ%‘?ﬂpaﬂ? %M?%Jﬁm&ww The charge provided
by the cationic nmatarfiRdr mediuhe of ithd Presé dinwhitiah dificlubiest hemiciepoddlski neti c

i nterception of mcrobjol ogical contam nants, while the tight pore
structure provisugute s, proyides @icsbiojagical 4 Hercaptien eF%HaE‘B‘tVr apig aiffusion

kinetics of CaRhiMaBanosah BpFrobh@béIE strlicing ah@ aldhemeddr fréRet! Thae
m croporous structure. The m croporous structure al so fpr ovi des suppl enent al

di rect mechani CRICOPPHUE SIRUSHHTE GPMPHsesiny, Bl 81t 6 spPaimefdifvingAtaeanpue to t he

dom nant roj@ GfowDafl bf Ust QRad AbodiNBol RIRICEPPIeRRalY, 8! MtRBoYo el |
particles, there is a direct correlation between the |og reduction val ue of

viral particl estapitre: famphses aganofibgrrefoed: Hefoi af noRKeveRi PhiRgPemEef | | t er

medi um rat her srtlﬁlé’t[lrea %?Px?g_?}dﬁn%ﬂe]: Yfdkers! BF bk FiERGRsheO! Thé‘eii]gfwﬂ h&r@r medi um 2
4 MAY 2006 WO 03/064013 PCI/ US03/ 00067 10 Characteristics of the

M cr obi ol ogi calstugueer efefheiroisrabithegieab interception enhanged filter medium of the

present invention provides short diffusion distances from the fluid to the
15  surface of the filter medium. The chemical treatment process used to treat the
surface of the microporous structure utilizes a synergistic interaction between a
cationic material and a biologically active metal, that when combined, provide
broad-spectrum reduction of microbiological contaminants on contact. The
charge provided by the cationic material to the filter medium aids in electro-
20 kinetic interception of microbiological contaminants, while the tight pore
structure provides a short diffusion path and, therefore, rapid diffusion kinetics
of contaminants in a flowing fluid to the surface of the microporous structure.
The microporous structure also provides supplemental direct mechanical
interception of microbiological contaminants. Due to the dominant role of
25 diffusion for the interception of extremely small particles, there is a direct
correlation between the log reduction value of viral particles and the contact
time of the influent within the filter medium, rather than a dependence upon

the thickness of the filter medium.



In order to provide full mcrobiological interception capability, the

m crobi ol ogi cal interception enhanced filter nedium of the present 7idnMgmiigon
5 has a nean flow path of |ess than about 2 mcrons, and preferably |ess
than or equwioos@ssalsout 1 micron, and nore preferably | esspdhgddz@dosequal to
about 0.6 mcrons. The volunme of the m crobiol ogical interception enhanced
filter nmediumof the present inventi on1§orrpared to the flowrate of fluid
through the filter medium nmust be suffi'Cient to provide a contact tine
adequate for the 10 contam nants to diffuse to the surface of the filter

medi um To provide nhanced el ectro-kinetic intercepti of m.croorgani sns,
of which the ngjor i(tei'!?ra&feé'smg%ft ﬁ\?eﬁ!}crelf‘f‘&l:"é'éﬁ', P’]ﬁ‘?{ 'oﬂn&q‘aﬁﬁ‘i’g}: ﬁe‘bns, t he
m crobi ol ogi cal i ntaédigpti on enhanced filter nediumhas a positive zeta

potential generally greater than out +10 mllivolts at .val ues of about
6 to about 7, and 1% " ?’aﬁonB'Oéi'%ﬁJﬁﬁ)dBﬂqblc\?‘ég'cht"ge'ﬁS‘ft?Ht Fafi’ggé{fy' %% val ues of
about 9 or greahfidrobibidgidilahtefdefRol enhardetidiltet Nelllum SfUR& paseahweatoroni ¢ aci ds,

i.e., humc _acjd or fulvic aclLd, that, may reduce or renpve the charge on
Lhe' " i or obi 81 ohtsme iy Eebe b BAnghiLs MirPbs B & BroPer ani y
prevented fromgRNtASHIURY ntib@n CARI E61€ pﬁ@'f@ﬁmeés@uﬁnsirreugamﬁab&dimugh the use
of an 20 adsorbent prefilter that substantiall

, itially, rermv_es@H;ue Né]\/l When used
in the context Mrons. qTheivolume glytheafisoiplogicalt iniceplien eppanced fdtepy of er abl e

that the m crokiegiuRPbCRk dritbl iRGatbR RoRPaIEMES thel idv Pite BEFLIHhBEgHTRAE Wi th
hydrophilic materials to provi de good, spontaneous wettabilit

. 20 ! : Y.
Al ternatively, thedilist mediuapppst basiizient te Revide arcoptast e edaauptatartbept i on
enhanced fi '1berc&ﬁghm_ga@ﬁormﬁus@%tﬁ&@gsm&et& %Oﬁ’ltéﬂ%é‘diﬁrﬂe{ T@hdgaa&@ph' lic or

hydr ophobi ¢ characteristic as needed. It is possible tha ]

m cr obi ol ogi cal ethinead eratrerkinetin aintaseeption tafr migraerBaHsnesanchaxhéchh b
positively and pegat) vl YegshalI8irRRdulRE WUsOEShditdRg! MDSmicABRGcany dr ophi 11 ¢
and hydr ophobi c_rgglyons. eo} ég_an{)%e', .mﬁ?fe rﬁege}t ilvel'y chaltrzge %Eecigons can be
used t o enhance int¢reentinn eanbaped diteomedivasha 0 pMitive2 266 Poentd/ B6@©

PCT/ US03/ 00067 14, £PHIRMRGS L bufiliNoflal 98 daRR0LATLARY & e YnGhpr 9ed
hydr ophobi ¢ regi"ons

15  retains a net positive zeta potential at pH values of about 9 or greater.

Natural organic matter (NOM), such as polyanionic acids, i.e., humic
acid or fulvic acid, that may reduce or remove the charge on the
microbiological interception enhanced filter medium, is preferably prevented
from contacting the charged microporous structure through the use of an

20 adsorbent prefilter that substantially removes the NOM. When used in the
context of a gravity-flow water filtration system, it is preferable that the
microbiological interception enhanced filter medium be made with
hydrophilic materials to provide good, spontaneous wettability. Alternatively,
in other applications, the microbiological interception enhanced filter medium

25 may be treated to provide either a hydrophilic or hydrophobic characteristic as
needed. it is possible that the microbiological interception enhanced filter
medium can have both positively and negatively charged and uncharged
regions, and/or hydrophilic and hydrophobic regions. For example, the

negatively charged regions can be used to enhance the interception of less



can be used to provide enhanced interception of contam nants that are
attracted to hydrophobic surfaces. The Fi bers/ Wi skers O Parti cul}la 0

I ngredients 5 The m crobiol ogical interception enhanced filter nq%fz phe
present i myentheams3i ncl udes a m croporous structure that w@Eyudonsdostde a
plurality of nanofibers, including whiskers or mcro-particul ate

i ngredients, of organic and inorganic rﬁateri als including, but not limted
to, polyners, ion-exchange resins, engineered resins, ceramcs, cellulose,
rayon, rame, wool, silk, glass, 10 netal, activated al urri na carbon or
acti vat ed carbo e@l ] ' d baUXI te,
fuller's earth, Qdmrﬁé"lh Vfdr%%%%g%'}t?‘rﬁﬁé?&g%‘?qﬁ®%”§r5§%§% mat ea%)'g S,

conbi nati ons t hemebé .us@brtbi pravide renhafced rigmrieptiora vl qontarrlymntscthht ler s and/ or

whi skers or m crtga&ayttohgg ﬁob%ﬁ;rﬁ?é}te”pl ated and wthin the scope of the
i nvention as fof g , céramc, or metal 15 fibers and polyneric

fibers may be used thgétHeestblskdrsOEqutumlm Ingwdreh'_rscl es incorporated into the
T C1 0RO OUS, S UCt Unge ol oo RERUN AR B orb W col Bl REARGRS ol SRafian ol ber s

such as cel |l Ul ose ers suc ers shou al's ave a
Canadi an St andainderﬁioeemelsdes mfrnntneperouhatrucu.rre dlopy ahayt mchide et plledlity ehd nost

preferably less th 20 abo er i cant
portion of the 'F?"Sgg § s'ﬂ‘ﬁﬁéjag W&\?E r%owngz%?aéﬁ?cula]t §retdhenltir' 8fr°r§?]m°q ({o about
1000 nanonet er smormme mamfuﬁs ab:tlydnhgasls.xttdmrhrmted tmqumllynt@s aiooekchdogk
nanoneters, and fibers % IJ a n : e nang getlgsrss in

di aneter are no"sets’"ﬁreé‘ﬁé‘ﬁ?rg resl”}s FesrarB'F%fcg %BTe %VS cﬁl(% thE I 5eb® 1o a

| engt h of about metalyi httivamte alutronagabcaibor3 am hd:tivaedecasrborpr eiliet, abéqhtmbout 2 25
mllimeters to t 6 mllineters, an ferab bout mllinmeters
To | about 4 1 FAERsr cpth At i, BY1e"s P, SBU AR ane i 1ot e 1
exceptionally fbtlher a:HsmbBSﬂ raaterizs) dr pombinaticnk Itberécmwamﬂiinatuenseéfefrgatmrg/,
fibrillated synth .tlc cel rocessedln nge q§ne ith the

fib
oot 1 ovent | SR baNE bt 880t MRRt o R R G 3 7 2006 WO

03/ 064013 12  within the scope of the invention as for example, glass, ceramic, or metal
15 fibers and polymeric fibers may be used together with very small particles
incorporated into the microporous structure.

When produced by a wet laid process from nanofibers such as cellulose
or polymer fibers, such fibers should also have a Canadian Standard Freeness
of less than or equal to about 100, and most preferably less than or equal to

20 about 45. Preferably, a significant portion of the fibers should have a diameter
less than or equal to about 1000 nanometers, more preferably less than or
equal to about 400 nanometers, and fibers less than or equal to about 250
nanometers in diameter are most preferred. [t is preferable to chop the fibers
to a length of about 1 millimeter to about 8 millimeters, preferably about 2

25 millimeters to about 6 millimeters, and more preferably about 3 millimeters to
about 4 millimeters. Fibrillated fibers are most preferred due to their
exceptionally fine dimensions and potentially low cost.

Preferably, fibrillated synthetic cellulose fibers, processed in

accordance with the present invention, can produce an ultra-fine, hydrophilic



PCTI US03/ 00067 m croporous structure for use as the m crobi ol ogi cal

i nterception enhanced filter mediumof the present invention. Such 4.,
fibrillated cellul ose fibers can be nade by direct dissolution and gﬁl 'ﬁ'ﬁ’i %%53
of wood pul Qi rgani ¢ solvent, such as an am ne oxide, and are known
as |yocell ?#lepgalfyocell fibers have 5 the advantage of PHEYNY*WFbduced in
a consistent, uniformmanner, thus vyielding reproducible results, which may
not be the case for, for exanple, natuddl cellulose fibers. Further, the
fibrils of lyocell are often curled. The curls provide a significant anount
of fiber entanglement, resulting in a finished filter nmediumwth high dry
strength and si giréfioreust struetvied foalusevas thet méngltivlogicd irgraehéomentancedne
fibrillated |Iyo | L aols b Bl UYL FibdrE8n ST NG

equi pnent of nnglgésrtme%‘g%?%g‘h oessgrﬁ'l tegg\n%%eﬁaﬁﬁr St oggﬂt EatIr 'fsalnbers ot her

t han cel | ul ose mage by diredsdissolatiadandepimingue ovasdtpudrin §n pigaric splwent! s, such as
for exanple, artifici £ o) i cul | fibers, or
ot her natural %:Jé: Ia'[rﬁ%hgllm(':']:éna Eelesr’iaaﬂi Erﬁ%%%ﬁé |c8|#1§8%r¥' W%crgln Iﬁpéjtsg ‘and
non-fibril| abedthei bmstagmyf befgbprodseed innatdeesistensy opiferousnanenchuy e.
Merbranes  The iefafn%b#e8#o‘aﬂhi8%' rebﬂé,e&ﬁngﬁtdma&"ncﬁrﬁéaﬂ‘ée&sé de! f e%ﬂhlﬂ,m of the
present invention Can conprise a menbrane of organic or’ 1 horganic

conposi tion i nodtwdl ngluldsatfibact Aurther de filwils pfdlyguelirae oftem cededhaflye resi ns,
engi neered 20 res i

ins. .ceran. | | ul i les. . k, gl ass,
mocal - acti vat e AT OfGy Aot pERBL oA rerk P B T A, oo cous
earth, acti vat efilterbaediumewith tHighediysstreagth land csidnificamt tegidouadxyeippangthe,
titanates a other materials [ i nations thereof. Conbinations of
organic andq?norr:lg':fg’ et {hgﬁbgllgeé;!ygceq%ﬁfsew ?Bﬁ’gg%eéﬂ\%il?rﬁ? ﬁu?rﬁ@esscope of
the invention. Gsindequiprberdnémoresy cdpital @5t radidi hesindgrstoed Itheatl fbdenothar t 0 one of

Lo, Ll TP A SR RD. FRRRRL B 5L, T
cheni cal |y treatethple, tahifiiatibersin phtigilarmherylit @rnyépt filens, enbhichatgrabgent
capabl e of crealliig. 2 RASkAl VELSERLAR OG54 5] AhAMSAlbelThgy cepti on 2
15  be used in the microporous structure.
Membranes
The microbiological interception enhanced filter medium of the present
. invention can comprise a membrane of organic or inorganic composition
including, but not limited to, polymers, ion-exchange resins, engineered
20 resins, ceramics, cellulose, rayon, ramie, wool, silk, glass, metal, activated
alumina, activated carbon, silica, zeolites, diatomaceous earth, activated
bauxite, fuller's earth, calcium hydroxyappatite, titanates and other materials,
or combinations thereof. Combinations of organic and inorganic materials are
contemplated and within the scope of the invention. Such membranes may be
25 made using methods known to one of skill in the art.
The Micrabioclogical Interception Enhancing Agent
The nanofibers or membrane that make up the microporous structure
are chemically treated with a microbiological interception enhancing agent

capable of creating a positive charge on the microbiological interception



WO 03/ 064013 PCT/ USO3 /00067 13 enhanced filter medium A cationic netal
conplex is forned on at least a portion of the surface of at Ieastzgqﬂs gf
the fibers or the nmenbrane by treating the fibers or nenbrane with AY 2006
cationi c nawerozaé4013The cationic material nmay be a small gdwg@ssoeep! ecul e or
a linear or branched pol yner having positively 5 charged atons al ong the

| ength of the polyner chain. If the cat” nic mterial is a polyner, the
charge density is preferably greater than about T charged at om per about
every 20 Angstrons, preferably greater than about 1 charged at om per about

every 12 Angstrons, a nore.. preferabl ater; thap abou charged at om
per about everye'llﬁnﬁﬂgg{t?ro%d'% * 70 A %Wﬁ% C?'E'%Ia)f i %'irH% %'éﬁéeragt%e char ge
density on the paitioobf the 3afaze iohit, ledsteemehif diediberds loe theomnsantnaliy teratiof t he
counter ion assqQciated therew th. A high on tratian of an appropriate
counter ion canﬁl’fefﬁ’ﬁgseod mpegnibfpne, it Wéaq'°ﬁﬁcé'&ﬁ\?%|af§ﬂ1eo%¥'8?'cﬁ"aieé'?rﬁﬁf@e net al
conpl ex. The catisoatl chamged adcukharud dneac onbiaséhedtgojynpsr havitkg pasitivedin| v
positively charged surface to,the m croporous 15 structure as determ ned by
POt rean g ar Seretenraens s EefL I RhE R hrn & hi'gh or |ow pr
envi ronment. Zeta orif #ie €ishizOniaeiabid h dolymef, théeharge domtty asiprefesdbiyict ur e
after treatnent with,a hi gh ﬂol ecul ar wei ght char e g(greater
MUt hg

d pal yner can.b
than about +10 Ml U8 RO Bt PUBBIRY 0 2SR PTG a
substanti al | y ngtsateathapHbod01 Thegaibdtorarpet abmit @tdril12i Argbtisies anduiord S not
limted to, quaternized am,nes aternjzed am des, qu rnary apmoni um
sal s, quat erni PEPTAY dsater e aboit | Ghaar SOTSBLARSY S1RhIGAPEREs Lt | oni ¢
anmi nosi | i conocomuesnrs lengthat ThHerHighet Blel dhhrge derfbey oW ald ¥:RidnicaRdterithe St ar ches,
guat er ni zed pol ﬁglh%c | am ne _con?ensat es, _guat erni ze@I col,t}lagg ,
pol ypepti des, cal§Bhie eiceRtitingaf g couder ios asociag Degiid: g _ﬂh'g'bm | oi ds
such as cati oni gof®Rhfidfioneof QhNEBIHRIGINARE cafHtdt i0ROLAMIbES useiN® AR Ghé I eat ed
silica colloids, polyam de-epich| oroh?/drl n resin, cationic ?cryl m des,
pol yners and coPBCRIBIY chér e¥PNiccBRBI fAPPSKs (hferainic mafriiat ARdYld ke,
Char ged nol ecul @gnsikttiyl prbde hm@uagse;m@,t LRz ar@ &Mk miciRbeesl es with a
singl e char gled unit and capabl e of being attached to at |east
5 structure as determined by a streaming or zeta potential analyzer, whether in a
high or low pH environment. Zeta or streaming potentials of the microporous
structure after treatment with a high molecular weight charged polymer can be
greater than about +10 millivolts, and often up to about +23 millivolts at a
substantially neutral pH.
20 The cationic material includes, but is not limited to, quaternized
amines, quaternized amides, quaternary ammonium salts, quaternized imides,
benzalkonium compounds, biguanides, cationic aminosilicon compounds,
cationic cellulose derivatives, cationic starches, quaternized polyglycol amine
condensates, quaternized collagen polypeptides, cationic chitin derivatives,
25 cationic guar gum, colloids such as cationic melamine-formaldehyde acid
colloids, inorganic treated silica colloids, polyamide-epichlorohydrin resin,
cationic acrylamides, polymers and copolymers thereof, combinations thereof,
and the like. Charged molecules useful for this application can be small

molecules with a single charged unit and capable of being attached to at least



2.9 MAY 2006 WD 03/064013 PCT/ US03/ 00067 14 a portion of the m croporous
structure. The cationic material preferably has one or nore count erMéﬂ'@&
associ ated therewith which, when exposed to a biologically acti vé ‘met a

sal t sol ut iwapes/Ranise preferential precipitation of the werakosioospr oxi mty
to the cationic surface to forma cationic netal precipitate. 5 Exenplary of
am nes nmay be pyrroles, epichlorohydri nhgeri ved am nes, polyners thereof,
and the |like. Exenplary of am des nay be those pol yam des disclosed in

I nternational Patent Application No. WO 01/07090, and the like. Exenplary

of quaternary ”,'SH?|P" u I hapr 0 L.l et hyl
anmoni um hal i dg, eﬂ)lncﬁg %‘?o’{’@’ E?Pr(]:uggtrrl ved gh%g%[?i‘f%%ﬁ%b% éir#leﬁgg’ll%‘zpol ymers,
quat er nary anmume uwm rsaret @udter iisnsdas$acataddthareiwite swhinll whérakkmheed tsach as t hose

di scl osed in Unj t 2 , 88, 614, and
2,454,547, all rbéélgﬂﬂa}ﬁkﬁacg?eeﬁ‘l%%ggg}l%g@%{(’é'dt%'gérp %?%ggﬁaéé?e%ﬁ%ﬁ?nnogtih%t er nat i onal
Pat ent Appl i catresal ilNproxiNdyXB tiR3EEdnic adrface forfom p oatwinadméryl preddietence,

pol yhexamet hyl enedi | a ni br pm and .t | i ke, .T 5 cationic

mat eri al rra{}jy be cheErrr’:(%tgbaﬁ{ Ef%%’ﬁ'&gdﬂm’é%ﬁg‘j&ﬁ gbg(r:h@?g@sflﬁdn "é/%F?%mF’self or to
the fiber or ngewbmerethedeat, tinbthedike, Exatriptry ofetrddesahay Isuthbshdotyafridesuse as t he

cationic material. include Bl | E r). avail a I i oShi el.

Technol ogi es, | Sg!o,se{fé'rlg%6@5?%23t8h%@m%10m'@ﬂé(dﬂ &Hg&a%n%gb&gﬁ%si | ane
product i ncl udibxgmplpgyr ok quadradry abtbdiiun\salisemghtoe homopolymers of diallyl

oct adecyl am nodj.nethyl tri net h iLvl.aro . a nipumchloride and | ess than
3% chl or opr opyI({'Wtth ﬁ%&’%'iup"aﬁ%ﬁaseﬁﬁ 'flﬂg?OR%%”[ne ?rgﬁdtqgg{quﬁtgvageamwged i's
SURFACI NE( r)Q agodintead) | qrraferramg Sumbaicinn ealtbeledvedipfren tdidtoinpanyd dibalides Tyngsbor o,

Amosachuser . TR ULERR ORIl 87| B © T
4, 4" - met hl yene-13a8,6NANacd 9J4§4,54y;|airof whieh Jr&/BEOpratal bcretiselcendidig agent, to
covaL et o b bR ARPLNIE N AL 5 o ol B
submi cr on- si zedefehtd, PoBbexahithytarBinetyl amnarsurabrabitle cint\ige likeoClihde,
15 cationic material may be chemically bonded, adsorbed, or crosslinked to itself
or to the fiber or membrane.
Furthermore, other materials suitable for use as the cationic material
include BIOSHIELD® available from BioShield Technologies, Inc., Norcross,
Georgia. BIOSHIELD® is an organosilane product including approximately 5%
20 by weight octadecylaminodimethyltrimethoxysilylpropyl ammonium chloride
| and less than 3% chloropropyltrimethoxysilane. Another material that may be
used is SURFACINE®, available from Surfacine Development Company LLC,
Tyngsboro, Massachusetts. SURFACINE® comprises a three-dimensional
polymeric network obtained by reacting poly(hexamethylenebiguanide)
25 (PHMB) with 4,4-methlyene-bis-N,N-diglycidylaniline (MBGDA), a
crosslinking agent, to covalently bond the PHMB to a polymeric surface.
Silver, in the form of silver iodide, is introduced into the network, and is
trapped as submicron-sized particles. The combination is an effective biocide,

which may be used in the present invention. Depending upon the fiber and



whi ch may be used in the present invention. Depending upon the fiber and WO
03/064013 15 2 9 MAY 2006 PCT! USC3/ 00067 menbrane material, the MBGDA may
or may not crosslink the PHVB to the fiber or the nenbrane. The catZiDPMa2006
material isyuhes@s to a biologically active netal salt g@},ﬁ%&@&@UCh t hat
the cationic netal conplex precipitates onto at |east a portion of the
surface of at |east sone of the fibers or the nmenbrane. For this purpose,
the metals that are biologically active l&e preferred. Such biologically
active metals include, but are not Ilimted to, silver, copper, zinc,

cadm um nmercury, antinony, gold, alumnum platinu pal Ladi um and

conbi nat i ons th@?e&?F?"el\Vﬂ%tFr'%rr(gPéﬁ(é'aAé?aé’ ‘%i“l‘*\)’é?’téf?ég]@ﬁﬁg%?ﬂg‘ﬁn@ e ol ogi cal Iy
10 active netal figéldr #50hbtb@Re.l S preferably sel ected such that the netal and
the counter ion of the cationic naterial are substantially insoluble in an
aqueous envi r onment MeocaiioniFeMateEd); is;eaesed do %tqlﬂ%'iagl’ia&ﬂ}’%"l‘?gaslﬁltcorrpl ex. A
particul arly usefiuion sGdhoNaP iROtfRhicl MEBI EQAHIER PreifiRRe | digo APRALL 4S a
cationic silver-am ne-halide caonplex. The catjonic amne is preferably a 15
honmopol yner &f  @PgieNf the; %@nggl%ﬁﬂﬁ?mwh Pif'b%’s Rathedgebriaet-kQiItlf wei ght of
about 400, 000 DaLie8s fe PiRfd tRHARRI BRIMLIANTOIMIWN sal pifdhdli NGuci Sim | ar
charge density and nol ecul ar wei ght. A honopol yner of diallyl dinethyl
amoni um chl or i giolesielyjactive mefals hckudenbutiarg, aeftlingtedite, dlyeEPRRERIZNE avai | abl e
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i odi de count er icombingliens teeserfa ddestipirierrd aresilverand spppest dhe biolRgisHy  t he

si | ver-am negohalble GOAPLAXsOMiRA! P pldrSly Wleddd LRAShatithB hdihiOmdThe t e fi bers
or nmenbrane of the mcroporous structure of the filter nedium The pH of the
surroundi ng sol Geumer @S thef gatienic mpteriabarg sylbttantiglilyainseleble He an agueous

m cr obi ol ogi cal ehih APl Pile BRABAGER Jr el liodleMetaholble. present .
invention. An acidic pHw I ncrease the charge on the filter nmediumwhile
a basic pH A particularly useful microbiological interception enhancing agent is a

cationic silver-amine-halide complex. The cationic amine is preferably a
15  homopolymer of diallyl dimethyl ammonium halide having a molecular
weight of about 400,000 Daltons or other quaternary ammonium salts having
a similar charge density and molecular weight. A homopolymer of diallyl
dimethyl ammonium chioride useful in the present invention is commercially
available from Nalco Chemical Company of Naperville, lllinois, under the
20 tradename MERQUAT® 100. The chloride counter ion may be replaced with a
bromide or iodide counter ion. When contacted with a silver nitrate solution,
the silver-amine halide complex precipitates on at least a portion of the fibers

or membrane of the microporous structure of the filter medium,
The pH of the surrounding solution does affect the zeta potential of the
25 microbiological interception enhanced filter medium of the present invention.
An acidic pH will increase the charge on the filter medium while a basic pH
will decrease the charge on the filter medium. Under pH conditions typically
encountered in potable water, the microbiological interception enhanced filter

medium does retain a minimum positive charge and only at very high pH



wi || decrease the charge on the filter nmedium Under pH conditions typically
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decline below zero mllivolts. Exposure to NOM such as pol yanionic acids,
w Il decrease the zeta potential of the 1rsgi crobiological interception
enhanced filter nmedium This will dimnish its mcrobiological interception
capabilities. Therefore, in applications where high levels of NOM5 are
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known to oné of "KFY aggdébéj&tp.reﬁﬁﬁr C@Q&ﬂ%f’éﬁ'}'%%%%ﬁ%re %Sg%sgdi‘%tarts with
staple fibers, usdiildife cfahe bvcrslsiplagiail étterogptioaedhanged fiked matlitinvi dual fi bers and
are then 15 laid together to a desired thickness by an aerodynam c or
hydrodynam ¢ process to form an unbonded fi ber sheet. The unbonded fi bers

can then be subjetiadds dftvakingdthe Wicobijoldgical lateb@ptiorf Erbiandddettileer Medium
hydroentangl e the filers, A.  si.mlar process can.be rformed on,certain
o astie titne that whe SR BRRiRS B oba ul oREls i be fikog ¢
converted inoo ehscodanke brith paicedest kdvsvnsto 2@ bh skl pinetherarte d Dnetaid ai d
process, a fiber _tow is ¢ghopped t,0 specific, length, . usually.in the range
bt about 1 mi 1 PIEESES pSb Rt Refingh Sleskesbnaing ik HHeE- =R n ¢ he
range of about ravetsks, mibtiksted filnsabeltbloWing, lahd Beiee 8. lalBhsrocesdedoipewn f i bers are
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a large scale, ifh°A& nIAN PRI dnt [5id, Brogess Harts yyiph staple 5 v et o
or a "refiner". fibbe, WhikRlcah e Stfdred B cdrding @6 individeal Sbe 86 Sre thBh | €

15 laid together to a desired thickness by an aerodynamic or hydrodynamic
process to form an unbonded fiber sheet. The unbonded fibers can then be
subjected to hydraulic jets to both fibrillate and hydroentangle the fibers. A
similar process can be performed on certain plastic films that when exposed to
high pressure jets of water, are converted into webs of fibrillated fibers.

20 In a preferred wet laid process, a fiber tow is chopped to a specific
length, usually in the range of about 1 millimeter to about 8 millimeters, and
in particular in the range of about 3 millimeters to about 4 millimeters. The
chopped fibers are fibrillated in a device having characteristics similar to a
blender, or on a large scale, in machines commonly referred to as a “hi-low”, a

25  “beater” or a “refiner”, The fiber is subjected to repetitive stresses, while
further chopping and the reduction of fiber length is minimized. As the fibers
undergo these stresses, the fibers split as a result of weaknesses between
amorphous and crystalline regions and the Canadian Standard Freeness (CSF),

which is determined by a method well known in the art, begins to decline,



further chopping and the reduction of fiber length is mnimzed. As the
fibers wundergo these stresses, the fibers split as a result of M?ﬁnﬁ’?vs%%
bet ween anorphous and crystalline regions and the Canadi an Standafd " °
Freeness ( Gabbsossddi Ch is determ ned by a nethod wel |l kngwhnaistsdobe art,
begins to decline. 2 9 MAY 2006 WO 03/064013 PCT/ US03/ 00067 17 Sanpl es of
the resulting pulp can be renoved at int1 rvals, and the CSF used as an

i ndirect neasure of the extent of fibrilfation. Wiile the CSF value is
slightly responsive to fiber length, it is strongly responsive to the
degree of fiber_ fibrillatiqp. Thus, the CSF, ichis ure of how
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fibers fibrill afigrilikioe. asucnike C6F, ywhidhR a inkdsuiel dfdiond edsilpevatafmay g ven CSF
val ue can be_directl useg f
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of a1t f er ent Sde s FORCPEa b e HIFRIE SPRGSradep Wb eree ot BBt oatce o
dewat er ed pul p. fififiatidewat eteccurfacd preéds vog Kigh e eaityl Mtle weet Witk ke a
wet -l ai d paper. .Generally, for application in the presen i nvent.jon, a pulp
Wih & CSFof bARBRATE fthe OB ByoprauaPL B Jme i BOrSFsYANA ibe | cos
t han OL equal tae@hséubrogfeissiae'iy ng@rmgltpe ifibers rfibailled T\biehe)aelﬁarblyon:rﬁe nateri al
in such a manner, to . allowt ationic material to cogt at |east a
portion of the gh‘%ﬁ%ﬁ%f'@( OJS‘E‘ 8|Ve ‘@B"n’éa"otren;ﬁf?étw Fﬁgrfgr RREYLRAPIfibar ting a
charge on the fobgdwaterltPbhadari@f of diFgkit dedictd) mchaigand@vai@ingrpr&l of 0 t he
fibers are knovvg in the art and i Hcl Fde ut are not Ijmted to, spray,
dip, or subnergBfikdo PEsee g deatered Pl dUtsgsiatsiRd RP CRR AT E5e9u8RY i on or
crosslinking of yidyetoC bk Bi WetT@l Gfabéd, Genériley, For hgftRatn IMhe prel@ts. The
treated pulp is then ri ns?d |_t3 reverse osnosi s/ dghé)&zep RO Dp __wat er,
partial |y dewat SMVeptiony@ i yit)gesF ofRelRymiOP & e pretergly. g Cohat  can
then be exposedsidquldbdiesy RS &Hguy téabdurgs,met al salt solution. The, use of
nearly ion-free rinse water causes the counter-ions associated with the
cationic 15 The pulp is treated with a cationic material in such a manner as to
allow the cationic material to coat at least a portion of the surface of at least
some of the fibers thereby imparting a charge on the fibers. Methods of
applying the cationic material to the fibers are known in the art and include,
but are not limited to, spray, dip, or submergence coating to cause adsorption,
20 chemical reaction or crosslinking of the cationic material to the surface of the
fibers. The treated pulp is then rinsed in reverse osmosis/deionized (RO/DI)
water, partially dewatered, usually under vacuum, to produce a wet lap that
can then be exposed to a biologically active metal salt solution. The use of
nearly ion-free rinse water causes the counter-ions associated with the cationic
25 material to be drawn tightly against the treated fiber surface and to eliminate
unwanted ions that may cause uncontrolled precipitation of the biologically
active metal into sites remote from the cationic surface.
The metal salt solution is infiltrated into the fibers to allow precipitation

of the cationic metal complex on a surface of at least a portion of the fibers,
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in the art. Raw material for the membrane may be treated prior to forming the
membrane or the cationic material may be applied to the membrane material
15  using known methods in the art and similar to those used to treat the fiber
surfaces.
Additives
The strength of the wet laid fiber sheet, especially when wet, may be
improved with the addition of various additives. 1t is well known in the art
20 that the addition of epoxy or acrylic or other resins to the paper making
process can provide enhanced wet strength, but these water-dispersed resins
often cause lower permeability to the final product, especially as fiber size
becomes very small. Although these resins and resin systems can be used in
the current invention, it is preferable to use thermoplastic or thermoset
25 materials known in the art, and in either powder, particulate or fiber form.
Useful binder materials include, but are not limited to, polyolefins,
polyvinyl halides, polyvinyl esters, polyvinyl ethers, polyvinyl sulfates,
polyvinyl  phosphates, polyvinyl amines, polyamides, polyimides,

polyoxidiazoles, polytriazols, polycarbodiimides, polysulfones,
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oxi des, polyesters, polyarylates, phenol-fornal dehyde resins,
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pol yacryl am de, po crylic acid), poly(nethacrylic acid), poly(ethy
acrylate), 15 &R ":Béfﬁaﬁk”ﬁé’fﬁ??rpﬁﬁ‘fs)ﬁﬁ“ﬁr%"’l("g)s?m?wrﬁ%rocar bon pol yners, such as
pol y(tetrafiguor oet hyi mbr) detiitsdf list @f i bivede dnatdrizysl dae nfak Oy basd iaofpel yners,

et hyl ene-tetrafl uorqet hyl ene, copol
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pol y(vinyl fluasi ge)yforpaldeaydede poly@ithioraeitleide), arjonasageaidenyde), d) or
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polyacrylamide, poly(acrylic acid), poly(methacrylic acid), poly{ethyl acrylate),

15 and poly(methyl methacrylate); fluorocarbon polymers, such as
poly(tetrafluoroethylene), perfluorinated ethylene-propylene copolymers,
ethylene-tetrafluoroethylene copolymers, poly(chlorotrifluoroethylene),
ethylene-chlorotrifluoroethylene copolymers, poly(vinylidene fluoride), and
polytviny! fluoride); polyamides, such as poly(é-aminocaproic acid} or poly{e-

20 caprolactam),  polythexamethylene  adipamide),  poly(hexamethylene
sebacamide), and poly(11-aminoundecanoic acid); polyaramides, such as
poly{imino-1,3-phenyleneiminoisophthaloyl) or poly{m-phenylene
isophthalamide); parylenes, such as poly-2-xylylene, and poly(chloro-1-
xylylene); polyaryl ethers, such as poly(oxy-2,6-dimethyl-1,4-phenylene) or

25 poly{p-phenylene oxide); polyaryl sulfones, such as  poly(oxy-1,4-
phenylenesulfonyl-1,4-phenyleneoxy-1,4-phenyl-eneisopropylide ne-1,4-
phenylene}, and poly(sulfonyl-1,4-phenylene-oxy-1,4-phenylenesulfonyl4,4'-
biphenylene);  polycarbonates, such as poly-(bisphenol A) or
poly(carbonyldioxy-1,4-phenyleneisopropylidene-1,4-phenylene);  polyesters,
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A range of binder fibers, including polyethylene, polypropylene,
acrylic, or polyester-polypropylene or polypropylene-polyethylene bi-
component fibers, or others can be used. Certain types of treated polyethylene
fibers, when properly treated, as described below, are optimal, and have the

20 additional benefit of not significantly interfering with the hydrophilic nature of
the resulting filter medium when used in modest volumes. Preferred fiber
binder materials may include FYBREL® synthetic fibers and/or SHORT STUFF®
EST-8, both of which are polyolefin based. FYBREL® is a polyolefin based
synthetic pulp that is a highly fibrillated fiber and is commercially available

25 from Mitsui Chemical Company, Japan. FYBREL® has excellent thermal
moldability and provides a smooth surface to the filter medium. SHORT
STUFF® EST-8 is commercially available from MiniFibers, Inc., Pittsburgh,
Pennsylvania, and is a highly fibrillated, high density polyethylene.
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filter nmedi um i fsiRgtceramics, zeolites, diatomaceous earth, activated bauxite, fuller's earth,
15  calcium sulfate, other adsorbent materials such as super adsorbent polymers
(SAPs), or combinations thereof. The additives can also be chemically treated
to impart microbiological interception capabilities depending upon the
particular application. Such additives are preferably present in a sufficient
amount such that the fluid flow in the resultant filter medium is not
20  substantially impeded when used in filtration applications. The amount of
additives is dependent upon the particular use of the filtration system.
Exemplary of a wet laid process includes mixing a pulp of 45 CSF
fibrillated Iyocell fibers with 5% EST-8 binder fibers and dispersing the pulp
and binder fibers in deionized water with mixing in a blender to form a furnish
25  with about 1% to about 2% consistency. To this mixture is added about 3%
by weight of MERQUAT® 100, which is briefly dispersed into the dilute pulp
furnish. The cationic material remains in contact with the pulp for about 4 to
about 12 hours until a significant portion has been adsorbed onto at least a

portion of the fibers to impart and maintain a positive zeta potential on the
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| yocel | fi hgogsmdsdd 5% EST-8 bi nder fibers and di spersi ngdfisopssber and

bi nder fibers in deionized water with mxing in a blender to forma furnish
25 with about 1%to about 2% consistency, To this mxture is added about 3%
by wei ght of MERQUAT(r) 100, which is briefly dispersed into the dilute pulp
furnish. The cationic material remains in contact with the pulp for about 4

to about 12 hopsg, w}{hlir}ﬂbe# gi% { ﬁ&n?s”&t B dﬂﬁbrﬁ&% QfEdeRATHAGRTONL O at

| east a portion o mal Ntain a positive zeta
potential on t hisads@bddty prOGi: mSﬁﬂéﬁﬁdmﬁnmﬂ UeoBeaaba8 Is @eat¢ithars. Wt hin

about i ght hougs, 8t 1R SAPAEUEE: puf! s det ) e VERRUATIA) vabipdsor bed to

provide a positive zeta potentia I'S greater than about
+10 millivolts. arddensed Mhmsiemuizpd matep &r foiralalwet tigwiat wetabisalirdletiovagdum  and

rinsed with gel ontgadiib Sfivk Sl M & bk 8l 04y Al oF Bl O, “Such S

as, for exanple,”silver e, I'n an armu y wWel ght of the
dry nanof i ber snanoﬁb@s,ap@ra@dredmlh dtaommdzxeaterwambumfcamw polrédpverythegour ed over

the  sheet and albpUSs! Ji0a] 3 Yahdlios e e, I iy Hbdafibeehd o1 on of

t he bi ol ogi cal ne a por Bt %ottt er ion
associated wt hlotdge:abyaamtwmm:etaimm atdéast d Ipertieafof dre, cdunter iorbeseciateth be

directly used in %ﬂ r 9 i of . we id filte d|u |tration
Systens Utilizi n&hqﬁ%c o I (%)f%gl é‘gfeaﬁeﬁ‘tttg%%?l%ﬁ n lgnceaseg] Tt fé Medi um
Many types ab f pilotdoetdnaf weyktdditer mediompor ati ng the current filter medium 15
can be i magi ned. Described bel ow are certain specific enbodi nrents. However,
these filtration systens are exenplary and should not be construed as
restricting theFiteatips Syterni dtilisimgrthé dicrobivipgiaait Inferdeption iEahanSyd Fides | ncl udi ng
M cr obi ol ogi cal Nl gt erception Enhanced Nanofi ber
edium
Many types of filtration systems incorporating the current filter medium
15 can be imagined. Described below are certain specific embodiments.
However, these filtration systems are exemplary and should not be construed
as restricting the scope of the invention.
Precoat Filtration Systems Including Microbiological Interception
Enhanced Nanofiber
20, One filtration system of the present invention that utilizes nanofibers
treated with the microbiological interception enhancing agent, is an industrial,
commercial or municipal filter that uses a precoat applied to a porous septa.
This coating is produced by dispersing particles such as diatomaceous earth,
perlite or fibers as a precoat applied to the porous septa for filtering liquids
25 such as beer, wine, juices, and other liquids used in the food service or
pharmaceutical industry. As the liquid contacts the filter cake, unwanted
contaminants are removed while also clarifying the liquid. The charged
nanofibers not only remove negatively charged contaminants in the liquid

much smaller than the pores of the precoat but greatly improve the mechanical



201 One filtration systemof the present invention that utilizes nanofibers
treated with the mcrobiological interception enhancing agent, is ary MAY 2006
i ndustrial, comercial or nunicipal filter that uses a precoat applied to a
por ous septwoo3ddas coating i s produced by dispersing pargd@ifRsofych as

di at omaceous earth, perlite or fibers as a precoat applied to the porous
septa for filtering liquids 25 such as er, wine, juices, and other |iquids
used in the food service or pharnmaceutital industry. As the liquid contacts
the filter cake, unwant ed contam nants are renoved while also clarifying
the liquid. The char nof.i,bers not gnly renove ne at.i v rged
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i nterception of_al rticles J'Of bers I’I{UI’IC'[I on

e i
with tradition3dl W@?dﬁ?ofq‘?&r 3’& a%%'ﬁﬁ'@% g”te};l??’h Only a
smal | anount O:iboluamIbk)e\Feﬁgha,l’tepftﬁi&dﬁdsugMﬂdaheefthteMérablgembgrcbd)ﬂwhcabout 1.5%
to about 10% by.wei.ght,, uce signhificant,effect. ref rably, a
hydr ophi | i c %&%&8&8@ (][‘:)rc? P8y & f%in filte ARl £ 15 t”é‘? ﬁ’ﬁ?ﬁ is used in
these appli catagphgations.| tration Systems Involving Miltiple Layers O Filter
Medi um A m cr obi ol ogi,cal terceptip n edf i um of the present
i nvention can incl u%tgtr%t!ﬂﬂ‘fﬁlﬁﬁ?‘éﬁﬁ@h ﬁgﬂ{]‘ﬁﬁf gt@%ﬁ'%l%g’q‘ayer of the 10
m crobi ol ogi cal i nt e ar@bbickgralhiaReRptid éﬁiﬁﬁcelaraﬂteumedmni of e ;iﬂaSéthl ol ogi cal
i nterception enhanced filt Ié‘l %lwgmla er pgléltlvel ar ed while a
second | ayer nma\PVBBIORGY f'\? de pyapns ée’@gftel Myo'¥h ‘é’e& erial can
be producedi1by eadbtasiogiog -htl@ﬁ:eﬁmpédhb@dea fma} et /afmgrﬂtmbpeloglc@harged

conpound or material .,suc I|c |dm with a small 15
quantity of a clYEcaPtinneh nff@ﬂ na Ver TRy, Be ppsitivelyy. gHH8R nanof i ber s

after soaking igcomfhayé d‘i&yb(ﬁdkﬁa%af@ﬁl&h'fafged NThd \RegatfeliBéHatiedGhat@iab @i i Ng on the
nanofibers of nEgal ! Need by eonleing Se mabtibers aalp whi s’ esatisly tharged o0 Y the
compound or material such as a polycarboxylic acid mixed with a small
15 quantity of a crosslinking agent such as a glycerine. Heating the nanofibers
after soaking in such a mixture results in the formation of a coating on the
nanofibers of negatively charged carboxylic acid polymer crosslinked by the
glycerine. The multi-layer microbiological interception enhanced filtration
system is capable of intercepting both positively and negatively charged
20 microbiological targets. Again, in applications where NOM is present, an
adsorbent prefilter may be needed to preserve the charge on the
microbiological interception enhanced filter medium.
Filtration Systems With An Adsorbent Prefilter Combined With The
Microbiological Interception Enhanced Filter Medium
25 A microporous filter medium of the present invention treated with the
microbiological interception enhancing agent may be used as a flat sheet
medium, a pleated medium, or as a spiral wound medium depending upon the
application and the filter housing design. It may be used for just about any

type of fluid filtration including water and air.



gl ycerine. The nulti-layer m crobiol ogical interception enhanced filtration
systemis capable of intercepting both positively and negatively cryteg %ﬁﬁjp
m crobi ol ogi cal targets. Again, in applications where NOMis presen -
adsor bent prebideias nMay be needed to preserve the char ge pefinishfooos?

m cr obi ol ogi cal interception enhanced filter medium Filtration Systens Wth
An Adsorbent Prefilter Conbined Wth Thg M cr obi ol ogi cal Interception
Enhanced Filter Medium 25 A m croporous %ilter mediumof the pr esent
invention treated with the mcrobiol ogical i nt ercepti on enhanci ng agent may

be used as a flat sheet S,.a Spi wound
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be used for | ushaytolass efflagtivetiy e p}éseﬁmhfdnddeidermthngmlewicbﬂrdowgsumater and
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i n the presencdosfof paditivaichark® ohltb@ﬂlt@rvmécﬁummepmsertte dSupiokyiddi oni ¢ hum ¢
acid and fulyvic,acid ecrease and eve | oss of . positive
charge on t e fcli-hle[ é?féfnéaiahn?ﬁpﬁ.“-%%wes pPt ?Hﬁczheof kcﬂcg’hq%f’ads ngreqiiPet ore, such
appl i cati ons utdnhamded dilfehenadiweh altinelshaild de subbtaitRbiptiiconcf @niaeded filter

medi um al one st]oulld fbe substantially free of or have low |evels of

pol yani oni ¢ aci'8€!s 9f ROMRRIPRISAFISR syst ems contai ni ng t he ni crobi ol ogi cal

i nterception enhanﬁﬁd.lfratldiqersym Wihtaltivig MRy @URGhiblBgicaintimetkeptiohh fl ui ds
that contain Fru ent to use an adsor%e@wg’grefllter to renove

the NOMin the finh?'rcaérﬂ'tebmea 3t M3y oSpmec i FRptach & et Gepial

i ntercepti o endeRE edis fprhdeat to LﬁﬁaCHnLuasorﬁér&qarrmu tbeﬂelvhové B ROBA i thel y char ged
filter mediumcap be formed into mul t | ayers eghgggﬁs a stack of
NG

sheets or by cdRUNSNEPERF (it eenipctiag fhgdpigro 'Oﬁfdgwt%'Fﬁpé'o?ﬁb $angenent ,

the outer |ayergediim! hRltdmditaly, me%sm@lﬁcmghdbmteswmdm ¢edl bk GoRAOVE the
NOM whil e the inner &fft‘ rs,are protec provi de | ong-termreduction

ted
of ni crobi ol ogi iptor a gy, oflayess eifienas p ylask pﬁg{eets or by conversion into a

structure. Under this type of arrangement, the outer layers of the filter medium
15  can be sacrificed to remove the NOM, while the inner layers are protected and
provide long-term reduction of microbiological contaminants. Additives that
adsorb or absorb NOM may be incorporated into the microporous structure,
including anion exchange resins. To avoid this costly loss of sacrificial
material, the following examples describe other alternative methods for
20  arranging the protection of the filter medium from the effects of NOM.
1. A Flat Adsorbent Filter Medium As A Prefilter
The microbiological interception enhanced filter medium may be used
in conjunction with adsorbent filtration media that serve to intercept NOM
interferences prior to their contact with the charged microbiological
25 interception enhanced filter medium. The microbiological interception
enhanced filter medium and one or more layers of an adsorbent filtration
medium may be used as a flat sheet composite, spiral wound together, or
pleated together. Such an adsorbent filtration medium may be manufactured
according to United States Patent Nos. 5,792,513 and 6,077,588, as well as
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to support the agdnibedt seieed ont of the kiilgirattiQded tosappbe thenddsoboit dsedii d.  For
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of an adsor bent PHEKX® @rdatugh cad foiena tpertit@ate prefitter. The core of the PLEKX®
15  composite can be primarily composed of an adsorbent with a high affinity for
NOM, and the lower, downstream layer can be the microbiological
interception enhanced filter medium. The layers can be bonded into a single
cohesive composite structure using the PLEKX® process described in the
above-mentioned patents. The result is a hgh dirt capacity filter structure that
20 provides chemical, particulate, and microbiological interception in a single
material. The core of the PLEKX® structure can include a wide range of
ingredients useful for the adsorption of chemical contaminants.
2, GAC Filter Medium As An Adsorbent Prefilter
The microbiological interception enhanced filter medium may also be
25 used in conjunction with a bed of granular adsorbent such as, for example, a
granular activated carbon (GAC) bed. The granular bed filter should be placed
upstream from the microbiological interception enhanced filter medium to
remove any charge-reducing contaminants, such as NOM, from the influent

prior to contacting the charged microporous filter medium.
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a single material. The core of the PLEKX(r) structure can include a w de
range of ingredients useful for the ad#8rption of chemcal contam nants. 2.
GAC Filter Medium As An Adsorbent Prefilter The m crobi ol ogical interception
enhanced filter medium may also be 25 used ip conj un/%éfl on with a bed of
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preferably conprising activated carb ‘IF')'F aced upstreamfromthe
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char ge-reduci ngpGERLAY; ﬁ@urﬁes butsi%'cﬁ'at Aitdd chﬁQﬁHtérE?s ds Jhb';ﬁ al@idr to

contact with the mcrobiological Interception enhance ter nmedium The
activated car bonwll!ﬂsodi@tqweq’lﬁcqaﬁbeﬂ|lqat§>§: 3lymingsilitates; timgates bosecharmat eri al s

as activatedpal Upin@ n oﬁ'&g)ab&tg 'm QBC%%%HSV&?QMHES Shkél‘féase?erhte

al um nosi | i cat es, tita dne 0 cal cium hydr yapatite, manganese
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activated carb OBdornpmqunétér% ggw@ﬁ Sst}hé Qc‘:ﬁvated carbon, may be treated with the

15 microbiological interception enhancing agent prior to being converted into a
solid composite by extrusion, compression molding or other processes known
to one of skill in the art. Exemplary processes are described in United States
Patent Nos. 5,019,311, and 5,189,092. The solid composite block can
contain an anion-exchange resin that is specifically selected for its high

20  capacity to adsorb NOM.

Complete Filtration Devices Combining Adsorbent Prefilters And

Microbiological Interception Enhanced Filter Medim

One particular embodiment of a filtration system of the present
‘invention includes a composite filter medium, as described above, including

25 the microbiological interception enhanced filter medium and the adsorbent
filtration medium. This device is designated to operate as a gravity flow device
with a driving pressure of only a few inches water column to a maxinfum of a
few feet of water column. The composite filter medium is forced to first pass

through the adsorbent prefilter and then the microbiological interception layer.



15 m crobiol ogical interception enhancing agent prior to being converted
into a solid conposite by extrusion, conpression nolding or other ocesses
known to one of skill in the art. Exenplary processes are describg

United Statweosabsnt Nos. 5,019,311, and 5, 189,092. The ggl,i;g&;mg—po& te

bl ock can contain an ani on-exchange resin that is specifically selected for
its high 20 capacity to adsorb NOM Co ete Filtration Devices Conbining
Adsorbent Prefilters And M crobiologic I nterception Enhanced Filter Medim
One particular enbodinment of a filtration systen1of the present invention
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ReT OR05) 00087 AeMeR iRt Kirpay 'ia"dat??“&?eﬁ?&“’é‘r 9 $9Rost |eéﬁ"‘i%h”é‘br por at es
t he conposite fi2btshown mde acmmafteh;r rethp ree®e Bdction) & st oann'g.nz.aTépi porgon housi ng 10
havi ng a cl am shel | clo Fi.l t er .housi.n has a top.portion 12
navi ng an i ar e 132nd 5 SRS B PE fested £ORs FHge b at 7 2oV HBTE Resi ai ng
wi thin a seal ed ntatatial yhdfoldledl oaado pipvidba clta@pshpid confignraionl bott om portion is
the conposite filter_nediu nor e, acgur at e the cross sectional
view of Fig. 2. Top Poriedple 2'8 aﬂ'&r'bS‘?T%?ﬂt‘boﬁfef oﬂe%émngg Bef'offed from a
si ngl e sheet10of s@bspitiyliyethe Gize A4 elapalof thrctldnd bitkdicknelogiire! Copipovitedidted Ccl am

hel |l configuratiop. assenble the filter, conposite filter nmedium 20
o e o BN et o i SO 1o, Btompatiih 46 S1B o bottigh, 1218 ARCEe baur b

Conposite filtewvernisiolpation 36 3RS ebMpretsBl Gogeet. Omhé)tbrptdn@rboitﬁmadﬁd!l top
portion 12 is placed over hottomportion 16 gnd coppressed togsther. The
top and bottom SRED y be g 8 and the
entire periphery of filter medium 20. As illustrated in Fig. 2, there is shown a
15  substantially impermeable interface between the top and bottom portions and
the composite filter medium in the region directly adjacent weldment 22.
Excess material on the clam shell enclosure and composite filter medium is
simply cut off. 1t will be understood that other methods of sealing the filter
medium within the filter housing may be used such as, but not limited to,
20 adhesives, mechanical clamps, and the like, Although the filter design has a
clam shell enclosure, the filter design is not limited to such. Any enclosure
that may be sealed such that an influent will not bypass the filter medium
would be suitable.
‘ In referring back to Fig. 2, the seal formed between composite filter
25 medium 20 and top portion 12 and bottom portion 16 is such that water being
filtered is forced to follow the path illustrated by arrows A and B, and cannot
bypass composite filter medium 20. In fact, at the periphery of compeosite filter
medium 20, the pressure exerted by the seal increases the density of the filter

medium so that contact time of the water being filtered with composite filter



portions 12, 16 may be wel ded together creating a weldnent 22 around the
entire periphery of filter medium20. As illustrated in Fig. 2, th YS
shown a 15 substantially inperneable interface between the top and bqobf‘bomﬁ
portions anwoosheomonposite filter mediumin the regi on dpgeGdobMoced] acent
wel dnent 22. Excess material on the clamshell enclosure and conposite
filterr mediumis sinply cut off. It V\A|| be understood that other nethods
of sealing the filter nediumwthin the®ilter housi ng may be used such as,
but not limted to, 20 adhesives, nechanical cl arrps and the like. Although
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butane or faqg-oil Sffméew&lhéf thefil@Phbdstgym@0BO ElfRclerdly thii &ICRRIRE sy an
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of th
and flexible so POFﬁaﬂ%@Wt%vfs(fsht@rfrq"sa%wwé% égt?watnﬁe fRace Petvep: npdest
pressure producek Ryier surface of top portion 12 and bottom portion 16, and composite

15  filter medium 20. This clearance space assists in distributing the water across
the influent surface of composite filter medium 20 and provides drainage of

the effluent into outlet 18.
Referring fo Fig. 3, there is shown a front plan view of a filtration
system 30 of the present invention useful in providing potable water in a
20 gravity flow device that may be useful in developing countries where safe,
potable water of suitable microbiological quality is scarce. Although water is
discussed as the liquid influent, it is within the scope of the invention to
contemplate the filtration of other liquids. Filtration system 30 has a first
reservoir 35 that is a raw water collection transport container. First reservoir
25 35 may be a bag configuration as shown constructed of a substantially leak
proof material such as a polymeric material, i.e., polyester, nylon, a polyolefin
such as polyethylene, polyvinyl chloride, and muiti-layer films of the like. For
ease of use, first reservoir 35 may have a reinforced opening and a handle 36

for carrying and hanging first reservoir 35 to provide a pressure head during



the hydrostatic | oad of the incom ng water causes top portion 12 and bottom
portion 16 to bow away slightly fromand provide a cl earance space between
the inner surface of top portion 12 and bottom portion 16, and conbpOsifly€iigs
filter mediwgoiéadhi s cl earance space assists in distrilpgrgigsdoee wat er
across the influent surface of conposite filter medium 20 and provides

drai nage of the effluent into outlet 1§9 Referring to Fig. 3, there is
shown a front plan view of a filtration® system 30 of the present invention
useful in providing potable water in a 20 gravity flow devi ce that may be
useful in devel wat er sui tabl e

where,safe, pota
ni cr obi ol ogi calfﬂﬁ Qﬂl t r&Frg&gtéthcrgsew&“ :%o E‘L’F ¢ Qpeniig S Jgﬁtéﬂ"eas t he
l'i quid influentglosed prcandustamubsﬁdmeilgsmeughft sédlleSU(thVQEtiaiad)ié dpeningomieenpl ate t he
filtration of a\;&) w% IFJItLratlonsst@? a(?cffll‘st eservoir 35
that s o aw JEROEP et kUbin SAEPBITACBRIGE AdPreaged gpengs Wity G v 25 35
may be a bag coafemgel alpl on as shown constructed of a substantially |eak
proof material such_as a pol yest er Ion a
pol yol efin 3uch as §3I" %Mﬁéﬂ'@ p’%%B]S’NFHS}'Pp%‘JnY"&P aBé’”t%ﬁ O?ﬁJ‘i‘QF Payer filns
of the |ike. Fothat \eaéest@.fedusehe feséredir Fra§ deVdrhined for MRYatidaVadaeverualf or ced
openi ng and a handl

f or and, hapgi ng fir.st res rvojr 35 to
provi de a pr ess‘ﬂfF'e cﬁ'étQHt ERPFl"ng'S\M%/HB@g'MGHWfS‘Vﬁg 7%9‘j & 8398 & P@HEUSOSI 00067
filtration. Prejdymdl Youtbit itdse 40 SRy dped&d B&Bcl@serdetﬁsﬂv%' AbhRloRaAp.Ng 37 that
when cl osed provides a subs:bantl ally ht seal .. Such reseal abl e

openi ngs are KRURHE hase 4R may e§R'i"F"l"e'i‘tWﬂﬁﬁg‘e§F? iest repRayOif Y diEaseNtchr eaded

opening witfga ﬁ@xamw&r}egaa@d sinpbily T3t fric@srer ORitgut Hasd 20 pr&b@bRMNaY¥ aaqui pped
wi th an out put hose 40 such that vvat er stored in the reservoir_ nay be

drained for fillfiesial Gxensind ewlets wishin fifst geservelf 35 pudhgbet inigmakeiensiodr abl y nade

with a food- saf@\dgqrzaéi&enaé aﬁdvememo&omnﬁlthéfm{tfesmbﬁ% 15 PRRiddQn ARY fhe opened
and cl osed using a sinple cla put hose 40 e pernmanently attached

to first reserVePrigs sgtyn‘@pft ’fhnggem &ette prior to water flltra ion. By limiting the

amount of sediment present in the influent prior to water filtration, the useful
15 life of the filtration system is prolonged. |
Output hose 40 connects first reservoir 35 to a filter 10, described
above, including the composite filter medium of the present invention. A
clamp 45 may be fitted on output hose 40 at any point along the length of
output hose 40. Such clamps are well known in the art and may be a simple
20 - one piece configuration made of a flexible polymer or metal. When the clamp
is in an open position, water from first reservoir 35 flows freely into filter 10,
Filter 10 is removably connected to output hose 40. The outlet of filter 10 is
then connected to a second reservoir 50. Second reservoir 50 serves as a
collection vessel for the filtered water or effluent. Alternatively, filter 10 and
25 second reservoir 50 may be connected together via a second output hose (not
shown). Second reservoir 50 generally is equipped with a means for
dispensing the filtered water.
The above filtration system may be used as follows. A user takes first

reservoir 35, with or without output hose 40 attached thereto, to a water



10 wel ding or retained sinply by friction. Qutput hose 40 preferably has an
internal extension end 42 within first reservoir 35 such that interrfa§ MAY 206
extension end 42 extends above the bottomof the first reservoir 35 to
provi de an wo@ané#®13 capturing sedi nent that can settl e ppdRisibGocdRt er
filtration. By limting the anount of sedinent present in the influent
prior to water filtration, the useful 13 life of the filtration systemis
prol onged. out put hose 40 connects first  reservoir 35 to a filter 10,

descri bed above, including the conposite filter nmedium of the present
invention. A clanp 45 may be fit.t out put hose 4Q_at, any,.poi nt al ong
the length of &I Ethl?ﬁ'Bté’ét ﬁ(ﬁ? 4gd%§mc¥§ﬁt§ tgtﬁéﬂ\ﬁéi?rlvo'ﬁagvﬂawﬁ4t5t{gusgrt and may
be a sinmple 20 beaén pichmsed eosifiorgor filsi @eervaid 85 aiusabé beakédobe othet yhewms. or net al .
When the clanmp

IS in an .gpen. position ter fromfirst reservoir 35 flows
freoly into f11Fis Ot ERNBefih o Senl chig eBifhetd 3 PEVBEERNL hose 40,
The outl et of fkdaleirwhil: the user bafiecionneetveltt I5dask wacobfdrred Restcn suckb0. Second
reservoir 50 _serves as, a_cqllecti e | for the.filtered ter or
i Tuent Al Por Ao vaRgce | it ot Sonlk (R4 b i b AR RR K e
connect ed t oget hetrosiganianss acd rblemiddipcdntdntisant{ aod mayhemrhe pSBeblendTs eser voi r
50 generally is_equipped w t means for dispepsing the filtered water.
The above filt rﬁcﬁ%ﬁggﬁ;@@% HE@’“&%!*’%@& 'éssuf%’lnﬁ r hRng J1om A WRROT | | ¢
reservoir 35, Wimdan®r Dapédting usint iyt sigrificand edahdénd psantt dsesvidedced by a wat er 2

9 MAY 2006 WO 03/064013 30 PCT/ USQ3/0Q067 squrce. |f, output hose 40 is still
attached to fi ré‘frg's@é'etﬁ?/&w waker 'Scig Wsd 4@ repaln suspended for %E’B’é‘@goptﬂfg?ti on or

first reserwvoir sifcisatsor he sedimbgdo Batti@bslew theRdight of ritérRal exensibivehd 35 1S
[ i seal ed while the

filled with a quantit f raw water and its _openi ng agai

user carries fi rﬂgt"} P%%E&%Froéﬁmﬁ‘ﬂh@ﬁt ’Fﬁ?wé’"parf‘efcgf?‘ioé' &) DY By WasERe 5 as a
residence. |t i selpgReRi diag thétalis AdRect AWs\8BERN firktSeseABIrd% fBRSURH a\Metibd

m croor gani sms and, cheni cal cont am_nantcgsjmd may not _be pot abl e.

y Pe e. To
facilitate filtPhtimMn, YitPY: hosesd Jopitached it fusisiseasvrly 38r Thamyoridm a

support detached, and secured to filter 10. Filter 10 is secured to second reservoir 50
15  for collecting the filtered water. Clamp 45 is then placed in an open position
and the water js allowed to flow into filter 10 wherein the water once treated
through composite filter medium 20, is rendered potable, and collected in
second reservoir 50. To preserve the potability of the filtered water, the
surfaces of second reservoir 50 may be made from or treated with a

20 disinfectant or with the microbiological interception enhancing agent.
Preferably, the disinfectant used would not alter or affect the taste of the water.
Typical water flow rates are about 25 to about 100 ml/minute for a

device equipped with a filter of about 3“x5" size and operated at about 6"
water column pressure. This provides one liter of potable water in about 10 to

25 40 minutes having at least about 6 log reduction in bacteria and at least about
4 log reduction in viral contaminants. Continual use of filter 10 will likely
develop, by progressive deposition thereon, a layer of ‘particles that will slow

the flow rate until the filtration process takes an unacceptable amount of time.



means. Dependi ng upon any significant sedi nent present as evidenced by
turbidity, the raw water is allowed to remain suspended for a periggiﬁ )IE][T'E
10 sufficient for the sedinent to settle bel ow the height of inter AY 200
ext ensi on ewd o3dadoaf out put hose 40 within first reservoigcrdmsosbdoscour se,
should the water be relatively clear, there is no need to suspend first
reservoir 35 for such a period of tlrre Qut put hose 40 is attached to first
reservoir 35, if previously detached, ald secured to filter 10. Filter 10
is secured to second reservoir 50 15 for collecti ng the filtered water.

Clanp 45 is the an en posj i t.he. water {s,allpwed to
flowinto fil te?‘m[i g&ﬁéergé?“ﬁqt%'é 'f'gﬁe 0?“'@3&??‘5 trg:anta{n orﬁ'arr?'bml Ogl te filter
medi um 20, is rm&mdnpqiahbiuesfoamdenmdbépémﬂ in second reservoir 50. To
preserve the potabil of the, fil tered wat er of second
Peservorr 50 hmy. be Ane B v prateiaeo Rireines OB mrdrEFaesdl “w th « ne
m cr obi ol ogi cal irivatitRinC Blude as rdxamplanyg casfe design R eif| astratakdyin Elge4oﬁ)5| nf ect ant
used woul d nat af fect te.of .the te wat er fl ow
rates are abdut ?kg"tgb“%%?mi%p?ﬂs'/"%ﬁ g W%?r%{‘\g@?ﬂi 5&'}5 B0 th a
filter of about caa fE55'hoSn/InZE aﬂdaMperroahﬁdthatcwdf@Lﬁto tiay mﬁrﬁé ang| shape pressure.
Thi s provides one it er ot abl.e wat er 40 m nut es

vt o es o Opentlinganph i PieRndteruiorent dod &4 fra ?{ootfﬁfs'% eadbut 4 1 og

reduction in Vi basic cnafe &as adivusng G Miithrbdndlese4 afd tolet 6. 1Carate l6h id | kel y
devel op, by pro particles that wl|

slow the flow 8 C@ahﬁglﬁd Oﬁ?zlr?ts{arfc}fr’]'rr IQP %ﬁg?gflbag‘éllﬁez%?gﬂ?agnéf?pﬁh%%%[ abl e
anount of titoe. 78 tft Meen2EK Mﬂicﬂﬁ Afiddler 6blobtad Withia haldifg6 2\ $ﬁmugh t he
|t er copt on cagaoreiaiesshe gemaya! it Bt VBT B b GRaOPR 1 1 ow
devi ce incorpor gkdnitgrasfilter mediumof the present | nvent| on includes an
cxemplary caraf e oo, o 82 kbl USRS ENR 4 Lt L Shigy Lo o
primarily roundgottaeisGrsafi&l With Mfiteras@iiig r@dfb)‘)ta&lééﬂs&avmg an opening (not
15 shown) in the bottom thereof. In one embodiment, a flat composite filter
medium 76 of the present invention is placed into filter receiving receptacle
85 with a water tight seal to segregate upper reservoir 78 and storage chamber
68. Placement of filter medium 76 into filter receptacle 85 may be
accomplished using means known to one of skill in the art including, but not
20 limited to, a snap or hinged mechanism. Filter medium 76 is preferably
manufactured as a replaceable cartridge. Other features of the carafe design
may be incorporated into the present invention without departing from the
scope of the invention. The filter medium may comprise any microporous
structure having a mean flow path of less than about 1 micron and so treated
25 as to provide at least about 4 log reduction of microbiological contaminants
smaller than the mean flow path of the filter medium. Preferably, the filter
medium has a volume of less than about 500 cm? and has an initial flow rate

of greater than about 25 ml/minute.



dependi ng upon its use and environnent, and is a matter of design choice. A
basi c carafe has a housing 62 wth a handle 64 and cover 66. Carafﬁ 6{2 \f@
divided into a |l ower reservoir or storage chanber 68 and an upper egs P P8
10 78 that woesmedasizosed by Iid 70 and cover 66 | ocated Wgdiwokendss Ng 62.
Spout 72 facilitates the renoval of fiItered wat er through outlet 74 of
storage chanber 68. Upper reservoir gnd st orage chanber 68 are separated
by partition 80 that is provided vvlth d%ilter receivi ng receptacle 85

havi ng an opening (not 15 shovvn) in the bottomthereof. In one enbodinment,

a flat conposite filter of the present i nv. s, placed into
filter receiving recpeﬁeégogfd Q?gr(ﬁ“f‘ﬁatﬁr ikl ﬁeﬁeﬁ‘fo'sea?nd?agl tg??&'at e upper
reservoir 78 andatt trggethedughifidter m&BumI?Ban&émm |nﬁf1en‘ce|ofg|rawlt|;ecmhﬂnd76 into

filter receptacle 85 be.  acco si,n means kno e of skill
in the art incl Y8FhY, Cgﬁ%‘ft ‘ﬁ‘BtS? rq% ﬁeégg Z&s t'heg@Wa%a rPaReh gﬁg%ham sm
Filter nedi um 76ldérangdiehastald )aresmmweﬁn‘dmwald safficiant’ @pltaac émb) ﬂhecfﬁikt ridge.

Q her features of ,the caraf esi corporated into.the, present

i nvention wi hoﬂled'd'gbéer"%f*ﬁgtﬁ?r "gﬂ@améﬁ’ép@%a'"ﬁégfgﬁvgﬁf i Tft‘fd IFhEf filter
medi um May CoNPHiGEorgaisnie. Cr THEO N6l Sed i tion Oaliee (LY i 6fg nacree@mirhms pat h of

| ess than about ;1 m.cron and so treate as t e at Ieast about 4
| og reduction ofRRESTYHPET G5 CRfacting ﬂ*ﬁih‘frsmec&‘fﬁlv‘f' the oW neeSean 1 ow

path of the fil terproWde ursbutPselbgrradecuon tvhlae fof| RFoorgaRbivig Mtkafeqairatb| ume of
| ess than about 500 cmi %l: atg? Iﬁ{ltl al, flowrate of greater than about
25 m/mnute. 2°9HRIMSGY O\'Abgf%'? B PL5§PEF US03/ 00067 32 A user woul d pour
raw wat er inpo Uppercdr&rs B0\hdy alsbthae@en #Hdicaibr (v slicwi) thataléwd ® uferss t hrough
filter medium 72 under the |anqu] et?of gr avi [

? 1

t
col l ected in st 8eeRgackipf the pessgfl thadiltento gayge F'erthepé%?gegg‘i ﬂg\@‘ﬁéi&telf ?le filter

nmedi um of the PhrRARA his/beenbkRRdeM. tcbthauffy{)éscafmcamﬁ]apals& b&Bsedtshen filter 5
medi um renders the water potable by providing a titer reduction of

ni cr oor gani sms. asrﬁb'wdaf@tqréfauemsws\ﬂsﬂ pHnker Rk Aefitly °frﬁa@rf‘%)699f8hfn§%‘"i‘%

the volume of water or liquid that passes through the filter medium, and the
15 like.
Other Filtration Systems
A filter medium of the present invention, in particular, the composite
filter medium, may also be incorporated into a point-of-use application such as
a sports bottle design for use as a personal water filtration system operating
20  under a slight pressure, about 1 psi. A suitable sports bottle design is disclosed
in International Patent Application No. WO 01/23306 wherein the filter
medium may be incorporated into the filter receptacle of the sports bottle.
For other point-of-use applications, the microbiological interception
enhanced filter medium of the present invention may further be incorporated
25 into end-of-tap (EOT), under-sink, counter-top, or other common consumer or
industrial filtration systems and configurations for use in pressurized systems.
The filter system may include a prefilter comprising a bed of adsorbent
particles or a solid adsorbent composite block. The microbiological

interception enhanced filter medium can be a pleated or a spiral wound



dependent upon the contact time of the filter nmediumw th the fl ow ng water.
To provide about 8 |og reduction value of mcroorganisms, the requj Eqﬂ” 2006
contact tine is about 6 to about 10 seconds. 10 Carafe 60 nay al so have an

i ndi cator (W@byghaen) that allows a user to keep track etriResmge of the
filter to gauge when the useful life of the filter nedium has been
expended. Ot her types of indicators my gl so be used such as an indicator
for indicating the nunber of refills of *Carafe 60, for nmeasuring the vol une
of water or |iquid that passes through t he filter medi um and the 15 i ke.
O her Filtration Systens Aff % A tﬁ ? ol sen% |nvenstu5 [
particul ar, the ¢ Gy 8T tarineg e g \C 2 r%yva(éllls% Y %%SPp?ora ed | nto a
poi nt - of - use appiand@t toomeselz Wealdrmal arplof-fosmdabdattridgadesi gn for use as a
personal water filtration system operating 20 under a slight pressure, about
1 psi. A suitable sports bottle design is disclosed in International Patent
Appl i cation No. EMdthléd 23306 wherein the filter nediummy be i ncorporat ed

into the fil rec t he ,sports ot her poi nt.

oL caci ons >t e o DTSN S ekl FTE PRt i, ool et e RELs o of

t he present invand smldm;tbéubﬁdneéd hnanmunngme@t@beﬂtheZ@mﬂbm end-of -tap (EOT),
under - si nk, counter - her ial_filtration

5 ner, or |g{£g.3t ||’| I
systems and confi gura‘:fr ftH 'EWE“-‘]EF dea"'E%?t apiligy Flgw | ¢ er
system may i ncl pg@nitdr af:aulab@r fmfrpn'drsusngmertmd fic., acthadapeNew praﬂ&l cles or a

solid adsorbent conposite bl oc The m cr,0hi ol o |caI I n enhanced
filter medi um cAAPBETELS [feleming léoruséf’gspﬁit@fﬁ"gvﬁﬁfgd R})t@' %g? W3"B3/ 064013
PCT/ US03/ 000@7 3auupmlaﬁtt rmmhfa@m,rerprméloderr&ﬁlemntmwa pbhsl Gkzemahd byasv &apium
formation onasuitaB ﬂ:anf& to create, a wet forned or

Bty Enecow

cartridge. Exanpfi@sa A ERsan Aaarighle Brlveed%'Hb?tHﬁeH)'{ﬁg? ?at e the
present inventi and andl fROWedintt Mior eORBt ruB( thasfilkdrtnéding wWaeinktipe of the
I nvention. immersed in silicon oil for at least 10 minutes while held under high vacuum.
Zeta or streaming potential of various filter media was determined using
15 streaming potential and streaming current measured with a BI-EKA Electro-
Kinetic Analyzer available from Brookhaven Instruments, of Holtsville, New
York. This instrument includes an analyzer, a flatsheet measuring cell,
electrodes, and a data control system. The analyzer includes a pump to
produce the pressure required to pass an electrolyte solution, generally
20 0.0015M potassium chloride, from a reservoir, through the measuring cell
containing a sample of the filter medium described herein. Sensors for
measuring temperature, pressure drop, conductivity and pH are disposed
externally of the cell. In accordance with this method the electrolyte solution
is pumped through the porous material. As the electrolyte solution passes
25 through the sample, a displacement of charge occurs, The resulting "streaming
potential and/or streaming current' can be detected by means of the
electrodes, placed at each end of the sample. The zeta (streaming) potential of

the sample is then determined by a calculation according to the method of



Poronetry studies were perforned with an Automated Capillary Flow Poroneter
avai l able from Porous Materials, Inc., Ithaca, New York. Paraneters

determ ned, using standard procedures published by the 10 equi pne 5 MAY 2006
manuf act ur avg od/meediside nmean fl ow pore size and gas (air) ppewmseabidrity. The
flow of air was assayed at variable pressure on both the dry and wet filter
medium Prior to wet runs, the filter rrFAgl umwas initially:- inmrersed in
silicon oil for at least 10 m nutes white held under high vacuum Zeta or
stream ng potential of various filter media was determ ned using 15

stream ng pot entiployapd, of BRI . CHLLE o TRAIME e W NudhiR), <Gl ect o

Ki neti c Anal yzer "aval rom Br ookhaven ruments, tsville, New
York. This insteleotelyte.i ncl udes an anal yzer, a fl at-sheet neasuring cell,

el ectrodes, and a dglg, contygl %%SBF% e aﬁkgc'n){z%re‘ ”C'r%?rﬁéd Qs to
produce the pressure fequired t pass an ef eCtr ol yte S I'on, "g€nerally 20
0. 0015M pot assisuspeotibry iofl scierioima acofi exf ethe oAmericahr g hColhee r@adisctionng cel |

cont ai ni ng S f ilter iU crib rein nsprs for
measuri ng tg‘r’rrpg(gg{:@r gl? ' t|c')trI1 gzssfstr gval raggggec@ﬁgﬁ%t {ov? 1(:%[:J gﬁgﬁ% %ﬁ[‘%{%@ 3&‘5‘? posed
external |y of tragpoos to. vitah chaleogelamaseevaluatedtusing M§Zhiratteringhage @dTTCOl yt e

oo 5 PRt PSRhe R GHR es ARG S4Bt oL
"stream ng potfent prabagatiol obf Sthe edadteryune Uarde nivdcteciaphdge, detdectandady means of
N T S U MR T
the nmethod tf \WRdGRaMEing Shemicodigdiidins 2006th tRCIMIUER 3N @fffuéntefi fillersot her and
st LKL Aot o e S0, L O,
of Escheri chi a Bxamplesf 1t31e Fier MedinmT yyiadeCLWith &JriGehtedCcLysell FibeTCC) No.
11775 to eval ua(tc%mtpgrgﬁ\ge?sponse to a bacterial challenge. The
Filter medium made from untreated lyocell fibers having a mean flow
15  path of about 0.3 to about 0.6 microns were prepared in accordance with the
following method.
Dry EST-8 binder fibers having a weight of 0.45 g, commercially
available from MiniFibers, Inc., was fully dispersed in 1.0 L of deionized water
in a kitchen style blender on a pulse setting. Fibrillated lyocell fibers with a
20 Canadian Standard Freeness of 45 and having a dry weight of 120.0 g were
added as wet pulp to the dispersed binder fibers. The dispersed fiber mixture
was blended for another 15 seconds. The fiber mixture was poured into a
larger industrial Waring blender with an additional 1.0 L of deionized water
and blended for an additional 15 to 30 seconds. The fiber mixture was poured
25 into a 30.5 x 30.5 cm” stainless steel FORMAX® paper deckle filled with about
12.0 L of deionized water and fitted with a 100 mesh forming screen, A 30 x
30 cm? stainless steel agitator plate having 60 holes of 2 cm in diameter was
used to plunge the fiber mixture up and down from top to bottom about 8 to

10 times. The water was remaved from the fiber mixture by pulling a slight



response to viral chall enges was eval uated using Ms5-2 bacteriophage ATTC

No. 15597-Bl. The Standard Operating Procedures of the ATCC were u§%d for
propagati on of the bacterium and bacteriophage, and standard MAY 2006
m cr obi ol ogwoabroqopcedures, as well known in the art, wergsRsodosy
preparing 10 and quantifying the m croorganisns in both the influent and
effluent of filters challenged with suilgensi ons of the m crobiol ogi cal
particles. Exanples 1-3: Filter Medium Made Wth Untreated Lyocell Fibers
(Conparative) Filter nmedium made fromuntreated |yocell fibers having a nmean
flow 15 path of aboyt,0.3 t bout 0. 1,CI ONS wer e ,prepar I n_accordance
with the foll oﬁ%‘&“#ﬂ%g‘? C%F@Q%S‘EL@E e P Tt s Hgf‘v\”ﬁ‘a ébd'\ﬁ& ht of 0.45
g, comerci al | ybulautihk alate if removdd, suppldaentl dévrteringidsccbonplishedmdthar sed in 1.0
L of deionized water in a kitcha?a.st | e bl ender on deultse s1ettt'b(ng.
Fibrillated |yotdSPYMmume @ rginpys addisionel etcese Hoistire A9 PRIt 8REEWelr 45 and
havi ng a dry wesngdulth,dfat, ¥y €hig papes-tike shdete Tha sesukting phidap ist sepirited dosper sed

bi nder fibers. The dispersed, fiber, mxture s ,bl.epded for another 15
ceconds.  Thes 1 DEAHPL AT EoNEES S @ PP Shset 3P ARUE PN Bl kar  ng

bl ender w th ancahdndtionng| shdet isLgedily dellednivited 202t kg maslbld rbllieg gérdtof or an
additional 15 to 30 seconds. The fiber m xture _was. poure 5 into a 30.5 x
305 cnp st ai ni BEEVE R venis spapt ol R SRS HRE iRk 0 L of
dei on: zed wat elrthamoblideﬂt lad»lmért Inﬁ@ frel) aﬁESdgy}‘m@ttér][@eagraaenpta&dB&m 30 cn? .
stai nl ess stee i tago ate Vi n 0 ,ho of 2 emin dj er was use
to plunge the ff@@#’\%&iﬁﬁgéwﬁbﬁﬁ}a"“&l W’Hhﬁ gy4s %8??‘5&?@%35{1’98 to 10
times. The wat edriadeffiter amsdiedisfsepamatédiorh itHeehlotter shastscandydiatly heagedeors! i ght WO

03/ 064013 2 9 MAY | US03/.00067 35, vacuum bel ow t he deckl,e to cause
the fibers to fB‘Fr%%m%d:%ﬂ yer &gr @poytypminjtes Q”S‘T"R‘t RaCEvate e fohpyed,

suppl enent al dewat&tfibeg. i s acconplished with a vacuum punp to renove
addi ti onal excess j re and to create rel atjyel
r’rqjaglteLi sﬁows the poromeiry and aa'n' permeal!:iﬁty tgst results performed
on filter medium made from untreated lyocell fibers of varying thicknesses

15  made using the above process.

TABLE |
Mean Flow Path and Porometry of Filter Medium Made With Untreated
Lyocell Fibers
Example # | Sample Thickness | Mean Flow Path | Gas Permeability
(mm) () (L/'cm? at 1 psi)
1 0.45 0.3804 5.48
2 0.66 0.6708 4.50
3 0.63 0.4316 5.30
20 + The resulting filter medium made with untreated lyocell fibers had a

reproducible streaming potential of about -9.0 millivolts.

Example 4: Filter Medium Made With Lyocell Fibers Treated With The
Microbiological Interception Enhancing Agent

25 To a blender were added 12.0 g dry weight lyocell fibers as a 10% by
weight wet pulp having a Canadian Standard Freeness of about 45, 0.45 g



snooth, flat, fairly thin paper-like sheet. The resulting sheet is separated
from5 the screen and conbined with a blotter sheet on both top and bottom
The conbination of sheets is gently rolled with a 2.27 kg marbl e ¢ 8IMAY 3¢5
pin to renwo®3escsss water and snooth out the top surfacg@isobbmspheet. The
sheet is then placed between two fresh and dry blotter sheets and placed on
a FORMAX(r) sheet dryer for about 10 tq, about 15 m nutes at about 120C. The
10 dried filter mediumis separated froftfthe blotter sheets and directly
heated on the FORMAX(r) sheet dryer for about 5 m nutes on each side to

cctivaLe (1S 9 sioRLRNEEe LA Byl g OB AR AR o o
| yocel | fibers whs Mandddngiil lhieditessses fullySispaded.uso tig: blasdealvas adgedocess.
TABLE | R 19 0 S L S A o =
(M) (/1m) (Ucn? aith thepMERQUAT2S00 36:02Houtl 80 RéobdiDartil7 lefi4o Stnd GorGit 0ead3165. 30 20
LT o) 0Ol S RS MRS UY phYBS D P S0 2o
Medi um Made W t inch Boic fr [fitted bithsa ToGemeghdfoiing wikecand\bxeessbiatraginoedd _
e SePLL o0 EnGaRe g AR 22yle S bEtet HELe AR I Gty el o
Freeness of abowhtedSThe@xdds gatdOnlSiddmdrhovedibydacinAY 2006
A dilute silver nitrate solution was poured uniformly over the pulp sheet
10 to provide full exposure and saturation, providing about 0.1425 g of silver per
sheet. The silver nitrate solution was left on the pulp sheet for at least about
15 minutes and excess water removed under vacuum pressure. The silver-
treated pulp sheet was then torn into small pieces and placed in a WARING®
blender and re-dispersed in 2.0 L of deionized water. A second 3.0 ml portion
15 of the MERQUAT® 100 solution was added to the dispersion and the mixture
blended for about 10 minutes and the contents poured into a 30.5 x 30.5 cm?
stainless steel FORMAX® paper deckle fitted with a 100 mesh forming screen.
Paper-like sheets of the microbiological interception enhanced filter medium
were made in the same manner as the untreated lyocell filter media described
20  in Examples 1to 3.
The zeta potential of the filter medium was consistently greater than

about + 10 millivolts at a pH of about 7.0.

Examples 5-23: Comparison Of Microbiological Interception With The

25 Microbiological Interception Enhanced Filter Medium Of The Present
Invention And The Untreated Lyocell Filter Medium

Sheets of fibrillated lyocell filter medium either untreated or treated

with MERQUAT® 100 and silver, as described in Examples 1 to 4, were folded

twice and cut into standard cone-shaped funnels and placed into small



PCTI US03/ 00067 SHORT STUFF(r) EST-8 binder fibers, and 1.0 L dei oni zed
water. The m xture was blended until the fibers were fully dispersed. To
the bl ender was added 3.0 m of MERQUAT(r) 100 as a 30% aqueous <of MAT 2006
and the fibwodsfbdsersded with the MERQUAT(r) 100 for aboutpd@usssseds and

|l eft to stand for at |east 5 about 6 hours. After about 6 hours, the fibers
were poured into a standard 8 inch Briéi jar fitted with a 100 nesh form ng
wire and excess water removed under vadlum The resul ti ng pul p sheet was
rinsed with 500 mMl of deionized water. The excess water was again renoved
by vacuum A dilute silver. nitrate, splution was ured uniform.y over the
pul p sheat 10 TEPBVEHE il alpisBEel Ak W8 R oo Rre it soFRi g about

0. 1425 g of sil mediuper ApbeeiatelyThzs sil bl edrions iabliokgladl claflengas weaf t on t he
pul p sheet for at | t abqut . 15 mnytes.and excess water. r ved under
vacuum pressur &“f%ﬁ@ﬁ“f‘@k?‘le (iR, 2 ﬂl‘ﬂ ﬁﬁlgﬂ%etwﬁ%czeq I'\rérf?et“!)er ﬁgpn'f‘o smal |

pi eces and pl ackBdeneyer 148K NGereffluehts evese subjuatkdrie seliad déatsedinidupRcafe L of

dei oni zed wajer. cond 3.0 ortion 15 o AT(r) 100 sol ution
was added to th@“ﬂ@i@%“eﬂf&“oHefang?“eq%e%ﬁh’%‘(t"ér ?"%f%ﬁ%’é’&wa%?%p?g% €518 mi nut es
and the cont ent gqpieed fofl eddhtodgamisdDarkdl 1uft 3erigtT] 37 SC bbarbd AR ulsdi@el THORMAX( 1)
paper deckle fitted with a 100 nesh fqrm screen. . Paper-1like.sheets of
PR i cr obi of oS ey Al BsCEie S mrarrba s § Siradresdie RBrepsae i n t he
same manner as ydleesloftarsanésast teso@e luking iMidrebiolvidhlachdRetes ade watl den Exanpl es
1 to 3. The zeta potential of the filter medi umwas consistently greater
than about + 1[5’"&?fjl“fa\tf6'lts at a pH of about 7.0. Exanples 5-23: Conpari son
O M crobi ol1ﬁgi cal Interception Wth The 25 M crobiol ogical Interception
Enhanced Fil'ter Medium O The Present Invention And The Untreated Lyocel
Filter Medium Sheets of fibrillated Iﬁﬂﬁféh filter mediumeither untreated
or treated wth MERQUAT(r)100 and sil=efs—as described in Exanples 1 to 4,

were folded tw ce and i > : | s and placed into
smal | VD 03/ 064013 37 LRV of TG NERIAGEEWTR TreabddObRrUAdHARS
Fibrillated Lyocell Fibers

Ex # E coliLRV | E colilRV Ex # MS2LRV MS2 LRV
{Treated) (Untreated) (Treated) (Untreated)

5 9.2 - 14 7.47 -

6 9.2 - 15 7.47 -

7 9.2 - 16 7.47 -

8 9.2 - 17 7.76 -

9 9.2 - 18 7.76 -

10 9.2 - i9 7.76 -

11 94 <1.0 20 8.58 <1.0

12 7.65 <1.0 21 8.58 <1.0

13 9.98 <1.0 22 8.67 <1.0
23 8.19 <1.0

- = Minimal to no reduction.
15
As illustrated in Table li, the filter medium made from Iyocell fibers
treated with MERQUAT® 100 and silver provided significant microbiological

interception capabilities as compared to filter medium made from untreated



2 9 MAY 2006 PCTIUS03/00067 sterilized glass funnels. Deionized water was
used to pre-wet each filter nedium Approximately 125 m of vari ous§ MAY 2006
m crobi ol ogi cal chal |l enges were poured through the filters and the
effluents apbbseau@d in sterile 250 m  Erl enneyer fl asks.pcthgogfobdruents were
subjected to serial dilution in duplicate 5 and plated on petri dishes
follow ng standard | aboratory procedure%aas requi.red for each organi sm and
| eft overnight in 37C heated incubators.”"The next day all test results were
recorded. Table Il summarizes the log reduction values of a series of tests

i vei g, o1 o o LS50S AR AR Bk Sl 5 TISLE
Fi bers Ex #E. calediubRWhEn challengddRVitioa/$aVBal patticiySHiukiRies that a filtration
o752t e (00t o o T SRS o b L rrtp ARS8 ooy
127. 65<1. 0218. 5@sthogend AhAS vituRR28. 67<1. 0 238.19<1.0 - - Mnimal to no
reducti on. 5
Examples 24-27: Microbiological Interception Capability Of The Filter Medium
Made With Treated Lyocell Fibers In the Presence Of Polyanionic Acids
As discussed above, NOM such as polyanionic acids reduce the
positive zeta potential and, thereby, reduce the efficacy of the microbiological
10  interception enhanced filter medium. After exposure to 500 ml humic acid
{0.005 g/1.0 L H20), the zeta potential of the microbiological interception
enhanced filter medium decreased from +14.1 to -14.4. Likewise, after
exposure to 500 ml fulvic acid (0.005 g/1.0 L H20), the zeta potential of the
microbiological interception enhanced filter medium decreased from +10.1 to
15 -8.9. Examples 24 to 27 show the reduction in microbiological interception
capabilities of the fifter medium made with lyocell fibers treated with
MERQUAT® 100 and silver in the presence of humic and fulvic acid solutions,
Small discs of the filter medium treated with MERQUAT® 100 and
silver were folded and placed in small sterilized glass funnels to form a filter
20  and pre-wetted with de-ionized water. Challenge solutions of £. co/i and M52
viral particles were made with humic acid and fulvic acid, respectively.
Approximately 125 ml of the challenge solutions were poured through the
filters and the effluent collected in sterile 250 ml Erlenmeyer flasks. The
effluent was diluted and plated on petri dishes following standard laboratory
25 procedures. Log reduction values of £. cofi and M52 viral particles are

summarized in Tables lll and IV below.



15 As illustrated in Table Il1, the filter nmedium made fromlyocell fibers
treated with MERQUAT(r) 100 and silver provided significant m crobi ol ogi cal
interception capabilities as conpared to filter medi um nmade from upgrmtzgﬂ 2
9 MAY 2006 W§oSads34013 PCT/ USO3/ 00067 38 |yocell fibers.,Jdhege 01‘0{';.,cacy 0

the m crobiol ogical interception enhanced filter nedium vF?nen chal'l enged
with Mb2 viral particles illustrates that a filtration systemof the
present invention woul d prove effective3¥n renoving nano-sized pathogens
such as viruses. 5 Exanples 24-27: M crobiological Interception Capability
O The Filter Medium Made Wth Treated Lyocell Fibers In the Presence O
Pol yani oni ¢ Acids As di scussed above, ABEW ych as pol yani oni ¢ aci ds reduce
the positive zet RabEMe MicrobitlogidahRicPRption BfHdR&dlANEer RiddiLiaaye Of t he

m crobi ol ogi cal 10 interception_enhanced filter medium After exposure to
500 M humic acid (0.005 g/1.0 LPWC’?EQVE@F&I potential of the

m crobi ol ogi ca TNTErggption enhancgdof (LRMET dirum ggepased Trom +14.1 to
-14. 4. Likew sle, afterasq exposurje to 509egd Tulvijc acid §83005 g71.0 L H20),
the zeta potential of the mcrobiological interception enhanced filter

medi um decreased from+ 10.1 to 15 -8.9. Exanples 24 to 27 show the

reduction i M ni crobi ol ogi cal interce ' capabilities of the filter medium
made with |yocel Iuivst@metmi@aihﬁgbdgmal Interdéptréd-EbahdeidNier MEdtd thvRe 1 n the
presence of humc and fulvic acid solutions. Small discs of the filter

medi um treated with MERQUAT(r) 1DwseRgeiOf liumicAcider e fol ded and pl aced in
smal | sterilized grasgxFunnel's 1O T OEGALRV) L er | apEZ A d wth

de-ioni zed wat|er. Chalisnge sollut1ons @kgE. CoIl] and NbZayiral pdrticles
were made withf humc am d and TlulTvic agpgl, respgcii velyi.e4Approxijmately 125
m of the chal|enge sotautions re pousgsl throudh the §Bdters and the
effluent collected in sterile 250 ml Erlenneyer flasks. The effluent was
diluted and plated gn petri dishes follown tandard | abor at or,
P Cieaﬁy, the LRVs o? the microgylolog‘lcgl intercepgon enhancedo fi%er
10 media in the presence of NOM are significantly lower than the 7 to 9 log

reduction of £. coff and MS.2 absent NOM interference as shown in Table 11,

Examples 28-46: Microbiological Interception Capability Of The Filter Medium
Made With Treated Lyocell Fibers And An Adsorbent Layer In The Presence Of
15  Polyanionic Acids
In order to decrease the impact of NOM on the filter medium as shown
in Examples 24 to 27, an adsorbent prefilter was added to the filter to remove
or trap the NOM in the influent prior to contact with the filter medium. The
adsorbent layer is PLEKX® made with 600 g/m? of finely ground coal-based
20 activated carbon having a surface area of 1000 m%g, and is commercially
available from KX Industries, L.P.
A composite filter medium combining two (2) layers of a filter medium
made with the microbiological interception enhanced filter medium and one
(1) PLEKX® layer was fitted in ceramic Buchner funnels over a metal drainage

25 screen. The three (3) layers were secured in each Buchner funnels with a hot



25 procedures. Log reduction values of E. coil and M52 viral particles are
sumari zed in Tables Il and |V below. WO 03/064013 39 2.9 MAY 2006

PCT/ US03/ 00067 TABLE |11 LRVs OF The M crobiol ogi cal Interception EnhdhicHdt
Filter Mediwolsvoskbs Presence O Fulvic Acid & 9 F. rol/ p ms%%mdﬁ(,'ﬁ co(LRV)
24 4 M2 (MRV) 4.E8.68 A/51GIRVI 24 4.2 4 5 TABLE IV LRvs O The

M crobi ol ogi cal Interception Enhanced Filter Media In The Presence O Hum c
Acid Ex #E. co/i (LRV) Mb2( MRV) 253. 784. 2§ 263.021. 64 276.733.58 Cearly, the
LRVs of the m crobiological interception enhanced fil ter 10 nmedia in the
presence of

NOM ' fi t f E.
co/ / and Ms2 abs'gﬁlg gﬁ\%@l 19'}& 8’%’3&& 8%’ %YPS%S osf:lllbp\/\ﬂﬂ'l'%‘?T'zmead Pfess %(%fre}%#ésl gg S)16
M cr obi ol ogi cal aHoot Bkoeiptdepth Wagpadintainey iilOthe Thehhar|forerel heall trmes. VBeie Wt h

Treated Lyocel | fil@rsbo re?:amp gs f@ topfgtis \(R/trar%ec arge(f1 With sterllemleonll::zre SvFa?ec%eprl rto ,
the microbiological challenge and were not exposed to either humic or fulvic
5 acids. Results shown in Table V below show that the efficacy of the composite
filter medium with the addition of the adsorbent layer is similar to the results
shown in Table Il above,
The filters of examples 35 to 40 were charged with 500 ml of a humic
acid solution (0.005 g/1 L H:20) prior to the microbiological challenge. Results
10 are shown in Table V1 below. The filters of examples 41 to 46 were charged
with 500 ml of a fulvic acid solution (0.005 g/1 L H:0) prior to the

microbiological challenge. Results are shown in Table VII below.

TABLEV

15 LRVs Of Filter Media Made With Fibrillated Lyocell Fibers Treated With
MERQUAT® 100 And Silver With PLEKX® Absent NOM Interference

Ex# | E.colilRV | Ex# M52 LRV
28 | 7.89 3 8.06
29 7.89 32 8.06
30 7.89 33 8.49

34 8.49
TABLE VI

LRVs Of Filter Media Made With Fibrillated Lyocell Fibers Untreated And
20 Treated With MERQUAT® 100 And Silver With PLEKX® In The Presence Of

Humic Acid
Ex# | E.coliLRV | Ex# MSE2 LRV
35 8.75 38 8.53
36 8.75 39 8.53
37 8.75 40 8.53




15 Pol yani onic Acids In order to decrease the inpact of NOMon the filter
medi um as shown in Exanples 24 to 27, an adsorbent prefilter was added to
the filter to remove or trap the NOMin the influent prior to contactivih
the filter wedbmwwizThe adsorbent |ayer is PLEKX(r) nmade pdtiniko9@fds0/ N2 of
finely ground coal -based 20 activated carbon having a surface area of 1000
n2/g, and is commercially available fr KX I'ndustries, L.P. A conposite
filter medium conmbining two (2) layers of a filter nmedium nade with the

m cr obi ol ogi cal interception enhanced filter mediumand one (1) PLEKX(r)

| ayer was fitted in ceram c Buchner fyg«gl!é! over a metal drainage 25 screen.
The three (3) layers were secured in chner funnels with a hot 25 MAY
2006 WO 03/ 064013 RAG (RETiteS@dia0aas Witk Fibrilkaiéxblgiovell Eiberp Latreated And bypass of
the influent. A feaddWidsSEREUAT?1A0 And Silteo WithPLEKX? In ThefrdsenaeOfirai nt ai ned
in the Buchner funnel at all tines. TFabicAdidters of exanples 28 to 34 were
charged with steril e dei onikxeid] Exiol LROI{i Exr# [ 0 MSEERWI crfobi ol ogi cal chal | enge
and were not exposed to eijt er| huBiBg or| B4l Vi c 5.Zcids.| Results shown in
Tabl e V bel ow show that tHe42ffi c88% of] #he conp¥ite (filter mediumw th
the addition of the adsor 8 |ay8®85is sihilar twAhe desults shown in
Table Il abo¥Ye. The filters of exanples 35 to 40 were charged with 500 m of
a humc acid soluti j ' i cal

chal | enge. Results d%%eﬁgﬁo%%fﬂr? dl_%l?l} gﬁ%ggbﬁtnppreh%muﬁ ?'lf)te)?és'&gf exanpl es
41 to 46 were chlacayed:rwatam gamn nthe ofmicolfielbgical  indéroeption uentenced) fites g/ 1 L

H2O to t Tabl e VI
el ow TABLE v ‘TEC Bk et e fiPiqy et e iR BIHRSY o SRBIkE OF P
Treated Wt h VERQRIATEéT hddlOmAydeBSbVivg the\WWON iRItRKMfIugnithefond tPNGMLIent erference

10 contacted the microbiological interception enhanced filter medium. The

adsorbent prefilter medium does not need to be treated with the
microbiological interception enhancing agent to maintain the efficacy of the
microbiological interception enhanced filter medium. It may be a cost saving
measure not to treat the adsorbent prefilter medium. Thus, a composite filter
15  medium including the microbiological interception enhanced filter medium
and an adsorbent layer positioned upstream from the microbiological
interception enhanced filter medium would be robust enough to withstand

interference from NOM.

20 Examples 47-48: £. coli Challenges Of A Filtration System Of The Present
Invention
Two filtration systems of the present invention, as shown in Fig. 3,
including a composite filter medium comprising two (2) layers of an adsorbent
filter medium, PLEKX® made with 600 g/m? of coal-based activated carbon
25  having a surface area of 1000 m%*/g, and a single layer of the microbiological
interception enhanced filter medium made from treated fibrillated lyocell
fibers as described in Example 4 were assembled using the clam shell filter

design of Figs. 1 and 2 described above. A supporting layer of PLEKX® was



Ex #E. toll LRVEx #MS2 LRV 287.89318. 06 297.89328. 06 307.89338.49 348. 49
TABLE VI LRVs O Filter Media Made Wth Fibrillated Lyocell Fiber 33{11‘% @ﬁt ed
And 20 Treated Wth MERQUAT(r)100 And Silver Wth PLEKX(r) In Th s2

O Humic Asod3dseomE. coii LRVEx #Ms2 LRV 358. 75388. 53 36&TAX3D6eE3

378. 75408. 53 WD 03/064013 41 2 9 MAY 2006 PCT/US03/00067 TABLE VI1 LRvs O
Filter Media Made Wth Fibrillated Lyo&%l Fi bers Untreated And Treated
Wth MERQUAT(r) 100 And Silver Wth PLEKX(r) In The Presence O Fulvic Acid
Ex #E. coil LRVEx #MS2 LRV 418.85447.77 428 85457. 77 438.85467.77 5 The data

shous that the wse.of, gn BOSEr BEDLREE WLl SHERLAP REEIRL dung ) aced

upstream from thé m cr 0gl Ca ercep 8o e ce medi um
mai nt ai ned or i atpylemaﬂnylhecet&ter(ib’ﬂd)l logi owlt. i nﬂer dapt i afn rmalphbldgldal es of the

filter medium % L& VI ne%hg W dt he i n nceg"%fprlsf ® Q{ﬁelr{’lue%elo

contacted the OB o oglca cep o
followed by a second PLEKX® [ayer that was also glued into place atop the

5 microbiological interception enhanced filter medium. This configuration uses
only one of the PLEKX® layers as an adsorbent prefilter, while the other
PLEKX® layer serves primarily as a support for the microbiological interception
enhanced filter medium. The outside edges of the housing were also glued
and pressed firmly together to prevent any bypass leakage to the outside of the

10 housing. The dimensions of active filter area within the boundary defined by
the hot melt material was between 5 cm to 6 cm wide and 8 cm to 10 cm
long, providing an active filter area of between 40 cm? and 60 cm? While hot
melt was used during this prototype testing, filter assembly using ultrasonic or
other welding methods may be applied during commercial production.

15 A 0.635 cm (0.25 inch) inside diameter hose was attached to the inlet
of the filter housing using a plastic fitting and glued securely into place. The
outlet of the filter was open to allow fluid to exit the filter housing. The hose
attached to the filter inlet was attached to a glass Pyrex funnel to produce a
total inlet water column of approximately 30 cm to 60 cin. Test suspensions

20  were poured into the funnel to challenge the filter with various organisms.

Approximately 500 ml of de-ionized water was poured through the
filtration system to pre-wet the filter medium inside the housing. For £. cofi
testing, a hose and funnel with a combined height of 60 cm was used to
provide head pressure. The flow rate at this influent pressure was 70 ml/min.

25 A challenge suspension of £. cofi was poured through the system and the
effluents collected in sterile 250 ml Erlenmeyer flasks. The effluents were
subjected to serial dilution in duplicate and plated on petri dishes following

standard laboratory procedures and left overnight in 37°C heated incubators.



adsorbent prefilter medi um does not need to be treated with the

m cr obi ol ogi cal interception enhancing agent to naintain the effi C?;i/ gf t he
m crobi ol ogi cal interception enhanced filter medium It may be a c M Yazﬂﬂfhg
nmeasur e notyh@sddsp@dt the adsorbent prefilter medium Thuscrasensmpesi te
filter 15 medium i ncluding the m crobiological interception enhanced filter
medi um and an adsorbent | ayer positioned upstream fromthe m crobi ol ogi cal

i nterception enhanced filter nedi um woul & be robust enough to wthstand
interference fromNOM 20 Exanples 47-48: E. co/i Challenges O A Filtration
System O The Pr sent t| on,Two fil ste f. resent

i nvention, as sh svﬁ‘ f%da}flag esf res‘iltﬁ@lef?dfeﬁ%fdg ‘Eﬁ'&g‘? ?rgqfsfeﬁt'gr aﬁ@ﬁf'ﬁm
conprising two (bdow.ayers of an adsor bent f| | ter medium PLEKX(r) nade with
600 g/ n2 of coal -based activated carbon 25 having a surface area of 1000
n2/ g, and a single |ayer of the mcrobiological interception enhanced
filter mediumnade fromtreated fibrillated |yocell fibers as described in
Exanpl e 4 were assenbl ed using the cl AABEh¥HEIl filter design of Figs. 1 and

2 descri bed %\@F hﬁﬂ}&e 6 WO

03/ 064013 PC%b %f@&%@%&? g A?ﬁm{? ottom ﬁ&PWerra% ousi ng and
glued into place using an ethyl ene- vv\htjnlf aofét at e (EVA) hot rrelt The | ayer
of m crobi ol ogi e ] | ettt gttuedqto t he
first PLEKX(r) Fg’% Noféf‘tcwlhﬁ’dlgﬂéi{g& ﬁwﬁ’;ﬁ!nékxu) Iay'"gyD that wgs al so
glued into plage gt AU fpobiotagrcaly rmtercepti o ggmranced (fil ter
medi um Thi s canfjggurati OmgUsERy® onl y [one q  thg PLERX(Tglod @yers 4s an
adsorbent prefitter, whiTe the other PLERX(T) Tayer serves prinarily as a
support for the m crobl ol ogical interception enhanced filter nmedium The
out si de edges of theT'NGuélf'%{EFt‘Wéﬁ\éﬁf&d'l‘ sbthgipmsent iaveatipn edlidae picpmpysittoget her to
prevent any bypass: | AaGe hauliRg QUPRII® Bleihite HA hIShifobidiBgcAll Mensi ons
of active filter area within the boundary defined by he 't material
was bet ween ¥ crivteeptianmenhansedriiiteg raediyrp will pravide sreater than ‘a5 log

reduction of £. cofi at a flow rate of approximately 1 to 2 ml/minutescm?.

Example 49-51: MS2 Challenges Of A Filtration System Of The Present
Invention

15 Three filters were constructed in a similar fashion as for the £ cof/
challenge as described in examples 47 and 48 above, for determining the viral
interception capability of a filtration system of the present invention. [n two
filters, Examples 49 and 50, a layer of netting was installed at the bottom,
effluent side, of the filter housing, followed by a layer of the microbiological

20 interception enhanced filter medium, followed by a single top layer of PLEKX®
made with 600 g/m? of coal-based activated carbon having a surface area of
1000 m%*g. For the third filter, Example 51, the plastic netting was replaced
with a metal 100 mesh screen as the bottom support layer. For the MS2
challenge, a hose and funnel of 30 cm was used to reduce the flow rate and

25 allow for longer contact time through the composite filter medium. De-

ionized water was poured through the system to pre-wet the layers and verify



| ong, providing an active filter area of between 40 cml and 60 cnZ. Wile
hot nelt was used during this prototype testing, filter assenbly us 'WA:’ZUUG
ultrasonic or other welding nethods may be applied during comercial
producti onwgdbsas4dd3 635 cm (0.25 inch) inside dianmeter hoseragss@bdzached to
the inlet of the filter housing using a plastic fitting and glued securely
into place. The outlet of the filter open to allow fluid to exit the
filter housing. The hose attached to the filter inlet was attached to a

gl ass Pyrex funnel to produce a total inlet vvat er colum of approxi mtely
30 cmto 60 cm [ 0 [ funn o chal |l enge
the filter wt ﬁhs\'/t%ﬁé héd{'ﬁ-%@ﬂﬁ n%’]@akg Aﬁf) “?ra%gf f/ﬂ@%&% r‘?ﬁs refcor edlfé)nl zed water
was pour ed t hr abeBo tchehigh Materabluorm S‘yfterdmdeeoplzeﬂ water eliedfithlough theedi um

i nside the hous r th _a conbi ned
hei ght of 60 cm\%gfg E%eggg C%ghénés sgﬁ'hrwv s}r e%? re. %?hHQ;l?ctﬁvwr aﬂe at this

i nfluent pr essmf@wﬁwax?@ollﬁdemlmsteﬁls EAemheyek dayys dilutdenndipdateddn Betricoi | was

poured thro st.emand. ected n ster Le 250 m

Erl enneyer f as‘ig’%S ﬁl 5% g‘ﬁrfj V\c/'ea&uere @?E}%g?cg& tc'(\)/ersn |&aT i efdu a}yon in
duplicate and pdlbtbmlesohs wat recoced hod liftal ind'\ablngx belbendar d | aborat ory
procedures and |l eft overnight in 37C heated incubators. 2 9 MAY 2006 WD
03/ 064013 43 PCT/ USO3/ 00067 The next day all test results were recorded and
these are listed in Table VIII below. TABLE VIII 5 M crobi ol ogi cal

Chal lenges OF A Filtration System Of IM¥EPKesent Invention Wth E. coli Ex

#No. of E. | 78. 4 10808. 92
Mo, of E_coi | in \haliBge! cHuiabetl i AW Als2 BkabrtiRad 'S ¢

Ex # No. of M52in Challenge | # of colonies LRV
forming/plate
49 6.12 X 10° 0 8.78
50 6.12 X 10° 0 8.78
51 6.12 X 10° 0 8.78
10 ,

A filtration system of the present invention utilizing a composite filter
medium including a PLEKX® prefilter and the microbiological interception
enhanced filter medium is shown to provide greater than 8.5 log reduction of
MS2at a flow rate of approximately 0.75 ml/minutescm?.

15

Examples 52 and 53: Long Term M52 Challenges Of A Filtration System Of
The Present Invention |
These examples assess the effectiveness of a filtration system of the
present invention when challenged with A452 bacteriphage and having a
20 composite filter medium including two (2) layers of the microbiological
interception enhanced filter medium and two (2} layers of PLEKX® as described
earlier.
Two filtration systems of the present invention were prepared by
securing a 100 mesh screen inside a filter enclosure as shown in Figs. 1 and 2.

25 Two layers of the microbiological interception enhanced filter medium were



Thus, a filtration systemof the present invention utilizing a conposite
filter mediumincluding a PLEKX(r) prefilter and the m crobi ol ogi caglgﬂ,ﬁ”g
i nterception enhanced filter nmediumw ||l provide greater than 8.5 |l og 06

reduction okofsd@m/ at a flow rate of approximately 1 to pgyilgosidasst ecni .
Exanmpl e 49-51: MS2 Challenges OF A Filtration System O The Present

I nvention 15 Three filters were constru%%ed inasimlar fashion as for the
E. coil <challenge as described in exanples 47 and 48 above, for determ ning
the viral interception capability of a filtration system of the present

invention. Int ilters anpl 49 and 50, a | efting was
instal l ed at th\é\ﬁfﬁg{ ?%Pr?he g'FfFﬁ( ffg%f’e@l%ec'a@‘f g, lavgrs Io? éﬁﬁﬁusﬁﬁ%ﬁa’? ol | owed by
a |l ayer of the wacglobd sdcoglcialplae to picednt bpiaso MTherfitteneretbshirel wasrseatedli um
followed by a single t | ayer, o r made w t h 600 g/im of coal-based
activated carbot’ atST3 r?g"%aassuf\[lac% daaé’_agg%f(b'zfdﬁg%df‘?ﬁ. dlﬁﬁ'?te? RE& R d filter,
Exanmpl e 51, theatichsd securedy to g inks of el filee chousihg.h Theneitlat ofLh@ fiesh screen
as the botto? sgg@mt | ayer. eng and funnel of 30
0

Foail thﬁ VB2 ChF'I' ;o8 h[ose

cmwas used 8 Weh @PFR 0y QY NG RAS28 AT MY £ O BRIGYAS ceATeEt tine

t hrough t he conpashéd té idatierilteeti providPeonel @ith zed5vatmr (10&scizeguwarr t hr ough
the systemto pre-wet t | ayers and ver]f .9 Y 2006 WD.03/ 064013

PCT/ US03/ 00067 &ﬁuwnaind'?‘ﬁ%°ﬁ%u@'f%a"ﬂad‘%r#oﬂf‘é‘ﬁwghe'\s/ﬁvvf*ﬁebwqwavéOfa?s B8 MV minute
was rgcoLded LObfhmt(ﬁﬂ)icaegiea‘nchﬂ@hgewt eL f0| um. A}‘ter t he de-ioni zedhwat eL
exited through the /st.e t he M52 chal ] epge sol ution our ed throug
the system The efflﬁ%ﬁg'?ffe te&o?‘?%‘&’i"@ate‘yng‘g} é‘ﬁi a@s E?"“Fséﬁlarfgvg'ﬁh 35k s,

di l uted and 1pl atirdtion sy3ednt ko predi @RS fift@! hediri Gnatvarfathat s dgedinas for M2

and | eft overnight. The next d al est results were recaorded and |isted
"n Tabl e X bel S56UrHinRL SPFoeuRnty, ) 'a' eftngﬁ @?E!F'I‘%ﬁnﬁé%’a@ﬁ nAgorEed or Wt h

M52 Bact er i ophagetebXvéasse@fhrbigh dath Sk, emgetivehits WetddiiRsed R\kterile
Erlenmeyer flasks, diluted and plated on Petri dishes following standard
procedures for the organism and left ovemight. After 24 hours, an additional

15 500 ml of deionized water was passed through the system followed by another
500 m| M52 challenge. This protocol was continued every 24 hours until the
filter media no longer provided an LRV above 4. The results are shown in
Tables X and X! below.

20 TABLE X
Example 52: Efficacy Of A Filtration System Of The Present Invention With A
25.4 cm Water Column
Total Amount | Timein Use | No.of AM52in LRV Flow Rate
of H0 (L) (hours) Challenge {ml/min.)
1.0 0 2.84 x 10° 8.45 28
2.0 24 493 x 10° 7.97 32
3.0 48 4.57 x 108 8.66 32
4.0 72 4,55 x 10° 7.52 36
50 96 1.76 x 10° 5.65 38
6.0 120 1.39 x 10° 5.66 38
7.0 144 1.48 x 10° 3.03 36
8.0 168 1.56 x 10° 2.22 30




formn late 496.12 X 10508. 78 506. 12 X 10508. 78 516. 12X10808. 78 10 A

filtration system of the present
medi um i ncluding a PLEKX(r) prefilter and the m crobi ol ogi cal

I nvention utilizing a conposite filter
i nt ef 8N 260k

enhanced fiwbesodamdi umis shown to provide greater than Sc§dsefloobgducti on of

M52at a flow rate of approximately 0.75 m /m nutecnR.
Long Term Mb2 Challenges O A Filtratio
These exanpl es assess the effectiveness
i nventi on when chall enged with M52 bacteri phage and having a 20
E gyers of the m crobiol ogical
| ayers of PLEKX(r) as

ear | i Biamplevss: Effichdyadi OFiltagion $3RnPOf THePradeatinidéntion VatH Aon wer e

securing a 100 nesh
1 and 2. 25 Two layers o
medi um
t he mesh scree;j

pr esent

conposite filter

descri bed

prepared by
in Figs.
filter

securely in
t he gl ue as
securely to
housi ng was
attached to
col um, and
testing

medi um i ncl udi ng two
i nterception enhanced filter nediuma

o4

(

een..in

F8 WitEro

q System O The Present
8f "a filtration system of the

2)

15 Exanpl es 52 and 53:
| nventi on

e a filter enclosure as shown
¥ ogi cal interception enhanced

herotal AmBunVRY Tk U0 [ON6.BPAEAR [45 ARV USOR/ Gl&Ratepl pced at op
1 fadHk@ R |y thuows)| ayier GhalléngPLBEKX(r) . Each |@ysin) was gl ued
pl ace tiw prevent lypasy. Zomex fd°l tjer engll osure wdg? sealed with
welll. R®.639 cm 249.25 |i nzgx10indr di®dtet er| hosd5was | att ached
the_inlx of |[the #8lter| hotsi Y. |The DU | et| of tihe fi|ter 5
open_tat@l low t he’passdgel 8 x ¢ uild, A.8unne|] wad7Zsecurely
ea¢h fi@er tlo pr8&ide Jonb53 1% g 25.%U1&m ({10 | #éhes) | wat er
the otHe® fillter WOth a 103Dx 0 (|4 i dhtes) haterl3col um for
7.0 144 1.19x 10° 9.08 13
8.0 168 1.32 x 10° 8.23 13
9.0 192 8.67 x 10° 8.93 16
10.0 216 1.34 x 10° 9.13 10
11.0 240 1.10 x 10° 9.04 11
12.0 264 1.24 x10° 7.76 9
13.0 288 1.24 x 10° 8.27 9
14.0 316 1.02 x 10° 3.62 7
15.0 340 1.04 x 10° 3.41 8
16.0 364 1.03 x 10° 3.36 10
17.0 388 1.07 x 10° 3.03 10

5

10

The useful life of the filiration system of Example 52 with a pressure

head of 25.4 cm provided an acceptable M52 log reduction for 6.0 L of water .

for 120 hours. However, when the pressure head was 10.2 ¢cm, as in Example

53, the useful life of the filtration systems was extended, providing acceptable

log reduction values of M52 for a volume of 13.0 L of water and 364 hours. [t

is apparent that the flow rate will affect the microbiological interception

capabilities of the filtration system. From the results of Examples 52 and 53, a

lower flow rate will provide more effective microbiological interception due to

greater contact time of the microorganisms with the filter medium,



of m crobiol ogi cal chall enges. Deionized water, approximtely 500 m, was
passed through each 10 filtration systemto pre-wet the filter nedium and
verify that no bypass was occurring. Subsequently 500 ml of an M J MAY 2006
chal | enge, woepedgued i n deionized water, was passed throyghrRashesystem The
effluents were collected in sterile Erlenneyer flasks, diluted and pl ated
on Petri dishes follow ng standard procgdures for the organismand |eft
overnight. After 24 hours, an addi ti ona™’15 500 nl of deionized water was
passed t hrough the system foll owed by another 500 mi M2 chall enge. This

protocol was coptinued every_24 hour i1t J.Lt.er di | onger

provi ded an LR\/E’&‘BIRH;%(gﬁ # Tem £y f‘gfgﬁﬂfegﬁvﬁFﬁnﬁh’f"hﬁ? ég%ﬁ" Zcﬁﬂﬂﬂ bel ow. 20
TABLE X Exanpl epfegant Hveatiorcy OF A Filtration System O The Present |nvention
Wth A 25.4 cm Water . Colum Total A i n LRVFI ow

t. Tinme in e No. of 2
Rate of H20 (L)(houﬁré‘jscff&‘mpé%d%t’ﬁ?sy Wienf:&#)g“i‘{ebffz"ézﬁ ﬁ@@%?ﬁ?ﬂé@."ﬁ?zm. 93 x
1087. 9732 3. 048drebeht vafkith. R0hE atofpddte Fhermdditn . i dlind tilPG 1 layérs ¥f 10' 5. 6538

6.01201. 39 x_10'5.6638. 7.01441.48 x 10' 3. 0d3f316 8. 3,1681.(156 x 10" 2.2230 2 9 MAY
2006 WO 03/ 0540% NHEFP) iitiggeensign enhanced filter medium and two (2) layers o

PLEKX® as described earlier.

Deionized water, approximately 500 mi, was passed through the
filtration system to pre-wet the filter medium and verify that no bypass was
occurring.  Subsequently, 500 mi of the £ coli challenge, prepared in

10 deionized water, was passed through the filter. The effluent was collected in a
sterile Erlenmeyer flasks, diluted and plated on Petri dishes following standard
procedures for £. coli and left overnight. After 24 hours, an additional 500 m|
of deionized was passed through the system followed by another 500 m!{ £.
coli challenge. This protocol was continued every 24 hours until the filter

15 medium no longer provided an LRV above 4, The results are shown in Table

XIl below.
TABLE Xii
Example 54: Efficacy Of A Filtration System Of The Present Invention With A
20 25.4 cm Water Column
Total Amount | Timein Use | No. of £ coli LRV Flow Rate
of H20 (L) {hours) in Challenge {m{/min.)
1.0 0 9,33 x 10° 8.99 28
2.0 24 7.86 x 10° 8.89 32
3.0 48 2.86 x 10° 8.46 27
4.0 72 1.35 x 10° 8.37 21
5.0 96 1.18 x 10° 8.07 17
6.0 120 8.4x10° 7.38 18
7.0 144 1.09 x 10° 4.95 12
8.0 168 3.6 x 10° 3.50 16
9.0 192 6.13 x 10° 3.61 12




TABLE Xl Exanple 53: Efficacy O A Filtration System O The Present
lnvention Wth A 10.2 cm Water Columm Total Anpunt Tine in Use No. of M2
in LRVFlow Rate of H2O (L) (hours)Challenge(m/mn.) 1.002.05x10" 9. 351sy 52305
2.0242. 16X X0 9306343 3- 0481.46 x 10'9.1615 4.0721.05 x 10p% @%%;B‘”0961

10' 9. 1816 6.01201.31 x 10'9.1213 7.01441.19x 10'9.0813 8 I 3Q

10' 8. 2313 9.01928.67 x 10'8.9316 10.02161. 34x10' 9. 1310 11.02401.10 x

10' 9. 0411 12.02641.24 x 10'7.769 13.02888. 24 x 10'8.279 14.03161.02 X

10' 3. 627 15.03401.04 x 10' 3.418 16.03641.03 x 10'3.3610 17.03881.07 x
10' 3. 0310 5 The usefﬂ life of the filtration s sten1of Exanple 52 with a
pressure head of 23hg fitrtigp svstere 9f Bxample 60 Paayidediassentaiie Pé’é‘EfE'LaP‘E?n for 6.0 L

of water for 1Q:Bour s wh{@)’\ﬁé’cﬁﬁasséﬂﬂﬁfbu%}h&eﬁ@ﬁ&ﬁ%ﬁn ReAEsRsw ffle 4 CM as in
Exanple 53, the useful life of the filtration systens was extended,

provi di ng accep%lé’HF%“miVHLﬁ“q*%UhE‘ﬂ“dhe bead passsuse vw%seaq%ﬁ byaa ¢ P GHEWHEr 13.0 L of
wat er and 364 hgymn. |t 10 is apparent that the flowrate will affect the

m crobi ol ogi cal interceptijon
5 While the present invention has been particularly described, in

conjunction with a specific preferred embodiment, it is evident that many
alternatives, modifications and variations will be apparent to those skilled in
the art in light of the foregoing description. It is therefore contemplated that
the appended claims will embrace any such alternatives, modifications and

10 variations as falling within the true scope and spirit of the present invention.



capabilities of the filtration system Fromthe results of Exanples 52 and
53, a lower flowrate will provide nore effective m crobiol ogical
interception due to greater contact tinme of the m croorgani snms mﬁt%9¢ﬂ%ZWB
filter medium 2 9 MAY 2006 WO 03/ 064013 PCT/ US03/ 00067 47 Exanple 54: Long
TermE. co/i Challenges O A Filtrati od9System O The Present Invention
Thi s exanpl e assesses the effectiveness of a filtration system of the
present invention having a conposite filter nediumincluding two (2) |ayers
of 5 the mcrobiological interception enhanced filter nediumand two (2)

| ayers of PLEKX(r) as described earljer. Deionized water, approximtely 500
m, was passed through the filtrati "stemto pre-wet the filter nmedi um
and verify that no bypass was occurring. Subsequently, 500 m of the E
co/i chalWiengeclaiph@pared in 10 dei oni zed water, was passed through the
filter. The effluent was collected in a sterile Erlenneyer flasks, diluted
and plated on Petri dishes followi ng standard procedures for E. coil and

| ef t gvernigh After,. 24 hours, an additional 500 mMl of deionized was

passed t hr ougft 168 MEAVRIRATPTENED by another 500 M E. co/i chal | enge.
This proto : j F}% i f4m no
I ongefE pro%ﬁhéﬁ%ﬁﬂwrgﬁg&eﬁ%ﬁﬁ%ﬁﬁ?i’gﬂ{wﬁ ar 2# ‘se%g\jﬁ\}]afni %#%Lﬁlig) g%tulbel OW.
20 TABLE Xl | iaop) end4: Efficacy O A Filtration System O The Present

I nvention Wth A _(§5.,4 cm Water. Colym Total Anobunt Tine in Use No. of E.
co/i fRVFI GwREIOPIIPEiqaloITIEIGEREAN s§RMANCHE REAYe CAINPRISHZ) @ Cationic metal

5 complex comprising a cationic material, having a counter ion associated
6 therewith, adsorbed on at least a portion of said microporous structure,
7 capable of imparting a positive charge on at least a portion of said
8 microporous structure, and wherein a biologically active metal is caused to
9 precipitate with at least a portion of the counter ion associated with the
10 cationic material.

—

2. A filter medium according to claim 1 wherein said microporous structure
2 comprises a plurality of nanofibers having a fiber diameter of less than about 1000

3 nanometers.

1 3. A filter medium according to claim 2 wherein the nanofibers comprise

2 organic nanofibers, inorganic nanofibers, or a mixture thereof.

1 4. A filter medium according to claim 2 wherein the nanofibers comprise

2 substantially fibrillated lyocell nanofibers.

1 5. A filter medium according to claim 4 wherein the fibrillated nanofibers have

2 aCanadian Standard Freeness of less than or equal to about 45.



1.009. 33 x 1088.9928 2.0247.86 x 1088.8932 3.0482.86 x 1088.4627 4.0721. 35 x
10' 8. 3721 5.0961. 18x10' 8. 0717 6.01208.4 x 1087.3818 7.01441.09 x 10, 4.9512
8.01683.6 x 1083.5016 9.01926. 13x1083. 6112 WD 03/ 064013 48 Z 9 MAY D86 2006
PCT/ US03/ 00067 The filtration system of Exanple 50 provided acceptable
performance after 6.0 L of water had pagssed through the system at an
average flow rate of about 24 m/m nute wherein the head pressure was
caused by a 25.4 cmwater colum. 5 While the present invention has been
particularly described, in conjunction with a specific preferred
enbodilneft, i A filterenedion aqdesdingdaglaizl t etheseinves! migraperasiststroasira s
variagions ]| ben%ﬁparent to thosetskulled.in t.ne a&%.ﬁn | i ght. of the

f or eg6i nB'CGEYEPT SONYHISHE NS OfFRI L RE R0 e ATERIEE TRIE2\ Rk 22 PHEHHRd

cl ai WHeredfnbrace any such alternatives, nodifications and 10 variations
as falling wthin the true scope and spirit of the present invention. 2 9
MAY 2006 49 Clains What is clainmed is: 1 1. Afilter mediumconprising: 2 a

m croporous structure having a_nean flow path of Less t han or equal to about
1 3 hicfon; Anditer medium ASFeIding caiclaify brwapiaiR N MMNBIANS ERIBRESSSApri si ng

a cat bonb&y%tr%aterial.

-—

8. A filter medium according to claim 1 wherein said microbiological
interception enhancing agent consists of a cationic metal complex wherein a
cationic material on a surface of said microporous structure has an associated
counter jon therewith and wherein a biologically active metal is caused to

precipitate with at least a portion of the counter ion associated with the cationic

o b W N

material.

1 9 A filter medium according to claim 8 wherein the cationic material having a
counter ion associated therewith is selected from the group consisting of amines,

amides, quaternary ammonium salts, imides, benzalkonium compounds,

E N A

biguanides, aminosilicon compounds, polymers thereof, and combinations thereof.

-

10. A filter medium according to claim 1 wherein the cationic metal complex
includes a biologically active metal selected from the group consisting of silver,

copper, zinc, cadmium, mercury, antimony, gold, aluminum, platinum, palladium,

o WM

and combinations thereof.

1 11. A filter medium according to claim 1 wherein the cationic metal complex is
formed by treating at least a portion of said microporous structure with a cationic
material comprising a homopolymer of diallyl dimethyl ammonium halide followed

by precipitation of sitver with at least a portion of the halide counter ion associated

% NN O TR N

with the homopolymer of diallyl dimethyl ammonium halide.



5 conplex conprising a cationic material, having a counter ion associated 6
therewith, adsorbed on at |east a portion of said m croporous structure, 7
capable of inparting a positive charge on at |east a portion of sah 8 MAB 2006
m croporous structure, and wherein a biologically active netal is caused to
9 precipitate with at least a portion &1 the counter ion associated with the
10 cationic material. 1 2. Afilter nmediumaccording to claim1l wherein said
m croporous structure 2 conprises a plurality of nanofibers having a fiber
di aneter of |ess than about 1000 3 nanoneters. 1 3. Afilter medium
according to claim2 wherein the nanofibers conprise 2 organic nanofibers,

i nor gani ¢,nanqfizhers I 1 X t hereof (.1 4. ilte i acecordi ng
to cl gi mﬁ% vvhg\r z'iﬂﬁl: trngnggﬂo if)i?%n%cgn%r ?geda' Ssdbggéh%bah;%ﬂfﬁl agffed

| yocebl mieepbtder dructure. is Aohidihed Wit hHmdRefentipherilted Bbdium foM@RTigE N the
fibrillated nanofibers have 2 a Canadi an Standard Freeness of |ess than or
equal 3t oaetb@ted 4Garbang avareooalaming, 6 zeplites) t@atomeatieows aeswi, disiicates, cl ai m 1
wher ei.n sr’;\id m.croporous structurg is a. 2 mbr ane conpri sing an.organic
mat er fral aIURNPHIFeER WanaEsr bape cha £alfiyin MEArOx VU@ onanganEse £Xiqes; or
medi um a r (i L ; i : 0 i -nolk r

mac er Dal 70 510, piag e bONTR Boly et BR 1R CRl, FEdail iR

m cr obi okxxhatige resind, meencieptorapndsnatichaiesgdnt consi sts of a cationic netal
conplex wherein a 3 cationic material on a surface of said m croporous
structure has an associated 4 counter ion therewith and wherein a

bi ol ogi cc??l y gqh{e\(%émﬁﬁl cdrﬁ Gan ed to 5 precipitate with at |east a

portion of the countér 1Ton assoctated with the cationic 6 material. 1 9. A
filtep nediasmd@,@@)@hthnﬁﬁmﬁic&iim& tMeegiaiamhtigiat ahpabé of rarhevinglchbgel ng a2
counter ion associated therewith is selected fromthe group consisting of
amined, 3 anfedbsinggcentaminans; anfroeronaTasl KIcturei disposaskedownitoriny from

corrpoHnds, said adsorbent layer, comprising a plurality of nanofibers, said microporous

5 structure having a mean flow path of less than about 0.6 micron; and

6 a microbiological interception enhancing agent comprising a cationic material

7 having a counter ion associated therewith and a high charge density, coated

8 on at least a portion of a surface of at least some of the plurality of nanofibers

9 of said microporous structure to impart a positive charge thereon, and
10 wherein a biologically active metal is caused to precipitate with at least a

11 portion of the counter ion associated with the cationic material .

1 14, A filter medium according to claim 13 wherein said microbiological
2 interception enhancing agent consists of a silver-cationic material-halide complex
3 wherein a homopolymer of diallyl dimethyl ammonium on a surface of said
4 microporous structure has a halide counter ion associated therewith and wherein
5

silver is precipitated with at least a portion of the halide counter ion.

1 15. A filter medium as in any one of claims 1,12, and 13 wherein the
2 homopolymer of diallyl dimethyl ammonium halide has a molecular weight of

3 greater than or equal to about 400,000 Daltons.



4 bi guani des, am nosilicon conpounds, polyners thereof, and conbi nations
thereof. 1 10. Afilter nediumaccording to claim1l wherein the cationic
metal conplex 2 includes a biologically active netal selected fromIth 2006
group consisting of silver, 3 copper, zinc, cadm um nercury, antinony,
gold, alum num platinum palladium 42and conbinations thereof. 1 11. A
filter mediumaccording to claim1 wherein the cationic netal conplex is 2
formed by treating at |least a portion of said mcroporous structure with a
cationic 3 material conprising a honopolymer of diallyl dinmethyl anmoni um
halide followed 4 by precipitation of silver with at |east a portion of the

hal i de counter, L.on associated 5 with the .ho yTEr _ 0 iallyl. dimethyl
anmoni um?ﬁ‘al i ée%."?ef @%W“g%é" gfyloriez:otfﬁ?zmstngf@mgﬁu?ﬂ%g | H’hg\ﬁ%)" og‘r‘?\i'Ese of
clai m 1nfilvopeius shuthiRe ShbodBidles ndick BT Rldferild Yabea fiom C‘tﬁéﬂﬁr&ﬁﬂ Wi th
an adsorbent prefilter mediumcontaining 3 activated carbon, act’vated

al um Ba, casidtingesf adtiedtedacebos, ectivated silimos, exeolites, adiatonmaeblis eattes,
titanates, bone char,  cal cium h¥dr xyap%ti te, .manganese oxjides, 5 iron
oxi def, gHesialumpgsilicates, titanatesp SPPaehae ﬁﬁ!ff'%“i“c YHPE¥APAEE yNangRged
resing, | 6. e i Am.cs, Of i : t e 13. A
fiiter n2aPes, G IRE hepan SEIRTAR: pRhroRD BB PR e R,

mat er 6al resppplincexehangarasinig celaaiiesand doathinatighsobaieaifii nant s; a m cropor ous
structure, disposed downstreamfrom 4 said adsorbent |ayer, conprising a
plurality of nanofibers, said mcroporous 5 structure having a nean flow

pat h of Ss out 0,6.mcron; and.6 1 ¢t.qbi ol ogi cal, interception
Enhandi nagent 5 MR e i it B of Yaiterh 21 13 R, o aullrsrSb
assocpat g diinerfemhéhinelided atbig@echar ge density, coated 8 on at |east a
portion of a surface of at |east sonme of the plurality of nanofibers 9 of

said mcroporous structure to inpart a positive charge thereon, and 10

wher e n bi ol ogj cal |l y,.active netal is caused to ipitate.with at |east a
11 porti B of A RLSEmANGR poinagvoons: f HaTEh { o SHteEmieding 2 1 14,
A filper nmdiuR geffedi ng to claim 13 wherein said mcrobiological 2

i nt ercep?i on enhanci ng agent consists of a silver-cationic nmaterial-halide

conpl ex

1 19. A filter medium as in any one of claims 2 and 13 wherein the plurality of
nanofibers are made from material selected from the group consisting of polymers,
ion-exchange resins, engineered resins, ceramics, cellulose, rayon, wool, silk, glass,
metal, litanates activated alumina, ceramics activated carbon, silica, zeolites,

diatomaceous earth, activated bauxite, fuller's earth, calcium hydroxyapatite, and

o kWM

combinations thereof.

1 20. Afilter system comprising:

a bed of granular material capable of removing charge-reducing contaminants;

a microporous structure, disposed downstream from said granular bed, having a
mean flow path of less than about 0.6 micron; and

a microbiological interception enhancing agent comprising a silver-cationic
material-halide complex having a counter ion associated therewith and a

high charge density, coated on at least a portion of a surface of said

o ~N O U kR W N

microporous structure to impart a positive charge thereon, and wherein a



'3 wherein a honopol yner of diallyl dinethyl amoniumon a surface of said 4
m croporous structure has a halide counter ion associated therew thl SiAY 2006
wherein 5 silver is precipitated with at |east a portion of the halide
counter ion. 1 15. Afilter mediumas in any one of clains 1,12, and 13
wherein the 2 honopol ymer of diallyl di3nethyl ammonium halide has a

nol ecul ar weight of 3 greater than or equal to about 400,000 Daltons. 2 9
MAY 2006 52 1 16. A filter mediumas in any one of clains 1,13, 14, and 15
wherein said 2 mcroporous structure incorporates one or nore naterials

sel ecPed fronPtalesigalbupctive wekdiseausgd & Parapiale dthoat ks, a BeRiopaldte

al um,pa, zeoli I - . L ! ilicates,

i tatt s, pobeTRRn B AaPBAER Ruf S Iivercalbnic T ETAL IR ARIEC™ B2, |

oxi des, magnesia, perlite, talc, polyneric particulates, clay, iodated 6
resins, ion exchange resins, ceram cs, and conbinations thereof. 1 17. A
filted mddli umAddtdrsystamn comeprisingl ai ns 1 and 13 wherein said mcroporous 2
stru%ure further incl udeﬁ a, binder. 1 18. A filter meq[i umas in anél one of
claimé 1 arfd SaHd fGAERRSItE; RloCk FHRPTSING 4, Mateiiah GaRRbls & femaVving CRgreen 1| ¢ er
medi um as in (= 2 and 13 wherein the plurality of 2

nanof ?bers ar gé&#acgg?%%ﬁrﬁt@i al selected fromthe group consisting of

pol yndrs, SBmioopexalkaigeturesdisposeehdowestrenhn fesn ssid blecknhadng aehkearh ose,
rayon, wool, silk, gl ?i% 4 netal, litanates, activated alum na, ceramcs
activated car B8 pathof ess tharbabqui .0 mjcrAnst }fhceous earth, activated

act i vt ed car B, PR 7 bas
Cherobr. 1 20T ooyBREIcH (PR eAn a4k By e AT RRLaREe

capablire of remveérg-hatide genigldichagng ANEAMtBANGTS ;assbdatet] Cthe iU singt 4§ uct ur e,
di sposed downstream from sai d granul ar bed, havi(g% a 4 nean flow path of
| ess Bhan abohigho chaigec demsityarcpatech afi @t dBRSI dgP@EPNI Af ér s P esitiinci ng

Do L ver - aatloni Pt =
count & 1'on abUreBerbls fhiclle fhhipa £ B8fE chaks BBrE@Ee R WIRIERR on a
| eastiga porti piggicaliyphethache isSéduded to precipitate with at least a portion of the

11 counter ion associated with the silver-cationic material-halide complex.

1 22. A filter system as in any one of claims 20 and 21 further including a

2 particulate prefilter.

1 23. A filter system as in any one of claims 20 and 21 wherein the silver- cationic
material-halide complex comprises a homopolymer of dimethyl ammonium on a
surface of said microporous structure having a halide counter ion associated

therewith and wherein silver is precipitated with at least a portion of the halide
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counter ion.

—

24. A filter system as in any one of claims 20 and 21 wherein the silver cationic
material-halide complex comprises a homopolymer of dially dimethyl ammonium

on a surface of said microporous structure having a halide counter ion associated

E-S VS

therewith wherein the homopolymer of diallyl dimethyl ammonium chloride has a



8 m croporous structure to inpart a positive charge thereon, and wherein a 2
9 MAY 2006 53 9 biologically active metal is caused to precipitate W ME’( e

| east a portion of the 10 counter ion associated with the silver-cationic
materi al -halide conplex. 1 21. Afilter systemconprising: 2 a solid
conposite bl ock conprising a material cdpabl e of renoving charge- 3 reducing
contam nants; 4 a mcroporous structure, disposed downstream from sai d

bl ock, having a nean 5 flow path of |ess than about 2.0 mcrons; and 6 a

m crohi ol ogi cgl interceptign enhanci ng agent risi a silver-cationic 7
Tt e Bal TIPS WA G BeAP T Cotmiml o e 20 dal B iBns et WheE a s
N gh @hastige:JePRIcatéP Attt Wasth poPAS oftBHaliB Lo ighr face of said 9

m croporous structure to i npart a positive charge thereon, and wherein a 10
biologically active netal is caused to precipitate with at | east a portion
of the 11 counter ion associated with the silver-cationic material -halide
conpl dx. 25. 22A Alteq pystemsys i mnysong ofrf)aigie 287 and 2 Tmwheeeiandeomataiial her

i ncludin art| t ef i . i . SYS i y one of
ci'ai me 208nle A taPg rbEladiklle slnfiipth L bR ETaRRy BB o
conpr i3s egcivAITBIREA M BB e ites idNEb Mnbe ARTEHMALI RIIRAted, aldnfiHbdifERetitsial,

m croporous structure having a halide counter ion associated 4 therewith

and wHer &one s¢hayecalcsurpr bgdioixyapatde wimanganedee axides, prart icoidest magnesial i de 5
count er ioq. 1,&@4. Alfilter S stlem as,in .an%{ ne of clainms 20 and 21 wherein
the sil vBFTES: 1alei POINGHE RATUEUIRtES Glave JRBRIEY L&Y i \O8s eXhARBE n B8 Her of
dially diggih¥d 2 @BRINiNT o tReyedf SuUrface of said mcroporous structure
having a halide counter 1on associated 4 therew th wherein the honopol yner
of diallyl dinethyl ammonium chloride has a Y 9 MAY 2006 54 5 nol ecul ar

wei ght of greatgr than or equal to agbout 400, 0 Dal tons, gnd. wherein 6
silver i€%pref fe};)lfffrastyét&r‘?/\ﬁ H afy P@ﬁé’? cgaI%rB(q Bﬁggﬂ WREEHAPAHEMEERRATEHS i on.

2 structure incorporates one or more materials selected from the group consisting of

—

activated carbon, activated alumina, zeolites, diatomaceous earth, silicates,

3

4 aluminosilicates, titanates, bone char, calcium hydroxyapatite, manganese oxides,
5 iron oxides, magnesia, perlite, talc, polymeric particulates, clay, iodated resins, ion
6

exchange resins, ceramics, and combinations thereof.

1 27. A filter system as in any one of claims 20 and 21 wherein said microporous

2 structure further includes a binder.

1 28. A process of making a filter medium comprising the steps of:

providing a microporous structure having a mean flow path of less than about 1
micron; and

coating at least a portion of the microporous structure with a microbiological
interception enhancing agent, the microbiological interception enhancing
agent comprising a cationic metal complex having a counter ion associated

therewith that imparts a positive charge on at least a portion of the
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microporous structure, and wherein a biologically active metal is caused to



1 25. Afilter systemas in any one of clainms 20 and 21 wherein the materi al
2 capabl e of renoving charge-reduci ng contan nants conprises activayegay 2006
carbon, 3 activated alum na, zeolites, diatomaceous earth, silicates,

alum nosilicates, titanates, 4 bone char, cal cium hydroxyapatite, nanganese
oxi des, iron oxides, nmagnesia, 5 perlii%®, talc, polyneric particulates,
clay, iodated resins, ion exchange resins, 6 ceramcs, or conbinations
thereof. 1 26. Afilter systemas in any one of clains 20 and 21 wherein
said mcroporous, 2 structure incorpqQrates, one or npre nmaterial s, seLect ed

from the groupredpiater Wiy drleay anarien &F ber sIMenian pasasiptad unithdhe

zeol i1toes, di athﬁ@r?i‘EQH%aP@drﬁ e _si licates, 4 alumnosilicates, titanates,

bone char, calcium hydroXya ati te, manganese oxides, 5 iron oxides,
magnesia, perlite, talc, polyneric particulates, clay, iodated resins, ion

6 exchange resins, ceramcs, and conbinations thereof. 1 27. Afilter system
as in 1an8290ne Aoprogpssi assomting el clrimifiewbprein theistap of pporiding a micopoeusr e

furth i nclud binder..1 28 . Of Ki. AR di
conpr rsi ABUTHE SoRREET omaing: & 1Al & T Bpe BUA R e r (et SHEMREL PhER rean
f1ow pat hof b9 00bHANBRRM s Ihto3hBGERIporaidstice@at i ng at | east a portion
of the mcroporous structure with a mcrobiological 5 interception

enhanci ng agent, the m crobiol ogical interception enhancing 6 agent
conprising a cationic nmetal conplex havin counter iqQn associated 7

t her evli t ﬁ%t hat® Prﬁﬁafrstasccamﬁ%% fQ Flgem &@a‘ﬁ’é%’egha’ﬁ St?FéQgP’OA"?)'BS@i BHTROPHE 8

m cr opor rei NI glrogl aghl al .1 Sk sed to
2 o NRY 000 e MO A B RS el ahklin TRl nah i ol
associdat edmpirisé@ drpanic Iinoéibeshiisomeiial narafiblees . orla 20ixtuke pheees$sinde ¢ioe di ng to
claim 28 wherein the step of providing a mcroporous 2 structure conprises
forn g SNIEIAPPEPYStSfrusturfanof i bers having a fiber dianmeter of less 3 than
about 1000 nanoneters into the mcroporous structure. 1 30. A process
according to claim 28 wherein the step of providing a m croporous 2

structiure conprises formng a plurality of nanofibers, wherein the
nanof i bers

1 31. A process according to claim 28 wherein the step of providing a microporous
structure comprises forming a plurality of substantially fibrillated nanofibers wherein

at least a portion of the fibrillated nanofibers are about 1 millimeter to about 8

millimeters in length having a diameter of about 250 nanometers, into the

ok W N

microporous structure.

w—h

32. A process according to claim 28 wherein the step of forming a plurality of
substantially fibrillated nanofibers comprises forming a plurality of substantially

nanofibers having a Canadian Standard Freeness of less than or equal to about 45,
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into the microporous structure.

1 33. A process according to claim 28 wherein the step of providing a microporous
2 structure comprises providing a membrane comprising an organic material, an

3 inorganic material, or a mixture thereof.



3 conprise organi c nanofibers, inorganic nanofibers, or a mxture the @ﬁﬁﬁ 2006
into the 4 mcroporous structure. 1 1 31. A process according to clai
wherein the step of providing a mcroporous 2 structure conprises formng a
plurality of substantially fibrillated nanofibers wherein 3 at |least a
portion of the fibrillated nanofi bers &be about 1 mllineter to about 8 4
mllimeters in | ength having a dianeter of about 250 nanoneters, into the 5
nicroporous structure. 1 32. A process according to claim 28 wherein the

step? ngr‘H cgsl rallw ¢ stantlall}4f|brllla ed nanofi bers
conpr ' ses ‘fOI"ﬁ"I geess g PrUTEKIngyA (b'fe’sﬁ] PEhEPRPTISNG $06,518BF Pher s havi ng a
Canadhan St gﬂ %fp&ﬁ&ﬁg%“a@ﬁé@rstha” or equal to about 45, 4 into the

m croporou rocess according to claim28 wherein the

step of pr Q:\bbﬁhglghtalethéomitlﬁhsof 2 §t1iﬂfett©t bf et desquricive d¢ff the glurglig BEnbrane
conprising an or%anl c material, an inorganic material, or a mxture
thereff. 2 9 Muoleos WEhi a34m'qﬁolpipbz&@aj fr@tlermlpng enhaningr as@ﬂli,uﬁhe

corrpr sing the.st |d| n ural.ity of ;nano coatl ng
chot '3 porveaRpEikals e REBLE' Aol Bopblhe % RpRERD rstE) TPl
nanof pbers W pfviRg mc@m{@r%@gss%latém@rr@@ﬁﬁ 1o .ﬁnwaﬁaﬁlﬁeﬁ.tm%rget &g at 5
m cr obi ol ogi cal intercepting agent conprising a cationic netal conplex 6
havi n§ a counteest iaopoassocofatiesl ¢cdatedwiuralithaof inapafibersa qrmblwh&felrt:kvarge on
at 7_|l east .p rt_i of t he cPat ed uralltgﬁ of nt%nofl bers, and erein a
8 bi oPogi cal ?19' ‘i‘%‘t"ﬁlm?@ (6281880 IPIsCHUTAlE ANt [pash adtorfian portion
of th 9 cou d 10 form ng said nanofibers mtoamcroporous
structgure haV|&?1‘g{u?o{I I?r’@a?ﬁ?l ow path of 11 less than about 1 micron. 1 35. A
proceds forfommkisgidandridfibers imesla unicexpupousitng:tirechavireps nedan fl@v pativeldi ng a
pl urallty of pol nanofi bers; 3 coating at |east a portion of a surface
of atlleast s Pﬁa%@f‘ %bﬁé'tﬂ)lrﬂ'rcéﬂfity of pol yner

—

35. A process for making a filter medium comprising the steps of:

providing a plurality of polymer nanofibers;

coating at least a portion of a surface of at least some of the plurality of polymer
nanofibers with a microbiological interception enhancing agent, the
microbiological intercepting agent comprising a cationic metal complex
having a counter ion associated therewith that imparts a positive charge on at
least a portion of the coated plurality of polymer nanofibers, and wherein a
biologically active metal is caused to precipitate with at least a portion of the

counter ion; and
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forming a microporous structure having a mean flow path of less than about 1

micron.

—
—

1 36. A process for making a filter medium comprising the steps of:
providing a plurality of cellulose nanofibers;
coating at least a portion of a surface of at least some of the plurality of cellulose

nanofibers with a microbiological interception enhancing agent, the
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microbiological intercepting agent comprising a cationic metal complex



4 nanofibers with a mcrobiological interception enhancing agent, the 5

m crobi ol ogi cal intercepting agent conprising a cationic metal conphexma6ins
having a counter ion associated therewith that inparts a positive charge on
at 7 least a portion of the coated plurality of polynmer nanofibers, and
wherein a 8 biologically active netal 5i7s caused to precipitate with at

| east a portion of the 9 counter ion; and 10 form ng a m croporous
structure having a nean flow path of less than about 1 11 micron. 1 36. A
process for making a filter nediun1conprising the steps of: 2 providing a
pluraPity of BaYinglagwIne{ieniapciated thesawithdhattimnpasisa RosHbre chaigdpPnat sur f ace

of at.least s f. the ral i 2| | W oge iLhers w a

m cr ogi ol ogi cg%y‘ai %Pg{t E:Oeanllt t)hr? %énak%q..@h{éﬁtggogng%m{%g ”%%%58%0868%@%8'& a
intergepting BRAGEICEQTREIVR MBtaR i CAiusetE ﬁfa%tiﬁkat@mm §¥ebsth PhIoAUIChET7 6
having a counter 1Ton associated therewith that inparts a positive charge on
at 79 east acportei mm; @hdt he coated plurality of cellul ose nanofibers, and
wherein a 8 bjologically active netal is caused to precjpitate wth at
'eastOa porPITBIE MIRRPOEPESCHHGENE RAINBAITEE) FOWHPAL o 56 HEorbiie
strugture havipg.a nean flow path of less than about 1 11 micron. 1 37. A
process of making a filter medium conprising the steps of: 2 providing a
menbrane having a nean flow path of |less than about 1 mcron; 3 and 4
coating at |least a portiagn of the nepbrane with a m crohi ol ogi cal

i nt er dep8ion ASPreResE A iMkinga difter medivi cosmrsingihestensifer cept i on enhanci ng
agent , 6 c ri48i ioni.c .neta | t i soci at ed
2 hefen ¢ PIOHTY B sRefBrRChE HE Ehehl TP b M AneR Mkt 1 RRGBRTIC' 7
menbr @gne, andamdierein a biologically active netal is caused to precipitate
9 with at least a portion of the counter ion. 1 38. A process according to
cl ai mA37 wireating at feask aaporaen @bdbe mperobrapei Wik a microbiological interception

5 enhancing agent, the microbiological interception enhancing agent
6 comprising a cationic metal complex having a counter ion associated
7 therewith that imparts a positive charge on at least a portion of the
8 membrane, and wherein a biologically active metal is caused to precipitate
9 with at least a portion of the counter ion.

1 38. A process according to claim 37 wherein the step of coating comprises
treating at least a portion of the membrane with a cationic material having a counter
ion associated therewith to form a cationically charged membrane; exposing the
charged membrane to a biologically active metal salt ; and precipitating a

biologically-active metal complex with at least a portion of the counter ion
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associated with the cationic material on at least a portion of the membrane.

1 39. A process for making a filter medium comprising the steps of:
providing a plurality of nanofibers;
coating at least a portion of a surface of at least some of the plurality of said

nanofibers with a microbiological interception enhancing agent, the
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microbiological intercepting agent comprising a silver-amine-halide complex



2 treating at least a portion of the nenbrane with a cationic materi al
having a counter 3 ion associated therewith to forma cationically THAr et
menbr ane; exposing the 4 charged nenbrane to a biologically active netal
salt ; and precipitating a 5 biologically-active netal conplex with at

| east a portion of the counter ion 6 &gsociated with the cationic materi al
on at least a portion of the nenbrane. 1 39. A process for naking a filter
medi um conprising the steps of: 2 providing a plurality of nanofibers; 3
coating at least a portion of a surface of at |east sonme of the plurality of
sai d 64 nanof hBENg afeunter idncasserigtesigiheeawitht e megiumde high ghaigegengibnt , t he
5 m crobi ol ogical _intercepting agent conprisi a Si,lver-anm ne;halide

conpl éx 2 9 l\/ﬁ&gz60@é%cﬁg%awg'ﬁggagrgaﬁﬁg&mi ogrq)% ss[g?#(ﬁ’tseda rELe‘nyWief'T],aa

medi ug to hi 9B AbGCIIR ARR Mkl Ts Elifled tH?'r&SHiltﬁé Wit Sfeall’ £85@&bn!dfdRe 5000
Dal tons, and wherein a 8 biologically active netal Is caused to precipitate
with 8t | east caumer tanpandf the 9 counter ion; and 10 form ng a m croporous
structure having a nean flow path of | ess than_or abput, 11 0.6 m crons. 1
40. AQpr ocdQEMINEr2 FURTARGTRHS $tTUCEYreaving: R TBRH} f'ewn@atgrfef lgssethan gir-abput
providing an 6q§9ﬁ3%H§ prefilter conprising a materi al capabl e of renoving
3 charge-reducing cont'am nants froman influent, wherein the material is 4
i mmobi lized into a solid conposite block ; 5 providing a plurality of

nanofi bers; 6 coati ng at |east a portion of a surface of at |east sone of
t he pllur 4Pi t yAdprosessdor makingot filbersysigm soapHpiegdbe stlepgPEal i nt er cepti on

enhanci ng agent,. the 1 cr.obi @l .ogi ¢ LNt erc L ng agent . c rjisi.ng a

o1 ver- am Haohsind: R adisrbe 8RR I o PRI E8EM e BRI B T,
nedi um to hi gbh&ga;rg@cd@g;sedrﬁamﬂr@_n@smﬁmm g qpfibat, Weh&Bin gheahgterihhag 5000
Dal tons, and wherein a 11 biologically active nmetal is caused to

preci @i t at e wimmobilizedasto aselint composite bleek ;12 counter ion; and 13 forming a
m cropor ous struct urFurgﬁtgpgfl Si nﬁbér@;e plurality of nanofibers having a

providing a p nano

6 coating at least a portion of a surface of at least some of the plurality of said

7 nanofibers with a microbiological interception enhancing agent, the

8 microbiological intercepting agent comprising a silver-amine-halide complex

9 having a counter ion associated therewith, a medium to high charge density
10 and a molecular weight greater than 5000 Daltons, and wherein a
11 biologically active metal is caused to precipitate with at least a portion of the
12 counter ion; and
13 forming a microporous structure comprising the plurality of nanofibers having a
14 mean flow path of fess than or about 0.6 microns, wherein the microporous
15 structure is downstream from the adsorbent.

1 41. A process as in any one of claims 28,34, 35,36, 37,39, and 40 further
including the step of incorporating one or more ingredients to the filter medium
selected from the group consisting of activated carbon, activated alumina, zeolites,

diatomaceous earth, silicates, aluminosilicates, titanates, bone char, calcium
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hydroxyapatite, manganese oxides, iron oxides, magnesia, perlite, talc, polymeric



14 mean flow path of | ess than or about 0.6 microns, wherein the m'zropqrzg‘%s
15 structure is downstreamfromthe adsorbent. 1 41. A process as i ga‘ﬂﬂi e
of clainms 28,34, 35,36, 37,39, and 40 further 2 including the step of

i ncorporating one or nore ingredients to the filter medium 3 selected from
the group consisting of activated carbogg activated alum na, zeolites, 4

di at omaceous earth, silicates, alumnosilicates, titanates, bone char,
calcium 5 hydroxyapatite, nanganese oxides, iron oxides, nagnesia, perlite,
talc, polyneric 2 9 MAY 2006 59 6 particul ates, clay, iodated resins, ion
excharfge PREiGuies, @Ay nipdated Ja8ins ol ANRBEES resyng, HerdBics, and ZoMRIipatrsss as
in any, ope rggf clains 34,36, 39, and 40 wherein the step of 2 providing a

pl uralit3 BFhanof i ber s conprising formng a plurality of fibrillated 3
nanofi bers and formng the fibrillated |yocell nanofibers into the

m croporous 4 structure. 1 43. A process as in any one of clainms 34,35, and
36 whdr ei42. t hé\ pragesois doaariyngne f coaiprsi 34386, 30%eandmp avhdreimstheastpprafi on of
the plurality. of nanofibers with a cationi.c 3 nateri aving.a.counter ion
hosotid BOYiLiRed: BRIty rof RRBOThETS GreSIGe dRuPBEde Bl Bk OaPaiRER
exposiqng : r i | jij0 i Vi n@C L M e It 5 ;
and pr%cingﬁtsgltg%]ﬁgggpg?mbﬁgi gg% ﬁi&r@l@%%é%ﬁéﬂlabgggﬁr?ﬁrgxmw tt ¥a&“ﬁé§é‘i@g
porti@n afrutteee. 6 counter ion associated with the cationic nmaterial on at

| east a portion of the charged 7 fiber material. 1 44. A process as in any
one of clainms 34,35, and 36 wherein in the step of 2 coating, at |east a
portion of, th it i re tr i1 | QN G

mat er iqal qﬁ'avi 2‘98‘{5’%%%’]&% pérﬂyoﬁﬁé;g’gg%ﬁg? é:%’ &r\ gvm(?ﬂ@@(r)élp otﬁ%:ggebc(ﬁaroéte'agfi ber
mat er i2al comprisbertedatinghe leadti 0pbeiombetheaplurslits alfetdrfibersowithhe cationip
consisting of amnes, 5 amdes, quaternary ammoni um salts, imdes,
benzal3kormalefial drgydng @scountemioguasspaiated terewite Jodormpousadonigaliy rbarged her eof |

d nbi.. i .th f.. 45. A Dt i ) f clai 34, 35, d
S0 wher ot f¥beriat d g Stipe th' D FBET Rt RL I a b M oBRR R ey T S8 o
to a Iy ol agHGRbipitaetd ¥ BidBERAIIRAtlive mathRdnRdlBx With B RLAA Bartlon Ffakhbve

.metal is selected fromthe group consisting of silver,
6 counter ion associated with the cationic material on at least a portion of the charged

7 fiber material.

1 44. A process as in any one of claims 34,35, and 36 wherein in the step of
coating, at least a portion of the plurality of nanofibers are treated with a cationic
material having a counter ion associated therewith to form a charged fiber material,
wherein the cationic material is selected from the group consisting of amines,

amides, quaternary ammonium salts, imides, benzalkonium compounds,
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biguanides, pyrroles compounds, polymers thereof, and combinations thereof.

—

45. A process as in any one of claims 34,35, and 36 wherein in the step of
coating, the charged fiber material is exposed to a biologically active metal salt,
wherein the biologically active metal is selected from the group consisting of silver,

copper, zinc, cadmium, mercury, antimony, gold, aluminum, platinum, palladium,
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and combinations thereof.



4 copper, zinc, cadm um nmercury, antinony, gold, alumnum platinum
pal l adium 5 and conbinations thereof. Z 9 MAY 2006 60 1 46. A pr GckRNal A8
in any one of clains 34,35, and 36 wherein in the step of 2 coating, the
cationic metal conplex conprises a netal-am ne-halide conplex. 1 47. A
process as in any one of clains 34, 3560and 36 wherein in the step of 2
coating, the cationic netal conplex conprises a silver-am ne-halide conplex.
1 48. A process as in any one of clains 34,35, 36,37, 39, and 40 further

i ncludin 2 the step of providin prefllter ca abI [ enpvi ng

char gé- g@um AgPTOERaAs Harhy one p?ﬁ@laﬁ 3HBPuend gél\ﬁherpw hdhe rﬁqmeht

contagti .g&ai@*éeg%' @B%R?J Hw%%%v\h‘tbﬁé%&&m fiséts rré(t)zﬁ-a?@ﬂé-%aﬂa Bt one _of

cl ai ns & h T Re &t prOV| ngaplurallty of
nanofi bers, the nanofi bers are nade froma rraterial sel ected 3 fromthe
group consisting of polynmers, ion-exchange resins, glnee{ed resins, 4
cer ani cs47.cel Auprosess asayorny wosl of §|alll1l'<15 3g1| aks, aﬁﬁeBéIW eleimimtts stapt bat ed

al um S _activated i at rraceous earth,
ot vt et Ba I eaOg R el comele Cambesied Serpinbsyalde FEbie

conbi nati ons thereof 1 50. A process as in any one of clains 34 35, 36, 39,
and 40 wherein the step of 2 formng the mcroporous structure conprises a
vet | &i d4fr ocAgsocess ds yn laay dnesdftclaitisid 936, 3687089, drd d0Spdineriookiidings 1 51.
A process as in,any one of clains , 35, 36,39, and 40 wherein the step of

2 forfi n%et%) Rf BFRYiINE AP 'I'tﬁﬁt:ﬁﬁ"’g;‘[? ﬁzrﬁaegwsrﬁ!mﬁsfe&qfnbs FontyMinaats

ni cr opor r m the group
consi ot1 gy nRbEHR A AaGRE R Gl oPRhE R o IR LB e, | ot atomapeous
earth, silicates, alumnosili cat es, 5 titanat es bone char, cal cium

hydr oxyapat| te, manganese oxi des, iron_oxides, gnem a, perl ite, talc,

pol ymbr i #9.par AiREQFes @8 in@nyyong etiglaips P2si0hS4, -’r%nﬁf@x  avhgseinthe stgmaf
Cera”hcspro%ibqnggﬁuaﬂyaﬁ o{P% 0k ﬁar?ofM%st %%?rﬁagg‘frg)m5g.méa‘e|!@t ?ﬁeg'tegit eps of

renoving"mcro ogl Ot R hant S2Th conpri sing
3 from the group consisting of polymers, ion-exchange resins, engineered resins,

4 ceramics, cellulose, rayon, wool, silk, glass, metal, litanates activated alumina,
5 ceramics activated carbon, silica, zeolites, diatomaceous earth, activated bauxite,
6

fuller's earth, calcium hydroxyapatite, and combinations thereof.

1 50. A process as in any one of claims 34,35, 36,39, and 40 wherein the step of
2 forming the microporous structure comprises a wet laid process, a dry laid melt

3 blown, or dry laid spun-bonding.

1 51. A process as in any one of claims 34,35, 36,39, and 40 wherein the step of
forming the microporous structure includes incorporating into the microporous
structure one or more ingredients selected from the group consisting of activated
carbon, activated alumina, zeolites, diatomaceous earth, silicates, aluminosilicates,
titanates, bone char, calcium hydroxyapatite, manganese oxides, iron oxides,

magnesia, perlite, talc, polymeric particulates, clay, iodated resins, ion exchange

e B« AR ¥ ) B O VL I

resins, ceramics, and combinations thereof.



3 providing a filter nmedium having a m croporous structure having azg:i”@‘nq
flow 4 path of | ess than about 1 mcron, the m croporous structure "ﬁ'@j]E'
coated on 5 at least a portion thereof a mcrobiological interception
enhanci ng agent 6 conprising a cationic netal conplex wherein said cationic
material has a 7 counter ion associaté&d therewith, a nediumto high charge
density and a 8 nol ecul ar wei ght greater than about 5000 Daltons, and
wherein a 9 biologically active netal is caused to precipitate with at

| east _a rtign of, the, 10 counter ion; .11 contacting.the,fluid to.the

Tt el megt umir BRGChat EOYaR oo OB EER ST AT 1 ol G SEE | east
about 56 G ‘%d(yfcti on of mcrobiological contam nants 13 smaller than the
mean ?I ow path of the filter nmediumthat pass through the 14 filter nedium
1 53. 3A netgioddagcarfiliengnédiual Aavingz wietoporodsharsitere ledvipg avindandloav fil ter
2 medi um conprises providing a filter medium wherein the m croporous
strucfure 3 patwmfilesdhan gbavta]l migross theamigroperasstigRture aving«oaiesk @hor ous

t h 4 1l t f.lesst 0.6. mcr. . 54, A
oot hod nccor dralh 3 pariarotheRs a i REBIET RSk bntar? ep Mg rageht 5
nedi ug conpri g&HpRERK aﬂicagoﬁ_cfhlefafrco Fwww@ernemdt&@iom@m@m%s% ructure

3 conprises a plurality of fibrillate yocel | nanofibers such that the
m cropor ous dowtteudtruraesdeiated therawith, avmeaiidmoto highscharge depeity add6a

' .1 55. A nethod . di t | aim5 in the st f. i di
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us
structure has a nean flow p t han about 0.6 mcrons. 2% MAY
2006162 1 56. céuntet loogd according to claim52 wherein in the step of
providing a filter 2 ium the m cfobiplogical interception enhangcing
agent i s~ cGRNEAFUBR tbﬁém‘g toritee Gilsr '%‘f‘r%&t&%‘?aée'bgbaf‘rg%ﬂqtnzgs%ﬁonfjéia%'?‘fa
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forma charged m croporous structure; exposing the cationically charged
m cr @por ous sirmblédruthan tthe anddroflogi pathlof thetflliee mediam #adttpass through the

14 filter medium.

1 53. A method according to claim 52 wherein the step of providing a filter
medium comprises providing a filter medium wherein the microporous structure

comprises a plurality of nanofibers such that the microporous structure has a mean

WM

flow path of less than about 0.6. microns.

—

54. A method according to claim 52 wherein the step of providing a filter
medium comprises providing a filter medium wherein the microporous structure

comprises a plurality of fibrillated lyocell nanofibers such that the microporous
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structure has a mean flow path of less than about 0.6 microns.

1 55. A method according to claim 52 wherein the step of providing a filter
medium comprises providing a filter medium wherein the microporous structure

comprises a membrane such that the microporous structure has a mean flow path of
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less than about 0.6 microns.



6 and precipitating biologically-active netal with at |least a portion of a
counter ion 7 associated with the quaternary ammoniumsalt on at |east a
portion of the 8 microporous structure. 1 57 A nethod according toZd ¥hindlé
wherein in the step of providing a filter 2 medium the m crobiol ogical

i nterception enhanci ng agent conprises @ cationic 3 polynmer having a medi um
to high charge density and a nol ecul ar wei ght of about 4 400,000 Daltons,
and a biologically-active netal is precipitated with at least a 5 portion
of the counter ion associated with the cationic polynmer. 1 58. A
gravity-flow filtration systemfor treating, storing, and dispensing fluids
2 COMAI I $NG: 3 riethbd SecoRGE YO Idail's2NBhEIeNY i theLiteh P RBvidind arfiter: a
filter rumin fluid 4 communication with said first reservoir, said
filter2 medddiomeother msucmj)lajogﬁzain ioterpeptaws esthancingr egent his acoateth énl avepat h of
| ess than about 1 micron, 6 and wherein said filter nmediumis so treated as
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58 wherein said filter 2 mediumhas a volune of |ess than about 500 cnB and
has am® i ﬁndimecrplt@ung b!@osmallﬁagm\e&amaltwah et wBorigtnPhatceuntergonay 2006
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dr awi 39S midrdpbrods dthlct@e. medi um according to any one of claims 1 to 18 as
described herein 2 in any of the exanples. 1 62. Afilter systemas in any
of clains 19 to 27 or 58 to 59 substantlally 2 described herein with
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of clainms 28 t
3 polymer havmg a medium to high charge density and a molecular weight of about

4 400,000 Daltons, and a biologically-active metal is precipitated with at least a

5 portion of the counter ion associated with the cationic polymer.

—

58. A gravity-flow filtration system for treating, storing, and dispensing fluids
comprising:

a first reservoir for holding a fluid to be filtered ; a filter medium in fluid
communication with said first reservoir, said filter medium comprising a
microporous structure with a mean flow path of less than about 1 micron,
and wherein said filter medium is so treated as to provide at least about 4 log
reduction of microbiological contaminants smalier than the mean flow path

of said filter medium; and a second reservoir in fluid communication with
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said filter medium for collecting a filtered fluid.

1 59. The gravity-flow filtration system according to claim 58 wherein said filter

2  medium has a volume of less than about 500 cm3 and has an initial flow rate of

[SS]

greater than about 25 ml/minute.



1 65. A nethod of renoving mcrobiological contam nants in a fluid as in any
one 2 of clains 52 to 57. 7 5 MAY 2006
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1 60. A filter medium as in one of claims 1 to 18 as substantially described herein

2 with reference to and/or illustrated in the accompanying drawings.

1 61. A filter medium according to any one of claims 1 to 18 as described herein

2  in any of the examples.

1 62. A filter system as in any of claims 19 to 27 or 58 to 59 substantially

2 described herein with reference to and/or illustrated in the accompanying drawings.

1 63. Afilter system as in any of claims 19 to 27 or 58 to 59 as described herein in

2 any of the examples.

1 64. A process of making a filter medium as in any one of ciaims 28 to 51.

1 65. A method of removing microbiological contaminants in a fluid as in any one

2 ofclaims 52 to 57.



