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WD 2004/ 098753 PCT/ US2004/ 007822 DESCRI PTI ON
FI LTERI NG DEVI CE | NCORPORATI NG NANCPARTI CLES 5

W BOHWEZA3. FI ELD This invention relates to a fPCT/@82004007822

devi ce for renoving biological contam nants such as

bacteria, fungi, V|rusesg_%zgg@ﬁ§bﬂg from nonaqueous

flui ds. BACKGROUND ART 18E f patents exist

wi t h devi ces enpl oyi ng both hydrophobi c and

hydr Opg@{lﬁ%mh%ﬁwéﬁ'lmﬁémﬁ% NANOPARTICLES
an app

6, 375, copendi ng pat ent Icatiron serial no.

10/ 128,367, filed on April 22, 2002, are notable

ROHINESAL FlELDer nore, United States patent

appl i cation 20020035032 publ i shed on March, 21, 2002,

di scl desineTtign rglafagdo adierag devies for ssperang hindegical cantaminants

%ﬁél?%oﬁrar%h e?l}’?ldfrl)lg%g virl&H oagg]rtf)klﬁé m)nogig RusARidee used in

er or ets troylng bacteri a,
fungi, viruses, acid toxins. According to that patent
&ﬂ@&KCﬁKN@NDIQR@ferred met al oxi des and hydroxi des
i ncl ude AgO .SrQ,_ BaO CaO _Ti 02, ZrQ2,

FeO, \é*zcmlm chf pW@sﬁXlatem daeMCEf cayplyying Jodh hgflypphobic and

é@?&q@%@ﬁ%}%&%&t {# a%ﬁt%!o @3652?89@ B‘?%%p?ﬁh&% patent application

Zap2] 0/A28], 86, filechoh A‘pmt 22, égoz kaes nathble Ekanples.

o D Eakthen oy B *slhS PRER Pintieiono 2OBPS0E ublished on
MiLROES 2608 R’ 104k4 el bRRIE aﬁ@)me%al &ﬁ&@kry@ealsd@so termed

different fromthe first netal oxi de and sel ec¢t ed
f“pemapexticirss) @flncrhecaal be yegdeint b Hrmmftprevdgr onppellets for destroying

f. Ti Ni .. , Al ..

EPBRE hlld, Vbt b8 PRop capecbreiphio s el RptigdfPag preferred

ShtAL @ﬁdésfhﬁﬂeh}&ied)ﬁ@éseﬁcﬁlﬂ@ MO)eCAl0 W (s 310, BaOn g:a@f T102, 71O,
%Jr 3)2, Ce(NO3) 3, and mi xtures. t her eof

¥aQsd oo MihPh Fez 305195 CoOatBleOni $i92aZ06% Ang)e Mg(OH)z,

F‘&?ﬁ% TRE2US(30S, SBROAN,HOKR, (oA NiQHy, Cowom,

oA A WOH) pemdrmexoirese@bHNs St abi I i zed on the
surfaces of partlculate q;tal oXi, ch reactive
at ons 21k 2BpiGeErR Ardicaien es o %Pﬁ?%%"{l‘h@r can have at

MElsth R¥idPof ARR! églfrfaB@s %keqev?ltﬁreﬁhéreg %tsggorfdr ﬁgiai Bfide different

gr oup “consi sti ng
T2 theZfiGP meIFEEl©,de¢220@ sel¢2@8, frdvin b@Bi,es Bt ﬁ@:E‘ls Ml&ted ﬁuﬂ, the group

SPBTSnaR 1 Ve Gl Do Hin oAb K% st M E8iniruies theaeot or )

qﬁaaumlﬁ%_& ksdh mh@g‘e RLRA SN ﬁﬁ%rﬁrp@mlsisuﬂ%bﬁbﬁmdm Ce(NO;)s,
(gens are the reactive atons elng stabilized on

AgNQur dnglc sxtytest therephir tihot peeferrdde embodimentinlibe is jcoated with a
mixture of cerium nitrate and copper nitrate to form [Ce(NO3)3--Cu(NO3),] TiO,.

Another embodiment of that application has reactive atoms stabilized on the
surfaces of particulate metal oxides; such reactive atoms are different from the atoms
forming the metal oxide. Again the oxides are selected from the group consisting of
MgO, CeO,, AgO, SrO, BaO, CaO, TiO,, ZrO,, FeO, V,03, V2,05, Mn,0s, Fe,03, NiO,
CuO, Al,03, Si0,, Zn0O, Ag,0, and mixtures thereof. Preferably, the reactive atoms are
selected from the group consisting of halogens and Group I metals. When halogens are

the reactive atoms being stabilized on the surfaces of the particles, the atoms can be
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WD 2004/ 098753 PCT/ US2004/ 007822 atons of the sane
hal ogen, e.g., only chlorine atonms, or m xtures of

wateaw9soss di fferent  hal ogens, e.g., chlorine BemuUS2004/007822

br om ne atons. And a final enbodi nent of that

application h articul ate. netal oxides. havin .
SR Bhs PR ARG P i LR MO8 THCBPHGLp S pf different
BHBLAEES ¢ Obhiblife RS Bonfd flgms. 5 Once more the ox des
are-sefl e€fed fromthe group consisting of MyO, Ce2,

AgO, dmda fBabembadimenit Of thay apysicatierChas\prgticulaje psstal oxides having

A120 2
et GGeERLPabt Meppl o ke 2p BF Shupe el o Ml oxice
$51c8 Glopslttlrok ek At sewcwdm@ﬂ&&,l @b eorefstiax bﬂM{gO?fCeGZ OAIO, SrO,
V el enents, oxides of G oup el enents, and

Brat, ePediQu Zfds Fep. %Qu ;yzosaMazQa, FeiQenkid O ARp Si0z, Zn0,

nd Y- Sg
075 pRRSCHBNIbY sty YECABOAASRBLERk: sl fom
gl aseitihhef vaRleslof Mhp GJ e].em&ﬁtsl ekigles aﬁ Grou Vil edsnents, and
of fine-particle or _nangpartjcle iron |de§ nd/ or
OZORE- chy‘q%grmi gxidgpet @@upe\fawfs b@?ﬁﬁ?‘éﬁf@% ﬁﬁ?atrespecﬂvely
t hrou |
el AR L B anbmuR s PILALSBh 1, 200
fdhslclcﬁest}muse ad partivts, pebiéts,rand gramd@mdjﬁm@parhele\mtmnopamcle iron

gas pur fication it used in a ers for 15

RRckiss AC/ah Hak |°F£‘deé°’ea‘??pf8r¥8’ﬂf"ée BolERAig th§ §ps fgqueh which a fluid
sl 4 wal® poAREA the Bkl Q86din K BOMatl Sraertitel-floRilters or
ot her phosphor us, arsenic, antinony, sufur, selenium

tadbdrber Qsl)ﬂumns:qlaaddedamdwhw@amy Ma@pug@ﬁ@mm@gs wyed\im gdsorbers for
SRS TGS S5eB ey Pyt S, oo, arffbarogen

A heAEThS WRE LNothenpisssph@uSCiredie  anit@niearfu) g;eleiiﬁlnﬁr’tdllunum
Téchnol o%y of the Commttee on Technaql ogy for th

Nareneand hepiyemetel eqrapounds Fhypdeg gaschuFepss Ygb Py EioHGL:s, SO,
Nat.i t I nitiat the Initiat
gﬁgllft?%caflm%eed F&gwgy nitiative: e Initiative

enen on Plan as a detail ed techni cal
r epor trigdo G dingg 2002 hihe fﬂilbc&ﬁﬁﬂﬁt&lmni[\hhoﬁahofﬁmeﬁce Ehgineering

President’'s FY 2003 Bud This report, qn es 66,
ond obiards iob ooy Leemoey’ el RNEGR cdpicnce and
bfe%hﬁ(% rri glg{igpﬁﬁ?sﬂb& dle NM%L %%ie@/?ﬁdl&}ﬁzslmﬁcﬁwvﬁhe Initiative

toxic c y a process t remal ns essenti al |
aaiNls  Ingdbmeltatipn Plive asnat @tmtdd tesbpioals ir¢rost fasgociated with the

ﬁw%f%?%o” 5 T ot 20hEbhastt Ffis K807 0n pages 66 and

apLaguat es netal oxides, such as, copper, zinc,
bedenum and silver, into the Iarger por es of t he
car borf‘GaSnn@k\féteyS nesd|in gplear, B@l@@al vadecheaagab @NB(C3 applications

r egl ‘tarfoxw%él%gﬁ% gﬁg rgep%%cregg] ' 111%”35&?1%% ?V?Vﬁmetcﬂ?ology The

€ new o unrties

hi gterislueipRasibRI fBACkREs 04 b@péxﬁﬁgaa PEhmEaNis efrwchhﬁéd phrbyh Hepregnated
new nol ecul ar tenpl ating techni ques that can augnent

tuséngo enWhetjerite method that impregnates metal oxides, such “as, copper, zinc,
molybdenum, and silver, into the larger pores of the carbon. In a very real sense
activated carbon is replete with nanopores ranging from about 0.5 nm to 500 nm.
Nanoscience can provide new opportunities for high surface area adsorbents and can
further provide new molecular templating techniques that can augment the bonding

strength. Optimized in another way, nanoporous materials can assist in the separation
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strength. Optim zed in another way, nanoporous
materials can assist in the separation 2 WO

wQe@0P8¥53 PCT/ US2004/ 007822 technol ogi es nECEESAENY007822

to geonetrically block the mgration of agents through

use of a nmenbrane. "Collectiv rot.ect.i on.syste and

aﬁqan@pgﬁ%e%qew&r%gqﬂn}?glqaﬁgm ﬁ@ iR F 2Pty Biruieh use of a
to renove agents. High-efficiency particulate

arresti ng (HEPA) filters 5 can be effective against
parti 6Gbldi¢oesr¢ reetectiarheystingd eyl ead prajgétive elpthingnfigguenty utilize

as aerosols c filtere ut. b
PhaRadaet: o Goetton e ey S G s U fites
RBATHE @ﬂé‘c‘hv@‘a@ﬁhsﬂﬁlﬁ%lﬂaﬁ@ss Qvdr fht BidlogvAnoRME ehat might be dispersed
effective, and mg i ncl ude catal yti c degraders as

we herosoloprdd be ﬁlteéeqo«pléctédeE@A hdwesse of nguefybes; sanpdilapgents, and
21%12(? b | éllexgligatngg trg%'hf ukﬁc%\’\ﬁ]lege filh Q\‘?e C?’H)?Qle?feg{we and might

, Viruses,

@&D\hdmta!lﬁft d@gtdalersfh)éewegmphobl c or hydr oph| lic filters.
Nor, alt houg@ the article seens to suggest us glef
nanopmﬂf Preerdings howevery %gé?%%‘f@ganwwer@ﬁ e it own to

Ibn d!: g:%l% f‘%’é&&@%&ng cEaRk b‘PlEh W G huseB 2RP PRk Cine%e)nﬁ&non with
recedi ng see

to suggest ‘coati ng any type
fhlyﬂlto@holw: toln hytsuphiiar filterk.e Norpbldimiugh theadisée saauiseto suggest using

fr’ﬁ%'? BERAeS Ny ot Cle e e thph Bricn ez spogtipe carbon with
& egbaw&oacfot hied %?ece@k@%%uﬁﬁ s% odsNVENI Oy N§pe of filter with

invention, In a first endodi ment, conmbines an
trmp@aﬁﬂclmnp}aamgl cheopattitdt  pdlelnadjacens tie @@paﬂ’yp@ @f ilter, or

destroyin er i vir ses or._t ox

gy Rl A et ol S E e or

The nanoparticles can be in the formof either a

qﬁggli s‘?{) REOENBENTIEN a powder is enployed, the

hydrophobi c or hydrophilic filter is, using any

t echn mmqmshat inventiompima first etbodiment, evmbises @maw@l oppanoparticle

6#}?[ nat e céambg oggl%%\%gqy&n%l?a 631{?5{8’5‘% lxll'lr(l:ls %an%sv%th one or

I'é'h‘f‘yﬁro%ﬁolﬁﬂ ofhedbpst &ltbs. charge of a gi ven
polarity; and the nanoparticles are, using

t echni H@eaanmrtwlgs oel e 1R T of eflaer @rnowdsr Qrefhp%llet
SP atr % %Ih%g)gwﬁl e g)ro%{eﬁ,r%e hﬁﬁﬁpﬁgb& Br flf&ﬁo%lgﬁ@ ﬁitla-rol@ using any

ectrica ucti
| tBchiuRthdtdd ensxapirthe hitt esithbycdatea o‘m‘iﬁpte(gaaitemm thcapowder

S‘&EL ek e s B B Eler caries

e
techmqueathdit iAReNtkROXA i drerant, @tvienaschaige of oppesite @onmty, either in the
Ccr}ge{t%%%f ghe na%oge}t\{imle or through electrical induction.

In an article copyrighted by the American Chemical Society (Langmuir 2002,
18, 6679-6686) and entitled “Metal Oxide Nanoparticles as Bactericidal Agents” Peter
K. Stoimenov, Rosalyn L. Klinger, George L. Marchin, and Kenneth J. Klabunde, for
example, explain “. . . all AP-MgO/X, formulations are positively charged (27.0 mV
(AP-MgO/Br,), 33.0 mV (AP-MgO/CL,), and 35.2 mV (AP-MgO) at 0.01 ionic strength
NaCl).” (According to that article, “AP” indicates that the nanoparticle has been

prepared through an aerogel procedure.)
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(AP-MgQ' Br2), 33.0 nmv (AP-MgQ Cl12), and 35.2 v
(AP-MgO at 0.01 ionic strength Nad)." (According to

wao baw/ogg763 cl e, "AP" indicates that the nanoparPCTUS200&607822

been prepared through an aerogel procedure.) 3 WO

2004/ 098753, PCT/ US2(004/ 00782 Wien pellets are .
utii | i Yehen Rsliels e PP@%%{; a Rﬂ%ﬁ@@&e alﬁcai adipSang iy hydrophobic or
tﬁ%ﬂg‘bﬁl:ﬁpf? Biiifer Ofndh YW AR ikif tifd Eﬂt@l{ 288 donthRB8 LKinWint Bncasement

ter, are contained within an encasenent having
aavihg beinletradd an ootiet et . Preferably one or nore

hydrophaqbic filters are utilized in serial fluid. 5 . .
com’ruﬁfeggtaﬁ n %Ft i oHEo ﬁyﬁ&?ﬁpé&ﬁ@ oilﬁlléeﬂ?ﬂ ‘?rlecuﬁl%etde ¢4 serial fluid
THSnRARARSE Withl heCOdhbRthydfophiie: fiR&k. athe Mhoparticle coating or the
nanoparticles can be placed on either the upstream or

phidetsl ofwanopertinies icaie be placethgn either e ynstream i thsplaypisteyp side of

hyd hilic fid T ' '
A REBL LR M o L Gl SR R i an
QNE eIy 4t Bl ahd a6 atler whethbasne peinbet Sltadjiacemndd or has

to such filter or_filters. 10 If the pellets are
pebeteadiaeenhtossugh fiter of fliqrs.er  whi ch has no other filter

faci nge ik, (s e UMM Wit §aPRb bRTesS filtSy facing it
necesgfa{rh)t?.pepﬁggﬁeem?gﬁo%? S%c%gﬁ{povlvderr ulseglat o coat the &'
fsbint @ricafs &srnentdimiag teepaligtsi inpeegseay.e dn ihet @st hethe powder used to

FoRt B lseIfegie i beiae GPBRERAR B 0 HUBDT hEORRBen peans i

t el g)i‘réﬁtabfeQJependi ng upon 15 which is closer to the
nanog rticles) of the encasenent consist of one or

nor e dpe theupaiets, aisi mgferableatoi mymthl indetstrohe ohBet (dgpending upon

5 et R TRP: SRl o v s

HE®nb AmAARnd figheRSIOR Efat isdadsttha 88 nhhiinuna diieereivaudihe pellets.
not to inpede the flow, of a gas substantially

pr ef erEabltie powdso ceatiniez @ membrangdaviag a porg aize smelies thasythe powder

si ze.of. the hydronhghi g . AN il

O hd T B RSP e 0 PR ey Bty preferably o
kO $Ee d Qedshlagtlarge asUthb @ord siep @ff dhegydiopbobivir dydiaphilic filter
closer to the nanoparti clés). Such, a msn‘ﬁra e m .
diarvingahe ympllest gew Sifreis PRETANHPBTHbLATRSShe Hﬁﬁr%pﬁ%ﬂ?‘i (depending
fil -11S: ff s noparticles, although

t |Oé%?h§éﬁlgtc%éﬁ%?g% ﬁ%omlgl.eg)?n further enbodi nents, _
t he pr$ashni membemeinay sitilaily bs usédhwhpemthe Iyfdrehebicas hydrophilic
hydr ophobi ¢ or. hydrophilic filter, a filter o n

i DG i o ARG i nht SppRly 3 of

| mpr egpate Ry WekBodigRaRarhE ChEfent GaVRAMdIn BRIKS, in place of the
DESCRI PTION OF DRAWNGS FIG 1 portrays, in a cutav\ga?/ )
Vviiyeingphobicapduytliophiis i scBlter of enp tipelof &nowpiidiepmatesial except, in

the case of impregnation with nanoparticles, carbon.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 portrays, in a cutaway view, nanoparticles adjacent to a filter, where the
size and number of the nanoparticles has been varied for purposes of illustration.

FIG. 2 illustrates, in a cutaway view, a filter coated with nanoparticles, where
the thickness of the coating has been exaggerated for purposes of illustration.

FIG. 3 shows, in a cutaway view, a filter impregnated with nanoparticles, where

the size and number of the nanoparticles has been varied for purposes of illustration.
4
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nanoparticles, where the thickness of the coating has

been exa rat ed for purpases of illustration 3 ..
o hons 1O Gty B £ 4n anspsepien) BAE Bincppigles adjacent
%Q&P@EM& &wo ﬂ’l‘fé?é’ ewhetre‘ﬁlesélieealﬁf‘ﬁlurﬁb’émfth@fnah&%rncles has been

nanoparti cl es has been varied for purposes of
ivhtiedsfor atuiposes of iNGt200m/ 098753 PCT/ US2004/ 007822 FI G

4 depigcts,.in cut an encas nt havin \
nanop Ig ?‘%1 i’ °‘§‘8}”§% gﬁ'\% bona#oanbeé’tce\%glr? n fg\%’”f‘% PRePet Affcles adjacent
wher@id %dsde%\@ee'ﬁnﬂﬁe Tt &hd Gh ihike of @ﬁ&&ﬂfaﬁétﬁérﬁ,swha‘é_the size and
been varied furposes of illustration. FIG 5 is a

cutrhwegf the nzmpamc hapbecaryvagng ﬁgwefmsemilﬁﬁraﬁon

nanop l e c lte

fil teﬁéh% ?Rre%glbtgt ﬁlnf‘l (flﬁa&a nglggen%ln \I\ﬂgl‘ e ﬁ{é h%pamdes
RB&ingHeBREe offa file Wik paclbiet ltem fh@Sotbﬁeiide/ af a@dothexr ﬁlter to an
purposes of illustration. FIG 6 rlepr esents,

dulebohipevansasement, avecss EirethickAei ¢ hn sARHRE iscpegn exaggerated for
%ﬂﬁ&os@@oﬁﬁﬁs lidg of a filter which is closer than any

er si any other filter to an inlet of the
encas@ient, is whartawiheiewhof kmesssarherttHevigas ifiltgr rapregnated with

been exaggeratedfor 0S i |lustration. .
PrRpDaiG s wlas@ Qi 0], BITER Eib8 bt g g Dgen veried for
1;{;“(}]15 @hed with nanoparticles, where the size

er o the nanoparticl es has been varied for
purposes of illustration. 15 MODES FOR CARRYI NG OQUT
TV DIESVEDRICAR RY INGIoUT SHE BYYENTT@Nnunber of type of
nanoparticl es abl e of

k tob
Gaotr ohi HEcwaed ahoth. S BOTS! i et TABPHERIRG) affdmovn to be

ﬁac’cﬁé‘toﬂ 8 Sfin%n ba&éﬁg" 88, AMséy RY RIxiUCMThe present invention
opartlc one or nore filters SZ) In a

faomiimqs rahp ¢y et smibmjnopa‘twles 6N ovith one aEnmre filtegsr(y)-t ype

ggpggﬁOpa Iﬂgllgtﬁl}cg%?ﬁigneb&gﬁ{l%t, ovx%rﬂ}a{gl ?(ﬁ\e“ ,l;gr%é\g}qate otbﬁanoparticle

tRXERT1) ﬂl&?&%%@ﬁiﬁ% bk @aphbld d)ﬂc%@tr&ﬁhg Whdtbyid) faﬂigl v1ruses or toxins
encasenent havi ng an inl et e and an outl et

Gire edjascsit fo at ﬁ t@lh@) walhpay eicesemepi(3) bpying a H&?fe(%@td/@ewﬂ et (5)-

t | et.

L 5 .S ) BT i e e
Eﬂdﬁ’? Iﬁé‘%{ﬁm&ﬁ @it tol d@n’ialri]letmrriandifﬂlytub&‘pdimi (:it))e d\ny sugh means known
referably, however e Qne or nore apertures .
vifti the arp eladobﬁp?mglew% Prefrahlys heyvergte Hletfgwréﬂ?rﬁf%ﬁl)ﬂws (6) which
C(!O?]i’ﬁ‘lsg d 1p0ah) géc?ﬁgﬁ% %rln&gl)nuﬁp&t)sé L &clibid dnhélﬁi’bnt d?’? that is less

I mensi on the nanoparticle pellets
Slhml itl&r inymnmhednmdmmnr(ﬁh of)ﬂretnanbmrpelblmﬂsts (). Snmlarly, when the

g%n\gef)grﬁc ehpeell(e)tust gl?tare( EgtW%QI(lj tﬁehgutfet (g an(f a?e ﬁltter (5?, tﬁgre must be a
containment means, which preferably comprises having the one or more apertures (9)
which comprise the outlet (5) each have a maximum dimension (10) that is less than the
minimum dimension (8) of the nanoparticle pellets (1). Preferably, the nanoparticle
pellets (1) are between the inlet (4) and the filter (2).

Preferably, the filter (2) has an electrical charge that is the same as the electrical

charge of at least one target particle, wherein the term “target particle,” as used herein,
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cont ai nment neans, which preferably conprises having
the one or nore apertures (9) which conprise the

wWoeike876H) each have a maxi num di mensi on ( 10)PCTHES2004007822

| ess than the 30 m ni mum di nension (8) of the

nanoparticle pellets (1). .Preferabl the opartlc
pernsihg bagiy uRHOTIRBY REEN WiHeR e () is dRiGndsaOrsRFibgs. stch as a
Eﬁc)t freferably, the filter (2) has an electrical

arge that is the same as the electrical charge of
at | eélptlomﬂbf tthar flser @it hydrepholkrer bi anoties opipmal embogdisnent, the

used herein, 5 WD 2004/098753
%%‘W@%?g 41?%”/]8022 means the basic unit of any entity

whi ch ot B&ohil | JrBicigal emibddintting a}tea BXBI®dE, ¢ c@% flter (2)
bacterium Optionally, the fi &E% i s hydrophobi c.

koatedon Iaelreasip%t fiesh aide éilraomﬂmmowd@h foff ppe ityp@zqf nagoparticles (1)

B o, R b b SR Db R P Bt aioing. o,
at | e@%feﬁbfy', coitirgl dectdplished by hapogdas fﬂtkﬂp)afar@mn electrical
type of nanoparticles (1), .that are knovvn

chpapiteatds oppetiiedyi Mgelpritiea chargefaariifd wh%%aéepar&fﬂes (1) in the
r

B 125 8581 AR 18 (o7 DAERPURLEENSAE B0 02 same o

@mpﬂanﬁeﬂhthBOEMHewnbnatugmpmgehcarr|ed by the

| h wd
D1 o SestPreRbIS i drieg) Shalieniy: Bieciths S gy gaposie to an
eﬂe%{néafcﬁa?ge @e@ﬁ@d ?yzthetﬂaﬁoﬁa!rﬁﬂésr 1§ ﬁ{ the BR8r Gl@% ahd ih@ agihe as the

one target - partic Most™ preferably, "an el ectri cal
chatripal drargehef dtiléaseone(t2jget partide. thlp@@mpﬂ% tlueonaaanpartlcle (1) can be

eIe arrie he na opar.ticl es
eSO Be RRFEGS! e et STEF SBREL P CBr Bkl above.
ﬁ;osﬁt/elly%ﬁgeﬁ NerHe 12 {(2)Pig ihdnClefoctddab HaxaaRlegativenectrical charge,
anoparticle (1) can be 15 AP-MyQ' Br2, AP-MyO' C 2, or

Azﬂnulg Ofragls theypositinelsncherged nagopastielentldd Sisevaccording to pages 6681
ﬁg@ fé%ﬁ%g} ﬁlpxsr od mu Tha?ucl qﬁcﬁéd &l?()ve' &t I?ﬁ@ ass%lf“%t?&shgd fact in

YAea attracts t
RRS ultdrytafey% hagrea@cmnenoar B RS ‘éalh) dersv[ex;é{ @.c,‘ (Hmndﬁey,gP S. in
to pages 6 t hrough 6682 in t he angnui r
Rlosicd émetry of Biologiaal Igiesogess |3sGHBD PN 52@1 Tidgs Mercel
t 1 [
2 d%%i ?\f’eﬂ "f’r&ﬁ;, %g'gfr)]g F%?%%%@%ﬁl chéﬁlgg‘]of tth@§ctcf1% and’ 8pbre cells at

Physi ca
(B‘ielﬁ‘gﬁ:hlrpﬂ ohluBs i meghitad, beaisr bithe sxcdds sulber, of Zarboxylic and other

Nor de, Eds. ; Marcel ker: New York, .2Q0 t hat, .
tgxeumwhlahup@wﬁ@c fic ek gla gsl] Suc RT ch411§ 4 this most
Séfgfeﬁgﬁ SRlgtioh, 1‘11@|elé%§10'a§cH&?§36f‘tH@ﬁthq9§téﬁ§s &f repél@he bacteria while

cess numper of carboxylic and other” groups which
umyrbadiesia dbitato mach ik eotting wabpartilefparalen €pattendeto be attracted to

T int erred sit t he

eqnglélteﬁt?%yffi%é’ g B%S“E)‘fé%f ﬁ@‘ dlriagppa(r%alee @%ds to repel the

bact er A gaihéptRndfy, atﬁé’ REIBIdad Hel@dréihobRAahd, tdpemnany, it can be

coat i ng nanopartlc e powder (12) tend to be attracted

t lyydrophilic. An example of a commercially available hydrophobic ﬂlter is that sold
under the trademarked name FILTRETE by the 3M company of St. Paul, Minnesota.
And an example of a commercially available hydrophilic filter is that sold under the
name Heat and Moisture Exchange Media also by the 3M company of St. Paul,

Minnesota.
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and destroyed by the positively charged nanoparticles
(1). Again, optionally, the filter (2) can be

whyanopstebi c; and, optionally, it can be hydre@hib2004/007822

An exanpl e of a commercially availabl e hydrophobic

filt t hat d th ked

i s She 5D e CRSERY KR 8Ren o paving o
ﬁ‘ﬂeﬁ (@? afrd "’AH'FHu?leP S)a I@r@fﬁ%‘lf'tﬁé Ie¥stayd {1@?"0@ thy dren() ik @irected

Is that sol’'d under name Mbi st ur e

fovcind Hpeinvb (U eand| assseconyd $1&@(]§Moédmﬁltﬁ] (¥ 1s$hlectpdlg<pward the outlet
ta, W0 ,.2004/ 09875 S, 07 .
Egﬁ? rﬁfgp‘l%?rg?lﬁelfﬁ $qaks ﬁ% % algi@q iﬁ'ﬁ%}%\héﬁ%ndﬁgﬁéa toward the

REN i) (4N AVdoEred byl dineinblad} (B4 ChaitthgOutporetsi z(efs)n ller th
%gggg}reabl yf |’1(6pr rst eSI ye (112 of (?ﬂelfl Ig%% 1 Arer fhan

d;er mpp?culcle@\ﬁ/b} Bty ln@md ayioagh pah fogisepede docc BAY o %agaS( atévftantlally,
t I
%Haéergfléff Iepé%lr s&éz)a% ie%stc%saﬁg%egs glgvi@d'f% s1228, fot;ﬁE fﬁ{ (Q)B) Similarly,

bidtrary( %f)a bsateli siee gng aoyaf dnxgtmer 52) izlc,’eitﬁct(ed)towmlcthe outlet (5),
i nl et i's covere a menbrane avi n

§¢1021e01§ |(Phis epgred Pre WSWB’&&H e E%Vnea)a e Sy S@Tga?ler than the
pF e‘#ﬁu [acbe%t (13%1!1‘[“18 CelddiBh 1+0@Vi’0 Oﬂngf%d? ARe TR LARL A bibstantially,

ore 5ize east arge as the pore
pteferablfy atfﬁﬁ:e f;]lzb teleast 29 lar@ amth@pcbry sizepf ﬁfeetﬂmn 3, if a

coat ed si e (11), 13 f th ter .(2) .is irect d
t owar oUitpkle p@gax%: 14?Sﬂ8h$eﬂ)’@? etW?téi)lI)lg Vgl}ee df%[)yexample
QOM&QT’F a(zéﬂal)lé‘ﬁ%inn&t}ﬁ:r RIRY 8V bd@paiibs Sf. FdﬁﬁMrﬁﬁscﬂtQ or the

nanoparticles (1) | arge enough not to |npede t he
Nanwlocﬁmpargmfmmost@bs;@ﬂifymla prefer abI y a pore size

SU| taﬁf%tés ﬁ%ﬁ;{?? E(lc%nelé %a{eseslsé 4 to 36 tfl le%tg%tn(eglgss of the

f@ho 2@ @) in &'6%&'6% glaﬁab&rlﬁﬁﬁﬂeﬁ@l@eﬂ ﬁm Ehﬂ/&l@phdﬂﬁ@ﬁlter ).
3M conpany of St aul, M nnesota, or t Ver sal

conpany of Los Angel es, CalE¥amfa. 15 This pri nci pal
enmbodi %1115’\1@ %{ %S?o% gl? gS(;f Ee[?:ﬁ gif %ﬁcﬁbr\l'z%ﬁf‘a?%q&fleﬂ&? negatively

nanop estro acterium
Rhaged M@l@dsp]@bfby FICPREDE Cﬁ]fterh t\eais c@jted Elargiseivaly charged AP-
portion of ato surfac of each of six horlzo

Megfitled Megmi el §f the i Eu%wr‘ﬁ?ﬁ%gﬁ?%y st ¥R L3 Jcdtion of the
h}ga.@@ﬁcl%%ve‘feo fa@gd Wh Peﬁ%@ lOF QF@ b¥o Q:Bﬁﬁl?ﬁgmﬁﬁg s of bacterium

Al'so on top o t’ers but " not
neetigsarsisl yThetesstvas mo flbwe off eic dtrbegh the filtes nanoparticl es

were placed an avera 2 ony-f.ormn its

Of bacheh PO o FITRIENRE 0D THERE Ge@ha preoueapedplzontaly

:dg%ﬁfégﬁ %Qt@vefl Eﬁﬁfged }%‘Edréplfb%[bt FRITRENE 81tB-Mdre® ?la@éd an average of
su

each Si X uncoated hori zontal |
cﬂ%é}w@dlqmegfatmmeluynte hﬁb@@ﬂluhy@mpﬂ@mlt Fl LTRETE

il T Reeet t%v%n?y—ﬁ)ur %ogrr% ST %ff colony forming units on the uncoated
filters had increased by an average of more than 6507 percent while the number of
colony forming units on the coated filters had decreased by an average of 21.7 percent.

For the third principal embodiment, depicted in FIG. 3, a filter (2) is, using any
technique that is known in the art, impregnated with any type of nanoparticles (1) that

are known to be capable of destroying bacteria, fungi, viruses, or toxins.
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25 226,000 col ony-form ng units of bacterium
thuringiensis. After twenty-four hours, the nunber of

w@edoa09s75odr ming units on the uncoated filtersPeEUS2004/007822

i ncreased by an average of nore than 6507 percent
whil e_the nunmber ol on

f f '
coat e8raifaplyy dhe; gﬁtea ég} &3EEY By By s 8%%8%2?}33%60211‘” 3§ opposite to an
BEE&EEG'F cthg agnli@d 132 rﬁe%araapﬁﬁa@@t )e'KI@@be?&Eblydt%Q lﬂh*e?(b) has an

i's, using any 30 techniq

tleatrichlscHargmthatiin thersema fa thei ehqsireqph ehazge o at ﬁeaahgnettylrget prtticle.

| Kk b
Gostr Siishgrifblh o el nRp B lR B @Rt b bepgsite to an
%Q%fcgpéﬂaége it UBe Wﬁ%ﬁ&%@les eredRr @bls¥me b éhd lbdteital charge

carries an electrical charge that is opposite to
aﬁa@b@tpm’@aﬂewh@c@e carried by the nanoparticles (1).

e SR i 2 OB ot o

meggmngmggtarget particle. Most preferably, an

el ectrical charge on_the filter % 1s both oppo&@s

to an Agsce peiéenallZaihodHise §® & spripigd pyithinen FARSERCRS &) dgving an
g&g ?e 5vas the electrical charge of at |east
one rge parti Ie. Once again, -optionally, the
filterTheXnat ddsurlqmﬂamdt ephodimentsaadidemploy iaoreakasgmeit (3¢ daaving an

Gt 4nat s pit G B cesbbind trvtg? SHATRGi (3hin seral fMuid

ic'a d,mgcﬁloﬁn@ tﬁneébﬂt bﬁﬁer (Shptidtly! | faleadtobhe RIF ﬂfé' Babrs (2) is

nts a enpl oy an encasement (3) havi n?
|hyt1mph()lz5h): and, atsooqpticmallyz,syt gt ooateli Hendltexwo(Qr ismbydrophilic.

FIREENGNURTT BN Y TR e

M@%@'ﬁﬁ@&ﬁm@ﬂ%a@é §0at Qftist Sratat ¢t paticleeasd, pesferably, tHedfilter (2)
filters (2) is hydrophilic. 15 Furthernore, preferably

areatestzthe 1Id¢te£4bf516’ﬂ@ phiters (2) has an el ectrical
char ger turt'hS 1{1&? e?r{‘;f%dﬁ’ﬁen%nﬂﬁllsﬁgt & ik e hangs aﬁfac@ﬁt to and

| east and erably, the f
(b%lwedii@@ll@@t thTeoﬂsBélﬁftve (dersi (2) h]r)/}dfy@elmﬁhammﬂfm pellets (1) that are
princi pal enmbodi pent, illustrated. in FIG 4, has

dajonmdn be capabiriof dsst g bagterjae BNEL IS ASIOEIRST ve
fil terg t&g)ﬁfﬁp rﬁl gl Sl bOAReRATEL I?FPG' I’Se%%é %p? Sf‘ﬁﬁnopamcle

are nown Capa e of destroying
fpelﬂgts (l)lthlaUémesknowm tb bx icaabld of delioying fohctpma, rfumg),a‘{rlruses or toxins

ot Pekeg %Eracé’rﬁi? o (ol bes e eR ey @) BPORRRR b fig @) and
b%céﬁérhé asék&gbva?r Y4)r e%s &Ed heveid)She REA “@ktefrféﬂﬁ&ssag;)way” shall

j acent to ter (2) that has no other filter
biethwderbogueh nldtt@) apd)ananilet o) emderhan yad saghaeyngular, shall

erein

édd%gggé@\ﬁé@er %1}]51'?& (4)oran dutlep (%)t Th" nanoparnclea {oellets are between such
filter (2) and the external passageway (4), (5) which is nearer to the filter (2).

Preferably, such external passageway (4), (5) is the inlet (4) of the encasement (3).

Of course, as with the first principal embodiment, in the fifth principal
embodiment some means must exist to contain the nanoparticle pellets (1). Any such
means known in the art may be employed. Preferably, however, when the nanoparticle
pellets (1) are between the filter (2) and the inlet (4), the one or more apertures (6)

which comprise the inlet (4) each have a maximum dimension (7) that is less than the

8
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25 include both an inlet (4) and an outlet (5) and,
when used in the singular, shall designate either an

WO 00809874) or an outlet (5). The nanoparticl e pel/Us81084/007822

are between such filter (2) and the external

passegovey (. (9) wieh Le negrer o the TLLter (2,
#ﬂ'{o‘ﬁ%ﬂ&@ Qfetd Q‘; & % rﬂtle blet (&) aﬁ&‘tﬁesﬁlteﬁ@) Wh r(‘:ontamment

rst prin |mant inthe fifth pr|n0|pal
ﬁﬁampmﬂaratdmtcomrmesriwng e one e ingire eperbwes &) Whlﬂecomprlse the

| |
ardctra) b ch oy dearly AR R Naba o e Minimum
ﬁﬁlﬁﬁﬁﬁﬁ(sybﬁh@ B@ﬁdp@ﬁ&le(ﬁe)le@r(@}) bet ween the fil ter (2)

and the inlet (4), the one or nore apertures

whi chFoothsr sisth prinsizieh cmbodiment ai¢tursshvia B néxarﬁmﬁ side (11) of at
SR 30l 05\ R Py B PRI e

RAGRR & bd @%p@bllé@lf F%t&ygr%bacﬁnmbﬂuﬁgﬂ yiruselgor tmhlﬂs

nanopart icle pellets are between t ut

and t Reefpraplyecogtmg, is areoraRiibed gmvlngﬁgﬁﬁi Eﬁf%&ﬁkﬂ%ﬂectﬂcﬂ
t

SHRH 5% AL 00 B8 RS BP0 OIS

(pﬁﬁf)ieﬂ (12y. Most lp&ﬁertﬂbiynart électritalicharge Dndhentitter (1) i B()tha{pposﬁe to

t he nanoparticle For, t X r|nC|

e b et 5 2P B s

%Pargla%?éttle%% %&Ba&@e is coated with a powder (12)

ny type o articles (1) that are known to be
c apablﬁdsco)pretﬂﬂably,cmlwgt dreecsueh peated fiieri (2) hasmws@her fater (2) between

50 B B SoBJR0A HSR B CORIERE BY g s si

QPBO(ﬁ‘shﬁl ERela(Q) Bl @bl ¢aharg ﬂﬁhﬁﬁt rri ed by t he
nanoparticles (1) in the

pr ef eriibéty 2 coated] side Klldal(lgﬁsfr@éﬂ‘@h &héﬂ fh,‘rq:qt@( tqveayd jag external

bot h .
SO BSEPRIED, B G 80 PHEIHEL ) s A0SR, L SR o e
R ae @%sa@%wb?i&) (Gn%ubﬁreg&&neﬂq1$$agb®ayéé mferably covered by a

pr ef er abl at_ | east ope su h oated filter ﬁ)
gneiabrang ({Aér hay b 5,prGSEzs S the pqn@par(ﬂg dbu(tﬁ%rge enough
Itrg)(lte?c#l e%degfledhg%( Cﬁgﬁgﬁ%ﬁﬁg% }%r@féga §Itpgfég Iﬁ%ﬁ%{?gisy as large as

tthepod sieefitind Biter((2) whidhéas the smallext pelredseze( 1 1), (13) of

a filter (2) |%d|rected t owar

passadels 5yt FEOdHEt RTBEYRa A AIET Lrit(s (l%st prg HL5r @ pybich is,
ﬁ%e% a%g?ttﬁg fﬁﬁ} t(@ty cl@@st aNthet A&t (BXbLERALLIARHSHY TIRYs, using any

suc ernal passageway is preferably
Clockeri @ thyt ia kpownenttheaars 1(nptB)gnaiadr ivrith anyplgpe o§ hanwparticles (1) that

srm | er n th arti but . | a gh

5% ke et OF ReTourned E et olindy i RertR SR

pr ef ergiferatity AAE ﬁnﬁﬂeéﬁa‘c@& ﬁ]!taa@; carfied @1 @ectasal cm@e nm & opposite

size of the filter whi ch has t he smallestfo

stiozam, electrical charge carrled by the nanoparticles (1). Most pre erably, an electrical
charge on the impregnated filter (2) is both opposite to an electrical charge carried by
the nanoparticles (1) and the same as the electrical charge of at least one target particle.

As used herein the term “preferable” or “preferably” means that a specified

element or technique is more acceptable than another but not that such specified

element or technique is a necessity.



In the seventh enbodi ment, portrayed in FIG 7, at
| east one filter (2), which is, preferably, the

wo 2oo@98762) cl osest to the inlet (4) of the enPeEEAREN1/007822
(3), is, using any 25 technique that is known in the
art, inpregnated with any type of nanoparticles (1)
that are known to be capabl e of destroying bacteria,

INRYSTRIALASRRLICHBILELY ns. Preferably, the inpregnated
filte p ' el ' LS .
Ly PR | 2 s i
Bas6iRdion 1 @slubthy .anlibht wayefieralitly tharFikdrigt Dieviab Incorporating

%gw&%%eﬁg&%gg glgelr(ibté(g)rug ﬁ@%@@?&rﬂaﬁ%ﬁ %?13 itltleenature of
@%@R&ﬁ% ngt?iéT f&b@?ﬂm@%@ﬁﬂﬁa@ the electrical

arge east onetarget particle. As used
herein the term"preferable” or "preferably" neans
that a specified elenent or technique is nore
accept abl e than another but not that such specified
el ement or technique is a necessity. 9° WD 2004/098753
PCT/ US2004/ 007822 | NDUSTRI AL APPLI CABI LI TY The way in
which the Filtering Device |Incorporating Nanoparticles
I's capable of exploitation in industry and the way in
which the Filtering Device Incorporating 5
Nanoparticles can be nmade and used are obvious from
the description and the nature of the Filtering
Devi ce I ncorporating Nanoparticles. 10 WO 2004/ 098753
PCT/ US2004/ 007822 CLAIMS | claim 1. Afiltering
devi ce incorporating nanoparticles, which conprises:
an encasenent (3) having an inlet (4) and an outl et
(5); 5afilter (2) within said encasenent (3);
nanoparticle pellets (1) that are known to be capable
of destroying bacteria, fungi, viruses, or toxins,
said nanoparticle pellets (1) being adjacent to said
filter (2) wthin said encasenent (3); and a neans for
containing said nanoparticle pellets (1). 10 2. The
filtering device incorporating nanoparticles as
recited in claiml, wherein: said filter (2) is
hydr ophobic. 3. The filtering device incorporating
nanoparticles as recited in claima1,

10
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wherein: 15 said filter (2) is hydrophilic. 4. The
filtering device incorporating nanoparticles as

wo e@uestsi n claiml, wherein: said filter (2)POEESEN4/007822

el ectrical charge that is the sane as an electrica
charge of at |east one target particle. 20 5. The
filtering device incorpor a&%noparti cles as

reci t?glakﬁ‘: claim4, wherein: said filter (2) is

hydr ophobic. 6. The filtering device incorporating
nanopart i clAeSltamgrdesict @atorporating mandpartiolhs véiich ca@®prisas:d

filter (2) is hydrophilic. 7. . plterin Lce

i ncor por at F‘ﬁﬁn‘f?é%ﬁg?h having ’v@i‘{ ) é"ﬁﬁﬁrﬁ? Egtgeg?@), an

encasenent I [ nd an outlet (5);

a hydrophogﬁg&$p?ﬁgpﬁn%?daﬁ%ﬁ?ﬁ&gé%% encasenment (3), ]
sai d filtemnaf®artivde ipalets 4h) dhotcare ilaivnctrabgecaplde afsdestroying
the sanme as an .electrical .char.ge of at .le . .

{ar goPhcige g Bree 1% oty eria matepeicls B35 A sine gjacent o
known g4i@ iRr CHRAMIS sl ealRSéhiai(gandact eria, fungi,

viruses, or toxins, said nanoparticle pellets (1)

bei ng pl ace@dneaagfercentainies wid peroppitisle Rellptswix hi n* sai d
encas gmsnt 3)7%1%%91(& &e%icmng@—gg'{aﬁﬁg %ﬁﬁc&oarticles as recited in claim 1,
a neans

PCT/ US2004/ r contarnng sald
Raeeparticle pellets (1). 8. A filtering device

i ncor porat i ni% nanzfarticl es, .which conprises: an
encasenent sp)filiea(drighydiophobid (4) and an outlet (5):

a hydnophi Ijhe il 187 adfoe WbdBbALER! BN ecttdd in claim 1
said fil terTh%fiﬂlt rg@i%g , g?%%lgg{éelc?r@g I charge 6ichat 1rilsCaum ’
tWierdane as an el ectrical charge of at |east one

t ar get part%gg%%2§3épgﬁg&ﬁﬁrticIe pellets (1) that

are known t58t &stroying bacteri a,

fungi .4 Vi r USRSH11Qng! &’éﬁﬂié@ﬁincé@bﬁtiﬂ? NARSHd kS aPeddited Sn claim 1,
bei ng pl aced adjacent to said filter (2) within said
evicasienent (3); and 10 a neans for containing said

nanopar |l PR bt b Bl bR 0 e s an i
charge of at least one target particle.
5. The filtering device incorporating nanoparticles as recited in claim 4,
wherein:

said filter (2) is hydrophobic.

6. The filtering device incorporating nanoparticles as recited in claim 4,
wherein:

said filter (2) is hydrophilic.

7. A filtering device incorporating nanoparticles, which comprises:

an encasement (3) having an inlet (4) and an outlet (5);

a hydrophobic filter (2) within said encasement (3), said filter (2) having
an electrical charge that is the same as an electrical charge of at least one target
particle;

nanoparticle pellets (1) that are known to be capable of destroying
bacteria, fungi, viruses, or toxins, said nanoparticle pellets (1) being placed

adjacent to said filter (2) within said encasement (3); and

11
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afilter (2) having a first side (11), a second. side
(13), and a pore size; and a powder (12) of

wma0vapes753 cl es (1) that are known to be capabl BCDUS2005007822

destroying bacteria, fungi, viruses, or toxins applied

as a coating on |l east the first si of said
filter (2)ammegns faPﬁéOl?‘fﬁlP%nérSP#dw&%PﬂfE%‘e Pdﬁfﬁé 2ati ng
nanoparti cly e BTk ofpiare& 'rﬁh amaaégewdhc frides:
filter (2) rop 1 he filtering device

|ncorporatmmgxmanmmm(ﬂdmwmgaasnbE@maaﬁanawhﬁ€Dn19
wherei n: said f|

filtering @lé‘\‘/fh@@ Lfﬁéeb@a%ﬂ?}éd%@r%ﬁ%ﬁﬁﬂe{ﬁl@ S&édeﬁlter (2) having

recit Etgeleetri%hlaél{ﬁ% , thati @leSaitie a8 antl@ AN EiRagd bLAt98as( dne target
in sard powd carry an electrical charge; and

sai d patickerhag2) carri es an electrical charge that is

gggg; Iatr tel E?@i he (nit ﬁe ff?te \Agaalig q(f%%r e %QM@ of destroying

filtephdaridl ewigsevitlesn 6?@)6(&151 ol ﬁmm@@mctel pblllets bafhg placed adjacent
recited in cIa|m12 wherein: 30 said filter (2) is

hydr opthesid filtell@) withe 14 enspseRsnte): @€ i ncor por at | ng
nanopartic d

fi1tor (2) aige aﬁ?q& h‘taﬁ’g“g Q‘i@%ﬁ%"ﬁ@%@@ nosal

PCT/ U§2004/130ﬁ12&ﬂ& deizfce 1ﬂ'd|mqacfraﬂiﬂ@'[anngardeles ,o%hich comprises:

i ncor por at i t d .
wherern: & B (oY Brvits Hedside1 SF et fepichriSe RSy ARy papre size:

is thg,gsame as an electrical charge of at |east one
target particle. 5 16. The filtering device
i ncor por at ianpowdaroday of mlawaa@clqtse(:h)t@dt are knoymmiahe capable of

A s Byt HRROR L s o st
reci t eflssiHeCh & 67 shih filtaMe®y; ei n:
10.  The filtering device incorporating nanoparticles as recited in claim 9,
wherein:
said filter (2) is hydrophobic.
11.  The filtering device incorporating nanoparticles as recited in claim 9,
wherein:
said filter (2) is hydrophilic.
12.  The filtering device incorporating nanoparticles as recited in claim 9,
wherein:
the nanoparticles (1) in said powder (12) carry an electrical charge; and
said filter (2) carries an electrical charge that is opposite to the electrical
charge carried by the nanoparticles (1) in said powder (12).
13.  The filtering device incorporating nanoparticles as recited in claim 12,
wherein:
said filter (2) is hydrophobic.
14,  The filtering device incorporating nanoparticles as recited in claim 12,

wherein:
said filter (2) is hydrophilic.
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10 said filter (2) is hydrophilic. 18. The filtering
devi ce incorporating nanoparticles as recited in claim

wda 3004/098763 her conpri sing: an encasenent (3) harRCTIGSEN4/007822

inlet (4) and an outlet (5), each inlet (4) and each

outlet (5)_constituting an external pas ewa nd. .
said &hc asgh%%ite’@% devige IGREPQF 1“159“@5?28{?3% ?%%lec?tﬁéj in claim 12,
thereie filtering device incorporating nanoparticles

as recited in claim18, wherein: said filter is )
hydr ophobi said 0ter {h)ehdsi dnt eegtriep] cdibarasethitnis she samae iapgn electrical
nanoparti clfes,t as recti te{j %{1 1cI aim 18, 20 wherein:

sai d PRAERPL FLAL NI BEUCIS1  The filtering device

i ncor pgr at A8 HRAAP ALViks iRdrpdsatin®Chdndpartibles agir¢titdd in claim 15,
further conprising’ a nenbrane (14) covering each

whteimal passageway toward which a 25 side of said

Filter (2) thab is.c i1h th ticles (1
T e é&?lgﬁﬁe%&)?rﬁeo@{ad?‘%’#\éﬁ“%l4) havi ng a pore s 9

smal | g7, t hame tfheringdepas incokeeat(il) ndnopsdickts aposdiied in claim 15,
(12) but at least as large as the pore size of said

fwhiered: (2). 22. The filtering device incorporating

nanoparti cl d W claim21, wherein: 30

said fil ters'%?ﬁfgﬁ%%ﬁg%ﬂg%?c. 23. The filtering

devi ca8i ncdhpdilating glenae dpairpdratires nawparicles ed regited|iniopim 15,
21, wherein: said filter (2) is hydrophilic. 13 WO

Sother GOWPHSNPCT/ US2004/ 007822 24. The filtering

devi ce i NCQLRALALMPE (FRRARAY dd Bl@4)3md RGeS, RacH idleT(4) and
15, further conprising: a nmenbrane (14) covering each

ext er rath padea@ewaystitower ah wiicolal passsgeiayofnd sdid encasement (3)
filter (2).that . i.s cgated with the nanoparticles (1)

is di F@éﬁa ,g?éqlgﬁerégﬁenbrane (14) having a pore size

snmal | gyt haphet figerianRRretih€drpsratidg nhivpagictts faeciesrd inutlaim 18,
at least as large as the pore size of said filter (2).
Xherdihe filtering device incorporating nanoparticles

as recited jn ol akmad hobic.

20.  The filtering device incorporating nanoparticles as recited in claim 18,

wherein:
said filter is hydrophilic.
21.  The filtering device incorporating nanoparticles as recited in claim 18,
further comprising:

a membrane (14) covering each external passageway toward which a
side of said filter (2) that is coated with the nanoparticles (1) is directed, said
membrane (14) having a pore size smaller than the nanoparticles (1) in said
powder (12) but at least as large as the pore size of said filter (2).

22.  The filtering device incorporating nanoparticles as recited in claim 21,

wherein:
said filter (2) is hydrophobic.
23.  The filtering device incorporating nanoparticles as recited in claim 21,
wherein:

said filter (2) is hydrophilic.
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wherein: said filter (2) is hydrophobic. 10 26. The
filtering device incorporating nanoparticles as

WO e@uestsi n claim 24, wherein: said filter (2PCT/85S2004/007822

hydrophilic. 27. The filtering device incorporating
nanoparticles _as.regited. in claim12 .yrther . .. .
conpr £4%;i ng?fheiﬁ?tg]iﬁn% %‘é’(‘éee}?éﬂ]fpof%‘)“gﬂ}i’\l}f’?@'{léﬁs F‘%Fe&te(é 1 claim 15,
Me@ébn&éﬁgi . (5), each inlet (4) and each outlet (5)
constitutin

an external passageway and said
encasenent a (Bdmbrann &) ndongringeachf extermal papagerry tpperd which a

filter.ing_.devi I ncQrpor at ticl. o .
e B B BRI  TNER pRERy 2 drpted e
hydr ophgfirsne @9) hiti8g fd pdrersiegsidier aBari fHeOiApOp@ticieg (1) in said
nanoparticles as recited in claim?27, . _wherein: said

fi | t epoydyr us atlpant eplarde as thegpore wige of paid Siprg) devi ce

i ncorporati riicl cj mclai m27 . )
BB B APER A bRl B oS b KRy ctim 24
exbeimal passageway toward which a side of said

filter (2) that is coated with the nanoparticles (1)

i s direct ed@ldé"éﬁeﬂ(z)w(&ﬂ’@b’(c14) having a pore size

smal | gf t h%lstfm%riﬂgrﬂ@ﬁ@é Ao at&ilg) ndndpSBLHs aBQUBRE in claim 24,
(12) but at Teast ds large as the porg size of said

faibleteti: (2). 30 31. The filtering device incorporating
nanoparti cl eié i.n.claim30, wherein: said

S recite 1.
filter (2) SE fﬁ%(ﬁﬁ%’ﬁﬂ@hﬂlm VD 2004/ 098753

PCT/ U530 04(’[@19@%¥ing%%vi_cgh§cofrﬁdrhtﬁ{g' RehoPEMicES as recited in claim 12,
i ncor porating nanoparticles ‘as recited in claim 30,
\ifneheeicompssing: filter (2) is hydrophilic. 33.' The

1109 e CRohBSSPRAA ASpMATAARLSLR 87 o e (4
(14) caMeblild GRebnfithieicnal cRREBAPaVAYewOMaId sailliepbas@ment (3)
containing said filter (2).
28.  The filtering device incorporating nanoparticles as recited in claim 27,
wherein: |
said filter (2) is hydrophobic.
29.  The filtering device incorporating nanoparticles as recited in claim 27,
wherein:
" said filter (2) is hydrophilic.
30.  The filtering device incorporating nanoparticles as recited in claim 27,
further comprising:

a membrane (14) covering each external passageway toward which a
side of said filter (2) that is coated with the nanoparticles (1) is directed, said
membrane (14) having a pore size smaller than the nanoparticles (1) in said
powder (12) but at least as large as the pore size of said filter (2).

31.  The filtering device incorporating nanoparticles as recited in claim 30,
wherein:

said filter (2) is hydrophobic.

14



10

15

20

25

30

side of said filter (2) that is coated with the
nanoparticles (1) is directed, said nenbrane (14)

whani98783 pore size small er than the nanopart i BCBEES1024/007822

in said powder but at |least as large as the pore si ze
of Saldfl| 10 34. The filtering devic
i ncor por at iLAg ﬁﬁéﬁ% SrYire prg:grpggat}ngcqatngaaxﬁﬁle% Ia%f“’rﬁltﬁé in claim 30,
%&eﬁj' . said filter (2) is hydrophobic. 35. The
ering device incorporating nanoparticles as
recited i nsatldilter @3 js hydhephdlin: 15 said filter (2) is

nanopart i cibe Henpaapyibe RRERui LESoyRERL AR ARG claim 12,

firdHeeEohpdisih@s an el ectrical charge that is the sane
as an electrical charge of at |east one target
particle. 2aomembramgdl4) ¢qvering gaelbwf@@al @@%ﬁagﬁwaaft topgrd which a

P ialn:) g?rdtelﬁcf sraugi ﬁ@e& r@gkﬁ ?95 2: lﬂ%ﬂ ﬁe nex%o fcfésgezlﬁadlgected said

i ncor pRmerhatg (A3 TRPREtd pbﬂesmes shgltartthsh it ﬁdx&pﬁm‘uﬁﬁs (1) in said
wherein: 25 said filter zllshdro hl|fl %9 The

filt eppwgerdw atlsastige &Igf‘o?sat ¢ H@reﬁbﬁ?&ééﬁ“@l $ieee

recit in it

cnonsent 105 R dovicl A or PR RicleS s recitef Jn claim 33,
eaetein:nl et (4) and each outI et (5) constituting an

external pass encasenment (3) 30
cont ai ni ng S%’élafgte\é\%tlgﬁyd(rﬁﬁw% The filtering device

i ncorparati li8& P1 1 3
Whor el@?} ’I,‘T% ﬁ&g%bice ygﬁrilg% iﬁ%ﬁé}?gﬁi&le@, A1r8iR9, in claim 33,

22@%1&98753 PCT/ USZOO4/ 007822 41. The fil terl ng
devi ce i ncorpot.ati anopal.ticles as recited in claim

39, wherei® ﬁﬁ@gef&gqﬁ F@PQPES i s hydrophilic. 42. The
filterjgng dgyl ﬁﬁerirgc@dvﬁ&r Abbiperafiap aRaspartdles aasgecited in claim 9,

recited in claim3
wherein:

said filter (2) has an electrical charge that is the same as an electrical
charge of at least one target particle.

37.  The filtering device incorporating nanoparticles as recited in claim 36,

wherein:
said filter (2) is hydrophobic.
38.  The filtering device incorporating nanoparticles as recited in claim 36,
wherein:

said filter (2) is hydrophilic.
39.  The filtering device incorporating nanoparticles as recited in claim 36,
further comprising:
an encasement (3) having an inlet (4) and an outlet (5), each inlet (4) and
each outlet (5) constituting an external passageway and said encasement (3)
containing said filter (2).
40.  The filtering device incorporatiﬁg nanoparticles as recited in claim 39,
wherein:

said filter (2) is hydrophobic.
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5 further conprising: a nenbrane (14) covering each
ext ernal passageway toward which a side of said

wo 2doum98762) that is coated with the nanoparti cPEBUSIN4/007822

is directed, said nenbrane (14) having a pore size

smal l er than the .nanoparticles in said owder, . .
(12) fbt atbe SRernasshE g@oaﬁsor%’fﬁ’@) WBPRATFIES b FeCllE 4o claim 39,
{nbiegl: (2). 10 43. The filtering device incorporating
nanopartlcles as recited in claim42, wherein: said

fi I ter (2) saldﬂhiyd@)nmlmdmphﬂm The filteri ng devi ce

i ncor gor at rticles as recited i.n

wnerebg: 188 SHGRAE RELeE SpritetapasphpiFlst o aifidin claim 39,
iR EbMRY gnggglce i ncor porating nanoparticles as

recited 1Tn claim36, further conprising: a nenbrane

(14) cover |anlgelgé@he éi(ét)ecpqygnng) £89n guigenpl Pawagevayhtomfard, which a

de of
oo S b 1 ke B! BMAATR i gyt s
havi nghembrase (1) 2aviged bere difmpmalie tham meananopamle(s X)) in said

in* said_ powder g12) but at | east as Iar
por e @pzvé%(fl%'alﬂt& %qaﬁttaéllarg%is thg gorergze fjsp Heﬁé)dew ce

:Nﬂg ?;P{r@%r at Iﬂ% fp?e @g?{e%ifg rﬁ&gﬁ%h&%ﬁﬁﬁle@'a@'r?&fkﬁ in claim 42,

fwhetethii Nng device |ncorporat|ng nanoparticl es as

recited in cj er.e said filter (2) is

hydr ophi | i ¢aid éwrégésh%$ H@ devi ce incorporating
nanopayt i Clgs @eeringCdevRE 1h<5br1%r§!11'i%] BanophHicldiess recited in claim 42,
conprising: 30 an encasenent aV|ng an inlet (4)

avtetram: out l et (5), each inlet (4) and each outlet (5)

constitutin sageway and said
encasenent S lél)aﬂt%ﬁ?tlgﬁﬁrﬂﬁj E‘%\l d fi I)/t er (2). 16 WO
2004/ Q3875 3riRGTidARe M4 LAh et Boradifle nddvpafticldsedsi l¢fted in claim 36,

devi ce incorporating nanoparticles as recited in claim
Agrtherhepeising: said filter (2) is hydrophobic.

a membrane (14) covering each external passageway toward which a

side of said filter (2) that is coated with the nanoparticles (1) is directed, said
membrane (14) having a pore size smaller than the nanoparticles (1) in said
powder (12) but at least as large as the pore size of said filter (2).

46.  The filtering device incorporating nanoparticles as recited in claim 45,

wherein: ‘
said filter (2) is hydrophobic.
47.  The filtering device incorporating nanoparticles as recited in claim 45,
wherein:

said filter (2) is hydrophilic.
48.  The filtering device incorporating nanoparticles as recited in claim 9,
further comprising:
an encasement (3) having an inlet (4) and an outlet (5), each inlet (4) and
each outlet (5) constituting an external passageway and said encasement (3)

containing said filter (2).
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50. The filtering device incorporating nanoparticles
as recited in claim48, 5 wherein: said filter (2) is

whyaaopisd i c. 51. The filtering device incor poPEL/URZY04/007822
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nanoparticles as recited in claim48, further

conpri sing;. a penbrane (14) covering each external . .
passafiénay Tpgﬁttggng\ﬂp\gﬁé glc)o%r%t}n@en p%‘ﬁlf;llﬁs ¥ Ireicgtfxli (laim 48,
mgﬁiﬂ:s coated with the nanoparticles (1) is directed,

[ menbrane having a pore size snaller than the

nanopar t i ckad filte) (2) is yalrephobisder (12) but at |east as

| arge_as t e size of said filter ) 1. . .
f11 Doring. qBeytetphetristispRluls ffiapteflies a6 ecllf in claim 45,
Bekdied in claim51, wherein: 15 said filter (2) is

hydr ophobi c. 53. The filtering device incorporating
nanopar t i clsaid faisr (2045 hysophilie| ai m 51, wherein: said
filter,(2) 44s i LG ' i ' .
cor 8 20 70 TRBRRBHEL oo T i, fR58 o sim 4.

fuHoresmpasmsi si ng: a menbrane (14) covering each
ext ernal passageway toward whi chlha gﬂiﬁ%e of said 4 which
filter (9) atmambrage (& eRVeHPE P2t EXITHKO PATPETY B topypyd Which a

i's di rsﬁfétﬁdsaicﬁﬂit& (g tapStddl it ey hﬁ%p@ﬂﬁ%se(lﬂszﬁrected, said
smal | er than the nahoparticles (1) In sald.ggwde_r )
(12) mdmiatnd kastg apoleaigesnaalet Henpbe samipadictss (Shaindsaid powder

filt . 2b b5, The filteri ' ' ti
nanopaF 41 g6 3 afsR sty HOE P ol 840 S BYe) e 24 o°
filtersy(2) 1R fMydmgrRoRE Fnco?ﬁoraffﬂf@nﬁﬂdgbﬁfcldﬁgis@@éﬁe@ein claim 51,

i ncorporating nanoparticles as recited in claim54,

whierenn: 30 said filter (2) is hydrophilic. 17 WO

2004/ 098753 PCI/ US2004/ 007822 57. A filtering device
i ncor por at isﬁgﬁgﬁ%ﬁﬁ}’%’%@%ﬂ%i ch conprises: a

hydr opf3obi crifel filk@ing(®@yiddaMésrgoratifg hadopaitidees(ablpeited in claim 51,
second side (13), and a pore size, said filter (2)
odrergihng an el ectrical charge that is the same as an

el ectri cal s%{@ﬁlge‘? (f’)fis ﬁ&mloﬁ‘mk. one target particle;

54.  The filtering device incorporating nanoparticles as recited in claim 9,
further comprising:

a membrane (14) covering each external passageway toward which a
side of said filter (9) that is coated with the nanoparticles (1) is directed, said
membrane (14) having a pore size smaller than the nanoparticles (1) in said
powder (12) but at least as large as the pore size of said filter (2).

55.  The filtering device incorporating nanoparticles as recited in claim 54,
wherein:

said filter (2) is hydrophobic.

56.  The filtering device incorporating nanoparticles as recited in claim 54,
wherein:

said filter (2) is hydrophilic.
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5 a powder (12) of any type of nanoparticles (1) that
are known to be capable of destroying bacteri a,

wo 20vgi098793 r uses, or toxins applied as a coati nBCDNS2084/007822

| east the first side (11) of said filter (2), the
nanoparticle 1) of. said powder 12) .carryi,bng. an. .

el ecltO fcal Acﬁéq&’é‘)g dewige Hicgrp%ﬁ%%ﬁaﬁsﬁ%&%l?%w Cglc(t%ﬁpflﬁfbs‘
charge car Etill%’ropﬂ%i@ﬁgc@ &) g&ﬁﬁg b Z)st SR (B1), 8 BERBERRBY(13), and a

(3) having an inlet (4) and an outlet (5), each inlet
(4) apore Bz sasufilie (2) Bprgivgsan elgetring ehergscthat fathe same as an

passa and sai.d, encas t )i..containing said

fil teglee%%é?l C&ﬁ{fcé’fﬁﬁﬁﬂﬁ’ gﬁgg%g%)pglggg%/eéri ng each external
passageway atgaalel (Y4)i 6tharsy type A @hopaticled i(1)t #at @) known to be
that is cogt ed ve\:/i t(#)t hearﬁjar?%part,i clgft(l)_ [ %ﬁgj rected, .

sai d cambleeofidesiieying byctera fing), WIyH6s o $p%ips appilefgs a coating on
than t 0 j ¢l : i :

| cast "hgeftapgBRESioF ED) drhid Mo nPRARBREEEA R sotl powder
58. A(fd)lcayinggmadacinial thregs that Rtoppesitean dpasleditad sharge carried
whi ch_conprises: a hydrophilic filter (2) having a

first byisgd filte1{2); 5 second side (13), and a pore size,

said filter : ek (4)GRH af BENESST, BAdh ket (4) and
the sane agngﬁeas%&glxg}%\’?{ckaiﬁhchagge of at Iee{ajst onle ()0
t ar geteagiapttlet! (6) cangtiowither ar{ ¢Rprnat passggawgyeansk said encasement (3)
nanoparti(:I.es%al(lcéi)_.1 ”E; are known to be capable of

dest r GPPAGIHE et ’&Hé;i . viruses, or toxins applied

as a coati RomeRbrab (18P8¢vekifg dath SktetallPalshidwf tdmird which a

filter (2), the nanoparticles &%& of said powder . é_lZ) )
car ryisitly efrsais] Bben (23 shat dh aeajed withtthe sargngpiclesd(1) & digected, said

l tri | h ied 2 i i : . .
encasHERTEe Haa g doreiiz pafdifat the Bhndpiio @) in seid
each igaksler (12) baind leaBtNargeibs fle pob sigeorfhid filtdri(2). an
ext ernal passageway and sai d encasenent

.

: and : (3).. :
cont ai58 ng 4 fitering devige ipgorporghing BanvRAiFleneViigh pomprises:

covering e g r i :

side of Saiaai}&ﬁl hglﬁ@%%ﬁ?ﬁg?&?%@%%%gg% @1 ¥ Steﬂ)erﬂ sid(13), and a
nanopaokd eizessdid )filies (2 cstiggl an sddotticarehirgankat(it4he same as an
having a pore size_ snuller than the nanoparticles (1)

i n saicdectpcahalares eyt lm‘gorgttaqggggqrtlgg, | arge as the pore

25,2 53 a8 A IBMEBEILC) b s 1

i ncor prapattle of dnsimyb@rha’cwlrie,sfungh ivitusesoprptokgspphed 9 2 gpating on

S:ng;ablaag q@ﬂrs]? gég}argtfﬂly%qgibéﬁ %aé{i ?@Lfer &S,ethlé rlllgt\ll\@pa%t?clebse(l) of said powder
(12) carrying an electrical charge that is opposite to the electrical charge carried
by said filter (2);

an encasement (3) having an inlet (4) and an outlet (5), each inlet (4) and

each outlet (5) constituting an external passageway and said encasement (3)
containing said filter (2); and

a membrane (14) covering each external passageway toward which a
side of said filter (2) that is coated with the nanoparticles (1) is directed, said
membrane (14) having a pore size smaller than the nanoparticles (1) in said

powder (12) but at least as large as the pore size of said filter (2).
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fungi, viruses, or toxins inpregnated into said filter
(2). 5 60. The filtering device incorporating

woa0va098753 cl es as recited in claimb59, wherei PCT/B820d4/007822

filter (2) is hydrophobic. 61. The filtering device

I ncorporating nanoparticles as recited.in claim59,

wher egﬂ-: 16 [lgrperdeyics incomorgtigRageRAHsIPS: Bv%l‘%'zc.omlfﬁges'

filtering J i hgor porating nanoparticles as

recited i ng?l‘{gf%)’sg, wherein: said nanoparticles (1) '

carry an ehesipaitcdds (@héhayere hnows 40 defdapatde of Zpstroying bacteria,

carries an.electrjcal .char hat . ite to the

el ect Mt VeSS S’F@F"g’é 1’88’}651932[8‘5 _H@O §aé§§ﬂ%g§ jparticl es

(1). @8. TheiefrnetiRE idegics @¥osrithEORRepatitRe as recited in claim 59,

nanoparticles as recited in claim62, wherein: said

falbletea: (2) is hydrophobic. 64. The filtering device

i ncorporatin nepardt.i s recited in claim62,

20 wher ei n:salgéﬂ%r&sll{f&%&%@%blﬁs hydrophilic. 65. The

filtesing dmgifieringceyie igddfgataneppiiticles as ascited in claim 59,

recited in claim62, wherein: said filter (2) has an

athetaini cal charge that is the same as an el ectrical

25 charge qf. -arget particle. 66. The

filtering gé\?‘ﬁ@@@é%?g%?%%ﬁ%g nanoparticles as

recited. i n THediltering,devish én@irporatiesg darfophttietes (a8)re¢ited in claim 59,

hydr gphobic. 67. The filtering device incorporating
Brticles as recited in claim®65, 30 wherein:

sai d filteryf2h,bsiMes QPR fn clb@riViD BRQ4 HAB753

T US04/ B Eaarer Y it tering de%e _ ,

i ncor por at isanl filtom ¢Pecatiics| anselerdricad chargel thahisqipapsitest, the electrical

further conprjsing:..an encasenent (3) having an inlet
(4) arfdags © {eﬁé’ty %e’g)qang%ﬂr@%n@g‘serrent
63.  The filtering device incorporating nanoparticles as recited in claim 62,
wherein:
said filter (2) is hydrophobic.

64.  The filtering device incorporating nanoparticles as recited in claim 62,

wherein:
said filter (2) is hydrophilic.
65.  The filtering device incorporating nanoparticles as recited in claim 62,
wherein:

said filter (2) has an electrical charge that is the same as an electrical
charge of at least one target particle.
66.  The filtering device incorporating nanoparticles as recited in claim 65,
wherein:
said filter (2) is hydrophobic.
67.  The filtering device incorporating nanoparticles as recited in claim 65,
wherein:

said filter (2) is hydrophilic.
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(3) containing said filter (2). 5 69. The filtering
devi ce incorporating nanoparticles as recited in claim

w®@3004/094163 ei n: said filter (2) is hydrophobi c. P@GDUSIN€007822

filtering device incorporating nanoparticles as
recited in claim wherein: 10 said filter

68, (zt%3 is ..
hydr opi | i She ftering deyice MEPIRMEIGAAEPHHEISE BOFSITFHR claim 65,
ﬁﬂﬁfgpé&ﬁhﬁgiﬁ% as recited in claim62, further
g: an

conpri sSi encasenent (3) having an inl et 84)'and
an outl et @ pncasameht éd)ckmyérgant inlgt §3) andrimadudlieh ) ssidiencasement
filter (2 72, .The filtering device incorporating

.. 15
nanopé})tqogﬁaggn%ialqgg?rt(@g inclaim71, wherein: said

filtegy(2) The MARORBARE GncofpbrathlpendriobiiGtlends dedtiedn claim 68,
i ncorporating nanoparticles as recited in claim 71,
wherei:n: 20 said filter (2) is hydrophilic. 74. The

filtering devige jRcorporating nanoparticles as
recited i nSEfdtie B9 nydrastebit? PR ey (2) has an

el ect mpcal TeBINBENnE Mavict Sndofsora@iEnanpaicket estrédiedlin claim 68,
charge of at least one target particle. 25 75. The
fwhetreamii ng devi ce i ncorporating nanoparticles as

recited in _gl.aj ; :0: said filter (2) is

hydr ophobi g&d%@ﬁ?ﬁéﬂg%@éﬂlﬁg devi ce incorporating
nanopait i cls filtering cletied incorpdraiing Zahopastickes eis meci®d in claim 62,
said filter, (2) is hydrophilic. 20 WO 2004/ 098753
patheusompuisng7s22 77. The filtering device

i ncor por at iaggmg@sglge&ra q‘%b fhASg 88 irﬂ@c“(%l%%ﬁ hDowleri(8M dtd encasement

further conprising: encasenent ) having an inlet
(4) an@) amtanihp esid (@er (Hai d encasement (3) contai ni ng
sai d f7i2|. t erTh(ezi)ﬂ’tering device incorporating nanoparticles as recited in claim 71,
wherein:
said filter (2) is hydrophobic.
73.  The filtering device incorporating nanoparticles as recited in claim 71,
wherein:
said filter (2) is hydrophilic.
74.  The filtering device incorporating nanoparticles as recited in claim 59,
wherein:
said filter (2) has an electrical charge that is the same as an electrical
charge of at least one target particle.
75.  The filtering device incorporating nanoparticles as recited in claim 74,
wherein:
said filter (2) is hydrophobic.
76.  The filtering device incorporating nanoparticles as recited in claim 74,
wherein:

said filter (2) is hydrophilic.
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5 78. The filtering device incorporating nanoparticles
as recited in claim77, wherein: said filter (2) is

why@aomiehi c. 79. The filtering device incor poPEL/URZY04/007822

nanoparticles as recited in claim77, wherein: 10
said filter

I drophilic..80. The.filteri : :
devi cé7i ncgpég“ﬁtﬁllilg% B;’/Y’r‘g IQFI’I(O%’&}ngsnaﬁgpa?rB‘éllﬁ 3% Eécﬁg% [ clgim 74,
ﬁ%herf: Il;kqﬁg.corrpri sing: an encasenent (3) having an
I nl et %ﬁé and an outlet (5), said encasenent

3)
cont ai ni ngas anahsérért €3) {aXing abint (4)Twd ahj quglet (53gsa1d encasement
devi ce i ncor por at(’ijpﬁ r@goparti cles as recited in claim
80, SPBRHIGIIYIEF (& (2) is hydrophobic. 82. The

filtergng qQYifRrihdeOViLO okt aparticleess asited in claim 77,
recited in claim80, wherein: 20 said filter (2) is
Wpeiredphi 1 ic. 83. A filtering device incorporating

nanoparticl e G E j ses: a hydrophobic filter
AL oBRS

(2) carryi rge that is the sane as

an el gof ri qak fithangdevite acokpastingommopatigles apaedifedlir;claim 77,
nanoparticles (1) that are known to be capabl e of

#dreibyi ng bacteria, 25 fungi, viruses, or toxins

i mpr egnat egaiid'}fl@r iiéjh}fdr{):ﬁlﬁﬁc.(z)’ sai d nanoparticles
al ¢

(1) carrying an ectri harge that is opposite to

t he elgect r ithalfilthiap gevicarindoepbriyng saiogarticles @s récdded iarndaim 59,
an encasenent (3) having an inlet (4) and an outl et

further ggm@rigigasement  (3) containing said filter (2).

30 84. A fighlRtdsBReMtqy) H@vih%?&%ﬂétr@} hitDaQRRPT)! b4ill @Bcasement
whi ch conprises: a hydrophiTic filter (2) carrying an
el ect (B xaintaihiag gad filiat (J)s t he same as an el ectri cal

004! 895753 ec e 0B B0 S PR Efes & it gy laim 80

iferdipown to be capabl e of destroying bacteria, fungi,
viruses, or toxins inpregnated into said filter (2),
sai d nanopanidifdtee §2)(i1hydrephabjé.-ng an el ectrical charge

that i8§. Oppﬁlséi ftll?erltn% &e@%eelhgo%&jaﬁﬁé n LARISHs o8k claim 80,
wherein:
said filter (2) is hydrophilic.
83. A filtering device incorporating nanoparticles, which comprises:
a hydrophobic filter (2) carrying an electrical charge that is the same as
an electrical charge of at least one target particle;
nanoparticles (1) that are known to be capable of destroying bacteria,
fungi, viruses, or toxins impregnated into said filter (2), said nanoparticles (1)
carrying an electrical charge that is opposite to the electrical charge carried by
said filter (2); and
an encasement (3) having an inlet (4) and an outlet (5), said encasement
(3) containing said filter (2).
84. A filtering device incorporating nanoparticles, which comprises:
a hydrophilic filter (2) carrying an electrical charge that is the same as an

electrical charge of at least one target particle;
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said filter (2); and 5 an encasenent (3) having an
inlet (4) and an outlet (5), said encasenent (3)

wa@oeowadstsng said filter (2). 85. A filtering deeT/TS2004/007822
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i ncor porating nanoparticles whi ch conprises: two or

nore filters ( uid co ni catian with .
each ot her na%‘i‘?%ﬁ’ieésé 3 a(r% ?l‘é{’i}lt?&w Cl"i‘pfﬁﬁ? é)? d(emgfoyé% bacteria,
an ou &ﬁi)ses %ﬁﬂtslxlﬁ@ ﬁ%g@ﬂéd ml& sid)filee (1)akall HanStrecles (1)
filters and nano Cle pellets (1) that are

known ctumylhg anaq@mcal olf?arg@ﬁtat &y ommgsithtecibe elegirical) plegrge carried by
Vi ruses. ng{? w adj acent to and between at | east

two CHALEEY aid filters (2). 86. The filtering

devi ce i nCRhRAEALMBE BRAKAAS bih ﬁﬂ@c%)i@nd acoutk (5)nsa£idi @héBsement
85, 15 wherein: at |east one of said filters (2) is

hydr ofhbtsingainigg said§iier (2t eri ng devi ce i ncorporating

east Bne. df Heling el rpoyst Al Mo R bR sorrices:
The fi I t er ithg od mor€ fliérds CDripaerddl iflugl mnpmczttmml wesh exch other;

recited in claim85, _wherein: at |east one, of )
filters (2)nifasasgmen)@ppyiagpm é‘ﬁeairgééa‘% 3t oytlet (e S@gﬁ’ﬁcasemem

as 1R_f99y.0f,gat | east one target
parti gP%O%g%ﬁlhg%ld@\% Sg@ ddeV| ce incorporating
nanopart i clmaomsticlegielleid qm thitagnn B®Wn 25 baheapabla: ofadestroying

| east _one .of _sai.d fllters .h ophobj 90,

fil terhaﬁ@naeﬁn&’é’ iVHESSpdt aty X%'Tﬁ ﬁ@ﬁ%eﬁﬁrtgi @F(Legjeggeen Heast two
reci t%ngé&uﬁb@éamﬁﬁers herein: at |east one of said

filters (2) i1s hydrophilic. 30 91. The filtering,

devi ce86. nc oFlpofilddringgdavinedipeerppneting naspparislaseas tepitesd by efpim 85,
8\§lgﬁr Wherein: the one of said filters (2) that is

®8t to the inlet of said encasenent is
hydr ophobi Cat 16kt INE o QR4 /IREEPisRyltdphapig4/ 007822  92.

The filtering device incorporating nanoparticles, as
recit e¥-i n Bheafifgrop device incorporating nanoparticles as recited in claim 85,

wherein:
at least one of said filters (2) is hydrophilic.
88.  The filtering device incorporating nanoparticles as recited in claim 85,
wherein:
at least one of said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle.
89.  The filtering device incorporating nahoparticles as recited in claim 88,
wherein:
at least one of said filters (2) is hydrophobic.

90.  The filtering device incorporating nanoparticles as recited in claim 88,

wherein:
at least one of said filters (2) is hydrophilic.
91.  The filtering device incorporating nanoparticles as recited in claim 88,
wherein:
the one of said filters (2) that is nearest to the inlet of said encasement is
hydrophobic.
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wherein: at |east one of said filters (2) is
hydr ophobic. 93. The filtering device incorporating

woa0va98753 cl es as recited in claim9l, 5 whereCTUSED4/007822

| east one of said filters (2) is hydrophilic. 94. The

filtering device incorporating nanopartj.cle

oot L8 Th EiarnS Gevibh eI S RGVGARA T CS & FELHed i pleim O1,
reiflat is nearest to the inlet (4) of said 10

encasenment (3) is hydrophobic. 95. The filtering

devi ce i ncatrlpmt ané o@a'rthﬁkbqua@)iis:lmkoﬁ@bneci ted in claim

ere st. one of sal d t .S 4 .
hydr O%Obl lcrﬂe en% eYirg tEPTReg? Waggpefrﬁ%lg?% ?r Ctlﬁeﬂdn claim 91,
rticles as recited in cIa|m94 15 wherein: at
I'east one of said filters (2%) hydrophilic. 97. A
filtering deleastens ﬂf:@@ﬁh@ﬁ( gs hﬂimﬁalﬂ?l cl es, which

conpr | ies I’[ﬁ} %C{‘IH rg}eéiﬁg I&ﬁgg):o’%at @na{ngpe?rﬁﬁteglas rééﬂeg 1n claim 85,

conmunrcat ere I"east
Hheeqh:d filters (2) has an el ectrical charge t hat |s
the sane as 20 an el ectrical charge of at

asy .
target par theoge afgsaighdiliars (At that a6t nesest e g ]dﬂet &) of said

filters (2 an encasenent (3) haV| ng
an i nlfe¢ f%?ﬁg#d%%&%gﬁgg (5), wherein the one of
sai d 5| t erThe (f@)eribp alevics 1mﬁ>ap<ﬁsﬁng narfoperticles @k réddeddh claim 94,

sai d encasenent (3) is hydrophobic; and 25
WehesParticl e pellets (1) that are known to be capable

of destroyi R&e. Of toxins
adJ acent tg{‘%%%%%gkgédéﬁﬁgﬁﬂéqgjalg h‘ﬂhroid C%nsecut ive said

filters. (2)ThePdteridgfdelice nnmpm:tetrmg:eanoma@mb@ reatreeitpd in claim 94,
noparticles, which conprises: two or nore filters
("g)ef‘?”h serial fluid comunication with each other, 30

wherein at g %%§tton%?seﬁa fﬁafsctz)‘ islty8fophilk) has an
electrical charge that is the sane as an electrical

char g&7of & filterang detym m@mg@'atnpganmoca@clawhmb FRIMpriges:

|2 8 82 ; 0 8 g ? . 3&9%?'/ r{d%f 82)8%23(%12115 AL IRRLA ot RithRach other

wherein at least one of sa1d filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle and wherein at least one of said
filters (2) is hydrophobic;

an encasement (3) having an inlet (4) and an outlet (5), wherein the one
of said filters (2) that is nearest to the inlet (4) of said encasement (3) is
hydrophobic; and

nanoparticle pellets (1) that are known to be capable of destroying
bacteria, fungi, viruses, or toxins adjacent to and between at least two
consecutive said filters (2).
98. A filtering device incorporating nanoparticles, which comprises:

two or more filters (2) in serial fluid communication with each other,
wherein at least one of said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle and wherein at least one of said

filters (2) is hydrophilic;
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an encasenent (3) having an inlet (4) and an outl et
(5), wherein the one of said filters (2) that is

woe@rest’sio the inlet (4) of said encasement (BQT/UUS2004/007822

hydr ophobi ¢c; and nanoparticle pellets (1) that are

Viruses. ofnengrReed ) RERRE S bt fEL RN (b RERtein the one
two  GPNSRCHItbNERFahA fsi hdaRisB td dhe B8 (4) of kdi@dnB&kement (3) is

device incorporating nanoparticles, which conprises:
two omydwpbolfitiandrs (2) in serial fluid comunication

o PRS0 SEIREPAT3R 4 i 18 okl foving

(5) constiii, urlmgg auex! oF NRkingasdjaganay and weavétn at least two
encasenent (3) contalnlng said filters (2);
nanopéptlfieél“éVepgé}q fdteags (2)) that are known to be capabl e

of degjr oyi

cast S5t aconedRidepodriling o BRPle Yk REbREiak,
ot her of sawd of iokrefiBer§ 2)) ihatnid dlumid dmnmmmcmﬂor&mt]ni each other;

filters (2) and an ex nal 15 passa

means for @Bﬁfl%ﬁsﬁ‘fnﬁ@ é)ﬁﬁ%’l%ﬁbﬁﬁ?% }l/‘ﬂ%rtég (eggh inlet (4) and
100. I [
O e

filterenaitling sidfilersifhlobi c. 20 101. The filtering

devi ce incarporati.n ano i.cles as r cipted i
99, wherei pffthl%g?ﬂetﬁn@? t%‘at ?;ﬁedk[f |VYI} é’ (AP F@ o 48troying
hydr opfatletis; fuﬂ@Z vird$t8, b okRis iap Geaskordjfeent eI sAid ﬂ@ers (2) that
nanoparticles as reci ted inclaim9 wher ei n:

| east hanao othes af spid filtexsr(2) beryesrnthe e of eaid filters| (meﬁr geexternal

that is the same,as an electrical charge of at | east

one t dPFEENRFAPdIe. 103, The filtering device

I ncor por at izNgeddd f@Pdntditihg Said saficattichdpdlRisaiiai m 102,
wherein: at |east one of said filters (2) is
hydr opW8bi cl hedfglterimg deyjrs 1f1pqrp@qa’p1% napapagicles as recited in claim 99,
'\{?I‘fe‘il&ﬂor ating nanoparticles as recited in claim 102,

ereirn: at |east one of said filters (2) is
hydr ophi | i at lea®%ne of said filters (2) is hydrophobic.

101. The filtering device incorporating nanoparticles as recited in claim 99,
wherein:
at least one of said filters (2) is hydrophilic.
102. The filtering device incorporating nanoparticles as recited in claim 99,
wherein:
at least one of said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle.
103. The filtering device incorporating nanoparticles as recited in claim 102,
wherein:
at least one of said filters (2) is hydrophobic.
104. The filtering device incorporating nanoparticles as recited in claim 102,
wherein:

at least one of said filters (2) is hydrophilic.
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devi ce incorporating nanoparticles as recited in claim

waemd4/o9smberei n: the one of said filters (2) thetT/S2004/007822
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nearest to the inlet (4) of said encasenent (3) is

hydr ophobi ¢, 106. The filtering device .incorporating
nanopaf?i cllbs %é@mp%@fﬂflﬁﬂ mrcﬂrpé’raéﬁ“%]nfﬁ%?mel%se?sefe %ecgin détim 102,

shn.one of said filters (2) is hydrophobic. 107. The
filtering device incorporating nanoparticles as

reci ted i nthd anen afosaid filtess d2h thatoisanedresisio Higeimdet (4) of said
said filters (,2).1.s . hydrophilic. 108. The filtering

devi cgn?ars(%lai??}cgﬁa’tsiwamﬁgﬂ%garti cles as recited in claim

99,  Wher eihe fliRengMRyieE isodtsbritidgti@hspdri¢les hatecited in claim 105,
nearest to the inlet (4) of said encasenent (3) is

hwhdraphobi c. 15 109. The filtering device . .
o POr A g IR FhER A5 FRLh Aty ¢l m 100

wher ei n: at one o

hydr opglgbi cThe ¥ill@ringhievick liicorporgtingendnopartinles ap oscéted ngclaim 105,
nanoparticles as recited in claim2108, wherein: 20 at
|vépstinone of said filters (2) is hydrophilic. 111. A

filtering %::‘Yéagteoﬂe'?)‘f%iﬂ?ﬁ%%sg@gis?%ﬂ%ﬂﬂfd cles, which

conprises: two or nore ) in serial fluid
comuriogat it fiftdringedavivedntmporating eamipartifes| asaseiteshia claim 99,
of said filters (2) has an electrical charge that is
tWee'dBe as an el ectrical charge of at |east one

target partgclgeapfl sufaergbh @) heasd neaestofo 3 dnle?$4) of said
filters (2) 1s hydrophobic; an encasenent (3) having

an i nlemtas(e@ena@c)lisahych)mhob';c. (5), each inlet (4) and
Zﬁgh Sg]il{) l. gtn’l&l‘g?s ]rtr%ﬁ{%%{%ygc%ti%(g(%{x%?%?%x%aeng%?%icfe?lsag Z%gf@?% ’claim 108,

WoELEihh the one of said filters (2) that is nearest to
the 1inlet (4) of said encasenment (3) is hydrophobic;
30 nanopar tatdéast s afeeid fleys @) HthydredbRBisan to be

capabl o1, e bl LS ] g 4358 i i 105
tWBdreinhas no other of said filters (2) between the one
of said fil et1teler>asét (()rf_e) ofasgidd f%tnerse %(Zt) ?srﬁy%lrophil‘ic.
111. A filtering device incorporating nanoparticles, which comprises:
two or more filters (2) in serial fluid communication with each other,
wherein at least one of said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle and wherein at least one of said
filters (2) is hydrophobic;
an encasement (3) having an inlet (4) and an outlet (5), each inlet (4) and
each outlet (5) constituting an external passageway and said encasement (3)
containing said filters (2), wherein the one of said filters (2) that is nearest to the
inlet (4) of said encasement (3) is hydrophobic;
nanoparticle pellets (1) that are known to be capable of destroying
bacteria, fungi, viruses, or toxins at least adjacent to one of said filters (2) that
has no other of said filters (2) between the one of said filters (2) and an external

passageway; and
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passageway; and 25 WD 2004/ 098753 PCT/ US2004/ 007822 a
means for containing said nanoparticle pellets (1).

wda idv4/098763 | t er i ng devi ce i ncorporating nanoparPCTIUSRN4/007822

whi ch conprises: two or nore filters (2) in seria

fluid comuni cation with each ot her reln at | east
one of sai & PFFF éc?%cop?}nlﬂ%éal‘éﬁa‘éqpéf?{cﬁ }\é%eetsc(ligr ge that

i's thejsamey ﬁﬁem@g aém% ﬁ@&pb@ﬁh% ﬁm{pgﬁwfefs which ﬁé&ﬁbr&@e
target pal‘tl cl e and wherein eas one of said

filters (2)twnosorh1y1dreo’@mrs i(2); inaserieh Eaide pammuigytidnawithgeach other,

nch ottt BB of Mt Bty oS b ioei el glithe By the some as

and s Qin%l&ﬁ@c@ﬁi el of a3 leasCaettaigst pgtidaiad (hbieBl & 1€28) one of said
wherein the one of said filters (2) that is nearest to
the Hotarn(2ads 1%341?01811 IGaj d encasenent (3) is

hydr ophobi ¢, SRIQ %ﬁﬂszh gﬂ%gﬁﬁ éﬁ)lalndt{ﬁa&uu%{ 8&'@381‘{"{}1&‘[ (4) and

to be capab rna ungl, " Vi ruses

or t oxdadls oatlet @%nﬁd}l‘@xﬁ@ﬁﬁ ektermadl q;a@éags‘aayi afd Isaidr srchsment (3)
that has _no other of said filt g,tvveenthe one
of sai@nfampgpad fitprs{Al “éﬁreé&thér%lap 44 Sllarsdanhat ymgarest to the

15 3 TEAtyKiaantALRGAYS ek danp H@rﬂ@”' cle pellets

(1). terin Ice rporatlng
nanopart i clmopamhclehpaﬂetspfl)sthst atewkn@wn rorke f:apabbr of destroying

in serial fluid communi ca thech ot
Cath Ry PSS 2 %g\?.afﬂg,eagt i QLY filfers (2) that
SeCOoNtha3 ind&thek 3F salé @Hite% @Pb&wedn &R;ondOf 8aib %ﬁsr(|2§ 31?3 an external
of nanoparticles (1) that are known to be capabl e of

dest r ayassegewaytaadi a, fungi, viruses, or toxins applied
as a coatin

h 1 f
| east one ogmg?ﬂ%g]f ?‘in?%’tﬁlgtg (S%ma%#%héﬁ Bﬁkeg éire(r)lt ?g)
havi ngi@n | H'fﬁ!enﬁ%)iev@@ﬁc@@oﬁﬁhg fhndpaiticl@aehichrbeipribdk)

and each outlet (5) constituti ag an_external
passageway @dosaior EHerad@himeerfad)fluid sompynigaiipm iithagagh other,

[11 ¢ e Sich D saittflterd 15 llilrlod b9 ARY 8 o ABADAEE(1HTand a pore

nanopar es as re I°n € erein:
| east gmg of said filters (2) is hydrophobic. 115. The

];Ielclt teg:jn?ndg?gsgvﬁ?rlli@?ropor a %?@F r}?f?l{attla% (?10\%?1 to be capable of
destroying bacteria, fungi, viruses, or toxins applied as a coating on at least the
first side (11) of at least one of said filters (2); and

an encasement (3) having an inlet (4) and an outlet (5), each inlet (4) and
each’outlet (5) constituting an external passageway and said encasement (3)
containing said filters (2).
114. The filtering device incorporating nanoparticles as recited in claim 113,
wherein:
at least one of said filters (2) is hydrophobic.
115. The filtering device incorporating nanoparticles as recited in claim 113,
wherein:

at least one of said filters (2) is hydrophilic.
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at least one of said filters (2) is hydrophilic. 26
WD 2004/ 098753 PCT/ US2004/ 007822 116. The filtering

wa@leawioe87551cor por ati ng nanoparticl es as recitedpP@¢Tusioai/m7s22
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113, wherein: the nanoparticles (1) in said powler

(12) carry _an el ectrical .charge, and af least gne. of .

sai d fiipt pige fg‘)eﬂflﬁ JEVice ICGROMRINg HAHOP °1B%%EGFR?‘§2} claim 113,
%herén:nanoparti cles (1) carries an electrical charge

that is opposite to the electrical charge carried bK

t he nanoparthé wAnepargitles (1) is adid ppodere(d 2) ey, anjelectrioah gharge; and

filtering deyice incerpqgrating,\nanopartic

recited in af?f%swlielgf SE‘@&@?“’&% %;) %?Pfseé%a{tedoﬁr?hgtfw spacl’iw(ﬁier (12) of
filtengnéphitidlss () UabiioRi 6lectliBalldBreelihat 15 biR&it®G0o the electrical
devi ce incorporating nanoparticles as recited in claim

116, owmgeshmied by theranopytislesfl)dartid ppvderd2)2) s

ol R A B B 1

lve@séinone of said filters (2) has an electrical charge

that is the sane as _ an el ectri] cal CP1 r.ge of at | east
one target 3bkesteef saddilters{d) wsihydw 81]2;‘ devi ce

I ncor pgrat i i Gl FOC] k1 C Lai. .
ot PSS SRRSO Sidih chim 11
hylgireiphobi c. 20 121. The filtering device

i ncor porating nanopart.i.cl.es .recited.in claim119,
wher ei n: _atat%é‘é nedﬁéa‘gf gLy @%Si}}yﬁ@pgﬂ&) i's
hydr opfy i Orhelﬁ?eringh%vfde h&frbc%‘rgtiﬁge}{zlr@ﬁaﬁti@}?eﬁ? B Q&cell B claim 116,

L]l
) 1

nanoparticles as recited in claim 119, further

ceigreinsi ng: 25 a nmenbrane (14) covering each external

t d whi ch ' f f.osaid filt
(2 that ) sPtauat ene oh o S oS ap RGB! Ryt g seme
has no,Ol&8ficALhapé Of 4tilbdsebise téf%)et?ﬁﬁ&ﬂﬁ.en the one of
na

said filters (2) and an external passageway is .

di rect 8, sBhadfi mrcéﬂwe(mgrpwawmgar@pp‘%@w Fecited in claim 119,
snmpller than the nanoparticles (1) in said powder

(‘Y 3re]'510t at least as large as the pore size of said

30 filter (&2dashend dTGaidiltes@) isdtsidrgpdiobicsi ze.
121. The filtering device incorporating nanoparticles as recited in claim 119,
wherein:

at least one of said filters (2) is hydrophilic.

122. The filtering device incorporating nanoparticles as recited in claim 119,
further comprising:

a membrane (14) covering each external passageway toward which a
side of one of said filters (2) that is coated with the nanoparticles (1) and that
has no other of said filters (2) between the one of said filters (2) and an external
passageway is directed, said membrane (14) having a pore size smaller than the
nanoparticles (1) in said powder (12) but at least as large as the pore size of said
filter (12) having the smallest pore size.

123. The filtering device incorporating nanoparticles as recited in claim 122,
wherein:

at least one of said filters (2) is hydrophobic.
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123. The filtering device incorporating nanoparticles
as recited in claim1122, wherein: at |east one of

wa@a00d/098763 ers (2) is hydrophobic. 27 WO 2004/ BOBUSR04/007822
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“sal

PCT/ US2004/ 007822 124. The filtering device
| hcor ﬁgﬁ .atalt”[nh? fﬁ%?nqg A 1'0% 1&%rp2)§?tl{r1%fﬂea§1§8ﬁ§le? é@*e@t&??ﬂ claim 122,

wher e eas ne of “sail
Rw@deeaehi 1 ic. 125, The filtering device incorporating

nanoparticles as recited in claim 122, 5 wherein: the
one of sai @ lepstione of paiq iltarsi(2) is hydropbdic. t o t he i nl et

(4) ofjysal g‘heﬁﬂﬁeﬁig RePie Q&Brﬂﬁatglgﬁ%aggp%?g%s ad fRited B claim 122,

filtering device I ncorporating a es as
rviirdied i n claim 125, wherein: 10 at | east one of

id filt 2) is hydrophohi 127. The filteri ,
Soir o | ek 5P HBBAE) Sl et FLUA B pr s
125, Whatgkk 32151{1})&%%91@3 of said filters (2) is

. e

hydrophilic. 1 filtering device incorporating
nanopdbi clBe fiteringcievisd inqorprirating nanopartiths as wieétedimelaim 125,
Rﬂg ane of said filters (2) that is nearest to the
iMILY(4) of said encasement (3) is hydrophobic. 129.

The filterifadedHeoE shifnGe {sitdrdpRoliparti cl es as
recited in claim128, V\hegceqzﬁ: }gygdg? | east one of

sai d fli27t erEhe(fHjering deyige dpstospsirating wmopatigles jap tesited dn claim 125,
devi ce' incorporating nanoparticles as recited in

c‘?l&?r%nlzs, wherein: at |east one of said filters (2)

i s hydr ophidtigast diddbf siddilfetd @pisitydrapitice

i ncorporating nanoparticles as recited in claim, 1%6, )
25 furkler EnisTHIZFvIcs IHROmRRTATRE AWPaRiGlrs @5 fepiled & claim 119,
e‘%gﬁeggipal passageway toward which a side of one of

ilters (2) that is coated with the nanoparticles
(1) and thahe dmesofcaidt fiftersof2)sthbd if inetrests tq 2)e belbivgén of said
t he one of sai 8 filter gZ) and an external

encasement (3) is hydrophobic.

129. The filtering device incorporating nanoparticles as recited in claim 128,

wherein:

at least one of said filters (2) is hydrophobic.

130. The filtering device incorporating nanoparticles as recited in claim 128,
wherein:

at least one of said filters (2) is hydrophilic.

131.  The filtering device incorporating nanoparticles as recited in claim 116,
further comprising:

a membrane (14) covering each external passageway toward which a
side of one of said filters (2) that is coated with the nanoparticles (1) and that
has no other of said filters (2) between the one of said filters (2) and an external
passageway is directed, said membrane (14) having a pore size smaller than the
nanoparticles (1) in said powder (12) but at least as large as the pore size of said

filter (2) having the smallest pore size.
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passageway is directed, said nenbrane (14) having a
pore size smaller than the 30 nanoparticles (1) in

wa anod/opsodsler (12) but at | east as |arge as theP@DUS2004/007822

size of said filter (2) having the smallest pore

si ze. 2004/.098753 PCT/ US2004/ 0078 132..The .

filt eg%ﬁg"ﬁ@@&ﬁwﬁ %SYIBS }%Pmegﬁwgmamfﬁé%gs %‘F§1te‘{1 I claim 131,
kaelkdigd in claim 131, wherein: at |east one of said
filters (2) is hydrophobic. 133. The filtering device

i ncor por at iahlpastzomephpaid Eiters (Akis hgdiopbebic.n cl ai m 131,

5 wher,ghLn: &t St e of id-filters.(;2) 1S .. 1. .
nydr o e (AR d80Fs Mol BhR D rhSried fpyeleim 131
RaReparticles as recited in claim131, wherein: the

one of said filters (Z%réthat IS nearest to the inlet

(4) of sai d@tleag ovsehsadEHers(3)ishydiepliisphobi c. 135.

The fi . - c ; : .
T, I8 SR SE MR GO FERIRAEL L KBRS i 131,
falletedn:s (2) is hydrophobic. 136. The filtering device

i ncorporating nanoparticles as recited in claim 134, i
15 wher ej n:tgf’atonF e‘%\fgtsal nfglt%? é}aitéatf 19 pegrest (19 %esmlet (4) of said
hydr O%Hbz_isbﬁlent]@iishéhf‘opilblgiher' ng devi ce incorporating
nanoparticles as recited 1n claim1116, wherein: the
one ofl3§ai d'bkifiltesing degire itvatporatingesmepdrtitles theecited at claim 134,
%ﬁ?& of said 20 encasenent (3) is hydrophobic. 138.

¥4 t eri ng devi ce incorporating nanoparticles as
recited in a¢lcabtnd3f said WREITD)is hgliropRasit. one of said
filters (2) is hydrophobic. 139. The filtering device
i ncor gépat iThyg fiteniopdevice incornesatingcianeperfieles paifasitadin claim 134,
2 \%\Qg_rei n: at |least one of said filters (2) is
ﬁ’g/ rophilic. 140. The filtering device incorporating
nanoparti clagfeaitsone@f kdi@ dilteid (2) BihgubpBilic. wher ei n:

137.  The filtering device incorporating nanoparticles as recited in claim 116,
wherein:
the one of said filters (2) that is nearest to the inlet (4) of said
encasement (3) is hydrophobic.
138.  The filtering device incorporating nanoparticles as recited in claim 137,
wherein: |
at least one of said filters (2) is hydrophobic.
139. The filtering device incorporating nanoparticles as recited in claim 137,
wherein:
at least one of said filters (2) is hydrophilic.
140.  The filtering device incorporating nanoparticles as recited in claim 113,
wherein:
at least one of said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle.
141. The filtering device incorporating nanoparticles as recited in claim 140,
wherein:

at least one of said filters (2) is hydrophobic.
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at least one of said filters (2) has an el ectrical
charge that is the sane as 30" an electrical charge

w@booawod7enst one target particle. 141. The fi |l PEr/URIP04/007822

devi ce incorporating nanoparticles as recited in claim

nydr oghioni a1 46t wa0e BoresRcrblshET pophuyTin claim 140,

Whéreidhe filtering device | ncor porating nanoparticles

as recited in claim 140, wherein: at. l|east one of

sai d filtemslepsyong of sy filipnsi(2) is hyduwghilivhe filtering

devi c ]

140, 1437 LAHRIRHLE R PEL ARBH Al BSodls BErcled kel 140,
@’&‘tﬁbr%ﬁl?ﬁmﬁg passageway toward which a side of one

of said filters (2) that is, coated vvltlgthe .
nanopart i clag@embiang (44} goering Lach gx P2EEEHGYy toward which a

il erse( ) odedraRNsfidle (%’)Inl‘rﬁatowecgﬁfeg it e rlﬁn&%)mél@éj B"nd that

ext er na passageway 1S ect sai d nenbra
havi ndesnpother sf said ﬁltms I(2) bettweam théend Of mﬁbalst(ﬁ):atelsan external

bot o SesaecyhoRtiecbl i Hemprans A pefe il o8 oirghan the

si ze. n%ﬂépaﬁTﬂ& () 14 @id ﬁ&w&@\(meout RCIRER QS Blrdd 4k the pore size of said
nanoparticles as'recited in claim143, wherein:

| east fdwe(bfhamgdha‘smalbs’rspo(@;lzes hydr ophobi c. 15 145.

e e R RS RE R A B BERSRELL LR TR i 15,

fdlck@®@hs (2) is hydrophilic. 146. The filteri ng devi ce
i ncor porati n? nanoparticles as recited in claim143,
wher ei n 20+ feaet apgof said Silfers (B) isthyepphoict hat i s

hear e 5 "ltl{%?ﬂ?? ln%ng(n?% 1? o%tﬂngel\?/ | ggaci‘ﬁ@i%ggs géﬂte&%n claim 143,

hydr ophobi ¢ ncor porat |
nelivpgiar ticles as recited in cIa|n1146 wher ei n: at

The. 111 er (At oG SHACHEBILM R RABpar t cl 65 2o
reci teghgl N {oofBrihdQevicdhidthdtating nanoparticles as recited in claim 143,
wherein:
the one of said filters (2) that is nearest to the inlet (4) of said
encasement (3) is hydrophobic.
147.  The filtering device incorporating nanoparticles as recited in claim 146,
wherein:
at least one of said filters (2) is hydrophobic.
148.  The filtering device incorporating nanoparticles as recited in claim 146,
wherein:
at least one of said filters (2) is hydrophilic.
149. The filtering device incorporating nanoparticles as recited in claim 140,
wherein:
the one of said filters (2) that is nearest to the inlet (4) of said

encasement (3) is hydrophobic.
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at least one of said filters (2) is hydrophilic. 149.
The filtering device incorporating nanoparticles as

wo e@uegtsi n cl ai m 140, wherein: 30 the one of PEHUS2004/007822

filters (2) that is nearest to the inlet (4) of said

eSS R AR AR i 1,

wHesdigor at i ng nanoparticles as recited in claim 149,
wherein: at | east one of said filters (2) is
hydr ophobi @t leastone phgaid filtews(Phig hidippbebitncor por at i ng

ngg?%g%gcgﬁ% dﬁlg‘ale%%g 1&%5@ &é%gmﬁé]ewﬂe%ggd lﬁ laim 149,
filletednii NQ deV|ce i ncor porating nanopartlcles as

(14) cover ithis AuAuR OLNISIHER (BHSSIGBRICL var d whi ch a

10 si dgyof 'Iq{éqj%frm?z%%e%cg électo oRatir®) ndnb 1l: sﬁ??écﬁgdm EBim 113,

t he nanopart| c es as n er of sard
ffudtheecempBiyinget ween t he one of said fil ters (2) and an
external passa evvay directe d,nmenbr ane

. 14 .
having a pér @e@i s(r]ré F%Ye“lnﬁaq?dlil r?%%%r%‘ﬁso"i‘lg?‘f"%x E%W%Q)thh a
i N saisgheRGWIR of(shd fiRets (@)t thheRSIoaRA Witd 4R BHopLAcRO(BD and that

size of said filter (2) having the smallest pore
si ze. hagng sther of eald iﬁllt@ler@h@etwem the onpebppdfiters(g) and an external

nanoparticles Sy; ted i.n

onor Moty Hufepi S babhde T Hninel BHE' Yo sl an the
filtemaRgpaaigrbsE) hr[l§2@dl p@W@éﬂ([@) b apRadt tak tdrgsasihe pore size of said
recited in claim 152, wherein: 20 at | east one of

sai d fiilter é)dhaying the stAglasbRME FiZe. 155. The filtering
devi cg ncomgoﬁ ?e% n%%e@ﬁ@?&%gédé&#@s? Bﬁr?%eg %E r%c'i’te& b AL Mim 152,

152, ere n: e°one 0o

nelgsi€ist to the inlet (4) of said encasenent (3) is
hydr ophobi c. 156. e filterin

i ncor por at |%&aﬁ%§§§?15<§1@§3 (@& 1@31q19§af31?n cl ai m 155,

wher eify  The filtering device incorporating nanoparticles as recited in claim 152,
wherein:
at least one of said filters (2) is hydrophilic.
155.  The filtering device incorporating nanoparticles as recited in claim 152,
wherein:
the one of said filters (2) that is nearest to the inlet (4) of said
encasement (3) is hydrophobic.
156.  The filtering device incorporating nanoparticles as recited in claim 155,
wherein:
at least one of said filters (2) is hydrophobic.
157. The filtering device incorporating nanoparticles as recited in claim 155,
wherein:

at least one of said filters (2) is hydrophilic.
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at least one of said filters (2) is hydrophobic. 157.
The filtering device incorporating nanoparticles as

wo e@uegtsi n cl ai m 155, wherein: 30 at | east oPET/U82004/007822

10

15

20

25

30

said filters (2) is hydrophi lic. 31 WD 2004/ 098753
PCT/ U 04/.Q07 |t devi . . .
ncor dafar /TG isrine SRt e PuomRe AP el fa ositad ip claim 113,

wWhrEk&hn: the one of said filters (2) that |s near est

to the inlet (4) of said encasenent (3)

hydr ophobi ¢he ®ng5ef salﬁeﬁmrst@buthgt eﬁe@p@éstuwc&epml%& (4gof said
nanoparticl &3t r | n claim158, wherein: at

| east egﬁ%segpns(gfg}sﬁh er e (2) i s hydrophobic. 160. The

filterisog dene fileringaieriee igdorM@atianamdpiiticles as &ited in claim 158,
recited in claim 158, wherein: 10 at | east one of
eheaeini [ ters (2) is hydrophilic. 161. A filtering

devi ce |an‘.:1rt %ﬂe%g@?%ﬁr@ fsllﬁ/ﬁﬁ %lgh corrprl ses:

two or nore ters In se conmuni cat i on
W th elaoh OTlteeﬁillermgalehmeﬁncsmpa:tatﬁmg nfmo9a1(uﬁl)es havdcitgd @ claim 158,
first side (11), a second side (13), and a pore size,

€fnh at | east one of said filters (2) has an

el ectri cal ﬁlﬂ@dgg&letgfggldlfﬁteg\q ) EhydpspRilRs an el ectri cal

charge of at |east one tar parti cI e and wherein at
| east l&dne Affiltsdngidévite mccsrp(n:a)mg satmpdrtispasowhich camPrlses

powder (12) of nano are_ known t

capabl e of “@e¥ %Wpﬁ@efﬁgél & P al ?ﬂ‘%?‘mm“}’ﬁ%%? i “Sach other,
t OXi NS @R RIFistid Mferd (DAY Akt @ide'(@iiﬁta §eB@1d §1dé §I3) and a pore
side (11) of at |east one of said filters

nanopatizd: 071’1@561@ 2 lepst angiof sapl Pléewaé?) apan @9‘?*?1%1 r?@ar@ﬁ that is the
el ectr IaC asCa%aéc}gﬁmt:aﬁ %hfnjgg So?%? ?esclktt estgrl%pﬁ?rﬁ%l%%ﬁ' rein at least

charge carrire one o ers (

that hag dfeeid fntwet(eghsvhyﬁkbmabld povvder (12); an

encasenent (3) having an inlet an outlet (5),

each inlet §#pwasid(l aR,fhn"’é‘GPflﬂ“élf’le% 5}) g}?ﬁ@f‘f pWRgo A capable of

ot BB, 00, PRV SRUSSETRS 3l Eing gt e e
filterfirst 2idet(ha) of st kedrest oft @id Hfidtersi @).ethe (M)lopa’rtldas @) in said
oo e Pk e e T et e
carried by at least one of said filters (2) that has been coated with said powder
(12);
an encasement (3) having an inlet (4) and an outlet (5), each inlet (4) and
each outlet (5) constituting an external passageway and said encasement (3)
containing said filters (2), wherein the one of said filters (2) that is nearest to the
inlet (4) of said encasement (3) is hydrophobic; and
a membrane (14) covering each external passageway toward which a
side of one of said filters (2) that is coated with the nanoparticles (1) and that
has no other of said filters (2) between the one of said filters (2) and an external
passageway is directed, said membrane (14) having a pore size smaller than the
nanoparticles (1) in said powder (12) but at least as large as the pore size of said |

filter (2) having the smallest pore size.
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side of one of said filters (2) that is coated with
the nanoparticles (1) and that has no other of said

wo poo9EsE 2) between the one of said filters (PQT/ARZHOAONTS22

external 30 passageway is direct ed sai d menbr ane (14)

havi n o] sl.ze er t

oV ndgd PAE tef'(ﬂigzslevaﬁﬁmg?rp?r@ﬁ%% haloop Rl Rhich i tes!

size of saittho drihb@r fiketd Igég M Ggial haldséminhﬁﬁﬁcaﬁtﬁf Qith each other,
size. 32 WD 2004/ 098753 / US2004/ 007822 162. A
filtercplyofaaifd cféterSn@a rlmmata firt pidadphr risebansl, sidh (I3, and a pore
conpr i S r i serial .flui
cogpirur??%aﬁh%%&w t{]ﬁ eac Of S%% fslte(rg?c? hl'le Seé?car 1?%1 ll%rlgg that is the

(2) hadmegsanfdlécsitcas IcH&gé b ht leastsome andetspaticle bafl , widhéln at least
a pore size, wherein at |east one of said filters (2)
has arPngloé&aid fitgrs @highydrophdic; i s the 5 sane as an

el ect 1 cal L£hakas (f) e dfSkiqne t(@flglq%eo%&wts N hpable of

wher ei n at ne of
hydr oplestroying bagieveg dungfi,Idjused, on mam;saapphedl esa (Caatidghat at least the

Fungi gt sige sl PR aRe gieid:hids . dBS pavepatiiss (1) in said
| east JhiRler fl'Z? Shrryhgen @ﬂeét)rm%fchaf eltﬁeﬁ% o@ﬂﬁﬂ@{o tﬁ@m&ctncal charge

filters (2) he ‘nanoparticles (1) 1n s

(12) carrregd b}gatalnase bee bf sadifiltetsa2ythat hagt bées qoppdsmﬂ'esalda powder
the elegtrical charge carried by at |east one of said
filter@ 2) that has been coated wth said powder

(12); an enmapessemient (3) haig AYindd (Indtan(dhtleBB3Y, abh inlet (4) and
Ut et (5 Eanciemen(S) hAHL RGind] (U ane | e bt inlet (4) an

const iagh OHHetal?) ernetittng E@%&@@I\MSS&E%"’% said encasement (3)
encas&lig nlﬁ%gald ﬁ?er% 3@} @Jhg etu th% %' g)o% ah& ?itérs((éy tha ’léig jaegrgst to the

wher ei n

the iinlee{4) bﬁ%ald)én@aelﬂexﬂlﬂi@)asﬁmphdb% and@ hydr ophobi c;
and a nmenbrane %14) covering each external passageway
toward whi c%mﬁm wige16} coyraings caghjcyternal (Rapsagewyy fopgrd which a

is coat %aﬁi ﬂﬁ&?g?f gfap |8 afel)widD the J@Egm}ﬂgl%s P and that

other o sal ters etween the one o
filterms@)otlan df said ékteesr(@pbet@Berpths 9agefisaid ififterdi (R parideah external

anopdPETErey priteridesirpatiie (OIRvBRe B oA tan the
| ar ge @gopdEclBO(1§ 1r§éeﬁ&§9¢vde°ré('1§i) buft lat fe88t ab g8 Yot \Eze of said

smal | est pore size [tering device
i ncor pfdtea(z)d@vmgﬁb@amllastme siwhi ch conprises: two or

nore fjilter 2 ser.d.a cat
cach oer 5 985 BaARnfrabrisd nERE)S WhEhat bt
capabl e of ook hayb fieRAL) i@IskAal flvidledthmuMichiGOFith @4ch other;
toxins inpregnated into at |east one of said filters
(2); and nanoparticles (1) that are known to be capable of destroymg bacteria,
fungi, viruses, or toxins impregnated into at least one of said filters (2); and
an encasement (3) having an inlet (4) and an outlet (5), said encasement
(3) containing said filters (2).
164. The filtering device incorporating nanoparticles as recited in claim 163,
wherein:

at least one of said filters (2) is hydrophobic.
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an encasenent (3) having an inlet (4) and an outl et
(5), said encasenent (3) containing said filters (2).

waeeb4/094163 fi | t eri ng devi ce incorporating nanopeetT/Ust0e£007822

as recited in claim163, 30 wherein: at | east one of

¢ Ll et B Rv SRAEE LE m

I igREiROr at i ng nanoparticles as recited in claim 163,
wherein: at |east one of said filters (2) is

hydr ophi | i et lepgieoneTisaiflifiliees (2hi hvdvaphdic. ncor por at i ng

nanopaft.i cl (of ] J . rein: .the.
nanopzlr6i6i Cl"@ie @i3rfn%nde§%%dh%5§%§f%ﬂﬂ( %a%%p %%lrélre)g/wagrr}em%d in cfsim 163,
eviegtini cal charge; and at |east one of said filters

(2) that is coated with the powder (l(12) of .

nanopart i cltBgngnopagigtesi(bsingaidgopeer (123 Farenan glecttipalchpige; and

opposite taq,t rd zarL ]

nanopar t1 ol Sy Poe S ekl C13] 85y JRCLAEH vl bigfpowder (12) of
filterdangpatsic €l) cernepan alectnigainelmoga tiat ¢4 eppaite to the electrical
recited in claim 166, wherein; .at |east o of said

filter a](gf)caﬁ?d‘?ﬁ?&gﬁﬁﬂ@@?@ﬁefgg in-ppid Hoi‘“fdte’éag)'?lg devi ce

i ncor at i IRG bl 8L | [l Lp; :
ney TS0 RIBBRIALEHED B PS5 ki 165
twhkreiphi | i c. 169. The filtering device incorporating

nanoparti cl as recited..in ai,m.166, .. wherei n: at

| east one oqﬁf?gf(ﬁfle‘f‘ﬁsfuggg{e&@ ﬁggfdﬁc??%gpl&t rical charge

that imgt heTigpfiRerd® deviteSh&ipornind n&tdphaRIefas dcile@ @S tlaim 166,
one target particle. 20 170. The tiltering device

i wewseipor at i ng nanoparticles as recited in claim 169,

wherein: at_| oL}qL f ' [ £2) is
hydr ophobi c?t l%gﬁ(?n ea@iqlfeggr]?rq% ﬁc?;éi\sﬂ;pgléﬁclz'ncor porating
nanopara9. cl e fikerirgcddvied ihcorporating deipartishesragirecited 9n @laim 166,

| east, one of said filters (2) is hydrophilic. 172. The
fWhereli ng devi ce incorporating nanoparticles as

recited in ghajsmddds said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle.
170. The filtering device incorporating nanoparticles as recited in claim 169,
wherein:
at least one of said filters (2) is hydrophobic.
171.  The filtering device incorporating nanoparticles as recited in claim 169,
wherein:
at least one of said filters (2) is hydrophilic.
172.  The filtering device incorporating nanoparticles as recited in claim 169,
wherein:
the one of said filters (2) that is nearest to the inlet (4) of said
encasement (3) is hydrophobic.
173. The filtering device incorporating nanoparticles as recited in claim 172,
wherein:

at least one of said filters (2) is hydrophobic.
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wherein: the one of said filters (2) that is nearest
to the inlet (4) of said encasenent (3) is

whyanopstebi c. 30 173. The filtering device PCT/US2004/007822

i ncor porating nanoparticles as recited in claim172,
wherein: at _|east one of said filters (2) is . .. .
hydr ophbbi dbe Hiteri %@)%F’G@‘@’?B%lnﬁé?ﬁ%%%%?/ Bipegies in claim 172,

I{4reidhe filtering device incorporating nanoparticles
as recited in claim172, wherein: at |east one of
sai d filtemslea)one of sajdifiberhi(2)iis hydrpphiliTthe filtering

devi ce_LncQr parat.i ng nangparticles as regited i aj ¥

166, * 125 undiBRipR detReRpmosrErp o G tepled i 166,
t to the inlet (4) of said encasenent (3) is

hydr ophobic. 176. The filtering device incorporati ng .

nanopart i cltes oas ofesdid diftars (@) ghfﬁn ip7BearesyHer Bieninlefo(4); of said

| east one of ' ' (2) is hydrophobic. 177. The

fiIteFFﬁEeﬂﬁvﬁgtgﬁﬁggﬁggigting nanoparticles as

recitggei n THedilwrihg eviceireoaionatingt nanepaticlones mkitsdindclaim 175,

filters (2) is hydrophilic. 178. The filtering device

iwhetripor at i ng nanoparticles as recited in claim163,

15 wherein: I ' j ;s (2) has an

el ectri cal a&ﬁega?tg@%t% Eg}?@?gg{sh%ﬂggﬁéf%g%lgn el ectri cal

char ga79f arhel filasingaleeict ancgetorparg napopartid@é9 as Feded in claim 175,
filtering device incorporating nanoparticles as

MR8 in claim 178, wherein: 20 at |east one of

sai d filtergidd)oderindTMRAAD) & hyd@fhilithe filtering

devi ce incorporating nanoparticlés as recited in claim

178, WMBer eThe: filtringalesice dneoriprfrating wanppirtieles ag pcited in claim 163,
h droghilic. 181. The filtering device incorporating
ﬁéﬁ%ﬁ'rticles as recited in claim178, 25 wherein:

at least one of said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle.
179. The filtering device incorporating nanoparticles as recited in claim 178,
wherein:
at least one of said filters (2) is hydrophobic.
180. The filtering device incorporating nanoparticles as recited in claim 178,
wherein:
at least one of said filters (2) is hydrophilic.
181. The filtering device incorporating nanoparticles as recited in claim 178,
wherein:
the one of said filters (2) that is nearest to the inlet (4) of said
encasement (3) is hydrophobic.
182. The filtering device incorporating nanoparticles as recited in claim 181,
wherein:
at least one of said filters (2) is hydrophobic.
183. The filtering device incorporating nanoparticles as recited in claim 181,
wherein:

at least one of said filters (2) is hydrophilic.

35



10

15

20

25

30

the one of said filters (2) that is nearest to the
inlet (4) of said encasenent (3) is hydrophobic. 182.

wab@409476%2r i ng devi ce i ncorporating nanoparti CPEFUSH04/007822

recited in claim181, wherein: 30 at | east one of

Govi od HncaHANEEA GoHEh JFART i sa REPRBERt oL Ruflaim 163,

reinerein: at |east one of said filters (2) is
hydrophilic. 35 WD 2004/098753 PCT/ US2004/ 007822
184. The fith¢e emenof dadi flers n@dripar &t neagestiatooplaer tilell € of said
as recited in wherein: the one of said

fil teregcisﬁl)ne? ﬁlslhéldﬁoé’iplé]gt to the inlet (4) of said

encaseBnt 1nd)filtedinB)dei R hddirforatnglimopdificleh b t&ite@eh claim 184,
devi ce incorporating nanoparticles as recited in claim

Mhgreinwher ei n:  at Ieast one of said filters (2) is

hydr 0phobi Gy 1 L 80 TR IR! (P HBYIBeLNCOT POT ati g

nanoparti cl as reci “wherein: 10 at

| east i@ae OfheSfiltetinki detRe SndoZporbtingwytioppdicles @s rdodéd if\claim 184,
filtering device incorporating nanoparticles, which
fiNses: two or nore filters (2) in serial fluid

conmuni cat i gach e : & @i at | east one
of said fi Ia?gk}aé%%%)o has anl;bg(l%%:st}%gﬂiaca??31 charge that is
t he saigd. asA fittarieg écticd macbrpoiaﬁng aamjpaﬂicldsewhtch@nmpnses
target partlcle and ere n. at zﬁ one of. sai

filters (2) twio SO FBil ) lnngfﬁ q 8@1‘8@%1%?‘[1%] 8\{1‘3’1 q.aé;h other,
known {0::bf of RR&RIS o?fsalg%ﬁfefscmb A&k DeAL@fidR charkd Bk i is the same as

viruses, or toxins inpregnated into at | east one of
said fan dl@mscaq Ql)args af @t leastongiargel prticle @agd whareity itdgasaane of said

el ectrj is opposite to the electrical
chargeﬁlg Q‘ié%h)g% feast one of said filters (2);

and 20 an epgspaiEe (()Bthahai B@wantd B eipabkh) oiaﬂéistr@!?mg bacterla
outlet (5), said encasenent aqu) cont ai ni ng sa

filt erfngipirggseprioxinanpagnaid sk at fepst@resof( Szl}d filgxs (2), said
e D of Ak SR B B S
nanopaghat el Aficdy 4 heasoonerdfseaid:filters (2); and
an encasement (3) having an inlet (4) and an outlet (5), said encasement
(3) containing said filters (2), wherein the one of said filters (2) that is nearest to
the inlet (4) of said encasement (3) is hydrophobic.
188. A filtering device incorporating nanoparticles, which comprises:
two or more filters (2) in serial fluid communication with each other,
wherein at least one of said filters (2) has an electrical charge that is the same as
an electrical charge of at least one target particle and wherein at least one of said
filters (2) is hydrophilic;
nanoparticles (1) that are known to be capable of destroying bacteria,
fungi, viruses, or toxins impregnated into at least one of said filters (2), said
nanoparticles (1) carrying an electrical charge that is opposite to the electrical

charge carried by at least one of said filters (2); and
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two or nore filters (2) in serial fluid comrunication
with each other, 25 wherein at |east one of said

wo poo@9ss 2) has an el ectrical charge that is POEUSEN®E007822
as an electrical charge of at Ieast one target

particle and wherein east o filters,
i s hydr ophid% €CaseH8h &tr)thf‘l %@n(lrif’t @&&F‘i‘&?@uﬂﬁé Siué eggasement

capabl8) @intslaml’a ﬁl&rp@st@ﬁéran thd &{waf, said ﬁl%b‘r’@?z) 1124 is nearest to
t oxi ns mpregnat ed into at |east one of said filters

(2), ghé thlet3d) ofmavhencasenleet(3) is hysaophpbitg an el ect rical
charge that is opposite to the electrical charge
carried by at |east one of said filters (2); and 36 WO
2004/ 098753 PCT/ US2004/ 007822 an encasenent (3) having
an inlet (4) and an outlet (5), said encasenent (3)
containing said filters (2), wherein the one of said
filters (2) that is nearest to the inlet (4) of said
encasenent (3) is hydrophobic. 37
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