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20 The pH alterihg material can comprise a flat sheet structure
positioned upstream from the positively charged medium. The pH altering
material can be periodically regenerated. Composite filter mediums of the
present invention may further include an adsorbent for removing charge
reducing contaminants upstream from the positively charged medium.

25 In another aspect, the present invention is directed to a composite
filter medium comprising: a charged medium capable of providing enhanced
interception of microbiological contaminants; a pH altering layer positioned

upstream from the charged medium; and a medium for removing charge
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In a further aspect, the present invention is directed to a method of
removing microbiological contaminants in a fluid comprising the steps of:
altering an influent pH such that microbiological contaminants remain

25 negatively charged by providing a pH altering material upstream from a
charged filter medium; and obtaining at least about 4 log reduction of the
microbiological contaminants when a fluid is processed through the charged
filter medium. The method may further include the step of removing charge-

reducing contaminants in the influent in coordination with the step of altering
30  the influent pH.
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FIGS. 1A and 1B are cross-sectional views of composite filter media of

20 the present invention.

Detailed Description of the Preferred Embodiment(s)
In describing the preferred embodiment of the present invention,
reference will be made herein to FIGS. 1A and 1B of the drawings in which
25 like numerals refer to like features of the invention. Features of the invention
are not necessarily shown to scale in the drawings.
Definitions
The following terms in either their singular or plural form shall have

the following meanings as specified.
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medium for enhanced microbiological interception, and a pH altering

20 material of the present invention, into a single composite structure. In some
embodiments, the prefilter may be absent or its function assumed by the
adsorbent prefiltration medium. The pH altering material may also be
incorporated into the adsorbent prefiltration medium.

As used herein, “contaminant reduction” shall mean attenuation of an

25 impurity in a fluid that is intercepted, removed, or rendered inactive,
chemically or biologically, in order to render the fluid safer as, for example
for human use, or more useful, as in industrial applications.

As used herein, “fiber” shall mean a solid that is characterized by a
high aspect ratio of length to diameter of, for example, several hundred to

30  one. Any discussion of fibers includes whiskers.



25 inpurity in a fluid that is intercepted, renoved,

or rendered inactive, chemcally or biologically, in
wonderost®orender the fluid safer as, for exanpbker/uSen04/003924

human use, or nore useful, as in industria

applications. As used hereln "fiber" shall nean a

solid that is characteri zed @y a high aspect ratio of

length to dianeter of, for exanple, several hundred to

30 one. Any discussion of fibers includes whiskers. WO

2004/ 082398edPOEdUS2G D4 0G:80R4" sihllAneas admhteriel that performs

"flthf.Hdeiunf shall nean a material that perforns

fIJ "P '"%tion. As used herein, "fluid" shall nean a
| i qui d, AgassedOhere@DIfIDRE"T EHAll I‘nB@ﬂ eofiquf, Ag%s U$EEombination
herein, "form ng" shal | mean converting a | 'oose,
undb¢'get ured substance into a cohesi ve, uniform
struct ur,

5]c ber < I/A\EtuggdgﬁggﬁgrnMrﬁingtEeAPHg%@E%ﬁ\%ﬁl%a Ido?@slﬁ*nstluctwed
" ﬁvbﬂ@@ptlnt@rﬁ cehregiveaksformnctetare. Favtexnfpld, lﬁge wnvlacsuamrof
st t he, passage of, so as to affect, remove,
|ng§§?3§F€'nT83 e?nfluence As used herein "l og
reducti g M@lduﬁereﬂf 'ikRepBhal |“inerBpidie b@g@al@f’] td ean
nunber, of organisnms in the influent lelded by the
nurtbieredne withaeh SerPing thetraesage pl, seas topffest frempue, ingugivate

TOUSgﬁlﬂﬁkﬁ "menbrane” shall nean a thin, porous
um 1 mherein the structure is a single
cont i nudas:s&bherﬂirpl‘ihzgeredmﬁibn aalvehbr ﬂLR)USshab(Dﬂi@n the logo of

str used her r ani sm' shal | mean
;}H? P%}mﬁaf @f‘agﬁ“'éfﬁ? fh n%ﬁ?f aef"g‘fﬁ*g?&'eﬁ‘&éwm Fof Pl gms

|nqhud;aﬂu@ukﬁa¢me}|n1ted to bacteria, viruses,

fungi, protozoa, and reproductive forns t her eof

i ncl udi A§ ¢spst Bergig ‘Spriplrgne 2ohalls mgsada hiéinei poroupmugdium
155h%ﬂer§ﬁatﬂer§ ra&ﬂfq fso{l g@ (%rlllltlhéou hldS&% F a’ conpnuous
ia ha ca

altering materia nean a nater
r aimmee giruckwyeer t he pH of an influent in contact mnth

such pH alutsg(g 1en%|

mlcroorganlsm " shall mean any living organism that
may be suspended in a fluid, including but not limited to bacteria, viruses,
fungi, protozoa, and reproductive forms thereof including cysts and spores.

20 As used herein, “PFU” shall mean plaque forming units.

As used herein, “pH altering material” shall mean a material that can
raise or lower the pH of an influent in contact with such pH altering maferial
to a desired pH range. The pH altering material may provide a buffering
effect to an influent contacted with the pH altering material.

25 As used herein, “sheet” shall mean a roughly two-dimensional
structure having a length and a width that are significantly greater than its
thickness. !

As used herein, “whisker” shall mean a filament having a limited

aspect ratio and intermediate between the aspect ratio of a particle and a

30 fiber. Any discussion of fibers includes whiskers.



to a desired pH range. The pH altering material may

provide a buffering effect to an influent contacted
woi2bdw/8zm9IpH al tering material. 25 As used her eCI/US2004/003924

"sheet" shall nean a roughly two-di nmensional

structure having a length and a width that are

significantly greater than i s thickness. As used

herei n, "whisker"” shall nmean a filanment having a

limted aspect ratio and internediate between the

aspect ratio of a particle and a 30 fiber. Any

di ' j s..i ncl udes whi skers. WO 2004/ 082799
Pﬁ@&%ﬁ%ggﬁ%ﬁ%ﬂ?he Conmposite Filter Medium The
pr esent Thapessehonvgtow gesides @@dﬁfﬁ@ééli_}teqlil{elr |n$e%iﬁu.ﬂmt%wkﬂngig a
[ [ [ ng materi
e e T e et R
5m guabihat AgteBibl e a5 BAMNaR sRIrE&S R th@éﬁf[lﬁgt H\%I[ntﬂagﬁ”a first

mai ntain a first charge that i's opposit
ch&hyed thaids wppRsite Hgt af s ebersdd chedige. haviier a axerml eharge.

h i i_al _may raise the pH.of the

't PhesTHE hE e T i SBe drce Bt he blGercrodes

abadhen SboutV tohi prefiekubsy pbbdta?!’lgEabd)ute%_ \,:Vitgfheﬂqlig BBt rahBE .

[ ' [ t m_cr obi ol ogi ca

or SR T Sipelesis BT Sheerius e cloga v gach
TOW toRganishidi 35 HAEB rREhtANGGreet hﬁitﬁihatﬁﬁ%amggﬂ—l na%gre,l t{h%%‘ﬁarge

medi um can be arranged tog%e strongly positiVeé, e

i s&8|8e filtee megiinh cambetanengdd tocve stemhighnpositigy, elat Boelectric

i . f bl h bout 10,
so P Haer s dher FRALRRTLEE AR, Hap FeTEst rd PRfvre By weier than
betbean! G, o thatrtheie isr ghehatEs cddreid Measidd BEG ah ltl‘ié"?arget

fil . medi 15 Th jority of m crobiologica
cgﬁgéﬁiﬁﬁbﬁ%@f%@%@éﬁvr%dmd at a pH of about

6 b id ; < u . Wen
She. i onpitly B hichRaLA LefiMih: SR AGRR Y Mo

chaf gert ‘Pf_e%bOHF & tp @hditi & in innsteTonepttade waitargources. When the
S BT B SRR BoP . st

m énteegadi $ivg wldctrolkdnctic Ahedbly with heHSGRRNERRLLES filter
usi ng,.a positively charged filter medium Polio virus

haS"eQHM spavExey iQPSkSi_dP t charged plirrersapisms willsbheve greatly
200NkagRtd @i\é"t@llei &%é’bp&i{i\l/eh; Pﬁa‘arged filter medium. Polio virus has an

isoelectric point at a pH of about 7 such that only at alkaline pH will the
polio virus have a negative charge. It is, therefore, advantageous to assure
that any filter operates within a pH range where the target microorganisms
are negatively charged and the filter medium sustains a positive charge, i.e.,
25 in a pH range between the isoelectric points of the microorganism and the
filter medium. The composite filter medium of the present invention will
alter the pH of the influent pH to less than about 10 such that
microbiological contaminants in the influent are sufficiently negatively
charged so that a positively charged filter medium may effectively capture

30  those contaminants. Depending upon the fluid to be filtered, a charged filter
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i.e., particles significantly smaller than the pores of the filter medium, there is
a direct correlation between the log reduction value of many small viral
particles and the contact time of the influent within the filter medium, rather
than a dependence upon the thickness of the filter medium.

25 Preferred charged media are disclosed in co-pending patent
applications U.S. Application Serial Nos. 10/286,695 directed to nanofiber or
membrane filter media, and 10/290,803 directed to solid composite block
filter media wherein both types of filter media have a microporous structure
for enhanced microbiological interception. The microporous structures are

30 treated with a microbiological interception enhancing agent capable of
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di alk¥Jingi mgterials are inorganic carbonates such as magnesium carbonate,

sodium bicarbonate and calcium carbonate, limestone, with calcium

carbonate being most preferred. By altering the pH of the influent to a pH

greater than the highest isoelectric point of human enteric virus, substantially

25  all microbiological contaminants of interest maintain a negative charge such

that a positively charged medium can more effectively intercept the
microbiological contaminants.

The pH altering material may be incorporated into the composite filter

medium using known methods in the art. The pH altering material can be

30 incorporated directly into the charged medium. Flat sheet structures
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20 méﬁd) ihavmg mlcroblologlcal interception capabilities. The adsorbent prefilter
layer 11 comprises an adsorbent supporting substrate 12. At least a portion

of substrate 12 is coated with pH altering material 14, adsorbent particles 16,

and binder particles 18 which are fused to each other and to the surface of
substrate 12.  The coating on the adsorbent supporting substrate 12 is

25 obtained according to a method which is described in the ‘513 patent. As
basically described in the ‘513 patent, the coating is obtained by preparing a
mixture of particles of pH altering material, adsorbent particles, and binder
particles. Preferably, the binder particles have an average particle size not
exceeding approximately 80 microns. The mixture is applied to part or all of

30  the adsorbent supporting substrate 12 to produce a loose powder coating on
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axial flow devices. In radial flow devices, the flat sheet structure can be

25  wrapped around or rolled into the core of a solid filter medium, for example,
an extruded carbon block, such that the influent contacts the pH altering
material prior to contact with the carbon block filter medium. Alternatively,

in solid extruded filter media, the pH altering material may be incorporated
directly into the mixture of adsorbents and/or absorbents, additives, and

30 binder to be extruded, for example, into solid composite blocks in
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about -100 mesh. A preferred inorganic carbonate is dolomitic limestone
having an average particle size of about -100 mesh.

In municipal water treatment systems or other in-line treatment

25 processes, the pH of the influent may be altered with an infusion or direct

injection or addition of the pH altering material prior to contact with the

charged medium. Preferably, the pH altering material is added as an

aqueous solution or dispersion.

In some cases, the pH adjustment can be accomplished using a

30  suitable buffer or ion-exchange resin that sustains a target pH in the effluent.
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20 pre40, | preferddy dbROPVA BtP nflRr 98K SAUGHRG% prefilter is positioned
upstream from the charged medium to remove charge-reducing contaminants
and to increase the pH of the influent prior to the influent contacting the
charged medium. Preferably, a particulate prefilter is included in the filter
system and also positioned upstream from the adsorbent prefilter. Such filter

25 systems of the present invention have been shown to enhance the

interception of microbiological contaminants as illustrated in the examples

below.
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20  Sensors for measuring temperature, pressure drop, conductivity and pH are
disposed externally of the cell. In accordance with this method the
electrolyte solution is pumped through the porous material. As the
electrolyte solution passes through the sample, a displacement of charge
occurs.  The resulting "streaming potential and/or streaming current”" can be
25 detected by means of the electrodes, placed at each end of the sample. The
zeta (streaming) potential of the sample is then determined by a calculation
according to the method of Fairbrother and Mastin that takes into account the
conductivity of the electrolyte.
Bacterial challenges of the filter media were performed using

30  suspensions of Escherichia coli of the American Type Culture Collection
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solution, 15 ml of a 3% stock solution (1.8 in 60 ml RO/DI water), to
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exposure and saturation. The silver nitrate solution was left on the pulp sheet
for at least about 15 minutes and excess water removed under vacuum
pressure. The silver-treated pulp sheet was then torn into small pieces and

placed in a WARING® blender and re-dispersed in 2.0 L of deionized water.
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The adsorbent prefilters, also referred to as PLEKX® layers, were made
25 in accordance with United States Patent No. 5,792,513 to Koslow, the
“PLEKX®” process. Both the top and bottom substrates were a honwoven,
hydroentangled, spunlace, unless otherwise specified, available from E.I.
duPont deNemours Company, Wilmington, Delaware, as DuPont® 18620

trimmed to a width of about 25 cm. The powder mixture was Grade OL

30 Carbon from Calgon Carbon Corporation, Pittsburgh, Pennsylvania, treated
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The initial influent pH was fairly acidic in Fxample 1. The carbon
PLEKX® layer was able to raise the pH of the effluent, but could not sustain
20 the higher pH levels. After 1.5 L water flowed through the PLEKX® layer, the
pH fell below 7. At an influent pH of 6.5 in Example 2, the buffering effect
of the carbon-loaded PLEKX® prefilter appears to be insignificant.
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173 Sb% [Anestona Tap Water @ 6.96 9.85

- 2 layers 0.4 9.55

4 35% Limestone | Tap Water @ 6.05 0.1 9.61

- 2 layers

5 35% Limestone | Tap Water @ 6.05 0.2 9.82

-1 layer 0.3 8.35

5.0 7.58

The addition of 50 wt.% limestone to the PLEKX® layer significantly
raised and sustained the effluent pH to greater than 9 when the influent was
about neutral pH. Reducing the amount of limestone to 35 wt.% and
exposure to slightly more acidic water that more closely resembles natural

15 water, provided excellent buffering capacity as well.

Examples 6 and 7: pH Studies With Carbon And Limestone PLEKX® Layers

In A Composite Filter Medium Of The Present Invention
Two (2) carbon/limestone PLEKX® layers having a lay-down of 900
20  g/m? were fitted into a filter housing with one (1) layer of the charged
medium and secured into place with a hot melt adhesive. A 20.0 L carboy
filled with de-chlorinated tap water was attached to the inlet of the filter

housing. The pH of the effluent exiting the filters was recorded and data

shown in Table Ill below.
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was rjecorded and dat RO/ W5 ghiie—HH-d T
RO/DI @ 4.65 75.0 44 7.44
RO/DI @ 4.92 80.0 68 7.74
RO/DI @ 4.92 85.0 48 7.79
RO/DI @ 4.92 90.0 44 7.72

In Example 6, pH modification

is limited after exposure to large

volumes of water. However, when the flow rate is increased in Example 7,

the elevated pH levels are better sustained, on average about 7.5. After

5

exposure to 90.0 L of low pH water, the filter of Example 7 was challenged

with MS2 (2.06 x 10° prepared in RO/DI water) to determine whether

acceptable log reduction was possible. The filter was able to provide a log

reduction of greater than 9.0 for MS2, after exposure to 90.0 L of low pH
water.

10
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Exanpl
i %:ﬁtvg%ﬂ'o '?T‘éﬁtégéslalsﬂr}f:@rdgﬁcq %t@@ process disclosed in Umted States

Patent No. 5,792,513. The charged medium used in this example was
treated with sodium bromide with the first treatment of MERQUAT® 100.
Each PLEKX® layer consisted of a lay down of about 800 to about 900 g/m? of
particulate matter. A layer of INTERNET™ netting is placed on the bottom of
the filter housing and secured in place with a hot melt adhesive. The
charged medium was attached securely to the netting followed by the two
layers of PLEKX® material. The entire filter housing was glued together with
the hot melt adhesive to prevent any bypass. The actual filter area was about
2.5in x 3.75 in (6.35 cm x 9.53 cm). A 1/4 inch inner diameter hose was
secured to the inlet of the filter housing using a hot melt adhesive and the
outlet of the filter housing was open to fluid flow. A pressure of about 4
inches (10.2 cm) water column was maintained at all times. The filter was
attached to carboys filled with RO/DI water.

The filter was removed from the carboys and challenged with 250 ml
of an MS2 solution at different intervals after a quantity of RO/DI water
passed through the filter. The effluent was collected in sterile 250 ml
Erlenmeyer flasks, diluted and plated on petri dishes following standard

procedures and left overnight. After each challenge, the filter was re-attached

to the carboys.
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16 207.0 1.95 x 10° 0 9.29
14 218.0 3.60 x 10° 2.4 x 107 7.17
16 225.0 1.10 x 10° 6.00 x 10° 5.26

This example concludes that filter will stil| provide acceptable

bacterial log reduction values of greater than about 4 log until the flow is

reduced to an unacceptable rate.

Examples 10: A Composite Filter Medium Of The Present Invention

Challenged With Klebsiella terrigena, PRD-1, and MS2

Three (3) filters were challenged with the above referenced three

organism cocktail. Filters made with carbon-only PLEKX® layers that did not
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were glued to prevent bypass through the system. Carboys of de-chlorinated

tap water were placed above the buchner funnels and water passed through

each funnel. The filters were pre-wetted with 500 ml de-chlorinated tap
water and then challenged with 250 ml of the three organism cocktail

15 prepared with de-chlorinated water. Effluents were collected in sterile 250
ml Erlenmeyer flasks, diluted and plated on petri dishes following standard

procedures and left overnight. After each challenge, de-chlorinated water

was passed through each filter.
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I=a~>an a= g

0.5 8.40- %100 2. 70 x 1048 Qoillensss 0 6. 70 x 109 1.40 X
105 4. 68 PR[EA Challl ende®® X010 2. 103x60%08 d 8832 8.0
6.00 x 108 91HA x 103 46F2x 15 0 V. 060 1008 4840 X| 105
3.23 Kl —terB?fena Chal POAYES°0. 5] 11.965x1060 [0 9.096
PRD-1 Challenges

0.5 2.10x 10° 0 8.32

5.0 6.00 x 10° 2.00x 10 7.48

11.0 7.00 x 10° 3.30x 10 7.33

32.0 9.00 x 10° 1.40 x 10° 2.80

K. terrigena Challenges

0.5 1.15 x 10° 0 9.06

5.0 7.50x 10° 0 8.87

11.0 3.00 x 10° 0 8.48

32.0 1.20 x 10° 8.05 x 10° 4.17

The filter of Example 10 was able to sustain more challenges with

greater test volumes than Filters A and B that did not contain the pH altering

material, limestone.

Example 11: Long Term Study Of A Composite Filter Medium Of The
Present Invention Challenged With Klebsiella terrigena, PRD-1, and MS2

A filter similar to the filters used in Example 10 were assembled with
one (1) layer of the charged medium, made according to the general
description described above, and one (1) layer of Grade OL carbon PLEKX®
having 35 wt.% limestone placed upstream from the charged medium. The
filters were initially wetted with RO/DI water and challenged with the three
organism cocktail. Additional quantities of RO/DI water were passed through

the filters prior to subsequent challenges.



wazenpiszr9d0 Wth G ade OL Carbon And Li nest onePCT/US2004/003924
(L) Challenge PFlIJs LFV M2

5

8.0 7.50 x 108 6.00 x 102 6.09 15.0 3.00x108 3.25x104
3.96 WD 2004/ 082799 PCT/ US2004/ 003924 23 Table VIII

PLEI (X(r) Layer
Chal l enges 0.5 8.40 x 109 3.
109 2.50 x 10 8.43 32.0 2.

H20Vol .

x 10 8.37 11.0 6.70 X

x 10'0 1.98 x 10

3.01

PRD-1 Chal l enges 0.5 2.10 x 108 0 8.32 5.0 6.00 x 108
2.00 x 10 7.48 11.0 7.00 x,108 3.30 x 10 7.33 32.0

9.00 x 108 1.40 x 106 2.80fa
0.5 1.15x109 0 9.06 5.0 g

RS

errigena Chal |l enges

8 0 8.87 11.0 3.00 x

(=

0]

108 0-8.48 32 0 1.20x109 8. 4 4.17 The filter of

Exanplieibnvas dbtadHe© lsiLhi n [nitleliehad (PEUGAR W LY
great er & est| voRbiesaltchalengd)| t §r s Airedod; Tdrat  di d480

contjain the |pH altering 5 materal-inestane

Exanpl e 11: |Long Term Study O |A OgﬁBo‘E‘foﬁé”h | t er7-64

Medium OF The Present Inventian Okaéblxgtgem7Wt 7,40
Kl ebsiebia trerrigena; PRB-L a."""p') A-tilter simlar
to tlhe filters used in Exanple |1 W&%@b@mmd &i*8 h
10 ane (1) llayer of the charged rred’RDnnzcmiCtﬁ 30(06 gsn

to tlhe general description des 3 one
(1) |Layer off Grade Q. carbon PLEKX a1 hg 3'> w8 o
| i mgst o?fe pllaced ups#ioeam from|t he Mshar@edgredi ung g5 n

PRD 1.30 x 10° 6.11

Kleb 3.00 x 10° 6.47

120 9.75 MS2 9.00 x 10° 6.95

PRD 1.8 x 108 6.25

Kleb 4.50 x 10° 6.65

144 15.5 MS2 8.00 x 10° 6.90

PRD 1.10 x 10° 6.04

Kleb 5.00 x 10° 6.70

168 22.0 MS2 7.80 x 10° 6.89

PRD 2.30 x 10° 6.36

Kleb 6.00 x 10° 6.78

192 26.0 MS2 9.00 x 108 6.95

PRD 6.00 x 10° 6.78

Kleb 4.00 x 10° 6.60

264 30.0 + .25 L Humic Acid MS23.10 x 10° 6.49

(5 ppm) PRD 2.70 x 10° 6.43

Kleb 5.50 x 10° 6.74

The filter of Example 11 maintained acceptable reduction

of

microbiological contaminants although the amount of water flowing through

the filter even when the amount of water flowing through the filter had

decreased to an unacceptable flow:.



filters were initially wetted wwth RO D water and
chal l enged with the three organism cocktail.

waddistosomal quantities of RO D water were pasBew/UusS2004/003924

through 15 the filters prior to subsequent

chal | enges. WO 2004/ 082799 PCT/ US2004/ 003924 24 Tabl e

I X Exanple 11 Tine (hr) Tot@ t-BzO Vol. (L)

Chal I enge (PFUM) LPV 0 .25 (initial challenge) Ms2
26 }O 7.48 PRD 4.40 x 107 7.64 Wb 2.50 x 107

7. Atample 13 Lepe Jepp SGUQDEQBMsiorrmltq FilGerx MbdBinG. OB The

e 0 106 PR

1 R Senbinkedith Enlfendtd bufl Moo Rideehg ploiR and g

106 6. 9%he fiRD of BXaxnpl@GZGsZBmlaV\&b the Blers LEEDG Ex&RpILirh.

155@“@2bsxe 0 P %leoegoﬁ Wb
TGE 8> 767 68 6 IeUR WeEs Gepted Wiy dion

5x  befnile36urind eRafh 2

)6(6 & 9%2;%6@6@08 Xé?\?o\)gltllgge 6fith88él%%n B¢ (R/\ %9\% 12%)4%5

30 dg5crbeg 5in| they generalcdescised 3bove )@nd0’6166re4hﬁalmng procedure

followed accordingly. The filters were initially wetted with RO/DI water and
challenged with the three organism cocktail. Additional quantities of RO/DI

water were passed through the filters prior to subsequent challenges.



(5 ppm PRD 2.70 x 106 6.43 Kleb 5.50 x 106 6.74 The

filter of Exanple 11 mai ntai ned acceptabl e reduction
wohoo4mszebi ol ogi cal contam nants al t hough t herammwsmio4/003924

of water flowing through 5 the filter even when the

anount of water flow ng thrgf h the filter had

decreased to an unaccept abl | ow. WO 2004/ 082799

PCT/ US2004/ 003924 25 Exanple 12: Long Term Study O A

Conposite Filter Medium O _The Present Invention

Chal | enged Wth Kl ebsiel | alahleXi gena, PRD-1, and MS2
The figh@pleof2 a;m{g ohfidl Frek e filters
used_in Fga @5 he nange? %Heiggﬁ?ﬁsbgeaaﬁ rRel eI iIMY e
medi| Timedre treﬁ@teUH»@tMml gbdi um  Chaliengd GeUAMDT DO LRY
treat meft w th .2hénifidl eistllepger t i dn ofMVBERIIATET) 109 485
desc¢ri bed in the general described—gg%,aﬂ% the
remai ni ng pfocedure followed dccolf8rngidX 1&he fi Foér ¢
were initially wetted with RO DI wader2 sondro’ChallT enged
Wit l'lyé three—ot gallé m-cockt-ad Addi-tional
quantities pf RO D ter were pa%%ci3 qorffb(bgh { he-48
filters prijor to subsequent chdll enrges.20M0 @004/ 083399
PCT/ US2004/ 003924 26 Table X E '
Bronide Treated Nanofiber Charded i9u5rﬂxmf‘i me | (AOF
Total HB(r)| Vol. (L)11@hal |l enge |( PFMsaig)oodbR%e O |28 g5
(initial challenge) M52 3.00 x 20"—/-48 PRD 4 40 x 10
7.64 Kleb [2.50 x 107 7.40 72|6. 0 RB3-3800°x 10666148
PRD| 1. 20 x |106 6.08 Kleb 9.50(x 1RRHG.0I 196 1L. F4B2
HP6-16-95—PRD 1 30-x106{6-11
9. 0P X AP676-95PRE 3 MS29.00 x 10° 6.95
PRD 1.8 x 10° 6.25
Kleb 4.50 x 10° 6.65
144 29.0 MS2 8.00 x 10° 6.90
PRD 1.10 x 10° 6.04
Kleb 5.00 x 10° 6.70
168 35.0 MS2 7.80 x 108 6.89
PRD 2.30 x 10° 6.36
Kleb 6.00 x 10° 6.78
192 39.0 MS29.00 x 10° 6.95
PRD 6.00 x 10° 6.78
Kleb 4.00 x 10° 6.60
264 41.0 + .25 L Humic Acid MS23.10 x 10° 6.49
(5 ppm) PRD 2.70 x 10° 6.43
Kleb 5.50 x 10° 6.74

In Example 12, although the log reduction of the three organisms are

exactly the same as in Example 11, the volume of water that flowed through

5 the filter is significantly greater due to the treatment with sodium bromide.
The filters of both Examples 11 and 12 were able to maintain acceptable anti-

bacterial and anti-viral performance.



Kleb 3.00 x 106 6.47 120 19.25 Ms2 9.00 x 106 6.95
PRD 1.8 x 106 6.25 Kleb 4.50 x 106 6.65 144 29.0 Ms2
w6 .200/08270906 6.90 PRD 1.10 x 106 6.04 Kleb 5. 00Cx/us0d4/003924
6.70 168 35.0 M52 7.80 x 106 6.89 PRD 2.30 x 106 6. 36
Wb 6.00 x 106 6.78 192 39.97 M52 9.00 x 106 6.95 PRD
6.00 x 106 6.78 Kleb 4.00 x“106 6.60 264 41.0 + .25
L Humic Acid M52 3.10 x 106 6.49 (5 ppm) PRD 2.70 X
106 6.4:} Kleb 5,50 f( 106 6.74 In Exanple 12, although
the | og PEATRTREHE ofilterh@adiie eofo theariresest aneentemaptdwdes
t henbamdedasidrébi e ter that. .
flowed thr ouglh EPSé%{HFa}L%}t%%te%ﬁJﬁ gM'(s?+%%Ffe?(féeéq\r%?eﬁfed‘pga?fepme
duéVED WIRB challeeas ntitvinulbiplearzanisris: oni de. The filters
of bot hygx nd 12 were able to maintajn . .
accept ag\lﬁ'}eﬁ%gﬂlt]?e?pr%%eg e'ﬁ\l/ea{'l%ogn Sanfr! \ﬁ%‘?r{ﬁ%fgf fd@ﬁ‘fffﬁ?ﬁée.m
SWOCRODALHBR VG PEHEdIE2 P44 RABRBodIRENT e i QIRes 8t many
fi Iahgrr tr&nedl um Ef t he present invention provides
enRanCaY e Togiicatieni as variatienscupt horprasentrig taese skilled in
extigngiech et PehOforddd; -wWhen . enged. Wi t
mul tiple og{ ani'snsc{ré%% g&}éﬁ@“a}p‘?e@gﬁ @!‘elrf]%g%tom?ﬁn%%gd that
bedi paRenHedIchimy vdb sortirbeedanyi suchGleenitives tihedifivdtioRs and
speg/ifii : odiment, it is evident that nmany
e e R A T Ok e i raier ingenton
apparent to those skilled in the art in light of the
foregoing description. It is therefore contenpl ated
t hat



the appended clains will enbrace any such
alternatives, nodifications and variations as falling

wonzodsos2dhe true scope and spirit of the preseRCT/US2004/003924

invention. WD 2004/ 082799 PCT/ US2004/ 003924 28 C ai ns
What is clained is: 1 1. Acg osite filter nmedium

i ncluding a positively charg medi um 2 conprising: 3
a pHaltering nmaterial, wherein said pH altering
material alters 4 an influent pH such that

ni cr obi ol ogi cal cont ani nantdaipsesent in an 5 infl uent
maihadifclaim&pat | ve charge and said positively charged
6 medi um nmai ntains a positive charge and provides
lenHanced campesiter Glegst mediuof inchelimg ar aditblebgickaked medium

9CO 1 2. Aconposite filter mediumof claim
:ﬁgﬁ!}gegﬁgsal d pHaltering 2 material is adapted to

3a| ter the ind btedteriphl m&eﬂlﬁsﬁhé@ﬁﬂsaﬂpﬁmalﬂagng m e!‘?ﬁl afers
conposn te. nedl um of claim 1 wherein sai

| ter
Yalteri ng" ! rﬁ%f 8 giich; atafﬂ'éfgﬁ?k@@bg@abwféammﬁetﬂ Wréiseunem an
5pH to apfubnt’ h@n@lout c 0 e filter
rredl um of claim i V\,hgr glg%at%gl %’1% %F?e% é}gposét'vr?g){ Shpiged
bconpri sEwdim i mainfaing ¢ ac aokitvat eharge Sand\ GWRIRS| kehanced

filter f ere n the. i norganic

7car bonaﬁgkg{ﬂgg%?h%@éﬂ%% ?ﬂné%{P‘(S‘BWét e or cal cium
carbonate. 1 6. A conposite filter mediumof claiml
vvhreln said pH alterin 2 material is incorporated
Tinfo saf'd® ‘HB§$ Ytevale Wgﬂ@?ed)fn@éﬁnum wiheTein Asaje gy silteeing

2f I Infe@driaMRAddPleB o Gl& tH: }nfmgﬁtrﬁlslg}f Eg HaR3B) ’[I 1\66 y

charged 2 nedi um conpri ses corrpos | ock
and said pH alterlng materlal is a 3 flat sheet

stpuct u oun | ositively char )
e am VS OO oRB o bR A0 dosdrei g 81 g
2compesial B ddaptedito ﬁ'l@éil tHéﬂr@lfueﬁt' i B8 bR o6 'aBoitaJ

positively charged 2 nediumis adm xe said pH

altering material and a binder, and

1 4. A composite filter medium of claim 1 wherein said pH altering

2 material comprises an inorganic carbonate.

1 5. A composite filter medium of claim 4 wherein the inorganic carbonate

2 comprises magnesium carbonate or calcium carbonate.

1 6. A composite filter medium of claim 1 wherein said pH altering

2 material is incorporated into said positively charged medium.

1 7. A composite filter medium of claim 1 wherein said positively charged
2 medium comprises a solid composite block and said pH altering material is a

3 flat sheet structure wrapped around said positively charged medium.



3 extruded to forma solid conposite block. 1 9. A
conposite filter nmediumof claim1l wherein said pH
wabhomroszyy 2 material conprises a flat sheet sPCUaS08/003924
positioned upstreamfromsaid 3 positively charged
medium 1 10. A conposite filter mediumof claiml
further including an adsorb 2 for renoving charge
reduci ng contam nants upstreamfromsaid positively 3
chgr ged nedium 1 11. A contpos_i te filter nmedium of
Tel & m 1/@08IRasHe dlpampdiuan efedlaimg! whersin saidatositiaalylbarged
2pe Bk all ngk.at A C osite filter
nediél?%hrﬁohpér(?@ﬁ%g:%ﬂa&&mﬁeﬁeﬁéi'ﬁ%ggp%?j@ Jtinder, and
3pr evirgdesgodamancelid conposiiepioain 3 of i cr obi ol ogi cal
contam nants; 4 a pH altering |ayer positioned
upstream from said charged 5 nmedium and 6 a nedi um
1f o”. r _emav&:cmgpsii@r gRerd ﬂ{éldﬁjnmg)fcélﬁffr@m RA:Sin faid pH altering
positioned upstreamfromsaid pH altering layer. 1 13.
2 OBHBYi qnRTises & flabgherh BruckIg nasitipnatepstmasafrom said
3ChabgeekIeRAB8Y nedffPri ses a flat sheet structure. 1
14. A conposite filter nmediumof claim 12 wherein said
charged nmedium 2 is adm xed with a binder and fused

on a substrate_.form a charged. | ayer, 3 said
1chgre’gedglCé)wosgﬂéﬁtghmgg'ﬁ' Qrflé\’ﬁgﬂgf”ftgée'r“c%dé‘gsﬁ? Aggorbent

2 WoEgYd Ihet Biadrgs 9 0 ‘
et e SOOI PSR SBE

3
3pr careedbmeBm.nf | uent cont act i ng 5 said charged
layer. 1 15. A conposite filter nmediumof claiml4
wherein said pH altering layer 2 is fused to a second

medi_um_of claim.éjz erein sajd pH altering 2
2na{n§‘r%rglrc?'hﬁ)%8§r' 'ﬁ’)\ﬂ;’df*geé?ﬁ”ﬁt‘#l uent and is adapted to
be regenerated. 1 17. A conposite filter medi um
conpri si ng: _

1 A composite filter medium comprising:
a charged medium capable of providing enhanced interception
of microbiological contaminants;
a pH altering layer positioned upstream from said charged
medium; and

a medium for removing charge reducing contaminants

N O U R W N

positioned upstream from said pH altering layer.

T 13. A composite filter medium of claim 12 wherein said charged medium

2 comprises a flat sheet structure.

T 14 A composite filter medium of claim 12 wherein said charged medium
2 is admixed with a binder and fused onto a substrate forming a charged layer,

3 said charged layer and said pH altering layer are spiral wound such that said



2 active particles treated with a positively charged
3 mcrobiol ogical interception agent; 4 a binder; 5 a
wobb@loszdng material, wherein said active par PCTIUS2004/003924
said 6 binder, and said pH altering material are
adm xed and extruded into a J solid conposite bl ock;
and 8 a material for renoving charge-reduci ng
contaminants 9 upstreamfromthe solid conposite
4bIo ..L1.18 A conposite filter mediumof claim17
whal LRHETEE [RYpHISaPPerachly the inteesttipsior dorthy inflenticeitatting
5di%§@kﬁh&gd@ﬁ%ﬁjine material. 1 19. A conposite filter
medi um conprising: 2 active particles treated with a
positively charged 3 microbiological interception

agent ; ' .., Wherein i.d tive particles, and
15970 bi AR e BRI Sty B bt el s ver
2cornposed ® Dicaok( sate &f thepbbatadter i ng material having a

flat sheet structure wapped 7 around the solid
conposite bl ock; and WD 2004/ 082799 PCT/ US2004/ 003924
13118, a mak6mpaditel Bler” SRR & rrng%r\gg&%hwngaid. H altering
contam nants 9 upstreamftromthe soli conp03|?e

2p| draterial rgiges aphd ohpoifluentfandtieadapbatl orbeokgelepatsd. 19
wherein said material for 2 renoving charge-reducing
contamnants is incorporated into the flat sheet 3

st dct uAecomddsits éltel mddiahtceriphgingaterial . 1 21. A
2nethod of renoving m crobiol ogjical contamnants in a
fluid 2 conffitiV8i ngartiFes stiEgsdedos :with ala erpasjivaly  charged

3inf|uenﬁﬂ@tb@“&ﬁxﬂhﬁ%m@%ﬁ%%@%ﬂl°9iCa' contam nants 4

remai n negatively char pfoviding a pH altering
4material 5 apwdeeam from a charged filter medium and
6 obtai ni ng at}hg§§t about.ﬁ qu reduction of the _
ni cr obi ol ogi L4 ering material, wherein said active particles, said
6 binder, and said pH altering material are admixed and extruded into a
7 solid composite block; and
8 a material for removing charge-reducing contaminants
9

upstream from the solid composite block.

1 18. A composite filter medium of claim 17 wherein said pH altering

2 material comprises a slow dissolving alkaline material.

T 19. A composite filter medium comprising:

active particles treated with a positively charged
microbiological interception agent;

a binder, wherein said active particles, and said binder, are
admixed and extruded into a solid composite block; and

a pH altering material having a flat sheet structure wrapped

NGO U W

around the solid composite block; and



7 contaminants when a fluid is processed through the
charged filter 8 medium 1 22. A nethod of claim21
wouodsvez7op ncl udi ng the step of renoving char gePC2/US2004/003924
reduci ng contam nants in the influent in coordination
with the step of altering Qﬂthe influent pH 1 23. A
filter systemconprising: 2°a conposite filter nedium
having a positively charged megl url_r|1 I3t and a theri N
ltering material, . rein said pH altering ma !
?1 suffi gi entdy "?aé?r?i'g?%f plMVIng f charge-frdyeigs expntaminants

9t hr oughussietm frdrh e Yia8MpoSitd ok PH hi gher than an
i soel ectric point of target organisns present in 6

the fluid such that the target m croorgani sns assune a

[ 1 d Ltively charged nedi
ettt ai sttt Mo dBhCoPERG' 1T thaaR o caeral o
2 e| eareovicg abangactduwingbednimaimahiieis tint@pbrated into the flat sheet

m ¢roor gani,sns, and, a .surface of said positively
3 ChatrﬂngLH%ﬁ}é'm {ﬁjﬂl plq altering material.

T 21. A method of removing microbiological contaminants in a fluid
comprising the steps of:
' altering an influent pH such that microbiological contaminants

remain negatively charged by providing a pH altering material

2

3

4

5 upstream from a charged filter medium; and

6 obtaining at least about 4 log reduction of the microbiological
7 contaminants when a fluid is processed through the charged filter
8

medium,

122, A method of claim 21 further including the step of removing charge-
2 reducing contaminants in the influent in coordination with the step of altering

3 theinfluent pH.

—

23.  Afilter system comprising:

a composite filter medium having a positively charged medium
and a pH altering material, wherein said pH altering material
sufficiently raises a pH of a fluid processed through said filter system
to a pH higher than an isoelectric point of target organisms present in
the fluid such that the target microorganisms assume a negative charge
and said positively charged medium maintains a positive charge to

provide substantial electric attraction between the target

O 0 N oY U AW N

microorganisms and a surface of said positively charged medium.



