17;UN2005 WO 02/ 50164 PCT/ USO01/ 49041 ANTI - M CROBI AL AND C>XIDATIV§ln

OF POLYMER CROSS- REFERENCE TO RELATED APPLI CATION This clai ms beheMUN 2805
pfovi si onal application Serial No. 60/260,131 filed January 5, 2001 and
provi sional application Serial No. 60/2'56,297, filed Decenber 18, 2000,
ose disclosures are incorporated by reference. TECHN CAL FI ELD The
Jpresent invention relates to an anti- mcrobial and oxidative co-pol yner,
and nore particularly to an anti-m crobial and oxidative co- pol yner

medi um t hat contai ns pol ynerized N-pyridinium vinylbenzyl triiodide that
is substantialwyodsoge of water-elutable iodine. BACKGRGMNRsARJalanbert et
al., US Patent No. 3,923,655, describe the desirability of a convenient
met hod of . providing oxidation/disinfection on demand for use wth

pot abl e and recreational water. -Those workers note that there are
relatively few ways to cHEM-¢AFRGBIALL PR IOXRBRABFVES GOt PREYMERCr oor gani sns are
destroyed w thout |eaving behind residual bactericide. The nost commonly
used treatnment is that with chlorine. Oher hal ogens such as brom ne and

i odi ne have been used ntRPFI-BEEERENEGUENRRELAEFY APREIFATISONT ul ness has

largely been left to the trgatn@RLnef eI Y ROPL Sionabzone is the only
ot her substance used_in large scale treatnents. The Lanbert et al. patent

teaches the use GPRIEFIHPThELE ANNEN &NERANFE Fbl§HeieguaBhtai ning a 1 7
JUN-2005 WO 02/ 50364 E@rlpgsgéﬂgﬁilapplication Serial No.

60/256,297, filed December 18, 2000, whose

disclosures are incorporated by reference.

TECHNICAL FIELD
The present invention relates to an anti-
microbial and oxidative co-polymer, and more
particularly to an anti-microbial and oxidative co-
polymer medium that containg polymerized N-pyridinium
vinylbenzyl triiodide that ig substantially free of

water-elutable iodine.

BAéKGROUND ART

Lambert et al., U.S. Patent No. 3,923,655,
describe the degirability of a convenient method of
providing oxidation/diginfection on demand for use
with potable and recreational water. - Those workers
note that there are relatively few ways to chemically
treat water so that microorganisms are destroyed
without leaving behind residual bactericide. The
most commonly used treatment is that with chlorine.
Other halogens such as bromine and iodine have been
used much less frequently, and their usefulness has
largely been left to the treatment of swimming pools.
Ozone is the only other substance used in large scale
treatments.

The Lambert et al. patent teaches the use

of strong base anion exchange polymers containing a



bactericidally effective amount of triiodide ions (13-)for killi JUN-2005 -
bacteria, while being said to be essentially free of water-elutable
oxidizing iodine. The preferred strong base ani on exchange resin used is
a quaternary ammoniumresin that is first reacted wth an al kyl ati ng agent
to elimnate residual tertiary am ne groups. The need for denmand
oxidizers/ disinfectants; i.e., materials that oxidize and/or disinfect
when confronted with a need for such oxidation or disinfection as when
contacted with a mcrobe, is as great now as it was when the Lanbert et
al . patent wasvd®Stled. Safe drinking water has becone PEOVESIEEHMIce Wt h

i ncreasi ng popul ation growh, especially in underdevel oped countries where

chlorination and aletrfHikgely regiCale Li&AIMBALAloabR libRY are not viable
options. In addition, in nore affluent countries, the need for mcrobial

control water for(Igvs fon figlpod bacduder ativle Peind apbd to beivate wel Il s and
ponds has increased dra ically iin the ars since the.ssuance of U S.
Patent No. 3. 023 SSEEEIHAY PRI PP otRh3SPTReta P RAL dROEIS: ot al .

di scl osure is underet potferoed estaong-paley avton egritaigel nepist ysehe and

il or omet 1 St y1 eng, & SRS nl ARtk foS8s 1 g0 By Gl T Baeene.  Those

pol yneri zed chl or omre styreé vi hyl benzy ori groups can be
reacted w th trinetitpl aamliglatioof agentt he guateaymmgsadmrdni um groups of the

strong base ani on gxchanger gppatively, dinmethylam ne can be reacted
wi th the chl oronet eyI g’?%ups“%/r?’éf‘%ﬁe tertiary am nes so fornmed can be

quat ernerized by reactionT@ptireanter Idpmand m¥idgeans/such as nethyl iodide
or dinmethyl sulfatfginfectants; i.e., materiale that oxidize and/or

diginfect when confronted with a need for such
oxidation or disinfection as when contacted with a
microbe, is as great now as it was when the Lambert
et al. patent was issued. Safe drinking water has
become more scarce with increasing population growth,
egpecially in underdeveloped countries where
chlorination and other direct chemical treatment or
bolling are not viable options. 1In addition, in more
affluent countries, the need for microbial control
water for swimming pools, decorative fountains,
private wells and ponds has increased dramatically in
the yvears since the issuance of U.8. Patent No.
3,923,665.

The preferred resin used in the Lambert et
al. disclosure is understood to be a co-polymer
containing styrene and chloromethylstyrene groups
that is cross-linked by divinylbenzene, Thoge
polymerized chloromethylstyrene (vinylbenzyl
chloride) groups can be reactéd with trimethyl amine
to form the gquaternary ammonium groups of the strong
base anion exchanger. Alternatively, dimethylamine
can be reacted with the chloromethyl groups and the
tertiary amines so formed can be quaternerized by
reaction with an alkylating agent such as methyl

iodide or dimethyl sulfate.



s

2 t JUN-2005 WD 02/50164 PCT/US01/ 49041 The co-pol ymer strong baﬁ§pluo&]5
exchange conpositions described in the Lanbert et al, patent

wi dely used in the aforenentioned applications because, in practice, they
are found to be unstable and bl eed objectionable and irritating |evels of
iodine into the water being treated. This finding is contrary to the
express teachings of the patent. Another problemw th the al kylated strong
base ani on exchange naterials described by Lanbert et al., and
particularly the al kylated quaternary ammonium materials, is that they are
t hensel ves notwomtabl e, but can deconpose to formtertiBIyUsamone-
containing materials, iodine and nethyl iodide. Tertiary am nes are poor

| igands for triiodide ion d. per e_easi renoved. In
addi tion, nethyl iodide i sTﬁ?sﬁogﬁo%eblle?%m{aq E?E%Ia?lm?oex}?cégc%ncer suspect
agent in R J. LewimeSskionsBgngeibed ipr élp%rltamé%r’fofetl atuserest Material s,
oth ed., van NostyandoReliabe) droohelh YokkasdAAMhage 2262 Lambert et
al . teach that one should real kylate a resin prior to formng the
triiodide form sePphitatdepstkeiary dnPrectdces eiteyndtt doped tenoved.

Lanbert et al. teaghuhbaibiengn®fhitbbe obBQ&@iJHa}blélSa%dehrfﬁ%JtE!ﬁgl S an
N-al kyl ated pol y(vinyl pyridine) as discussed in U S. Patent No.

2,739,948, The prd5APaTin taftPyudBtRfthe ¥RERY RPingrrerted- | S2i%ught in U S
Pat ent No. 5, 908, 55Adiag ist Bent:enHVved bk afmeBskCraitih@ngs foFoghaqueous

solutions. Those Pla%te]tng_r co-polymers are known to be inconpletely
~ hnother problem with the alkylated strong
base anion exchange materials described by Lambert et
al., and particularly the alkylated quaternaxry
ammonium materials, is that they are themselves pot
stable, but can decompose to form tertiary amine-
containing materials, lodine and methyl iodide.
Tertiary amines are poor ligands for triiodide ion
and permit that ion to be easily removed. In
addition, methyl iodide is listed as being a highly
toxic cancer suspect agent in R.J. Lewis, Sax's

Dangerous Properties of Industrial Materials, Sth

ed., Van Nostrand Reinhold, New York, (1%96) page
2262. Lambert et al. teach that one should
realkylate a resin prior to forming the triiodide
form so that any tertiary amine present would be
removed. ‘

Lambert et al. teach that one of the
possibly useful resing is an N-alkylated
poly({vinylpyridine) as discussed in U.S. Patent No.
2,739,948. The preparation and use of a similar
material is taught in U.8. Patent No. 5,908,557 for
the removal of arggnic anions from agqueous golutions.
Those latter co-polymers are known to be incompletely
quaternized and to therefore contain some

unalkylated, tertiary amine. It is bhelieved that the



gquaterni zed and to therefore contain sonme wunal kylated, tertiary x'?n oLt
S 205

is believed that the 3°1 7 JUN-2005¢c WD 02/50164 PCT/ US01/ 49041

of U S. Patent No. 2,739,948 also contained sone tertiary am ne. Arsenic
poi soni ng of drinking water has reached catastrophic proportions in sone
parts of the world. In Wst Bengal, India, for exanple, an estimted

200, 000 people currently suffer from arsenic-induced skin |esions, sone of
whi ch have advanced to pre-cancerous hyperkeratoses. In Bangladesh, it is
estimated that nore than 3 mllion of the approximately 5 mllion existing
wel |l s are ar ssniGeeont ani nated, affecting up to 70 m | b¢wuso/paapl e- -t ens
of thousands exhibiting synptons of arsenicosis. The international health

comunity has su sted a et _arsenjic co niration of no re than 10
parts per billi onq%gﬁﬁigﬁ‘r g%?ﬁ%l R n ?hgz'n'%t;e{s, aélgoccbor%ﬁ?‘ré to the
present 50 ppb st atar tdertiary henibaited States, arsenic in drinking water
is designated as a priorit t.anl ._ynder._ . Dri nki ng Wat er
Act and anmendnents theret }érgﬁiﬁcgb%go?l}?aaﬁ@gr%é%ﬁ?l%/g%rﬁu%%]gmnt am nant
Level (MCL) of 50 pspbhédsasastrdphieffreppriienshan ddriet parist afethe As a resul t

of more recent finguags ReRLal Mngat o NaaL! toti Sichpassagi ated with
r

popul ati ons exposed to high concenirations of arsenrc in drinking water,
the United States THTP AP 100 pPeeRiEc FREFEIAGENEYL EEEPRYO% ecomends t he

lowering of the Mdsehot- 3868 GriROMABNAPIR Sf RPReh -Hatet he United
States alone, nore than 12,000 public water utilities would fail to neet
t he advanced to pre-cancercus hyperkeratoses. 1In
Bangladesh, it is estimated that more than 3 million
of the approximately 5 million existing wells are
arsenic-contaminated, affecting up to 70 million
people--tens of thousands exhibiting symptoms of
arsenicosis. The internaticnal health community has
suggested a target arsenic concentration of_no more
than 10 parts per billion {(ppb) arsenic in drinking
water, as compared to the present 50 ppb standard.
In the United States, arsenic in drinking
water is designated as a priority contaminant underx
the 1986 Safe Drinking Water Act and amendments
thereto. Since 1974, an arsenic Maximum Contaminant
Level (MCL) of 50 ppb has been in effect in the
United States. As a result of more recent findings
pertaining to health risks associated with
populations exposed to high concentrations of arsenic
in drinking water, the United States Environmental
Protection Agency (BEPA) recommends the lowering of
the MCL for arsenic from 50 ppb to 2 ppb.
-In the United States alone, more than
12,000 public water utilities would fail to meet the
more stringent pfoposed argenic gtandard. Cne =
estimate places the cost of compliance for the 2 ppb
MCL proposal in excess of $5 billion/year. The
number of private wells in the United States that
fail to meet the existing 50 ppb or proposed 2 ppb



nmore stringent proposed arsenic standard. One
conpliance for the 2 ppb MCL proposal in exces
nunber of private wells in the United States th
exi sting 50 ppb or proposed 2 ppb 4 1 7 JUN 200
PCT/ US01/ 49041 MCL for arsenic is unknown. It i
areas in the USA nmany thousands of private we
with potential, serious health risks for the h

produced wat er because of arsenic contam nation.

several oxi datyw@#sosd ates. Typically, arsenic i
solutions in the oxidation state of plus five (
a_lesser extent thg:0¢Ldablan: . Salfeahep! us 10
is no significant reporte cation chemstry fo
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al so known (e.g. AsCs, AsCl4'). The pentaval ent arseni c conpounds to be
separated from aqueous = sol utions are nost likely an ionized f or mbf JUN-2005-
H3AsO4. In a process of the invention, such pentaval ent arsenic conpounds
are collectively referred to herein as "pentaval ent arsenic". Analytical -
surveys taken of drinking water around the world usually give a total
arsenic level 5 a 7 JUN 2005¢c WO 02/50164 PCT/USQ /49041 and fail to

di stinguish contributions from pentavalent arsenic or trivalent arsenic,
even though trivalent arsenic is considerably nore toxic than pentaval ent
arseni c. The fwdmies t 0o di stinguish the valence of arsegigopfgsent in
drinking water further conf uses the | ogi cal assignnent of MCL val ues

because al t hough pb of pe a ent senic may cause no
del eteri ous heal t haaéif(? sto g:hs aqaiva enf”Er BEr S%rf’?“l val ent arsenic can

have negative healnamta‘e@rﬁsJanms o Herwalstanrerrgent evethéugh a
technology thal wlikai@iD\esafsentCedd-ORLahka: WBLEL gy PrOVide safe

| evel s of arsenic regardl ess oxi dat1on state o e arsenic in an
efficient, econo®&PVHITItenvsTBanentiel Fyikwento rishérguish the desirabl e

that such technol ogyehge fdexi bl Apfessiml {4 Gr@ Bkl NG KAPUStr -BLOr der to
address the requirenents of |arge_nunicipal water utilities, private

vel I's in devel opedTEHRAET 9§ %?ﬂicéén’l‘%ﬁ’l‘ﬁﬁ‘é%@d of Mfle valvti H8524SF undevel oped

countries. It is adEUROugkﬂﬂ ﬂa@élaOEh@Ipﬁknoﬁrééiﬂhﬁaié%ﬁDaféeﬂxatﬁgyd is able to
remove arsenic from water dlwu_.Lt{tlout r emoyi ng tafl tof t he race mner al s that
contribute to its TI"§VopC de-eterious ne ects, an equlv

level of trivalent arsenic can have negative health
consequences.

There is an urgent need for a technology
that will remove arsenic from drinking water to
provide safe levels of arsenic regardless of the
oxidation state of the arsenic in an efficient,
economical and environmentally sound manner. It is
desirable that such technology be flexible and
sufficiently robust in order to address the
requirements of large municipal water utilities,
private wells in developed countries and contaminated
water sources in undeveloped countries. It is also
desirable that an arsenic removal method is able to
remove arsenic from water without removing all of the
trace minerals that contribute to its flavor.

A number of technologies have been
described in the art to remove arsenic from drinking
water, also known as Yarsenic remediation'. These
technologies of the art include irom co-

- precipitation, reverse osmosis, alumina adsorption
and classical ion-exchange with anion exchange
resins. These methods can be effective at removing
pentavalent argenic, but trivalent arsenic defies
efficient removal. In a report entitled "National
Compliance Assessment and Costs for the Regulation of

Arsenic in Drinking Water" (January, 1997) prepared



A nunber of technol ogi es have been described in the art to renove, arsenic

fromdrinking water, also known as "arsenic renediation". These #¢ JUN-2005-

technol ogies of the art include iron co- precipitation, reverse osnosis,

al um na adsorption and classical ion-exchange with ani on exchange resins.
These net hods can be effective at renoving pentaval ent arsenic, but
trivalent arsenic defies efficient renpbval. In a report entitled "National
Conmpl i ance Assessnent and Costs for the Regulation of Arsenic in Drinking
Water" (January, 1997) prepared 6 1? JUN 2005 WD 02/50164 PCT/ US01/ 49041
by the Univer sydagseifs Col orado at Boul der, nore than a gogRpudmiative

nmet hods are eval uated for arsenic renoval efficiency and cost. None of the
eval uated nethods descrihed exhibjited arsenic_renpval efficiencies
greater than 95 pZ’Vc’éW? nﬁﬁe%&ﬁ’t?%rﬁo OFHE Gti BrULGRT MARol¥ ™G not of fer
the sinplicity of douse ylﬁquixreeﬁef:msdqom:uaéwmlmtéd tfoe ad At c or for | ess
devel oped areas of anQx?a Lfd wher. e réal i apl eNOeI e 'thcal

iend d .
unavai l abl e. In tHése Ion a "point (Se ?rei‘?ﬁ%\% i S necessary

or water nust be tff!eah@@rdteectmmdf etheedlansenﬂatmmbvib 5, 908, 557
Qescribes an Ox| Yrzi00RAds 1ANALAL |G BEIMILLAY CORVBEGERG, 11 val ent

arsenic into pentaval ent arsenic ving the pentaval €nt form That
patent relies on tthe E@@roﬁrtpdla}ih@iﬁ dednet aﬂfliwf ther ﬁl;tmillurtrty rdfi odi de

adsorption nmedi umje fxhdk2e ARdpLErREeyENe (RESEINE. or HAQSE 40! yNeri zed
N-al kyl pyridiniumtrjiodide noieties can be depicted as s?mwn bel ow,

wherein the parefEResRELAEFEE TRy YRBIF t%?et#?élﬁlé}%merl zed N

electrical power is unavailable. In these
situations, a "point of use" treatment is necessary
or water must be transported in for use.

U.8. Patent No. 5,508,557 describes an
oxidizing and separation medium for converting
trivalent arsemnic into pentavalent arsenic, and
removing the pentavalent form. That patent relies on
the use of polymerized N-alkyl pyridinium triiodide
adsorption medium to oxidize and remove the arsenic.
Those polymerized N-alkyl pyridinium triiodide
moieties can be depicted as shown below, wherein the
parentheses are used to show that the polymerized N-
alkyl pyridinium triiodide moieties are distributed
repeatedly through cut the co-polymer thereby forming
a plurality of N-alkyl pyridinium triiodide moieties.

Ag is noted at column 5, lines 28-31 of that patent,

- I
4 —I[C,-C,]alkyl
pa—

not all of the of the pyridine nitrogen atoms are
alkylated, thereby leaving some tertiary pyridine
nitrogens. More importantly, the presence of N-alkyl
groups permits dealkylation of the polymer to occur
over time leading to an increased amount of tertiary

amine and a methyl halide that can be carcinogenic.



al kyl pyridiniumtriiodide noieties are distributed repeatedl y thrOﬁmjout
the co-polynmer thereby formng a plurality of N-al kyl pyridini umA
noieties. As is noted at colum 5, lines 28-31 of that patent, ~N-[C, .
alkyl not all of the of the pyridine nitrogen atons are al kyl ated,
thereby | eaving sone tertiary pyridine nitrogens. Mre irrportantly, t he
presence of N-al kyl groups permts deal kyl ati on of the polynmer to occur
over time leading to an increased anount of tertiary amne and a nethyl
hal i de that can be carcinogenic. 7 1 7 JUN-2005= WO 02/50164

PCT/ USO1/ 4904 Iwdewesal ot her conmon wat er contam nants, pefikeieag iron(ll),
anti nony, sulfate, nitrate and col or-causi ng contam nants can negatively
i nfluence arsenic renedi ats| onraply s. .C assi cal

i on-exchange with anionic resins 8%‘&??1 comp?n a%lelérconftfmﬁ}ﬁ%(?r ef ficiency
(90 percent), |ow ®wbasstironlsD0 abethonyl, uselrtandhisewss eandeducti on in

capaci ty and _bi ndidig-eLlidike N INERAATBE LGt A8 SUEN 8c. Sul Fate are

present in amounts of ppm or nore assic 'on?exc angé nedi a suffer
from poor | ongevidsFeiRpe gkl dleingely ibehkaowrametlodsf. h@¥abswedl water. |t

is estimted by theatosemat hpa@qm&ﬁcvgééiﬂyo@fu@'a%ag&f@@port that 25
percent of such classical resins would have to be replaced on an annual

basi s. The currentt5PPf BUS &L pFLaRrof G @fETH] AP snpecitvofteRd nki ng wat er

in Bangl adesh is tlﬂad poLifids)t hed Watefe tx@dﬁbﬁlcfrpﬁnsﬁﬁﬁﬁﬂﬂz}rr]%ﬁrs exposed to

air, allow ng the n in the water to oxidize, which oul d cause arsenic
to pl’ ecipitate out a ng & 181ency when competing ions such as

sulfate are present in amounts of 50 ppm or more.
Classical ion-exchange wedia suffer from poor
longevity when challenged with a matrix of hard well
water. It is estimated by the aforementioned
University of Colorado report that 25 percent of such
clasgsical resins would have to be replaced on an
annual basis.

The currently-favored plan for removing
arsenic from drinking water in Bangladesh is to
permit the water to sit for several hours exposed to
air, allowing the iron in the water to oxidize, which
should cause arsenic to precipitate out and settle.

There remains, therefore, a need for a
simple-to-use adsorbent for removing dissolved
arsenic from water that is stable and that exhibits
an arsenic removal efficiency greater than 95
percent. Another important consideration in water
remediation is consumer acceptance. The safety,
flavor and cost of the water are all important
factors in the provision of drinking water.

It is thus seen that an improved co-polymer
triiodide resin is needed to provide demand
oxidation/disginfection. Such a material should be
stable to decomposition, contain only gquaternary

. ammonium groups while being free of tertiary amine

groups, and should neither bleed iodine into

8



There remains, therefore, a need for a sinple-to-use adsorbent for

removi ng di ssolved arsenic fromwater that is stable and that exh¥ BidN- 2066
arsenic renoval efficiency greater than 95 percent. Another inportant
consideration in water renediation is consunmer acceptance. The safety,
flavor and cost of the water are all inportant factors in the provision of
drinking water. It is thus seen that an inproved co-polyner triiodide
resin is needed to provi de demand oxidation/disinfection. Such a nmateri al
shoul d be stable to deconposition, contain only quaternary .ammonium
groups whil e kaipgnks ee of tertiary amne groups, and shpsthfong! t her bl eed
iodine into 8 1 7 JUN-2005 WD 02/50164 PCT/ US01/ 49041 surroundi ng wat er,
nor deconpose to forman_al kyl halide. The disclosure that follows

descri bes one sucHTEBYUHHRINEI LS dnCR\ASFIIPRSe Fo sfudean BRYEF SUMVARY OF
THE | NVENTION Onenaaspect et dhelpseserthat maNbioNescoibLBhat es a

wat er - i nsol ubl e pol ric dium _having.a plurality of polynerized
N-pyri di nium vi nyﬁ‘%’egﬁ%?ﬂpo W?%(Tinges%‘?erg}i%?dﬁfd‘és i eti es whose
pyridiniumrings bear two substituents, Rl and R2, that are independently

a hydrido or a Cl-C4 al kyl p IH@%R Xﬁ‘anj r -i nsol ubl e polyneric
medi um triiodide or tribrom&{e cgn el ué@ra%trgé/lqthe structural
formula 2 2 13 R Bra R R ORe aspeet edh thhepyrmeenthosesiare used to show

that the contemplates a water-insoluble polymeric medium

having a plurality of polymerized N-pyridinium
vinylbenzyl triiodide or tribromide moieties whose
pyridinium rings bear two substituents, RL and R2,
that are independently a hydrido or a Cq-C4 alkyl
group. An exemplary water-insoluble polymeric medium

triiodide or tribromide can be illustrated by the

structural formula

I '{/\

wherein the parentheses are used to show that the
polymerized N-pyridinium vinylbenzyl group is
distributed repeatedly through out the co-polymer
thereby forming a plurality of N-pyridinium
vinylbenzyl triiodide or tribromide groups. In

preferred embodiments, one of the R1 and R2

substituents is C; alkyl group. Moxe preferably, RI

and R? substituents are both hydrido groups.

Preferably, the polymeric medium has a triiodide ion



pol ymeri zed N-pyridiniumvinylbenzyl group is distributed repeat Eqd

t hrough out the co-polynmer thereby forming a plurality of N-pyri frid4HN-2005 -
vi nyl benzyl triiodide or tribromde groups. In preferred enbodi nents, one
of the RL and R2 substituents is Cl1 al kyl group. Mre preferably, R1 and
R2 substituents are both hydrido groups. Preferably, the polyneric medium
has a triiodide ion 9 17JUN, 2005 WD 02/50164 PCT/USQ /49041 content of
about 0.1 to about 1.0 noles per liter, that is nore preferably about 0.2
to about 0.5 noles per liter of co-polymer. The polyneric nmediumis
preferably a spbbsgoesracroreticul ar chloronethyl ated st yepi@sha Nyl benzene
co-polynmer that is reacted -with pyridine or a nono-~ or di substituted

pyridine to formth corres ondi n ridiniumchloride that is further
exchanged with trif8%e8E Yr 2 ?li‘tbroogi E‘% 3PFHS .1 - 0Amptest BRF ekiteEont enpl at ed
pol ymeri c medi um iishdtr ¢e mafre mmipwbte d.edt s et by ®imBees and i s

present as free-f n article Anot d| nent _contenplates a
process for for mégrvgng%lgéjgt 7T %Oﬁhm%r 'suc a?sqb € B troma fluid
that contains m crmfaraw@naamhalt.lmnrorAtmﬂtaenq:maab:emleﬂrydaes& conpri ses

the steps of pr ovg@rggead ﬁ%ﬁ%en%gﬂéadon &r +i;nsol Wble polymeric

medi um having a plurality o yneri zed I nium vi nyflbenzyl
triiodide or tribrgitdeyrigdnet9es (ﬂgm%upg)dxﬁubﬁhkt@tedumnmene ZR Bra R Rl

wherein Rl and R2 ane tRARREPEISIIEYNG pyridinium chloride that is

further exchanged with triiodide or tribromide ions.
A preferred, contemplated polymeric medium is free of
water-elutable iodine or bromine, and is present as
free-~-flowing particles.

Another embodiment contemplates a process
for forming an aseptic fluid such as water or air
from a fluid that contains microbial ‘contamination.

A contemplated process comprises the steps of
providing a vessel containing a water-insoluble
polymeric ﬁedium having a plurality of polymerized N-
pyridinium vinylbenzyl triiocdide or tribromide

moieties (groups) of the structure

wL \;Rz L/\)“Rz

wherein R1 and R2 are independently a
hydrid? or a C1-Cq alkyl group. 2n influent of
microbially contaminated £luid such as water that is
clear and free from vigible precipitate is introduced
to the vessel to contact the inscluble medium. The

fluid is maintained in contact with the insoluble

i0



hydrido or a C1-C4 al kyl group. An influent of mcrobially contani nated
fluid such as water that is clear and free fromvisible precipi t ot & JUN-2005-
introduced to the vessel to contact the insoluble nedium The fluidis

mai ntained in contact with the insoluble 10 i JUN 2005; WD 02/50164

PCT/ US01/ 49041 medium for a tine period sufficient for mcrobes present in
the influent to be killed by the triiodide ions and formaseptic fluid.
The aseptic fluid is discharged fromthe vessel as an effluent. The

bef ore-noted preferences for the polyneric medium are mai ntai ned when t hat
medi umis  Usgl Ry contenpl at ed process. Pseudononas p&e;llggd?ig&qsa and
coliforns are particular mcrobes against which a contenplated polyneric
mediumis useful. A process for oxidizing trivalent arsenic or antinony
to pentaval ent ar dEfiien dioraat Fisnpeyod suhiiaiphatiat m¥tiabegr ocess conpri ses

the followi ng stepesed@)irAtiOS3Rhud RHONE 4861 LhaY, CADEIINSa e _
wat er -i nsol ubl e pol yneri ¢ oxidation nedium conprising an oxidation nmedi um

having a pluralityo8f 84 drPrpmpersit ddvifat Ree 3N FeflWedin: pyri di ni um
vinyl benzyl trii atlisdRagfed Eidn @ReOdR-dBRilchd @3 tgfaieps) of the structure N

33-.|3k5| 29:’31‘)3.p.2 1?/ ~ wherein %e%‘e%og—%t%dl pnxqee e%gr?ceenst Ifgrat:hehydrI do or a Cl-C4

polymeric medium are maintained when that medium is
used in a contemplated process. Pseudomonas
aerugincosa and coliforms are particular microbes
against which a contemplated polymeric medium is
useful.

A process for oxidizing trivalent arsenic
or antimony to pentavalent arsenic or antimony is
contemplated. This process comprises the following
gteps=.

(a) A vessel is provided that contains a
water-inscluble polymeric oxidation medium comprising
an oxidation medium having a plurality of oxidizing
sites that are polymerized N-pyridinium vinylbenzyl
triiodide or tribromide moieties {groups) of the

structure

+ +
SNy, N
LR Sl o2
) L ﬂﬂqu Br; &/ R
R’ R

wherein R! and R2 are independently a

hydrido or a C1-Cgq alkyl group.

11



1 7 JUN-2005i WO 02/50164 PCTIUS01/49041 (b) An influent aqueous sol ution
having trivalent arsenic or antinony is introduced into the vesskrl JUN-2005-
contact the insoluble oxidizing nedium (c) The aqueous solution is

mai ntained in contact with the insoluble oxidizing nediumfor a tine
period sufficient for the trivalent arsenic or antinony in the influent to
react with the oxidizing sites to form pentaval ent arsenic or antinony in
the solution and reduced nedium (d) The pentaval ent arsenic-containing or
anti nony-containing solution is separated fromthe reduced nedi um
typically as af@fhksient. A process for renoving arseni gmf,gjgamggkn aqueous
solution is also contenplated and conprises the follow ng steps. a) A

vessel is provided that con L?—ll b nfi’\?etn‘ﬁr qkuble..Ral l&irom di zi ng

medi um having a plurality o I'zI ng es that are po ized N
pyri di ni um vi nyl beifZyprleny PEaree oF Qﬁqlﬁpmld*eln’?ﬁiﬁdé‘tcﬁ@slfﬁg descri bed

above. b) A vol ums,keand @Bhaae&t tAQUBRMSUIN L ox SMPING S&ilki on that may
contain arsenic as water- soI uble ions in the trivalent or pentaval ent form

at a concentration great ertl haiiCapgRous ﬁ%lr"tt%oﬁeﬁfs "Birt3iesdi & i nt r oduced

into the vessel thcﬁl(ﬁQEﬁGzhtthhe llﬁseiluhleeoﬁﬁlduﬁg Ngdada ofcRt hon medi um  c)
The pre-sanple solution in contact. with the insoluble

oxi di zi ng medi um e pe?lor‘?'es g’%’ic’&ﬁm—sﬁoﬁ e ety PR AL ©%r seni ¢
present in the i rddtueoty tie teadhflbdédr theractdivzimnghsi d88ikong . oxi di ze to

pentaval ent arseni g agdy § Y03, 83T0h foneS QLN ANd, s edUed fyedi um
solution and reduced medium.

(d} The pentavalent arsenic-containing or
antimony-containing solution is separated from the
reduced medium, typically as an effluent.

A processg for removing arsenic from an
aqueous solution is also contemplated and comprises
the following steps.

a) A vessel is provided that contains a
water-insoluble polymeric oxidizing medium having a
plurality of oxidizing sites that are polymerized N-
pyridinium vinylbenzyl triiodide or tribromide
moleties as described above.

b) A_volume of an influent aqueous pre-
sample solution that may contain arsenic as water-
soluble ions in the trivalent or pentavalent form at
a concentration greater than about 2 parts per
billion is introduced into the vessel to contact the
insoluble oxidizing adsorption medium.

¢} The pre-sample solution is maintained
in contact with the insocluble oxidizing medium for a
time period sufficient for trivalent arsenic present
in the influent to react with the oxidizihg sites to
.oxidize to pentavalent arsenic and form a sample
solution and reduced medium.

d) The pentavalent arsenic-containing

sample solution is contacted with a pentavalent

12



d) The pentaval ent arsenic-containing sanple solution is contacted with a
pentaval ent 12 17 JUN'2005 WD 02/50164 PCT/ US01/ 49041 arsenic bith NH@*zWﬁ’
medi um to form nedi um bound arsenic and an agueous conposition. e) The
aqueous conposition is discharged fromthe vessel as an effluent having
final arsenic concentration that is significantly less, at |east about 95
percent less, than the initial concentration, and typically about zero to
about 2 parts per billion arsenic. A simlar process can be used to
renove trival ent and pentaval ent antinony. A nore general process for
oxidizing a wai@kn&ol uble netal ion froma first oxi dapdesh@aie to a
second, higher oxidation state is also contenplated.”Thi's process

conprises the foll Owéﬂgc SLeps, m%)iiﬁbr\n \égs OeI i SdBEn(P—Y:i ded that, contains a

wat er - i nsol ubl e pSIYRErT ¢ OXT'tH 21 NG hedi um havi ng. a pr drartty of oxidi zi ng
sites that are polapdesn zetiepls ppmpdsitiiem vi nyl benzyl triiodi de or

tribromde noieties as deﬁfr iﬁ@a@%‘ﬁ%g@pd@i\‘f%&‘. s @04 | uent aqueous

solution that containing nmetal 1on I'rst oxidation state as
wat er - sol ubl e i ons’*P8 tht Vederleds rmted HLhenty 83¥erg fnebriraetia he insol ubl e

oxi di zing nedi UMd.Q-Ea08 Ara@/ L QligH: ANENXI YN RsaC) atTABagO! 1 d/ 11 quid
adm xture is maintained for a tinme period sufficient for the netal ions
present in the infaPqBhRt°% &eFesnkt 1GFhH thAB theiBiziadlg sites to oxidize to a

second, higher oxicdabhtatSba} &nBOLHOI-A By SFRE €2&5@1 vbiauangd a
parts per billion arsenic. A similar process can be
used to remove trivalent and pentavalent antimony.

A more general process for oxidizing a
water-goluble metal ion from a first oxidation state
to a second, higher oxidation state is also
contemplated. This process comprises the following
steps.

a) A vessel is provided that contains a
water-insoluble polymeric oxidizing medium having a
plurality of oxidizing sites that are polymerized N-
pyridinium vinylbenzyl triicdide or tribromide
moieties as described above. |

b) A volume of an influent agqueous
solution that containing metal ions of a first
oxidation state as water-soluble ions is introduced
into the wveszel to contact the insoluble oxidizing
medium to form a solid/liquid admixture.

¢} The golid/liquid admixture is
maintained for a time period sufficient for the metal
ions present in the influent to react with the
oxidizing sites to oxlidize to a second, higher
oxidation state to form a sample solution and a
reduced medium. _

d) The sample solution is then separated
from the reduced medium.

Another aspect of the invention

contemplates modified particulate alumina containing
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reduced nmedium d) The sanple solution is then separated fromthe reduced
medi um Anot her aspect ‘of the invention contenplates nodified pari?clmhﬂ!%f
alumina containing 13 1 7 JUN 2005 WO 02/50164 PCT/ US01/ 49041

nmet a- peri odate i ons substantially honbgeneously sorbed throughout the
particles. The neta-periodate ions are present in an anount of about 0.1
to about 0.15 nolar in a gravity-settled volune of particles in deionized
water. A further aspect of the invention contenplates nodified alumna
particles containing iron or nmanganese or both substantially honogeneously
sor bed t hroughmdshilee particles. The iron or manganesepiSupi@Rgnt in an
anount of about 0.05 to about 0.15 nolar in a gravity-settled vol une of

particles in dei Orhielﬁdpéfﬁ%@%te E@ﬁsp&{b%it%rﬁ%ﬁ?rﬁcﬁﬂog 2, 9%1 di zed i odi ne
species and are substantially free of nolecular I dine. process for
renovi ng arseni ¢ Gi°ThAd i HERyoboE Bre PRTEEHES) r oFiea Makd @erseqasley i s al so

contenpl at ed. Thatipk0geS SreMHY LS es bRSulOIFOMAR 051 @RSabdie AN aqueous
sol uti on that contains arsent c or antlan%%¢3 or +5 i1ons in a

concentration gr dater™¥EniAfograsttyapeet iser vatume 6h nastéeifisacted with
nmodi fi ed al um na par GétdAsed Thase. nodi fied alum na particles contain iron

or manganese or both sorbgd ‘is)‘ﬂ_'?lstanti al')l%fbhglﬁm enegusl y distributed
t hroughout in an anount of 2abHEe8. HTHF & VEBEI9b] ar as measured in a
gravity-settl ed vaonmemgfates modified alumina particles containing

iron or manganese or both substantially homogeneously
sorbed throughout the particles. The iron or
manganese is present in an amount of about 0.05 to
about 0.15 molar in a gravity-settled wvolume of
particles in deionized water. The particles contain
an oxidized iodine species and are substantially free
of molecular iodine.

A process for removing arsenic or antimony
+3 or +5 iong from a water supply is also
contemplated. That process comprises the following
steps.

a} An aqueoug solution that contains
arsenic or antimony +3 or +5 lons in a concentration
greater than about 2 parts per billion is contacted
with modified alumina particles. Those modified
alumina particles contain iron or manganese or both
sorbed substantially homogenecusly distributed
throughout in an amount of about 0.05 to about 0.15
molar as measured in a gravity-settled volume of
particles in deionized water. The particles also
contain an oxidized iodine species and are
substantially free of molecular iodine.

b) That contact. ig maintained for a time
period sufficient for arsenic or antimony +3 or 45
ions present to be gorbed by the particles to form

arsenic- or antimony-containing particles and an

14



particles in deionized water. The particles also contain an oxidized

i odi ne species and are: substantially free of molecul ar iodine. b)3 TREN-2805-
contact. is nmaintained for a time period sufficient for arsenic or
antinony +3 or +5 ions present to be sorbed by the particles to form
arseni c- or antinony-containing particles and an 14 1 7 JUN 2005 WO

02/ 50164 PCT/ US01/ 49041 aqueous solution having a | essened anount of
arsenic or antinony. c) The arsenic- or antinony-containing particles are
separated fromthe aqueous solution having a | essened anount of arsenic or
antinony. A stwdbyshis t her contenpl ated aspect of this paMghlded 1S an
apparatus for preparing an aseptic fluid such as water.- That appar at us
conprises a vessel having_ an inlet, an ogutlet-and a water- insoluble

pol ymeri ¢ medi um i HUEOPBISAEFICR heuingm® denTsned) HEPUIE gP AT STRES

wat er -i nsol ubl e pod»xyﬁatirﬁbnynedl umis as discussed bef ore and is supported
and contained within the rrE um cont ai ni_ng regl on. one preferred

enbodi nent, the vessel inclUde¥ &FPFPST OF IR, B?WQOPFﬁJg“Jé‘gpport posi ti oned
between the outl etpaxamdlemeramhmmfat@mfarbmlm pege@r. sPhafienably al so, the

e AP &

inlet and the nedi um ont al ni'ng SUtlret are
preferably separated from éae*hlldt ﬁerth%mdomtre@nphat@i appedtecdbtlyisar e at

opposi te ends of tHg-aPPH AkUs, LRS- PNESeHE g has eral benefits
and advant ages. One geneflt IS t%g r?{ rowﬂg%g Pﬂgogn pEed
£luid such as water. That apparatus comprlses a

vessel having an inlet, an outlet and a water-
ingoluble polymeric¢ medium in a polymeric medium-
containing region. The water-insoluble polymeric
medium is as discussed before and is supported and
contained within the medium-containing region. 1In
one preferred embodiment, the vessel includes a first
flow-permitting support positioned between the outlet
and the medium-containing region. Preferably also,
the vessel includes a second flow-permitting support
positioned between the inlet and the medium-
containing region. The inlet and ocutlet are
preferably separated from each other, and are more
preferably are at opposite ends of the apparatus.

The present invention has several benefits
and advantages.

One benefit is that it provides an
inexpensive oxidizing molid phase medium that can
oxidize arsenic +3 and antimony +3 ions to the
corresponding +5 ions, and alsc kill bacteria.

An advantage of the invention is that a
contemplated solid phase oxidizing medium changes
color as the gxidant is utilized and thereby
indicates its2 own degree of use.

Another benefit of the invention is that

the oxidant of a contemplated solid phase oxidizing
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i nexpensi ve oxidizing solid phase nediumthat can oxidize arsenic +3 and

antinony +3 ions to the corresponding +5 ions, and also Kill bact®fiIN-2685

advantage of the invention is that a contenplated solid phase oxidizing
medi um changes color as the oxidant is utilized and thereby indicates its
own degree of use. Another benefit of the invention is that the oxidant of
a contenpl ated solid phase oxidizing 15 -- - ----------- 7 JUN 2005 WO
02/ 50164 PCT/ USO1/ 49041 nedi um does not bl eed fromthe nedium which

bl eeding can cause off-odors to the surroundi ng environnent. Another
advant age of twWeeozisswgention is that it provides a solid pfwswrslam na- based
medi um that can sorb (absorb or adsorb) arsenic +5 and antinony +5 ions

from aqueous medi g,.3A.f WddRehob8nek ts,ok, ' tion is.that a
contenpl at ed soli gnepﬁgse al un na- %%secf%rre%rrrdlea}é%ﬁ’t gﬁg?lh}lsegg%ngd arsenic +5
or antinony +5 bi ¢ cRuRss €LF orerei htihy, sutieending sevhidnreny. di sposal of

spent nediumin a land fil hn¥iddodbvitiaby &F theatliddg:ofidt pgadound ions to
the environment. A further advantage of the invention is that a

contenpl at ed sol i d-TpRESESSFUR TR-iFaRRFenBYIME “BiRcarAdly §BRbed nercury

can be heated in aanekerd (abforteleasdsdrhe ARyeuEY:d ahacldigety on and permit
reuse of the nmedium ,Stil)] further benegfits and advantages of the

i nvention will be ZppaPeMt PP RoP¥er of ordinary skill fromthe
di scl osure that foll ows. BRI BEdReSCREHEEEEONOEhEHEBRRAYMNGS that

a contemplated solid phase alumina-based medium
containing sorbed arsenic +5 or antimony +5 binds
those ions tightly, thereby permitting disposal of
gpent medium in a land £ill without worry of leaching
of the bound ions to the environment.

A further advantage of the invention is
that a contemplated solid phase alumina-based medium
containing sorbed mercury can be heated in a retort
to release the mercury for collection and permit
reuse of the medium.

Still further benefits and advantages of
the invention will be apparent to the worker of

ordinary skill from the disclosure that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic representation of
a separation vessel useful in an embodiment of the
invention.

FIG. 2 shows a schematic representation of
another separation vessel useful in an embodiment of
the invention.

FIG. 3 shows a schematic representation of
yvet another separation vessel ugeful in an embodiment

of the invention.

DETAILED DESCRIPTION OF THE INVENTION
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FIG 1 shows a schematic representation of a separation vessel useful in
an enbodi nent of the invention. FIG 2 shows a schenmatic represerk Bulidh205-
anot her separation vessel useful in an enbodi nent of the invention. FIG 3
shows a schematic representation of yet another separation vessel useful
in an enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
16 17 JUN 2005 WO 02/50164 PCT/ OS01/ 49041 The present invention relates to
an anti- mcrobial and oxidative water-insoluble polynmeric nedium(often
nerely referred to as a polynmeric nediun) and its use in the preparation
of aseptic wWeshsand for converting trival ent arsenic p@yusPgRiaval ent
arsenic (As+3 As+S) in such water. Thus, one aspect of the present
invention contenplates a V\ﬁt er-insol ubl e pol ¥meri c oxidizing nmedium A
cont enpl ated pol yneric oxi dPziHFGSRRYi TP _IR558 iret™ BRE ™ has a
plurality of polyneeraethlNandyuxidabiwmwstenHihearylet pbliva@di-de or tribrom de
noi eti es whose pyrnilegiilrgi U(Qf%ﬂ‘q%g ar_ two ecflébSti tuenis Rl and R2, that are
i ndependently a hydrido or a T £ ﬁyf gr8u%§ °rke ‘;%?Vﬁeri zed N

pyri di ni um vi nyl bewdyhm}t mendotisdeserirt thbrmrepdeat inmi ef i @sptdarpri se oxi di zi ng
sites in the co-POIYIPrand gl WlvaP SXCUPI AL WALRLA] £Q1 ubl e polymeri c
mediumis preferably a Sglld at anbient tenperatures and can be
illustrated by theeatseientadrdeproulm™® | ashP)RanRsuch water.

Thus, one aspect of the present invention
contemplates a water-insoluble polymeric oxidizing
medium. A contemplated polymeric oxidizing medium is
a co-polymer that has a plurality of polymerized N-
pyridinium vinylbenzyl triiodide or tribromide

moieties whoge pyridinium rings bear two

substituents, Rl and R2?, that are independently a
hydrido or a C1-C4 alkyl group. The polymerized N-
pyridinium vinylbenzyl triiodide or tribromide
moieties comprise oxidizing sites in the co-polymer
medium. An exemplary water-insoluble polymeric
medium is preferably a solid at ambient temperatures .

and can be i1llustrated by the structural foxrmula

.

+ +
SN, Ny,
—R —R
I [%<¢%J Br; %{¢¢J
R . R -

wherein the parenthesez are used to show that the
- polymerized N-pyridinium vinylbenzyl group is
distributed repeatedly through cut the co-polymer
thereby forming a plurality of N-pyridinium
vinylbenzyl triiodide or tribromide groups. In

preferred embodiments, one of the Rl and R2
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R 2 13 Bra R wherein the parentheses are used to show that the
pol yrmeri zed N-pyridinium vinyl benzyl group is distributed repeat ¥ WUN-2605-
t hrough out the co-polynmer thereby formng a plurality of Npyridinium

vi nyl benzyl triiodide or tribromde groups. In preferred enbodi nents, one
of the RL and R2 17 a 7 JUN-2005 WD 02/50164 PCT/US01/ 49041 substituents
is ClL al kyl group. Mre preferably, RL and R2 substituents are both

hydri do groups so that the N-pyridiniumvinylbenzyl triiodide or

tribrom de groups of the polyneric medium corresponds in structure to the
formula 1+ + Ko @hsees | \ C Preferably, the polyneric nmegiiaghas a
tritodide or tribromde ion.content of about 0.1 to about 1.0 noles per
liter, that is nmore preferably about 0.2 to about 0.5 noles per liter of
co-pol yner. The tSPPBHFFERESr1g GibrbRilETedNt eHere Prpfecdlabl’t about

one-third the content of L di nium groups sq .that all of the iodide or
broni de ion that i‘—’g’@[ Felsé%)ééﬁt%ﬁ ?%dg(??]?\}’é’%ﬁé‘i%ﬁﬁ%ﬁ i%GntB3t trii odi de or
tribronide can be theksrpyidbyiteipgiveneyl crivedida or Tidibedhie i s nore
preferred as corrpa%:%gﬁ%;)%f F:%I?g.%j ?{ngleic The. pol yner i cnggdilnum,l S preferably a

H SPO .
macroreticul ar chl©ro y yrene-"di vi ny]febé’nzene co-polymer that is
reacted with structure to the formula

B ; + +
- @ - N \\
I3 Br
S - L

Preferably, the polymeric medium has a
triiodide or tribromide ion content of about 0.1 to
about 1.0 moles per liter, that is more preferably
about 0.2 to about 0.5 moles per liter of co-polymer.
The triiodide or tribromide content is preferably |
about one-third the content of pyridinium groups so
that all of the iodide or bromide ion that is
released upon redﬁctive decomposition of triiocdide or
tribromide can be taken up by the polymeric medium.
Triiodide is more preferred as compared to
tribromide.

The polymeric medium is preferably a
macroreticular chloromethylated styrene-
divinylbenzene co-polymer that is reacted with
pyridine or an appropriate mono- or disubstituted
pyridine to form the corresponding pyridinium
chioride, whose chloride ion is further exchanged
with triiodide or tribromide ions. A preferred,
contemplated polymeric medium is free of water-

elutable iodine or bromine, and is present as free-
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pyridine or an appropriate nono- or disubstituted pyridine to forﬂnhe
correspondi ng pyridini um chloride, whose chloride ion is further % 480
with triiodide or tribromde ions. A preferred, contenplated polyneric
mediumis free of water- elutable iodine or bromne, and is present as free
18 7 JUN-20D5 WO 02/50164 PCTI USOv49041 flowi ng particles, although a
contenpl ated polyneric nediumcan be present as a film In preferred
practice, the RL group is hydrido and R2 group is at the 4-position, and
is preferably a H (hydrido) group. Mre preferably, both RL and R2 are
hydri do groupsveaspygs i dine itself is used. Wien eitherp&usoiued? i s ot her
than hydrido, that R group-is preferably a nethyl (O ) group. Exenplary

nono- and di - subst S ta{te ent; Rl or R2 group is
a methyl (d) groufplt"%ﬁécnp%ugi&e %mguﬁﬁ “S’.n?o netsH NAERE 3, 4-, 3,5-,

2,3-, 2,4-, 2,5- a‘?ﬁﬁIEmGCéImPFdPlf?é@nt@Spﬁef@rﬁr ed pr ocess for prepari ng a
conterrpl at ed i on exchange res %gpo%ﬁkdl ne .a nono- or
di -C1-C4 al kyl pyridine [RT Ky F and ﬁﬁoup ASor Cl-C4 al kyl ]

is illustrated g&[ﬁlﬁ:&hb)&ﬂdﬂR%ﬂ@Si§ aSctuwa Boshawh, belows Synthesi s
Schenre 1 1 R2 CH2CQ l; R =Hor

RZ = H Cl-4 al k
Cl-C4 al kyl As |sprsegg_'zblé' S‘r%?é}yfiéﬁcf)egﬁ??%nokﬁj@ﬁgea ¥ns with the

pr epar at on of chlieaet ke Cheooh@Ssicki BKRtePRb YbERe seygft a5 e beads
ose
is used. When either Rl or R? is other than hydrido,

that R group is preferably a methyl (Cq) group.
Exemplary mono- and di-substituted pyridines where
the substituent Rl or R2 group is a methyl (C1) group
include -, P-, and y-picolines, and the 3,4-, 3,5-,
2,3-, 2,4—, 2,5- and 2,6-1utidines.

A preferred process for preparing a

contemplated ion exchange resin using pyridine itself
or a mono- oxr di-Cqp-Cz alkyl pyridine [R! = H or Cq-
Cq alkyl and R2 = H or C1-C4 alkyll is illustrated

generally in Synthesis Scheme 1 shown below.
Synthesis Scheme 1

+(/\ ;
CHZCIL ’S_Ocﬁz -

R2 R
R

H or C;-C, alkyl;

> = H or C,-C, alkyl

As is seen, a preferred reaction sequence
begins with the preparation of chloromethylated
cross-linked polystyrene such as the besads whose
synthesis is well-known from the preparation of
commercially available quaternary ammonium ion-

containing ion exchange resins. Generally spherical
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synthesis is well-known fromthe preparation of comercially avail abI e
quat ernary anmoni um ion- containing ion exchange resins. General | y# 7 JUN-2005-
spherical 19 9 7 JUN-2005 WD 02/50164 PCT/ US01/ 49041 beads are a preferred
formof a contenplated resin and such beads are utilized illustratively
herein. In one procedure, cross-|inked polystyrene beads are first
prepared that are subsequently chloronethylated by reaction with

chl oromet hyl nmethyl ether in the presence of alum numchloride or simlar
Friedel -Crafts catalyst. The resulting chloronethyl ated beads are
thereafter reamd@guwdi th pyridine or a substituted pyri gépgsoydngt her
process co-polymerizes vinyl benzyl chloride (chloronethyl styrene) and a
cross-linker in ﬁ:ingrlner sim]ar to that_used to prepare

pol y( st yrene- co- cISBFBnEthy RIS 8mes 188 it Fe&08 SBYAtET Hef§R 2 percent DVB
cross-|inker that aadesudesentdbedebytliaret ElluwkrathiveMn hddrem Soc. 103: 3821

(1981). Exenplary cross-linked chloro thyI at ed oly nes can be
AP s i W ER

obt ai ned from Si gma Cheni caf Co. © e FneE Tt Kéfesi gnati on

Merrifield s PepthedésResi Iflramegepmwijshat exef s2B>60cIyesh size and are
avail abl e at 0. 9- n f p m0409
%h%o%&té% Eﬁé/ g {%a %)WIt?l cﬁﬂr%&xg}%?l %et

nmeqg/ g, both at 1% cross 0SS- Simlar
200- 400 nesh mat erdtes %Hethal B@sgvae|ceﬁoaéum:fwwh\‘aqm§e@1ganmclsar F| sher

Scientific, Pittshynghel-RArthalacaifsal dud QcQitalg) 2-2.5 mea/ g chlorine
at both 1% and 2%cross-link. |t shoul d be apparent to those skilled in
chloromethylated beads are thereafter reacted with

pyridine or a substituted pyridine.

Another process co-polymerizes vinyl benzyl
chloride (chloromethyl styrene) and a cross-linker in
a manner similar to that used to prepare
poly (styrene-co-chloromethylstyrene) resin beads
containing 2 percent DVB crogs-linker that are
described by Tomoi et al. J. Am. Chem. Soc. 103:3821
{1981).

Exemplary cross-linked chloromethylated
polystyrenes can be obtained from Sigma Chemical Co.
of 8t. Louis, MO under the designation Merrifield's
Peptide Resin. These beads are of 200-400 mesh gize
and are available at 0.9-1.5 milliequivalents (meq)
of chloride per gram, 0.4-0.9 meqg/g, both at 1%
cross-link, and about 1 meg/g at 2% cross-link.
Similar 200-400 mesh materials are also available
from Acros Organics, Fisher Scientific, Pittsburgh,
PA that are said to contain 2-2.5 meq/g chlorine at
both 1% and 2% cross-link.

It should be apparent to those gkilled in
the art of watexr purification that a water-insoluble
polymeric adsorption or oxidizing medium can be solid
or liquid. It should also be understood that the N-
pyridinium vinylbenzyl-containing moieties need not
themselves form part of a polymer backbone, but can

also be grafted onto a previously made polymer using

20



the art of water puri f| cation that a water-i nsol ubI e poI ymeric adsorptl on
or oxidizing mediumcan be solid or liquid. It should al so be unde¥sioass:
that the N- pyridinium vinyl benzyl -containing noieties need not thenselves
formpart of a polyner backbone; but can also be grafted onto a previously
made pol yner using 20 1 7 JUN 2005 WD 02/50164 PCT/US01/ 49041 usual
grafting techni ques for vinylbenzyl chloride, followed by reaction with a
pyridine and triiodide or tribrom de exchange to form an adsorption’

medi um having N-pyridiniumtriiodide or tribrom de noiety

oxi dat i on/ adsQ§ddzismes Sites. Suitable cross-Ilinking mat epéRbsidofli Use in

the present invention include divinylbenzene (DVB), " trinethyl ol propane
triacrylate, trimet hyI ol propane trinethacrylate, 1,6-hexanedi ol

di met hacryl ate, 1,% 0! d@ahdtd diechpiBeratey [4rElbangvi hlorkéeas are wel |
known in the art. ﬂambwd benzeng ibs ﬁtlﬂaétpﬁ:lili@ﬁé YandP# £f R%E & £r 0ss- i nking

agent, and freque tl t ai ns eth rene as an inpurity. A person of
ordi nary skill nct érﬁrf”t T aé’ﬁﬁr%%l F% FhAFSYRE OB APHYR” ot her

cross-linking rrat graivahg wupyhbdﬁtnluﬁxﬁmdﬂﬂ@ keyontbricheds epecwf the present

i nvention. Contenp neri.c rredl a in particulate formcan be sized

from about 400 rresdﬁﬁhggl%‘ u%ﬂscﬁ?tl nes 1teas may be desired dependi ng upon the

flowrate of water througﬁuataiﬁbumpﬂslmkumuaditte;rmmdfdrnusélan preparation

of aseptic water. {Preferably; Jej;l@ pat] f to about 35
mesh (about 850 mteoi)% m l , ?i&lrlreg?ié@% eeflg out 25 to about

30 nmesh, or about ’—‘F}@e’tﬂéi’lé’%mpa@eotlmacmbatepaFrﬂnqtétywlz;erogﬂmr| bution of an

exenpl ary batch Oftrimethacrylate, 1,6-hexanediol dimethacrylate, 1,10-

decanediol dimethacrylate and the like as are well
known in the art. Divinylbenzene is a particularly
preferred cross-linking agent, and frequently
contains ethyl styrene as an impurity. A person of
ordinary skill in the art will appreciate that one
can use other crogs-linking materials without
extending beyond the scope of the present invention.

Contemplated polymeric media in particulate
form can be sized from about 400 mesh to about 10
mesh, as may be desired depending upon the flow rate
of water through a column ag ig usually used in the
preparation of aseptic water. Preferably, the
particles are of about 20 to about 35 mesh (about 850
um to about 500 pm), and more preferably about 25 to
about 30 mesh, or about 710 to about 600 pm. The
particle size distribution of an exemplary batch of
polymeric medium is shown in Example 1, hereinafter.

Additionally, a contemplated polymeric
medium in triiodide form is dark brown to brown-
purple in color, whereas the tribromide form is a
red-orange colqr. A co-polymer free of triilcdide or =
tribromide ions such as a precursor or spent medium
is tan so that one can tell by a color change when

the polymeric medium is spent and should be replaced.
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polyneric mediumis shown in Exanple 1, hereinafter. Additionally, a
contenpl ated polyneric: nmediumin triiodide formis dark brown to f SbiN-2005:
purple in color, whereas the tribromde formis a red-orange color. A
co-polymer free of triiodide or tribromde ions such as a precursor or
spent nmedium is tan so that one can tell by a color change when the
polymeric nmediumis spent and should be replaced. 21 1 i JUN-2005 WO
02/ 50164 PCT/ USO | 49041 A contenpl ated adsorption mediumis seenmngly
simlar to the strong base trial kyl amoni um nedi a described in the
Lanbert et al wddSies Patent No. 3,923,655, and al so seepifighysoi M lar to
the N-al kyl pyridiniumgroup-containing nedia of the~Smth et al. U S
Patent No. 5,908, 557. However, in each instance, the nmedi um contenpl ated
here is not only differenf PSPPI edfTdrieadieddrntifose ot her nedia,

but al so differentseefindly Bindiaigto char actaly shiLThQNpMari ous ions. Thus,
as already noted, the pedia_of both _the L%r%bert et al. .and Smth et al.

patents contain NSPRY™ JHate wEFy-Htoni haTRantegt 3thode®groups  can
deconpose to for miaakowetchaBe%:3,6hs chandr eldielskenadylyosha1eare nogenic. A

medi um cont enpl at er with its pendent benzyl pyridinj group,
cannot deconpose g:?lr% aar]%}'} Rt P%‘?\“glglrﬁ?p as showi® %ﬁéjtah(%% | es
herei nafter, a nedwibhast LAughiS.i Batdrani¥er t5,008 #57.i nHdweget [ idirodi de form

| oses iodine to i S [ : e i um does not.
Furthernore, a con%aéﬁpﬁ%t%gggrb ?%rﬁnangll;nt ﬁ%&mg?%ﬁ%ggé% fi% ‘tqﬁ'ﬁej Smth et al.
patent, when both ¥ differmet rincAtomtyeefinomseadii nf dicwkr orletre ion at very

media, but also different in its binding
characteristics for wvarious ions.

Thusg, as already noted, the media of both
the Lambert et al. and Smith et al. patents contain
N-alkyl quaternary ammonium moieties. Those gfoups
can decompose to form halomethanes, which are
believed to be carcinogenic. A medium contemplated
here, with its pendent benzyl pyridinium group,
cannot decompose similarly. Additionally, as shown
in the Examples hereinafter, a medium as taught in
Lambert et al. in the triiodide form loses iodine to
its surrocundings, whereas a contemplated medium does
not. Furthermore, a contemplated medium and that
disclosed in the Smith et al. patent, when both are
in their chloride formg, bind dichromate ion at vexry
different rates, even though the available binding
sites were in great excess over the amount of
dichromate present.

Another embodiment of the invention
contemplates a process for forming an aseptic £luid -
such as water or air from a fluid containing
microbial contamination. A contemplated process can
be used with air as well as fresh or salt water in
that elution of a previously discussed polymeric
medium with 2 molar sodium chloride did not remove a

noticeable amount of iodine.
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different rates, even though the available binding sites were in ﬂ%e‘ﬁﬂe
excess over the anount of dichromate present. Another enbodi nent 2005
invention contenplates a process for formng an aseptic fluid such as
water or air froma fluid containing mcrobial contam nation. A

contenpl ated process can be used with air as well as fresh or salt water
in that elution of a previously discussed polyneric nmediumwth 2 nol ar
sodium chloride did not renove a noticeable anbunt of iodine. 22 | JUN
2W5; WD 02/50164 PCT/ USO /49041 One contenpl ated process conprises the
steps of proviV#GV&4 vessel containing a water- insol ubker/ysolapmeric

oxi di zing medium having a plurality of polynerized N pyridinium

vinyl benzyl triiodide or tgib g of the structure Z
NR2 / RBr3 13 N\ RR V\hgr%“?{r?e%?l éi glégarsé {:n epender}lltly a hydrido or

a Cl-C4 al kyl groufF®PAnCt AFPUERingoR TRIAedbrenajnéemtanerat-ed fluid such as

water that is cleafnsaidefd geLO: ¥k Siilph g Rﬁe%&hﬁ'ﬂa@&ﬁ I s introduced to the
vessel to contact the_insol uble medium exanple the water

contenpl ated for WR&FPAEHIOE Brloresezehd- B-‘G?Féhnmﬂﬁr GHY&berzyAd, but is not a

hi ghl y cont ani nat etkiisbide oSt Ritghhide rbesprkd ﬂgﬁo\%ﬁ\y\/agﬁ dnkeat ment pl ant.
Rat her, water fron%t%ulc%ge or river, ornanental pon

0.

L/\; ¥ By L/\)_ ¥

wherein Rl and R2 are independently a
hydrido or a C1-C4 alkyl group.

. An influent of microbially contaminated
fluid such as water that is clear and free from
visible precipitate is introduced to the vessel to
contact the insoluble medium. Thus, for example, the
water contemplated for use in this process hag some
microbial load, but is not a highly contaminated
glime as might be found in a sewage treatment plant.
Rather, water from a lake or river, ornamental pond
or pond for the display of aquatic fish and
crustaceans is contemplated for use in a process.

_ The water can be slightly turbid and can be filtered
prior to use in a process to remove the turbidity.
The fluid such ag water. is maintained in
contact with the insoluble medium for a time pergod
sufficient for microbes present in the influent to be

killed by the txiiodide or tribromide ions and form
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or pond for the display: of aquatic fish and crustaceans is conten?lraétﬁgl“ 5.
for use in a process. The water can be slightly turbid and can be Tilte (g%]
prior to use in a process to renove the turbidity. The fluid such as

water. is maintained in contact with the insoluble mediumfor a tine period
sufficient for mcrobes present in the influent to be killed by the
triiodide or tribromde ions and form 23 1 7 JUN-20D5 WO 02/50164

PCTI USO01/ 49041 an aseptic fluid such as water. The aseptic fluid is

di scharged fr essel as an effluent. Exenplary m crobes agai nst which
a contenpl atce"gbgngglgléss i s useful include Pseudononas.. KeFUEYHHEHa, coliform
such as Klebsiella terrigena and E. coli, Cryptosporidium Gardia nuris
and G ardia |anblamastegicofthid santl dheatéke. TRs eldpDRa uiderdigi nosa and

coliforms such as § . 69kd.LES rtjcular_ mcero agai nst which a
contenpl ated pol yrrgrclﬁc d’r?a\s‘dftfucr)ﬁn chleu‘sree Stfli *The g?%‘%e -%not ed preferences for
the polyneric nedium are Haem@ryeticpdastdmtinaediiiohis used in a

cont enpl at ed proCesseMi ARBAAINS s A BELPANLAG, AN ASERLIEL! Ui d
conprising the above polyneric mediumin a support "vessel TS also

¥

contenpl ated. A coiftt@Apratfedotifesntsudhesscklabsieldsd ¢attigeghasst or pl astic

such as pol yet hyl eme col i pUxyBEQNHERNANG: kSyilkY RLEA L¥a 8z1,6R5 pmat ogr aphi ¢
colum or cartri dgﬁ iA.conte_ | atted vessel can include one or nore inlets,

outlets, valves 133 degheeiie apl thentike: opypsiieEge® One contenpl at ed
support vessel is aecybimt= aad @ndehas adch ek, fariirgseiving a fluid

particular microbes against which a contemplated
polymeric medium is useful.

The before-noted preferences for the
polymeric medium are maintained when that medium is
used in a contemplated process.

An apparatus for preparing an aseptic fluid
comprising the above polymeric medium in a support
vessel is also contemplated. A contemplated support
vessel is typically glass or plastic such as
polyethylene or polypropylene and is typically a
chromatographic column or cartridge. A contemplated
vessel can include one or more inlets, ocutletsg,
valves such as stopcocks and similar appendages.

One contemplated support vessel is
cylindrical and has an inlet for receiving a £luid
such as an aqueous solution prior to contact of the
solution with the contained polymeric medium and an
outlet for the egress of water after contact with the
medium. When the supporxt vessel is 'a glass or
plastic chromatographic column or cartridge, the
vessel can contain appropriate valves such as

. stopcocks for controlling aqueous flow, as axre well-
known, as well as connection joints such as Luer
fittings. The inlet for receiving an aqueous liquid
solution and outlet for liquid egress can be the same

gtructure as where a beaker, flask or other vesszel is
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such as an aqueous solution prior to contact of the solution with the
cont ai ned polyneric nmediumand an outlet for the egress of water TFtJiN-2005
contact with the medium Wen the support vessel is a glass or plastic
chromat ographi ¢ colum or cartridge, the vessel can contain appropriate
val ves such as stopcocks for controlling aqueous flow, as are well- known,
as well as connection joints such as Luer fittings. The inlet for
receiving an aqueous liquid solution and outlet for liquid egress can be
the same structure as where a beaker, flask or other vessel is 24 17
JUN-2005 WO Qg pRded PCT/ US01/ 49041 used for a contenplatad,BiQcess, but
the inlet and outlet are typically different and are~§eparate3 from each
ot her when a fluid such as air is utilized. Usually, the inlet and outl et
are at opposite ertf§dofor theonppwrates Prreess, 10wk dliedérles sedematic dr awi ng

of one preferred appatadks thPlcn@PR RGeS QRHI &ra\@bSiratelleffm t he
apparatus 10 is sho to include a su£%ort vessel as a colum 12 having an

inlet 26 and an oW FeP ™ F FOF™ Gafelid PHER Gift PEF ¥hadtiki%%Gtegral seal and
i s separabl e fromuswlsealthat igldtr angidutet caBNectdppBs B <Al aappar atus 10

cont ai ns one or noJ,e f'é)ll’a\Fthrm“i ng support elenents. In one enbodi nent,
a frit 22 supports poF§ ric imedium 16, and an upper frit 18 hel ps to keep

the mediumin place duringFifie 1 ipmbriothecti orheobtan drafiingent afe aqueous

solution. Conte [ b gl r, pl.astic such as high
density pol yet hyrgé\%E%nggéE)a%’aifﬁggE&{%?g P %m%Sig%%tmca‘gaétregge pore size is
preferred. A conti&a¥pl atlad 2appratarsus? danskevso tpnilalade s suppedck or

vesgel as a column 12 having an inlet 26 and an
outlet 28 for water. The outlet has an integral seal
and ig separable from the seal at a frangible
connection 32. The apparatus 10 contains one or more
flow-permitting support elements. In one embodiment,
a frit 22 supports polymeric medium 16, and an upper
frit 18 helps to keep the medium in place during the
introduction of an influent of aqueous solution.
Contemplated frits can be made of glass or plastic
such as high density polyethylene (HDPE). A HDPE
frit of 35-45 um average pore size is preferred. A
contemplated apparatus can also include a stopcock or -
other flow-regulating device (not shown) at, near or
in conjunction with the outlet 28 to assist in
requlating flow through the apparatus.

An above-described chromatographic column
is typically offered for sale with a cap {not shown)
placed into inlet 26 and snap-off (frangible) tube
end 30. The polymeric medium in such a columm is
typically wet and equilibrated with aseptic water and
can be used as part of a backpacker's kit for a hike
or camping trip oxr the like for a person away from
aseptic water. It is preferred that the average

diameter of polymeric medium particles be about 600
to about 750 pm when a chromatographic column

apparatus is prepared and used.
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ot her flowregulating device (not shown) at, near or in conjunction with
the outlet 28 to assist in regulating flow through the apparat us.# AJUN-2005-
above-descri bed chromat ographic columm is typically offered for sale with
a cap (not shown) placed into inlet 26 and snap-off (frangible) tube end
30. The polyneric mediumin such a colum is typically wet and
equilibrated with aseptic water and can be used as part of a backpacker's
kit for a hike or canping trip or the Iike tor a person away from aseptic
water. It is preferred that the average dianeter of polyneric nmedium

particles be qRpyknP0 to about 750 m when a chromat oggaph | um
apparatus is prepa?led and used. 25 7 JUN. 2005 WO 02/50164 E%#BSOU 49041

FIG 2 provides a second schematic drawing of another preferred apparatus.
Here, the apparatus 110 i $IShAvprevideschurrecadsepsortivakselnms a

cartridge 112 havidigaaseid¥ Fi’ef]e%@eé%p%@a%.l eﬁeﬁe%gthéogppﬁ@sws A cap 124

is preferably intejglral,ly nolded  with the inlet 1 The outlet 128 is
preferably integr 0

| VS TR PR PR 2c SYRRTGgESSEES. aF1Hfe  apparat us 110

contai ns a porous Ghppddde LWL MabBESn8 arf Aihled 226t Ad aaUPREILS1PD] yTeri C

medi um 116. An upper_porous, su such as frit 118 hel to keep the

medi umin place duffn§*iHe i‘ﬁt?dc%ggé%iJﬁnpﬁ?é‘e&r‘—i‘%wﬁqtﬁgﬁ%]ﬁqﬂgi%?éi sanpl e or

el uting sol ution. wAthciom empeiatied . appar atitlsetcans alssprefmdablle a st opcock or

ot her fl owregul atj [ t,..n , iJ._conjunction with
ifRd Jg?l.v.l_lyﬁ ﬁoi&% wg{?\é\%%f ?ac)%rtlﬁgé 1 ‘ﬂle

the outlet 128 to assrs regul ough 't he apparatus. .A
cont enpl at ed cart rargeatuc AlAscantaens el porous support such as a

frit 122 that supports polymeric medium 116. An
upper peorous support such as a frit 118 heips to keep
the medium in place during the introduction of an
influent aguecus sample or eluting zolution., A
contemplated apparatus can also include a stopcock or
other flow-regulating device (not shown) at, near or
in conjunction with the outlet 128 to assist in
regulating flow through the apparatus.

-A contemplated cartridge such as a vessel
of FIG. 2 is typically provided with the polymeric
oxidizing medium in a dry state, or wet with aseptic
water. In addition, inlet 126 and outlet 128 are
preferably standard fittings such as Luer fittings
that are adapted for easy connection to other
standard gas and/or liquid connections. This
embodiment is particularly adapted for use in a
person's sink as a final filter prior to use of the
water, as where potable water is delivered from a
well, This embodiment containing dry polymeric
medium is also particularly adapted for use with air
as the fluid. It is also preferred that the average
diameter of particles be about 600 to about 750 pm

-when a cartridge apparatus is prepared and used.
FIG. 3 illustrates a schematic diagram of
yvet another apparatus 210 for carrying out the

present invention. The apparatus 210 includes a
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of FIG 2 is typically provided with the polyneric oxidizing rreditﬂui&?m _
dry state, or wet with aseptic water. In addition, inlet 126 and 2005
128 are preferably.standard fittings such as Luer fittings that are
adapted for easy connection to other standard gas and/or |iquid

connections. This enbodinent is particularly adapted for use in a

person's sink as a final filter prior to use of the water, as where

potable water is delivered froma well. This enbodi nent containing dry
polynmeric mediumis also particularly adapted for use with air as the
fluid. It is NEBSPFeferred that the average dianmeter BT areMel es be

about 600 to about 750 m when a cartridge apparatus is prepared and used.

FIG 3 011 ustrat esupsehambie AbAGiaMooln HkeaaNgss apRALAL US 210 for
carrying out the present invention. The apparatus 210 includes a 26 17

JUN 2005, WO 02/ 50°P64PErmbseds 49849 iadpportd puskes poxts RA6I Mp8an inl et

port 226 and an il pbsAbhedZh alb®michl &id ardiQuUtl.etePARES 226, 228 are
positioned on a cq n end of the vessel 212. This arrangenent can be used
where, for exanpl € 5 2CEYeN: KB UPed viieZe oI e¥dleni ted and
attachnment of connectbagd ithenghtinetvesiaew)1ad ss fagikiataieed by | ocating the
ports 226, 228 near_or., adjacent one. another. The yessel,K 212 supports the
pol yneric oxi di ziaﬁaaﬁ%r&elngclmog1%°I'Pﬁ‘éifjé}9n%€%”§ 6?8%6%(“8% n&d hei ght
(correspondi ng to facibitarEl by tlwcatidge thegselts 2482, 228 digqarpope 230 is
| ocated within theadé%%ér?é BE2andief ! ow comuni cation with the outlet port

e

228. The dip pip provides a path for discharging treated
The vessel 212 supports the polymeric

oxidizing medium 216 therein to a predetermined
height (corresponding to a volume) within the vessgel .
212, A dip pipe 230 is located within the vessel 212
in flow communication with the outlet port 228. The
dip pipe 230 provides a path for discharging treated
(e.g., aseptic) water from the vessel 212.

8lits 232 or other openings are formed in
the dip pipe 230 to provide a f£low path from the
vessel 212 to the interior of the pipe 230 and thus
the vessel outlet 228. The slits 232 or openings are
sized accordingly to prevent the loss of media 216
from the vessel 212. As with the previously
described embodiments, a support, such as frit (not
shown) can be placed over the polymeric media 216 to
maintain the media 216 in place in the wveszsel 212.

As will be readily understood from a study
of FIG. 3, water is supplied to the vessel 212
through the inlet port 226. The water "fills" the
vessel 212 to an operational level. Treated water is -
drawn from the outlet 228 through the dip pipe 230.
The water, flow through the dip pipe 230 can only
enter the pipe by flowing through the media 216.
Thus, a compact, readily connected apparatus 210 by

which to treat water is provided.
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A

(e.g., aseptic) water fromthe vessel 212. Slits 232 or other open# ?%@5
formed in the dip pipe 230 to provide a flow path fromthe vesse 0%
the interior of the pipe 230 and thus the vessel outlet 228. The slits 232
or openings are sized accordingly to prevent the loss of nedia 216 from
the vessel 212. As with the previously described enbodi nents, a support,
such as frit (not shown) can be placed over the polyneric nedia 216 to
maintain the nedia 216 in place in the vessel 212. As will be readily
understood froma study of FIG 3, water is supplied to the vessel 212
through the in¥@¥50%brt 226. The water "fills,' the veBEBYStE®MIto an
operational level. Treated water is drawn fromthe outlet 228 through the

di p pi pe 230. The water floaw édHtougindedeasbdrapipe280.5ahaPNby enter the
pi pe by flow ng tht Thu a conpact, readily connected

V\#gg t he nmedi a . 216. : :
appar atus 210 by ich T8 PPeatridy #ePared Vi abeETY2g |thRUN 2005 WO
02/ 50164 PCT/ USOl /pt9GehérTnaedom dnphsdped capparat Uses gohras ithat of FIG 1

can be readily prepgrgd. Ry s /ing the polymeric nmediumjn aseptic
water. The slurry |se.ac€i‘§;eod%oﬁ{%“y§e l()t\}fflﬁ%rsrﬁp\éf’ﬁge(i?ﬁ‘ﬁlb%rgﬂ“’blae’ﬁrent such as
afrit in a verticalfrytolt envertisaphorarivesseluppedt vass< eatmm. The

medi umis permttegd 40-s8kkl € HAIQLa; f o rayity and can be packed
more densely using vibration, tqp%ﬁ%rhg? I%%rgﬁ':?%%gocﬁ%teéiae 9% ed  hei ght
of mediumis achi e’%}?d,fmé?ﬁ/ O xS LYi A dai doe parrdedoas depselrcuum a second

flow permitting elamgniisehoss ta%@eefféﬂé 1hRel NeRLL 6 gkBi R4 he  column

above the nedi um al_pd hhe cap_.is ad i
eight of medium is achieved, any excess liquid is

removed as by vacuum, a second flow-permitting
element such as another frit is inserted into the
column above the medium and the cap is added.

To prepare another chromatcgraphic column
that can be used for a contemplated process, a
portion of polymeric medium prepared as discussed
.above is slurried in ageptic water and aliguots of
that slurry are transferred under nitrogen pressure
to a 10 cm long glass Bio-Rad® column (1.4 wm inside
diameter} equipped with polypropylene fittings
manufactured under the trademark "Cheminert" by
Chromatronix, Inc., Berkeley, CA. When the desired

bed height is reached (corresponding to a bed volume

of about 0.6 cm?®), the medium is resettled by back-
washing. The polymeric oxidizing medium is then
rinsed with several bed volumes of aseptic.

An apparatus shown in FIG. 2 can be
prepared by adding a predetermined weight of dry
-polymeric medium to the cartridge 112 containing
molded outlet 128 and support frit 122. The thus
filled cartridge ig vibrated in a vertical -
orientation te achieve a constant height for the
medium bed, the upper porous support 118 is inserted,
and the cap 124 containing molded fluid inlet 126 is

placed onto the device.
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To prepare anot her chromat ographic columm that can be used for a

contenpl ated process, a portion of polyneric medi um prepared as @& &JUdNL05-

above is slurried in aseptic water and aliquots of that slurry are
transferred under nitrogen pressure to a 10 cmlong gl ass Bi o- RadO col um
(1.4 mminside dianeter) equipped with pol ypropylene fittings

manuf actured under the trademark "Chem nert" by Chromatronix, Inc.,

Ber kel ey, CA. When the desired bed height is reached (corresponding to a
bed volune of about 0.6 cnB), the mediumis resettled by back- washing.
The polyneric ng mediumis then rinsed with sev vol unmes of
aseptic. An ap‘)’f)Bz;drzgélﬁJs showmn in FIG 2 can be prepared: &% d@‘?ﬁé a
predeterm ned weight of dry -polymeric nediumto the cartrl dge 112
containing nolded outlet Fh28 rusgesuppyrPRtian fs 13m0 Fheedthdsto & | | ed

cartridge is vibralRdekd RxV6kidiGahg Ai¢RI A QB4 AEHI eve a const ant
hei ght for the nedium bed, the upper_ porous support 118 is inserted, and

the cap 124 cont alRﬁnﬁﬁv?ﬁﬂn&eﬂrsf@fndlcdali‘qﬂII€W°‘112’® nge"ﬁll%%k&eoh?‘fﬁltshe devi ce.

28 17JUN2005 WO 0¥ 2036k PEFHMSDLA420AE Jbmitpeesanb tonmanhien is al so
directed to a pro S‘SS f or oxjdi,zi T?}é'vrlval nt _arsenic to pentaval ent

arseni c and renovi 5bj B¥i ohahica e 5P SEES 1% m an aqueous
solution al so contamslanmg coptletratdns . of Typitdhbyywatdr o6 chefcepeab’le:duce t he

arsenic concentrat rinkin er t ce tabl the arsenic
MCL shoul d be at ore%%eg ow Oarseélgtc\g@%er Bojfcflgong ?emw er abI y at or

bel ow 10 ppb, andeavbstpepr siekedyl frpid) ,opr@’édnawlﬁ a}:tpbr below 10
ppb, and wmost preferably at or below 2 ppb.

A process for oxidizing trivalent arsenic
ions in solution to pentavalent arsenic ions is thus
contemplated. In accordance with such a process, a
vesgsel, also referred to as a flow-permissive
container such as a before described chromatographic
column or mesh pouch is provided that contains a
water-insoluble polymeric oxidation medium having a
plurality of oxidation sites that are polymerized N-
pyridinipm vinylbenzyl triiodide oxr tribromide

moieties (groups) of the structure

+ +
_l\i\ DN

Bry |

I
e S

wherein Rl and R2 are independently a
hydride or a Cl—b4 alkyl group.
= A volume of an influent aqueous pre-sample
solution that can contain arsenic as water-soluble
iong in the trivalent form at a concentration greatexr
than about 2 parts per billion is introduced as an

influent into the wvessel to contact the insoluble
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A process for oxidizing trivalent arsenic ions in solution to penfaval ent
arsenic ions is thus contenplated. In accordance with such a proc Zsﬂ"hﬂm5*
vessel, also referred to as a flow perm ssive container such as a before
descri bed chromat ographic colum or nesh pouch is provided that contains a
wat er -i nsol ubl e pol ynmeric oxidation nmedium having a plurality of oxidation
sites that are polynerized N- pyridiniumvinylbenzyl triiodide or
tribromde noieties (groups) of the structure N\ 13 / Bra C wherein Rl
and R2 are independently a- hydrido or a Cl1-C4 al kyl group. A volune of an
i nfluent aquemsozprier sanpl e solution that can contai n arSe0i/Heas

wat er-soluble ions in the trivalent format a concentration greater than
about 2 parts per bhi.l.Lion i introguced s, an .influent intg t he vessel to

contact the insolﬁblglﬁﬁxﬁkgﬁiWTQO Sﬁfﬁﬂﬁ#ﬁbi%4a¥%ﬁfﬁgﬁff d6u1 oxi di zi ng

medi um Thi s sol uthegrin sasalkesboadeper ¢led lenge heilet ioras @hdwad or chal | enge
solution. That inflagats iR g ap.b [ t . punpi ng,
redR0he LALEOANELLOM 680 DE AL IGE. BY %u%_ls

gravity flow, or sinple diffusion as 1s we nown. (npl e sol ution

is maintained in WONEECEIRIE 1 Bémp e GLEBIE coxpeliia mglheaiowm for a tine

period sufficient for trivahenir-ALsRMIL sBIOSRA 1o ifhihPg: A hyient to react
with the oxidizing sites to oxidize to pentavalent arsenic to forma

sanpl e sol ution &AEECt edEedrordaretiblehexidifppe mediumifF ajis t hen
di scharged from t hameesstlodasumil cebhit URRt tfvalent arsenic present

in the influent to react with the oxidizing sites to
oxidize to pentavalent arsenic to form a sample
golution and a reduced medium. The sample solution
is then discharged from the wvessel as an effluent of
pentavalent arsenic ions.

The influent arsenic-containing aqueocus
solution is typically provided from a ground or
surface water source, such as a well. In a preferred .
process, the aqueous solution has an initial
trivalent arsenic concentration of more than about 10
parts per billion.

In preferred embodiments, the trivalent
arsenic oxidation is coupled to removal of the
pentavalent arsenic that is formed so that a process
for removing or reducing the concentration of
trivalent and pentavalent arsenic in an arsenic-
containing sclution is contemplated. Thus, in one
embodiment, the effluent from the oxidation is
contacted with a pentavalent arsenic binding medium
such as conventional strong base anion exchange resin

- that binds pentavalent arsenic and that contact is
maintained for a time period sufficient for the
pentavalent arsenic to bind to the ion exchange resin
and formed pentavalent arsenic bound resin and an
agueous composition. Other pentavalent arsenic

binding media include manganese silicate, alumina,
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pent aval ent arsenic ions. The influent arsenic-containing agueous ol ution

is typically provided froma ground or surface water source, suc 2005 <
well. In a preferred process, the aqueous solution has an initial
trival ent arsenic concentration of nore than about 10 parts per billion.

In preferred enbodi nents, the trivalent arsenic oxidation is coupled to
renoval of the pentavalent arsenic that is fornmed so that a process for
renovi ng or reducing the concentration of trivalent and pentaval ent
arsenic in an arsenic- containing solution is contenplated. Thus, in one
enbodi nent, theoeftkuent fromthe oxidation is contact ecrwdidiea

pent aval ent arseni ¢ bi ndi ng nedi um such as conventional strong base anion
exchange resin t i e val ent. arseni.c_and that contact is

nai nt ai ned for a P'if’i&rlén?%gﬁfrgg su]?dfal %ﬁ’één]tcg;to‘r%}%tﬁ]ées pait 45t é’ﬁ%g%r senic to
bind to the ion extrasged esi alumind. f or ned pentaval ent arseni ¢ bound resin
and an aqueous conpositio I I ik medi a

i ncl ude manganese silicat e?hgﬁj}tr}l%ﬁg, Bﬁg%ﬁ%ﬁa%%gﬁkgwggﬁ%%m

PCT/ US01/ 49041 al URCRaPPIEST oREHEVpHER andinamadesy afedebyn oxi de
deposited on al uniamidfe exkéd-HeadndBdnUaa AN ber Mgt fgget her with
anot her pent aval eq%,bi £di ng1 medi um _thereby formng a m Xed-bed nedi um
capabl e of oxi di zi HgV2tFHY EFET aFed CdiRd BsPhETHG HeMistFaf ent ar seni c.
The nmai ntenance tiTesmbiiteaxheatdians and bkimitAgntand bigahignéd ng medi um can
be the substantiall,y same when.. the Lwo gﬁéesrubgj:s ar«ilghsym cally mxed in

Inding medium ca
t he same ; g antlia ame whert

the two materials are physically mixed in the same
vessel in that sorption of pentavalent arsenic from
the sample solution occurs substantially as the
oxidized ions are formed, so that those times are not
differentiated during usage. The maintenance timesg
for both steps are typically very similar even when
the oxidation medium and binding medium are in
physically separated vessels.

- The aqueous composition is then discharged
from the ion exchange resin-containing vessel as an
effluent having final arseniclconCentration of about
zero to about 2 parts per billion.

The pentavalent'arsenic binds pocrly to the
quaternized N-pyridinium vinylbenzyl groups present
in the oxidizing medium. This finding is quite the
contrary to the findings reported in U.8. Patent No.
5,908,557 in which the N-alkyl pyridinium groups
bound well to formed pentavalent arsenic ions, and
those N-alkyl pyridinium groups could be used to
remove the formed pentavalent arsenic from the
aqueous solution. This difference in binding was
unexpected, but was found usgeful in that pentavalent
argenic (arsenate) ions do not appareuntly displace
triiodide or tribromide counter ions to the N-
pyridinium vinylbenzyl groups, thereby maintaining

the oxidative capacity of the medium,.
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vessel in that sorption of pentavalent arsenic from the sanple solution
occurs substantially as the oxidized ions are fornmed, so that thdsk JiiN2085-
are not differentiated during usage. The mai ntenance tines for both steps
are typically very simlar even when the oxidation nmedium and bi nding
mediumare in physically separated vessels. The aqueous conposition is
then discharged fromthe ion exchange resin-containing vessel as an

ef fl uent having final arsenic concentration of about zero to about 2 parts
per billion. The pentaval ent arsenic binds poorly to the quaternized
N-pyri di ni um gyslsiaenzyl groups present in the oxidi zi fegapebpdm This
finding is quite the contrary to the findings reported in U S Patent No.
5,908,557 in which the N-al kyl pyridiniumgroups bound well to forned

pent aval ent arsenic ions, 5ﬁﬁfeﬁa%ése qhgaP%}Havﬁﬁ?ﬂtdiaﬁF%ﬁﬁché@ﬁj@%oul d be

used to renove thedioned perdiayalarldiahser srérie@yt ie thagueous sol ution-
This difference in bindi g% gas unex&)ect ed, but was found useful in that
frat &je

pent aval ent  ar serff®tEar FBhYSRG ATt T gpharke feFiA dmeprsce trii odi de
or tribrom de couniueh tIONsS firesh penbhvylynt dysedi \Hitnt e medbugrieups, thereby
mai ntaining the oxi daétia%%oc acity of the rrgdi um, 31 1 7 JUN2005 WO

02/ 50164 PCT/ USQO /4884 SEIEOYH SOTRMLV T e SPYEF SR B nding  medi um

e
ref eérab
and oxi di zi ng nmeditm exdagioninkeldusoit hé sapendact secddi tvhesdInf | uent occurs

in a serial mannery, SUehktha, n : eni c, binding mediumis
provided to the athPgous clorrp%srlge{d?%ll};ll + o&ﬁ%@rpgg%?q%eﬁlu?hcéi‘%og?dati on medi um
in the same or a sEevhded daskle same vessel in unmixed, separate

layers, for example such that the influent =solution
first encounters the oxidizing medium, followed by
the adsorption medium. Alternatively, after
contacting the oxidizing medium, the agueous
composition containing pentavalent arsenic can be
introduced into a second vessel containing adsorpticon
medium.

The arsenic-containing adqueous solution is
typically provided from a ground or surface water
source, such as a well. In a preferred process, the
aqueous solution has an initial trivalent and
pentavalent arsenic concentration of more than about
50 parts per billion.

A contemplated triiodide-reacted ox
tribromide-reacted insoluble oxidiziﬁg medium is dark
brown or red-orange in color, regpectively. Upon
contact of the colered insoluble oxidant with
trivalent arsenic-containing agqueous streams, the
characteristic dark brown or red-orange color is
discharged, yielding a light tan medium that ig the
color of starting polymerized N-pyridinium
vinylbenzyl medium. Thus, conversion of trivalent
arsenic to pentavalent arsenic by a contemplated
insoluble oxidizing medium of this invention is a

gelf-indicating process.
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The oxi di zi ng medi um and adsor ption nmedi um can be provided in the sane
vessel in unm xed, separate |ayers, for exanple such that the infl TichiN- 2005-
solution first encounters the oxidizing nedium followed by the _
adsorption medium Alternatively, after contacting the oxidizing nedium
the aqueous conposition containing pentaval ent arsenic can be introduced
into a second vessel containing adsorption nedium The arsenic-containing
aqueous solution is typically provided froma ground or surface water

source, such as a well. In a preferred process, the aqueous solution has
an initial triw@snks and pentaval ent arsenic concentr apéRfsoRfossOr € t han
about 50 parts per billion. A contenplated triiodi de-reacted or-

tribronide-reacted insolubl e oxidizing mediumis dark brown or red-orange
in color, respectively. Updft PYFFFERE BBRCEHRE coF oreaortailabed oxidant with
trival ent arsenic-ant ebntiaey BEiRRUStIM Leadm.c-thR:aiehad akhebist i ¢ dark

brown or red-orange-.cplor i di scharged, yieldjng a |'ight tan medi umt hat
is the color of gioal]rl 7ty 3 I%Pﬁi‘gﬂgﬁgpﬁ)%/ﬁhd‘imn%’%rﬁarﬁ' IBENEY 12 medi um

Thus, conversion ofhrbmavagreptic acdem et Glpenhavellerbnediser) ¢ by a

cel fimnd:cating propbss® SEPHLNBES soosh SO1eh FeTFURED 40041 In
preferred practi cerdsprotimncpatteimeat exl 9.t hat"teanbat. betgleen dhe _
arseni c- cont ai ni ”%1%9!:'@&“(%.9;.50&&1%91[15{1?91@ &E(repogg%pgc%il&ge)rr%gwuruq be carried
out in a chromatographic columor owt hrou ntarner,

is a particularly preferred vessel for use herein and

has an inlet for receiving an adueous gsample solution

prior to contact of the sample solution with a medium

and an outlet for the egress of water after contact

with the medium. In such use, the media are

preferably in the form of solid beads or particles.

It is noted, however, that another physical form such

as a liquid,'powder, membrane, sheet or other web can

also be utilized,

Contact between the pentavalent arsenic

binding medium and the aqueous pentavalent arsenic-

containing sample solution is maintained for a time

period sufficient for the pentavalent arsenic to be

bound by the medium. That binding is usually quite

rapid, with contact times of a few seconds to a few

minutes typically being utilized. Much longer

contact times such as a few hours can be utilized

with no i1l effect being observed.

Contact between the oxidizing medium and

the agueous trivalent arsenic-containing solution ig

maintained for a time period sufficient for the

triiodide to oxidize the trivalent arsemic to

pentavalent arsenic. The reaction ig rapid. Use of

an oxidizing medium comprised of polymerized N-

pyridinium vinylbenzyl briiodide or tribromide

moleties permits the arsenic oxidation to be

conveniently monitored by observation of the color
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such as a perforated plastic or nesh pouch containing adsorption
particles, e.g., a "tea bag". A glass or plastic (e.g. polyethyl dngJUN- 2005
pol ypropyl ene) colum is a particularly preferred vessel for use herein
and has an inlet for receiving an aqueous sanple solution prior to
contact of the sanple solution with a nmedium and an outlet for the egress
of water after contact wth the medium In such use, the nedia are
preferably in the formof solid beads or particles. It is noted, however,
t hat anot her physical formsuch as a liquid, powder, nenbrane, sheet or
ot her web canw@hsspe utilized. Contact' between the pgat@yaleat arsenic
bi ndi ng nedi um and t he aqueous pentaval ent arsenic- contalning sanple
solution is maintained for a time period sufficient for the pentaval ent

arsenic to be bofkg 8y TR HRIdgHEY brOHR $RlH AE the tsidkadigdeprite rapid,
with contact L i erES:edf-o:aaerQV\ltﬁﬂﬁ@ﬂlﬂée tdbm@]hé:ew!o B%élbltiﬁﬁttﬁ’éﬂ e@i&bﬂ bei lng g
utilized. Mic onge contact tinmes..sych as ew_hours can be utilize
with no ill effect® bgP%gre(%Bg% VERYEHRHR VIR Ryt RELHY4 8P zi ng medi um and

t he aqueous tri valwediumr seni c-containing solution is mnmaintained for a tine
period sufficient for the riiodide.t.o oxidize the trivale senic to
pent aval ent arsenic. The rg}é%t";oggafts SESi H° OFECHER AR %%ﬁta%% nedi um
conpri sed of pol yrer chanrikg Pya ifdewizapeviimdugbngzhd colinrodirdEler- tri br om de

R S i A P
fromthe dark broWiiggrredoinidnateet iwidhdeheprdsorption or
oxidizing medium is the "solution residence time".

The flow, temperature and pressure
constraints of the process are dictated primarily by
the limitations of the equipment utilized and the
resin used in carrying out the invention. Ambient
temperature and pressure are normally used.

A contemplated trivalent arsenic oxidizing
process succéssfully oxidizes trivalent arsenic in
arsenic-contaminated agueous solutions at
temperatures between about 15°C and 90°C. Preferably,
the process is operated at temperatures between about
20°C and 70°C.

The present trivalent arsenic oxidation
process successfully provides agqueous pentavalent
arsenic at a pH value from acidic to about neutral
(about pH 1 to about pH 7). Preferably, the process
is operated with a solution having a pH value between
about 4 and 7, and most preferably, between about &
and 7. At pH values above about 7, the process
begins to lose efficiency.

A more general process for oxidizing a
water-scluble metal ion from a first oxidation state
to a second, higherx oxidation state is also
contemplated. This process comprises the following

steps.
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red-orange tribrom de conplex to the light tan color of the reduced

N- pyri di ni um vi nyl

benzyl oxidizing mnedium The contact tine is

37 JUN-2005

conveniently controlled by changing the flow rate through the col umm or
fl ow perm ssive container. The tinme that the solution is maintained in
contact with the adsorption or oxidizing nmediumis the "solution residence
tenperature and pressure constraints of the process are

time". The flow,

dictated primarily by

the limtations of the equipnent utilized and the

resin used in carrying out the invention. Anbient tenperature and pressure
are normal Iy yapfsefy contenpl ated trival ent arsenic oxi giishGoaspr OCESS
idizes trivalent arsenic in arsenic-contam nated aqueous
solutions at tenperatures between about 15C and 909C. Preferably., the
process is operated at tenmdérat ieéseberfedipciseed beforead@ 70C. The present

trivalent arsenic gévilatd @hat PEQRESH:s SUSEESS kb iRleYiiRS aqueous
pentaval ent arseni¢ at a pH value fromacidic to _about neutral

BSHEPET 1h O3 I HE9 pPFEeBshaingop i £h a sol uti on
datnetiy sabestthdt aak ¥-pafidiADed vphrgiwmably, between
es out process . begins to |ose

successful 'y oxidi

1 to about pH 7).
havi ng a pH val ue
about 6 and 7. At

H b 7., th
efficiency. A nor etrgéﬁéf ﬁu 06r€E18)\é§m;? SRS %6

froma first oxi dagrdeghosilat.e

(about pH

SCREY%t - sol ubl e netal ion
to a second, higher oxidation state is al so

contenpl ated. This pr ocessbgong)rvjoslgaetot}ealtlolldfgwegg aqEESPsS' 34 1 7 JUN 2005

solution that contains metal ions of a first
oxidation state as water-soluble ions is introduced
into the vessel to contact the insoluble oxidizing
medium to form a solid/liquid admixture.

¢} The solid/liquid admixture is
maintained for a time period sufficient for the metal
iong present in the influent to react with the
oxidizing sites to oxidize to a second, higher
oxidation state to form a sample sclution and a
reduced medium.

d) The sample solution is then separated
from the reduced medium.

Exemplary metal ions that can be so
oxidized include iron, manganese, arsenic, antimony,
mercury and chromium. In some instances, the
oxidized metal ions remain in solution, whereas in
others, the oxidized metal ions bind to the oxidizing
medium and form medium-bound metal ions. In the
former instance, as with iron and arsenic ions, the
golid and ligquid phases need only be physically
separated to separate the sample solution from the
reduced medium. In other instances, the sample
solution is separated from the reduced medium by
contacting the reduced medium with a stripping
solution comprised of amn agueous salt sclution.

Bnother aspect of the invention

contemplates modified particulate alumina containing
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that contains a solid water-insoluble polyneric oxidizing nmedi um$haJdting2005
plurality of oxidizing sites that are N-pyridiniumvinylbenzyl triiodide
or tribrom de noieties as discussed previously. b) A volune of an influent
aqueous solution that contains netal ions of a first oxidation state as
wat er-soluble ions is introduced into the vessel to contact the insoluble
oxidizing mediumto forma solid/liquid adm xture. ¢) The solid/liquid
adm xture is nmaintained for a tinme period sufficient for the metal ions
present in theydpnhkhkent to react with the oxidizing sii&ssh@oRxi dize to a
second, higher oxidation state to forma sanple solution and a reduced
medi um d) The sanple solution is then separated fromthe reduced nmedi um
Exenpl ary metal i die§arPrulofake Bensosubskptt iaddy | krMoggeequsdri, manganese,

arseni c, antinony,sorBB8 GiHrbudishtC BhO Pabttl clldd . SOFR: bASLANEESazd he oxi di zed
netal ions remain in solution, whereas in _others, .the oxidized netal ions

bind to the oxidi AHE: TRGERT 0dPEFM AR A/ EnPBTURdSHet IR BH&- In the

former instance, asribfidrd hons aitd Are@AECin @ASamdRe oSQbHodt and |iquid

phases need only he ically .separated t.Q separate the s | e sol ution
fromthe reducedqﬁéggé %r%édwﬁgf Phetgﬁ?5§¥=%%%ﬂ§§ﬁﬁﬂgmes ution is
separated from t heparedlcbsd inedkiom bed wabat acSpapunt be pecdsetdn mediumwith a
stripping solution ¢ouDr 80Ot 8P AUC R AR dnd Bhiti@N- Another aspect

of the invention
periodate ions. A lesser amount of meta-periodate

aniong ¢an be present, but use of such an amount can
be wasteful.

These A/P particles are useful as
intermediates in forming the iron- or manganese-
containing particles discussed below. These
particlés are also ugeful in removing manganege,
iron, cobalt and mercury ions from aqueous
compositions, which ions can be in a lower -ous or
higher -ic oxidation state, such as ferrous or
ferric, manganous or manganic, mercurous oOr mercuric
of cobaltous or cobaltic ions. These A/P particles
are alsc useful for remcoving harmful bacteria such as
coliforms from water. In dried form, A/P particles
can be used in an air filter.

A further aspect of the invention
contemplates modified alumina particles containing
iron (A/I particles) or manganese (A/M particles) or
both substantially homogeneously sorbed throughout
the particles. The iron or manganese is present in
an amount of about 0.05 to about 0.15 wmolar in a
gravity-settled volume of particles in deionized
water. When iron is present in the absence of
manganese, the iron concentration is preferably 0.1
to about 0.15 molar. When manganese is present in
the absence of iron, the manganese ig present in an

amount of about 0.50 to about 0.075 molar. When both
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contenpl ates nodified particulate alumna containing 35 1 7 JUN2
02/ 50164 PCT/ USQO /49041 net a-peri odate ions substantially honogen

sorbed t hroughout the particles. The particles are often referred to
herein as A/P particles. The neta- periodate ions are present in an anount

of about 0.1

to about 0.15 nolar in a gravity-settled vol une of

particles

in deionized water. Sodiumor potassium cations are the preferred
counterions for the periodate ions. A |lesser anpunt of neta-periodate
ani ons can be present, but use of such an anobunt can be wasteful.

AP particlesY@stiseful as internediates in form ng tPeI/ispBnes or
containing particles discussed bel ow. These

nanganese-
i N renovi NG RBPEANSSS thd LABun(C ¥Bal forANHg NBIC gwlhﬂtoeiﬁ from aqueous

usef ul

conposi tions,

st at e,
mer cur i
usef ul

dried form A/ P partities

which ions can be in a | ower -ous or

The

such as ferPOERNGE “¥R{Galdy %ﬁﬁ@éﬂﬁﬁé‘eérfmﬁﬁﬁl@e%er curous or

c
f or

of CObalﬁxﬂpSrth’onC okl ikBe i @¥SsdIRS 6g AR LPALAd L1688
removi n arm‘l.éw8 %lcterla such as coliforns fromwater.
a

WETURL R T APFTIaS L9 “RIVHESSher as pect

are al so

In

of the invention cm@mtraumlfate:s;xmdién edThé tparﬂacxw Ebﬁﬁaei& g@nt ai ni ng
(Al particles) or articles) or bstantially
honogeneously sorbé{im?%éa&]ogéﬁouet SPP J‘ee“qufl‘fil 0’1) ?@Sﬁ‘?él ]rsjlﬁf'% ganese is

pr esent

gravity-settled volume of pagtigleseln
in the absence of

pr esent

in

an anowhecefarapodined. 05 to about 0_15 molar in a _
rARLAN? 86kt 8F anfliflhyl FON 1S

+3 or +5 ions from a water gupply is also
contemplated. That process comprises the following
steps.

a) An agueous solution that contains
arsenic or antimomy +3 or 45 ions in a concentration
greater than about 2 parts per billion is contacted

with modified alumina particles. That solution can
contain one through all four of those ions (8b*3,

Sb+3, As*3 and As?®). Those modified alumina
particles contain iron or manganese or both sorbed
substantially homogeneously distributed throughout iﬁ
an amcunt of about 0.05 to about 0.15 molar as
measured in a gravity-settled volume of particles in
deionized water. The particles also contain an
oxidized iodine species and are substantially free of
molecular iodine.

b) That contact is maintained for a time
period sufficient for arsenic or antimony +3 or +5
iong present to be sorbed by the particles to form
arsenic- or antimony-containing particles and an
agqueous solution having a lessened amount of arsenic
or antimony. The contact can be at a flow rate of
about one bed volume (b/v) per minute, or slower.

c) The arsenic- or antimony-containing
particles are separated from the agqueous scolution
having a lessened amount of arsenic or antimony.
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manganese, the ir
When nanganese is
in an anmount of

on concentration is preferably 0.1 to about O.

present in the absence of iron, the nmanganese ifsf Gtids2005-
about 0.50 to about 0.075 nolar. Wen both 36 7 JUN- 2005:

WO 02/50164 PCT/ USO01/ 49041 are present, the amount of iron and t

of manganese typ

under st andi ng t hat nanganese

requires only on
species and are s

nodi fied al um na pakkhigd F. tHdalqusehd! b0t LN thEQRAkNcR@ntdw ough al | four

of those ions (Sb
particles contain

dei oni zed water.
are substantially

ically is determned fromthe feed proportion,

15 nol ar.

he anmount
wi th the

requires two el ectrons per atom whereas iron
e for oxidation. The particles contain an oxidized iodine

ubstantially free of nolecular iodine. A process for
renovi ng ar SeRydpRfis@Nti nony +3 or +5 ions from a wat egersiéPitbdki
contenpl ated. That process conprises the followng steps. a) An aqueous
solution that contains arsenic or antinony +3 or +5 ions in a
concentration gr €28 SIHFFALEPDFRN DRVt ErpSLmple Mreredyrecoht acted with

Jﬁ‘lﬁ Sh+S, As+3 and As+S). Those nodified al um

is also

na

of W%ﬂ%& 8% or TB‘BtFF?%bF T A HEERRE al |y
honogeneously di stedlbti®d chhr alighbstadparaies agfowrttr@ffu@daﬁuh, 0. 05 to about
0.15 molar as nme YL ed |n a_gr VI ers% tl ed voI articles

€ par e e e I % 9 odi ne speci es and
Eﬂqlééecbfmrorhet%cul ar iodine. b) That contact is maintained

for a tinme period suffici ?Htsén%r ?éée%gg %gboa%ér[g%nnggérohgé

present to be sor

bed by the part| es to
which the lons are to be removed is first passed

through a bed of a before-described water-insoluble
polymeric oxidizing medium to convert the +3 ions
into +5 ions that can be more readily sorbed by the
alumina particles. The water-insoluble polymeric
oxidizing medium is preferably retained within a

column as are the alumina particles.

EXAMPLES

Example 1: Preparation of a Polymeric Medium

One process for preparing the 2 percent DVB
crogs-linked resin includes mixing gelatin (about
1.35 grams), poly{diallyldimethylammonium chloride)
(about 12.3 grams), boric acid (about 5.1 grams), and
water (about 450 grams) in a flask. The mixture is
adjusted to a pH of approximately 10.0 with 25
percent agueous sodium hydroxide.

A golution of styrene (about 214 grams),
chloromethylstyrene {about 75 grams), technical grade

55 percent divinylbenzene (about 10.9 grams), and

v azobisiscbutyronitrile {(about 1.5 grams) is then

added to the flask. The material in the £flask is
heated to a temperature of about 70°C, continuously
stirred, and maintained under a-nitrogen purge for
approximately 17 hours during which time cross-
linking occurs. Cross-linking causes generally

spherical shaped droplets to form. Polymerized

38

in

i ons



arseni c- or antinony-containing particles and an aqueous solution having a
| essened anmobunt of arsénic or antinony. The contact can be at a 8 ©wWUNaZ085 -
of about one bed volune (b/v) per mnute, or slower. c¢) The arsenic- or
antinony-containing particles are separated fromthe agueous sol ution

havi ng a | essened anount of arsenic or antinmony. 37 A7 JUN-2006 WO

02/ 50164 PCT/ US01/ 49041 That separation can be by the sinple procedure of
passage of the aqueous solution through a colum of the alum na particles.
The particles and aqueous solution can al so be separated by

centrifugati omwooBeiké rati on and the like that are wel | - kewoowdrdosar skil | ed
workers. In sone preferred enbodi rrents wat er “f Foht “At*¢H 1 E=*ibHs-are to
be renmoved is first eassed Ehrou d of _.a before-described

wat er-insol ubl e potyRe? i& coxidl 7| rrrllc(j"rems r?f?ntthS UHHvEPt thE€ +3 ions into +5
ions that can be rnirlerole@;dwﬂyt@bpbepblb/weth:es sabked & pasit i cl es. The

wat er -i nsol uble p 0 retained within a
colum as are theOJa%grB#%%rgaﬁ?Acégg&@Ak}g@ %’O%fén%ﬁ%g%}é Preparation of a
Pol ymeric Medi um @GiEigirg daswatr prepatihpiive ndjeetentth®YB  cross- | i nked
resin includes m @&Qt%'t@ﬁab%d @Qytthelcﬁﬁoﬁﬁr@ 1 roups are

pol y(di al I yl di met hyl ammoni um chl ori de) (about ? grans), boric acid
(about 5.1 grams),C@fd"edwmt er (about 450 grans) |n a flask. The mixture is

adjusted to a pH of appr oxitABir@ithedOsidcdki h 22BenPEr ¢RI RGUROUS sodi um
hydr oxi de. A soluti Lon o sty T

oride co- po{;meéaﬁggJ%bggfhe res 'the Purolite
Company of Bala Cynwyd, PA under the designation A-
560. This material is water-insoluble, generally
spherical in shape and macréreticular. Thig material
has a stated capacity of 1 wmeq/ mL of chloride and a
moisture content of about 59.7 percent. The particle

gize distribution shown is in the Table below.

Particle Size Distribution
Diameter
{(microns) Percentage
<300 Zero
<425 0.8
<500 6.5
<630 95.6
<710 97.5
Median Diameter = 568 microns

One liter of the above benzyl pyridinium
resin was slurried with 1.0-2.0 liters of deionized
water in a glass 4 L beaker equipped with an overhead -

stirrer. With rapid stirring, 500 mL of a 0.5 N Ki,

solution was added in a steady stream (over about 10-
15 seconds) at room temperature to the water/ resin
slurry. Within about 1-5 minutes, the dark brown KIj
solution became colorless and the light tan resin

particles became the brown polymeric medium
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chl oronet hyl styrene (about 75 grans), technical grade 55 percent

di vi nyl benzene (about 10.9 grans), and azobi sisobutyronitrile (ab%ﬁt*’”i‘!-@%*
grans) is then added to the flask. The material in the flask is heated to
a tenperature of about 70C, continuously stirred, and mai ntai ned under a
nitrogen purge for approximtely 17 hours during which tinme cross- |inking
occurs. Cross-linking causes generally spherical shaped droplets to form
Pol yrmeri zed 38 17 JUN-2005 WO 02/50164 PCT/US01/49041 .16..r %a ""%.!L
spheres are then renoved fromthe m xture. The chl oronet hyl at ed co- pol yner

i s soaked at mvopmsoitsenperature in a solution of 10 vol upermper®ent pyridi ne
in water until titration indicates that greatel” than~go-y oF+He--

chl oronmet hyl group cQ N anot rocess, a_be | pyridinium
chl ori de co-poly necgm\%@plgbt gls%erﬁlﬁo hteh%c’]grmro F e ‘(E‘Brﬁ?éc%c Bal a Cynwyd,
PA under the de5| giret Fmicall1560.1tThed amdt virisell wihwdebrniizagol ubl e,
generally spheri Galel ohaRgyaifleMALALelh OB ac Bhs: Material - has a

stated capacity of 1 neq/ nL |'ori1 de an noi sture content of about
59. 7 percent. The ip&red cl Ehesteamlying pobymemis sedwn fentiainghe Tabl e bel ow.

Particle Size D strj er (m.crons) Percentage <300 Zero <425
0.8 <500 6.5 <6 Ogg%%% mglesn%% f3 per quze}:.

In ancther prepara;ion, a batch of the A-
560 resin was stirred by an overhead paddle stirrer
in a 2 liters of 1.0 M NaBr in water for a time
period of 30 minutes at ambient room temperature to
form a suspension. Liquid bromine (80 g; 0.5 moles)
wag added to the stirring suspension in a steady
stream over a 2-3 minute time period, with the

stirring continuing for about an additional 5 minutes
after the addition was complete. The Bry~ ion-

containing resin was a bright orange-red color and
the supernatant was colorless. The resin was
filtered, washed with 8-10 liters of fresh deionized
water and air-dried at room temperature until free
flowing. No odor of bromine was noted from the

resulting dried tribrowmide resin.

Example 2: Iodine Elution

Two studies were carried out to assess the
ease with which icdine could be eluted from a
contemplated polymeric medium. In the first study, a
strong base anion exchange resin in triiodide form
denominated A-605 available from Purolite Company,
Bala Cynwyd, PA was compaxred to a contemplated
pelymeric medium. The A-605 resin was said to be a
styrene divinylbenzene gel resin having a wet screen
gize of about 16 to about 50. The contemplated
ﬁolymeric medium was a chloromethylated styrene

divinylbenzene that was reacted with pyridine, and
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<710 97.5 Median Dianeter = 568 mcrons One liter of the above benzyl
pyridinium resin was slurried with 1.0-2.0 liters of deionized VAT QUN. PR
gl ass 4 L beaker equipped with an overhead stirrer. Wth rapid stirring,
500 nL of a 0.5 N K13 solution was added in a steady stream (over about
10- 15 seconds) at roomtenperature to the water/ resin slurry. Wthin
about 1-5 mnutes, the dark brown K13 solution becane colorless and the
light tan resin particles becane the brown polyneric medium 39 7 JUN 2005;
WO 02150164 PCT/ US01/ 49041 contenpl ated herein. The pol ynmeric medi um
particles areydppbheal |y filtered and rinsed with dei onpggehdpser to
renmpbve the potassium chI oride that is fornmed.: Fhe resuwt-ng pel-yreric

medi um cont ai ns tgléeut 25 noles of 23- per liter. In another preparation,

a batch of the A Oc?%%lﬁevﬁ%e&‘ﬁl?r"faé‘deﬁ?/h%eév@?%ééﬁlciﬁééﬁl"e°st| rrer in a
2 liters of 1.0 Mp¥eBidé abeat er.2f aeles biENEri ipaid®def kB0 M nutes at anbi ent

roomtenperature to form q, sunsep%nm on, gl ql%gaé)rtqg Pg%éﬁdw% 0.5 nol es)
¥ st r

was added to the stirring suspens THR oY o3 2-3 mnute
time period, wth RSH-9%t (Produg: csomdacrdl Dgsif oketabdws) athaaddi tional 5

mnutes after thegddild an.vas CoMBLSLe. The Brak dop:.gontaining resin

was a bright orange-red co su er na Was_ cororl ess. The resin
was filtered, wastiéd WQW@H@IOPCIL@%r@dObaCFH éshrafgiooneZzed wat er and

air-dried at roomAigaRst akuh Cadibil 86 eddObhika BRaOUtk Llsdd oM Ne VaS
noted fromthe resulting dried tribromde resin
contained 12 gramg of iodine per 25 ‘mL of resin,

whereas no iodine was found by this procedure using
the contemplated polymeric medium.

In a second study, a sample of the A-605
regin or another sample of the before-described
polymeric oxidative medium in triiodide form was
eluted with dechlorinated Philadelphia city water at
2 rate of 10 bed volumes {(bv) per minute. Portions
of the eluent were collected at 50, 100 and 150 bed
volumes and analyzed for free iodine using the leuco
crystal violet method of the AWWA "Standard Methods
for the Examination of Water and Waste Water" 202
edition (American Water Woxks Aésociation, 6666 West
Quincy Ave., Denver CO 80235). Iodide ion was also
agsayed for, but those data obtained are suspect and
are not reported here. The results are shown in the
Table below.
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Exanple 2: lodine Elution Two studies were carried out to assess the ease

wth which iodine could be eluted froma contenplateq pol ymeri ¢ nidiJUi-2006:

the first study, a strong base anion exchange resin in triiodide form
denom nated A-605 available from Purolite Conmpany, Bala Cynwyd, PA was
conpared to a contenplated polyneric nmedium The A-605 resin was said to
be a styrene divinylbenzene gel resin having a wet screen size of about
16 to about 50. The contenplated polyneric nediumwas a chl oronet hyl at ed
styrene divinyl benzene that was reacted with pyridine, and 40 A 7 JUN 20D5
WO 02/50164 P& i2=04 49041 the chl oride present was excp@ﬂ§§gw&9r triiodide
to provide about 0.2 noles.of triiodide per kilor-lw=thesd i+ ghsstudy,
using the procedure of PSTM 95 (Product Standard Test Method-95) that

i nvol ved el uting a sanple of tYRHEEHRFEY REHEPRa$tud¥i t h sodi um hydr oxi de
and back titration of an aliquot with sodiumthiosul fate showed that the
A-605 contained 12 grans pf—odtpe per 25 1l of resin_. whereas no iodine
was found by this procedurg usin ﬁ% contenpﬂ%?@dLbdpyﬁ%%ic medium In a
second study, a sanple of fhe Ag0f;z Tesim gr another—sanpte—pf the

bef ore-described polyneri¢ oxidafive nediumin triiodide formwas eluted
wi th dechl orinated Phil ade| phia cP?yYYater dt a rate2of 10 bed vol unes
(bv) per minute. Portions [Of Thegglgent werje toffegtegd—at—56] 100 and 150

bed volunes and anal yzed for free _iodine ugding the leugcg crystal violet
met hod of the AWM "Standald Met HGsPVfor tHe Exani @a%ion of Water and
Waste Water"” 20th Polymeric Medium

50 bv 0.03

100 bv 0.04

150 bv 0.04

As is seen from the data, the A-605 resin
lost iodine at a considerable and substantially
constant rate over the course of the study, whereas a
contemplated polymerie oxidative medium lost
substantially nothing over that same course of study.

In a positive contrel study, a small
portion of each material assayed above was contacted
with 0.1 N scdium thicsulfate for about 18 hours
{over night). ©On mixing, each material immediately
turned from a dark purple color to tan. An aliguot
of each supernatant liquor was removed and titrated
with 0.01 N iodine to the starch end point. The
results showed that the A-605 resin contained 12
gramg of icdine/ 25 mlL resin, whereas the
contemplated polymeric medium contained 1.4 grams of

icdine per 25 mL of resin.

Example 3: Preparation Sf Aseptic Water

A 40 gallon water tank used for
recirculating water for a decorative pool was
connected in a closed system to a column containing

_ 300 mL of a contemplated polymeric medium supported
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edition (Anerican Water Wrks Associ ation, 6666 West Quincy Ave., g)enver
CO 80235). lodide ion was al so assayed for, but those data obtai nbé 2005
suspect and are not reported here. The results are shown in the Table
below. 41 ------------ 7 JUN 2005, WD 02/50164 PCT/ US01/49041 | odi ne Wt er
Elution Study SAMPLE FREE 12 (ng/L) A-SCb 50 by 2.2 100 by 2.2 150 by
2.2 Polymeric medium50 by 0.03 100 by 0.04 150 by 0.04 As is seen from
the data, the A-605 resin |ost iodine at a considerable and substantially
constant rate over the course of the study, whereas a contenpl ated

pol ymeri c oxi depexsassredi um | ost  substantially not hi ng ewgiisei/ehs sane
course of study. In a positive control study, "a™shal*t="%drt i"o#t*~bf*-each

mat eri al assayed ove contacted with.Q. 1 N sodiumthiosulfate for
about 18 hours (gé\%le\ré %él(%?i‘ts) 993(51 mEx?‘hmé’, "SHERIRET & %EPwirrﬁjfEd?%tely t ur ned
from a dark purpl e¢X®ommbrraronizyte Ahraighqobe codfmeadhpslpennat ant | i quor was
renoved and titratgg; wth 0.01 Niodine to the starch end point. The

resul ts showed that the A-605 resin contained 12 grams of iodine/ 25 niL
resin, whereas the contenpratiemdsed ywddititadplimetneainied derk granms of

taken from the tamk on August 23, 2000 and again on
October 25, 2000, Each of the samples was assayed by
G&L Laboratories of Quincy, MA for Pseudomonas
aerugifoga and Legionella present in each of the
aliquots using colony-forming standard assay
procedures. The results of that study are shown in

the Microbial Assay Table below.

Microbial Assay

Microbe Colonies Colcnies on
on 8/23/00 10/25/00
Pseudomonas aeruginosa 140 3
Legionella < 2 < 1

Asg can be readily seen, a contemplated
polymeric medium was particularly useful in reducing

the load of Pseudomonas aeruginosa in the water tank.

Example 4: Ceoliform Removal

Several liters of water From the Rock River
were obtained from downstream of the sewerage
treatment plant in Rockford, IL. Approximately one
liter of that water was decanted and-contacted with
and eluted through about 20 wL of a triiodide form of
the polymeric medium as described in Example 1
supported on a pbrous frit in a column at a flow rate
of about one-half bed volume (about 10 mL) pex
minute. About one hundred mL: from the pooled eluate

were assayed for coliform and E. coli using

43



i odine per 25 nL of resin. Exanple 3: Preparation df Aseptic Water A 40

gal lon water tank used for recirculating water for a decorative pbélJudhg005-

connected in a closed systemto a colunmnm containing 300 nL of a

cont enpl at ed pol yneric nedi um supported 42 1 f JUN2005; © WO 02/ 50164

PCT/ US01/ 49041 on a porous frit. A punp maintained a flow rate of 450 niL
per mnute through the colum of polymeric nedium One hundred milliliter
al i quot sanples were taken fromthe tank on August 23, 2000 and agai n on
Oct ober 25, 2000. Each of the sanples was assayed by G&L Laboratories of
Qui ncy, MA forwdaewedpnonas aerugi hosa and Legionel | a pr gsgmbidofy; €ach of the
al i quots using colony-form ng standard assay -protedures.=.he=regults of
that study are shown in the Mcrobial Assay Table below. M crobial Assay
M crobe Col oni es CI"BRFESIoACL0IP78) 231 60 901257 StPncpé@irfoBnas aer ugi nosa
140 3 Legionel |l a <ad?ay RitsAgEEEN che, rRadilbyg Seen, caateniewpl ated polyneric

medi um was partic :3 y_usef ul 4;%% e%iog‘ in Ple | oad _of Pseudononas
aerugi nosa in thelgv%g éral}dzﬁﬁf 2 gﬁrp 2?"%@)5: fotth REROSEiISRreral liters
of water fromthe RecksiRiveept tier eloiteaiwaesd reyatiwovastii@am of the sewerage
treatment plant i}ljgggllgorq, o éﬁpr%%rméell.y ne Lit rﬁgf that water was
decant ed and-cont acted w th Cair?L “&l'utéu fhr%l}gﬁg% Jol < edof a triiodide
f or m of incubation period, whereag a similar assay carried

out on the original sample of Rock River water as a

control was positive for coliform and E. coli after

only a few hours of incubation. The polymeric

medium-treated water also changed color from yellow

to colorless.

Example 5: Argenic Oxidation and Removal

Oxidation of argenic from the trivalent to
the pentavalent form is required when using a variety
oI conventional technologies for arsenic removal such
as reverse osmosls and conventional anion exchange
regins, neither of which recognize trivalent arsenic,
The following studies were carried out to illustrate
the oxidation properties of a N-pyridinium
vinylbeénzyl triiodide group-containing oxidation
medium disclosed herein.

A challenge solution comprised of one liter
of tap water spiked to provide a trivalent arsenic
concentration of 500 ppb. The pH value of the
argenic-containing tap water composition was adjusted
to 6.8-7.0,

To a 50 mL burette with a stopcock and
polyglass frit were added 5 mL of a before-described
N-pyridinium vinylbenzyl triiodide group-containing
oxidation medium that provided about 0.1 M triiodide
to form Column A. A similar column, Column B, was
prepared using 5 mL of a Type II strong base anion

exchange resin. The latter resin is understood to be
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= the polyneric nediumas described in Exanple 1 supported on a porous
frit in a colum at a flow rate of about one-half bed vol ume (abduf JUN-POO5
per mnute. About one hundred nL fromthe pooled eluate were assayed for
coliformand E. coli using 43 1 7 JUN 2005 WO 02/50164 PCT/ USO1/ 49041
commercial coliformand E. coli presence/absence assay kits (Hach Co.,
Lovel and , CO Catal ogue No. 23232 and No. 24016) following the kit
instructions. The assays of the eluate were negative for the presence of
coliformand E. coli after an extended incubation period, whereas a
simlar assayyhfhihgd out on the original sanple of RogleRhVielyWater as a
control was positive for coliformand E. coli -after wenky a-ew-mours of

i ncubation. The polyneric nediumtreated water al so changed col or from
yellow to col orl & §o-1ampr % stipFenen ped Qéivdartsmzanel tRefiolal Oxi dation of

arsenic fromthe tdui¥abithylfted RRa RERLaVAIRBYE fMks required when using
a variety of conventional technol ogies for arsenic renoval such as

reverse osmosi s afIETFRKAGHYL bttt SR IGTIBRc RRAgES qvadt#ale ABP% her of which
recogni ze trival enfybass ebieticalBhené 0lun@wt NgheSHbslicRar 1oL @sgag ried out to

illustrate the o '?La_tio Br perties O%ﬁ Nepyridini um vinylbenzyl
triiodide group- c)(;ct’f armt %‘g 8§P%§’teir8rpac ‘glltﬂ‘}?‘élfse@ B’EE‘?ir'hng%/n. A chal | enge
sol uti on conpri secfdfiuare firbh ethe oblumappaveitier; 84 kedediprediabe a trival ent
oL e Conoenty AL 3000, e RIS dobhe. 51 C-contal o
commercially available colorimetric Gutzeit Arsine
Generation test [EM Science (Merck)] that is able to
detect 100 ppb to 3000 ppb arsenic. The results were
negative.
Procedure 1
Ten bed volumes (bv; 50 wmL) of the
challenge solution containing 500 ppbk of trivalent
arsenic were passed through the bed of Column B at a
flow rate of 1 bv per minute and collected. The
effluent tested at 500 ppb.
Procedure 2
~ Ten bv of the challenge solution containing
500 ppb of trivalent arsenic were passed through the
bed of Column & at a flow rate of 1 bv per minute and
collected. The collected effluent was then passed
through the bed of Column B at the same flow rate and
collected. The effluent from Column B was
concentrated and assayed for total arsenic with a
result of there being less than 5 ppb present.
Procedure 3
Procedure 2 was repeated except that the
flow rate througtholumn A was increased to 2 bv per
minute. The assay for arsenic after passage through
Column B and concentraticon wag again less than 5 ppb.

Procedure 4
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To a 50 nL burette with a stopcock and polyglass frit were added 5_nlL of a

bef ore-described N pyri di ni um vinyl benzyl- triiodide group-contai rd Ag/UN-2005:
oxi dation nediumthat provided about 0.1 Mtriiodide to formColum A A

simlar colum, Colum B, was prepared using 5 nL of a Type Il strong base
ani on exchange resin. The latter resin is understood to be 44 7JUN2005 WO
02/ 50164 PCT/US01/49041 .. v .. ...e .:.ul1ll.1 R - -V.M udJ. a

co- pol ynmer of styrene and divinyl benzene that is chloronethylated and then
reacted with (2- hydroxyethyl)-dimethylam ne, and is available from Sybron
Chemi cal s | nc.wamdess t he desi gnati on ASB-2. Columms A aagluspiwesie packed

using tap water. The effluent fromthe col um gackimg" ves” coreernt+at ed 20-

fold and tested for the pr %gnc%é:of arseni c, USiEE)? a commercially avail abl e
colorinetric Qutzeit Arsin Fat i 17 PES" FERFEGeREERIMERRK)] that is
able to detect 10theppbow cra860thyppbhatdenhca whbheiti@sukéd vaepebv negati ve.

Procedure 1 Ten b val s (byg f_the hal | enge sol ution
cont ai ni ng 500 pp of B%Lrl val eﬁ%(e rgrggfegﬁi)wggm%?aénpggesesgm%rough t he bed of

Colum B at a flowrate of 1 by per mnute and collected. The effluent

tested at 500 ppb. ProcedurfeZ. I8R by, t ch spl ution containing
500 ppb of trivalent arseni cev\%re passsegst{]@cl)lugﬁ%fggg%e% of Colum A at a

flow rate of 1 by j&FeRited BryridériwecvieylbpReve ditidedisld ef f |l uent was
then passed througlupbeodiadnolg GRENM B alathe-Sane okiowes ate and

challenged amcount of trivalent arsenic and convert it
to the pentavalent form that could be removed f£rom
the flow stream by a conventional anion exchange
resin.

A similar, more qualitative, result was
also obtained using well water from the area around
Lake Winnebego in Wiscongin, near the city of
Oshkosh. Here, the well water contained about 60 to
about 120 ppb total arsenic and about 5-10 ppm iron.
The arsenic was separately shown to be about 60-70
percent trivalent.

Approximately 74,000 gallons of well water
for a home were passed through a commercially
available iron removal system and thereafter through
about 2/3 cubic foot of a before-described N-
pyridinium vinylbenzyl triiodide group-containing
oxidation medium containing about 0.2 M triiodide.
The effluent water from the oxidation medium then
passed through an iron oxide on alumina sorbent
column to remove pentavalent arsenic and then into
the home. -

The iron oxide on alumina sorbent was
prepared as discussed below. A laboratory of the
State of Wisconsin found no detectable arsenic on
azsay of the effluent water after removal of _
pentavalent arsenic, with a limit of detection of 0.8

ppb. Those assay results also indicated no
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total arsenic with a result of there being |l ess than 5 ppb preserit ¥ JUN-2005:

Procedure 3 Procedure 2 was repeated except that the flow rate through
Colum A was increased to 2 by per mnute. The assay for arsenic after
passage through Columm B and concentration was again |less than 5 ppb.
Procedure 4 45 7 JUN2005. WO 02/50164 PCTI US01/49041 mk v ~c ..4 V.B. X
14' . JK""C. 1 _ Procedure 2 was again repeated except that the flowrate

t hrough Columm A was increased to 3 by per mnute. The result was again

the same. TheyahpMfed €sults illustrate that a contenpl gd@eodoyri di ni um
vi nyl benzyl triiodide group-containing oxidation' nmedumecoutd=-oxiiedi ze t he
chal | enged anount of trivalent arsenic and convert it to the pentaval ent

form that coul d béerERtRRG EFTMWithe Frbfrisiorebiiily °& CvERti onal ani on

exchange resin. A.s2nppmr, THEHE rgs@ldst aldd/ &how et M@ inal & obt ai ned
using well water from i&e{:,area arorntd ake W nnebego in Wsconsin, near
the city of OshkSEFhOFHE SO HE FBIT-WELEr"®4ft ai ned about 60 to about 120

ppb total arsenic and aboutths-ikfdnppmider on.aluthiga adcsbanic waas separately

shown to be about 6Q-70 .pereent tri \ﬁ%lneftterépgéo&(il%t %dzémooo gal | ons of
wel | water for afhohe were passea'througjh a comerciall'y —avail able iron
renoval system andrethpediafdabe (NeZoyplverabpuepa2ed icubetodigetd of a

bef ore-descri bed N ,
water to which a few drops of sulfuric acid were

added. The solution was placed into a 5 gallon

plastic carboy. Alumina (Aly03}, 28-48 mesh, (Alcan

AR400G) was scooped into the carboy until the solid
reached the original 10 L volume, =o that the
container held abcocut 12-14 L. The carboy was closed
and rolled on a drum roller for a period of about 2
to 3 hours. Samples were taken from time to time
from the supernataﬁt and tested with starch iodide
paper to test for free metaperiodate.

Once the supernatant was free of
metaperiodate, the mixture was f£iltered under reduced
pressure through a Buchner funnel using plastic |
window screen as the filter. The filter cake was
rinsed with deionized water and then dewatered with
the aspirator.

The filtered metaperiodate-treated alumina
was added baék to the carboy and 10 L of 0.125 M

ferrous ammonium sulfate {Fel[(NH)S04]5} were admixed

with the metaperiocdate-treated alumina. The carboy
was closed and the contents mixed by rolling for
about 12-16 hours (over night). The surface of the
alumina became dark brown in color from the white
original color, and after the mixing period, the -
supernatant liquid tested negative for iron using a
commercial test paper with a semnsitivity of about 100
ppm. The iron oxide on alumina sorbent so prepared

was filtered and used as described above.
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pyri di ni um vi nyl benzyl triiodi de group-containing oxidation nmedi um
containing about 0.2 Mtriiodide. The effluent water fromthe oxi i Uih 2605 -
medi um then passed through an iron oxide on alum na sorbent colum to
remove pentaval ent arsenic and then into the hone. _ The iron oxide on

al um na sorbent was prepared as di scussed below. A |aboratory of the State
of Wsconsin found no detectable arsenic on assay of the effluent water
after renoval of pentavalent arsenic, with a limt of detection of 0.8
ppb. Those assay results also indicated no 46 7 JUN2005 WD 02/50164

PCT/ US01/ 4904 Wwaletsees abl e iron with a detection limt opcRyfeduei® O0.02 ppm
These results al so show that the kinetics of "oXi tat7orare retatrivel y
rapid. The iron oxide on alum na sorbent was prepared as follows. Ten
liters of 0.125 M sodium netaperiodate (Nal 3) were prepared in deionized
water to which a famgdieps ofosudrbuive Dachtbrweeepimylded. The sol uti on was
placed into a 5 gallon plagstic.carboy. . ALun_na 203), 28-48 nmesh, (Alcan
AAA00G) was scooped into t e&%%lrl(t;tggllﬂé,ntsitl"qW@Ssgé?dlcg?%ao hed t he ori gi nal
10 L vol unme, so theglathee rabpas atnehidleldd chbmat:e1erl 4slboibidebg amboy was
closed ~and rol | eck Ry Be il il Sbol Qi1 DLT00: 0T abGt 2 to 3 hours,
Sanpl es were taken fromtinme to tine romthe supernatant and tested with
starch iodi de pap¥Ecrptiaasmedym fieelagefapeSmbtiater andb St he super nat ant
was free of netapaikadais, st hes Fsixt ung g}@gogﬂtgggrmimder reduced

pressure through a Buchner funnel using plastic
contemplated here contains pendent benzyl pyridinium

groups, whereas an adsorption medium of Smith et al.
contains pendent N-alkyl pyridinium groups.

In a first study, a 20 mbL capacity
chromatography column equipped with a porous frit was
charged with 15 mL of PERFIX™ resin (chloride form)
of Smith et al. slurried in water. This adsorption
medium containg about 2 equivalents per liter (eq/L)
of quaternary groups. The column was permitted to
flow at a rate of 10 ml per minute and was challenged
with about 10 mL of an aguecus solution containing
1000 ppm of sodium dichromate (1 g/L) at a pH value
of 7. A sharp vellow-orange band of bound formed
immediately at to top of the column, indicating rapid
take-up of the challenge.

A similar study was carried out with an
adsorption medium contemplated herein using the same
amount of medium, also in chloride form, at the same
flow rate. Repeating the above challenge with the
sodium dichromate solution at the same flow rate
provided a vertically diffuge yellow-orange-band with
some breakthrough of dichromate. Incubation for

" several hours resulted in complete take up of the
dichromate ions.

These results indicate that there ig a
major difference in binding rate between the two

adsorption media towards dichromate jon. Thus, even
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w ndow screen as the filter. The filter cake was rinsed with dei oif%zed
wat er and then dewatered with the aspirator. The filtered A7 JUN-2005
nmet aperi odate-treated alum na was added back to the carboy and 10 L of
0.125 M ferrous amoni um sul fate {Fe[ (NH4) S04] 2} were adm xed wth the
nmet aperi odate-treated alum na. The carboy was closed and the contents

m xed by rolling for about 12-16 hours (over night). The surface of the

al um na becanBugardhehPt OMYd Roedl Hanf EASIGI@iMRIASL si@EQi nal col or, and
after the m xing period, the _supernatant, Iiguid tested negative for iron

using a coffiettaRdle £8st2Faperiviit K18 BeH POTEY B about 100 ppm The

i ron oxi de ancetdiiteaisey kanbssoiqytepal ¢d whaasaé iiHeepedeand used as

descri bed above. 47 | JUN200 WO 50164 PCT/[US01l/ 49041 Exanple 6:

Conpar at i ve “PPEHIDTEEE BIHd ?18 %rhdgééiﬁ%}ft(#lvrém% %dlyonv?/ésg%onduct ed of

rel ative ratbs athewhhehd ditohthonateriadn appdsgeddtdiadenrbadsor ption nmedi um
contenpl ated _t | rat | jum di sclosed in Smth et al.

U S  Pat engrkgé%Qggg%%{} aﬁgﬁgdtg%r %tgﬁn%ﬁfyr}:elédi um contenpl ated here

cont ai ns pendent benzyl pyridinium groups, whereas an adsorption medi um of
Smith et al Exagpkf di'nETPRATIEAP I\P%I%Wr@ﬁ?’i dinium groups. In a first study,
a 20 nL capacity - chr GAHEHRA/ASEG R IPFATE J&34 with a porous frit was
charged with 15 nL of PERFI XTM resin (chloride for of Smith et al.
slurried in water. Hhifstad®Borghi BHSHedP ot eotaf " %bout 2 equi val ents per
liter (eq/L)NaDferiabepnarnasgeadds. 3oTheted wndaasnipesnm tted to flow at a
rate of 10 rrLthrtOmwrl]l%g ia_r}dm\ﬁagfchal | e

water concenQE§¥%d sulfuric acid

was added. To the dilute acid solution, 800 grams
of solid, sodium meta-periodate was added. The
periodate was dissolved by means of an overhead
paddle stirrer. Solution was achieved in about 30
minutes at room temperature. The addition of
sulfuric acid hastens the sclution of meta-

periodate salt but is not essential.

After solution was achieved, the
stirrer was removed and solid, dry, activated
alumina 28/48 mesh was scooped into the carboy with
the aid of a wide-mouth funnel until the alumina
level in the carboy was equal to the 30 liter mark
(approximately 23 kg dry weight). The carboy cap
was replaced and the carboy and contents, about 38
liters total reaction volume, was placed on its
side and rolled periodically by means of a
mechanical drum reller or by manually rolling the
carboy across a flat surface such as a floor. .
Rolling was best accomplished in 2- 3 minute
intervals to insure good mixing but avoiding
conditions that promoted particle size reduction

through milling.
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wi th about 10 nL of an aqueous solution containing 1000 ppm of sgij'kum
dichromate (1 g/L) at a pH value of 7. A sharp yell ow orange ban U 2RG
formed immediately at to top of the columm, indicating rapid take-up of
the challenge. A simlar study was carried out with an adsorption nmedi um
contenpl ated herein using the sane anount of nedium also in chloride
form at the same flow rate. Repeating the above challenge with the

sodi um di chromate solution at the sane flow rate provided a vertically

di ffuse yel |l ow orange-band with some breakthrough of dichromate.

| ncubation forwo®smer al hours resulted in conplete takeraupsofiastdne
dichromate ions. These results indicate that there is a nmjof di'fference

in binding rate between thgetiw 4.3dsanRhL 0N AR & HeO dichromate ion.
Thus, even 48 7 JUN. 2Wo though there w%?ée& nore t aﬁﬁen ugh bi ndi ng sites

avai | abl e i n each BHeartHPTEERE FEdi AMAPEENEP te@ainiwkisriedi ons al nost

instantly, whereassviebgigitherat theKese\WEr ghi QL Sod, 0 rhhdel the di chromate
ions. On the other hand, bo terials appeared to adsorb _triiodide ions

th
at about the same $°5PE Al t7e Preparatidgnabininarigd [Feptled
Al um na/ Met a- per i ddatvendainpl e, Toightl Feybbd GRpplRaiane gHaduaswd car boy
(Nal gene Corp.) was, g@?@ed ?59 nIlitt‘_itgrs 'Ofda ei pni zed Wgter )38 which 1-2 nL of
concentrat ed sul f e aci ¢t Wil Fe UBH M UEE R sol ution, 800
grans of solid, sodigatoretalpsonodadlis swasdiaatded. chheallpefi tgat e was

di ssol ved by means,af_alk:Qusthead pRAMALE Sld LiGhinaSpLHIi g0, was achi eved in
about 30 )

The meta-periodate-loaded alumina particles
were removed from the carboy by pouring and sluicing
by means of a water stream. Alumina/periodate
particles were collected on a horizontal plate filter
equipped with a window screen mat that permitted
fines to pasé through. The collected particles were
washed with tap water until the effluent stream from
the filter pot was relatively free of fines. Wasghes
containing fines were collected in appropriately
gized vessels or jugs allowing fines to settle prior
to discarding the wash water mixed with reaction
gupernatant. '

Alumina/periodate particles remaining on
the filter screen are further de-watered by applying
a water aspirator vacuum to the filter.
Alumina/periodate (A/P) can be used directly at this
point for preparation of alumina/iron complex or
alumina/manganese complex. (See Examples 27'& 3)
Alternatively, the de-watered alumina/periodate
particles can be further dried (until free flowing)
by loading in trays and air cpen- or oven-dried. The
oxidation ability of dried A/P was retained over at
least several months as ascertained by challenging
with agqueocus manganous (Mn II) or ferrous (Fe II)
ions that result in characteristic colors formed

within and upon the white A/P.
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m nutes at roomtenperature. The addition of sulfuric acid hasteni tn
solution of neta- periodate salt but is not essential. After sol ut 3 2005
achieved, the stirrer was renoved and solid, dry, activated alum na 28/48
mesh was scooped into the carboy with the aid of a wi de-nouth funnel until
the alumna level in the carboy was equal to the 30 liter mark

(approxi mately 23 kg dry weight). The carboy cap was replaced and the
carboy and contents, about 38 liters total reaction volunme, was placed on
its side and rolled periodically by means of a nechanical drumroller or
by manual ly rdY@9#8i6t he carboy across a flat surface shemusagsomif | oor.

Rol i ng was best acconplished in 2- 3 ninute intervals to insdreé good

m xi ng but avoi di ng- condi Hhen&éllaagf pi/enpiethcpdéd 116Gl 85 8i12€ reduction
through mlling. 49 % Nﬁg , 2/ 50164 PCT/ USQL/ 49041 After 4-5
rolling cycles, tHe &5?% bé °6’I18€e SUBFPPICL atd T2EF oY 1 emai n

undi st ur bed overrﬁ‘og-htnsu%nc’eheﬂoae:mdegfoﬁ AYB 1etieds ltahr@@ﬁ thagsoci ated with
the raw materi al ttle | eavi n cl.e ht yel |l ow

super nat ant t hat ?Aee%t eg&dhnzlg]é ﬁ}/aé’efg?enrrgf'ﬁce%ﬁ o'ﬂ%}sgl‘“bwngs?ng starch/ Kl

i ndi cat or sol uti orrotwlfscqnﬁdeeédfoha:theatdirhmﬁr ik a netta-ifiege odat e had
bound Lo 1 ne al umaipaed Wik S lhe dELANDEI 00l Gk opded, apuTna par il es
were renmoved fromthe carboy by pouring and sldici “of a water
stream Al uni na/ pefileat e Adgakianel &y, wetdvaisid el;mr@dlao%f adlﬁéeremtnt al plate

filter equipped wdsh 81 BPONwSRS e Mabpidiaba Pt £8% rocessed

as in this example with esgsentially the same results.

Example 8: Preparation of Alumina/Iron (A/I) Complex

Thirty liters of alumina/periodate (A/P)
prepared in Example 7 were placed in an empty, 12
gallon plastic carboy along with sufficient room
temperature de-ionized water to just cover the A/P
particles. Next, a solution of ferrous ammonium
sulfate was added to the carboy preparéed by
dissolving 3.7 moles of the above salt (1.47 kg of
monohydrate, mw 392) in about 2.5-3 gallons (about 10
liters} of room temperature de-ionized water.

The capped carboy's contents were mixed
immediately by placing the carboy on its side and
rolling on a flat surface or a mechanical drum
rollex. Mixing by rolling is continued at 1-2 minute
intervals for 1-2 hours. After this time period, a
tegt for ferrous ion remaining in the reaction
supernatant is negative. Test strips for iron (IT)
from EM Science (Gibbstown, NJ 08027} sensitive to 10
ppm are convenient for monitoring iron uptake by the
A/P. The upEake of iron ion by the A/P particles was
rapid and can be noted wisually by the immediate
change in coloxr of the white A/P particles to a dark,

rust-brown color of alumina/iron (A/I) particles upon
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until the effluent streamfrom the filter pot was relatively free pUUN.2005:
fines. Washes containing fines were collected in appropriately sized
vessels or jugs allowing fines to settle prior to discarding the wash
water m xed with reaction supernatant. Al um na/periodate particles
remaining on the filter screen are further de-watered by applying a water
aspirator vacuumto the filter. Al um na/periodate (A/P) can be used
directly at this point for preparation of alumna/iron conplex or

al um na/ mangages npl ex. (See Exanples 2'&,,30 Alter | % t he
de-watered alu Ggfgﬁ%eri odate particles can be furt Wﬁdgé&ﬁ %IntM free

flowing) by loading in trays and air open- or oven-dried. The  oxidation
ability of dried Mgl%@demwirmedtmx@mwmm ehstergeverigmonemths as
ascertained by chal/pengivdg ciMddy. aqueous nmanganous (M I1) or ferrous (Fe
1) ions that result in characteristic ,colors fornmed wthin and upon the
white A/P. 50 A 7 JUN2005 THpXsErsbinsyAPERE809 FolaYe THeteted e of AP
production is easiWaghedadf 8£tkdpet AlHOBt@dube JMcolkOel iaf this exanple.

For instance, batches of AP 10-tines |arger than described here have been
processed substi tLCFt"laﬂ%lealro‘?‘sarcX?SSJgﬁPeedvé’%%am? T t’hgh%ﬁrﬁ’f)ﬁ’/c%d a
centrifuge equi ppedcnitdd henddwrsprensidwibit hE Her ezbnrtate oate filter.

Addi tionally, actiygied aluplng of dhf Lerent, FEShskzershape: | e,
spherical, can be procéssed a5 i nothi S exanpl e 'w gssentt a ly the sane
results. Exanpl e BzePrapashepem obfA/A.unPriEd porwetAAlY iGorpilahe

indefinitely and does not bleed iron or aluminum when
challenged with an agqueous flow in a pH value of
about 5.5 to about 8.5,

. A/I particles prepared by this example and
elsewhere herein are readily distinguishable from
iron-alumina composites described by PCT WO 99/50182.
The PCT application describes and claims a "coating®
of insoluble ferric oxide formed by precipitation of
iron {(III) hydroxide onto the alumina carriers. This
coating process results in a heterogeneocus particle
having a "salt and pepper' appearance and an unknown
impact on the native, porous structure of the alumina
carrier. A/I particles prepared by this example have
a homogeneous appearance from particle to particle
and throughout the entire wvolume and mass of each
individual particle. A/I particles prepared herein
are believed to have iron grafted onto and into the
alumina matrix through an unknown structure mediated
by the meta-periodate-alumina complex prepared in
Example 7.

It was surprising that meta-periodate bound
te alumina serves both as an oxidant and complexing
agent to the challenging ferrous ions. A/I prepared
by this method when re-challenged with fresh ferrocus
ammconium gulfate solution slowly liberates free, .

elemental iodine (I,} as evidenced by iodine crystals
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Thirty liters of alumna/periodate (A/P) prepared in Exanple 7 wei?ﬁh?%%g
in an enpty, 12 gallon plastic carboy along with sufficient room- et
tenperature de-ionized water to just cover the A/P particles. Next, a
solution of ferrous amonium sulfate was added to the carboy prepared by
di ssolving 3.7 noles of the above salt (1.47 kg of nonohydrate,. nmw 392)
in about 2.5-3 gallons (about 10 Iliters) of roomtenperature de-ionized
wat er. The capped carboy's contents were mxed imrediately by placing the
carboy on its side and rolling on a flat surface or a mechanical drum
roller. Mxingd Y6t 1ing is continued at 1-2 minute. _i REBEPOHOUIF o 1-2
hours. After this time period, a test for ferrous ion renmaining in the
reacti on supernati@mring ayglgptine cdbst ist thepyapoer phaea. (lal) from EM

Sci ence (G bbsto - Lt 1 are conveni ent for
nonitoring iron n&ogﬁglb‘%%%hg£0§%é%? eﬁsga%%?a%éseg?é%'r on ion by the A/P
particles was rapid and caAlbeantdrdes \prspatdd bpytiilseckamsei eves change in
col or of the whit e, ALProardine! L 0ef 'y -br . f

aluni naliron (A1) sariiol e s .?ﬁ7da‘%hﬁmhoor£38£\%mg¥%%%é§&a%” USO1/ 49041
addi ng and ni xi ng ¥h&°BdITREoRs G fRFeBad cowenert + hd/I Aertiglashe car boy.
The resulting A/l far ki sliRsaera 1y hé®iRdeoud\ashsshialdn did edoper the
procedure described in agﬁl e 7. As described in Exanple 7, the protocol
descri bed here forlnp?Bd‘ﬂfHE%’io Rndipg gtates ras cride 1o6r iodimgl pef or | ar ger
batch sizes or foraldinther emb s®iv1ssiZesratst shapRwHsote APirdX i ed or wet

Al s stable I n%?cti.!igléaerlﬁegngs %.Oggatr}.cl)ltg Cb)Il'l ea glmg.II;a(.)n or al um num when

Example 9: Preparation of Alumina/Manganese Complex

Manganous sulfate tetrahydrate (MnSO4-4H,0;

MWt 223; 836 g) was dissolved in approximately 10
liters of deionized water at room temperature, was
added to 30 liters of A/P (Example 7) in a 12 gallon
plastic carboy and mixéd by periodic rolling in a
manner described in Examples 7 or 8. The resulting
uniformly black particles of alumina/manganese (A/M) - -
were filtered, washed and dried in an analogous |
manner to that described for the preparation of A/I
given in Example 8. A/M particles are a dark-brown

(black when wet) complex of alumina, an oxide of

iodine and an oxide of manganese, probably Mnt4. A/M

was found to be stable indefinitely.

Example 10: Use of A/P to Mitigate Naturally

Iron and Manganese in Potable Water

In Bxamples 9 and 8 above, ferrous or
manganous ions were intentionally added to A/P
particles to produce the derivatives A/I and A/M,
which have utility for mitigation of arsenic and
antimony from water. Ground water intended for

potable use is frequently contaminated with
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chal  enged with an aqueous flowin a pH value of about 5.5 to about 8.5.
Al particles prepared:by this exanple and el sewhere herein are riERdUN 2005
di stingui shable from iron-alum na conposites described by PCT WD 99/ 50V82.
The PCT application describes and clains a "coating” of insoluble ferric
oxide formed by precipitation of iron (l111) hydroxide onto the alum na
carriers. This <coating process results in a heterogeneous particle having
a "salt and pepper" appearance and an unknown inpact on the native, porous
structure of the alumna carrier. A/l particles prepared by this exanple

have a hormg%‘nﬁg ppearance fromparticle to particl $4pr oughout
the entire vol umggﬁﬁ mass of each individual part i-ﬂ%ﬁc—rﬂﬁﬁ%%értml es

prepared herein are believed to have iron grafted onto and into the
al um na matri x t hried@heriusupkiownd s water e Aedbaiedot Bostihe a

met a- per i odat e- al ym onpl ex .prepared in _EX le 7. 1t _was surprising
that neta- peri oda#faggkﬂ%t?ggfg’ énﬁﬁg‘?{gugeﬁ/oéls aﬁ‘gt FPEEYET 6%1'dant and
conpl exi ng agent daoséheadihahd erfigehoHiegrousanofsst phémgwlegparaed by this
met hod when re-chal| ngleﬂ it h f. f.er [ fate solution
slowy liberates ?Jrngg, : e%%&élgﬁg%o&?nég%gfag&ggg(rzlgéa;c%gd by i odi ne
crystals 52 A i JUNRDOS mAp@EsS0IBNrRCRUSOR/ BO0a té dialng and purpl e

color in the vapor,Rase ochos POSkhbyfest arch test was al so observed. A/l
particles prepared by this exanple thus have residual neta-periodate ion

(or simlar oxidant) in sén® ¥i6eh RPaghty miegEis eshptisentithy | particles
are a substanti al |3pheRDIRMEON Hoa8IP it OOl chdN with

approximately 2 liters of A/P matrix, plumbed and
mounted vertically on the hot-water intake line of a
household clothes washing machine. Feed water to the
A/P cartridge averaged 10 ppm Fe and 0.5 ppm Mn,
Water leaving the A/P cartridge and feeding the
washer had non-detectable iron and manganese, was
colorless, and did not stain clothing.

In an average household, a 2 liter A/P
cartridge can provide iron-free, manganese-free water
for a period of several months. In this example, A/I
and/or A/M are formed in-situ with indigenous Fe l
and/or Mn. Indigenous arsenic co-mingled with
naturally occurring iron or manganese binds to the

in-gitu generated matrix.

Example 11: A/P Particles for Coliform Removal

The studies of Example 4 were repeated
using A/P instead of the organic polymer to remove
the bacteria. The conditions used and the results

= obtained were substantially identical when using A/P
particles. A/P is nonflammable and can be useful in

aircraft cabin air filters in dry form. .

Example 12: A/P Particles to Mitigate Mercury

from an Aqueocus Composition
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in an unknown bonding state, an oxide of iodine and alum na. W 99/50182

describes a conposite of iron oxide carried as a coating on al umha.JUN.2005:

Exanpl e 9: Preparation of Al um na/ Manganese Conpl ex Manganous sul fate
tetrahydrate (MSO4.4H2O0 MA 223; 836 g) was dissolved in approximately
10 liters of deionized water at roomtenperature, was added to 30 liters
of A/P (Exanple 7) in a 12 gallon plastic carboy and m xed by periodic
rolling in a manner described in Exanples 7 or 8. The resulting wuniformy
bl ack particles of alum na/manganese (AAM were filtered, washed and dried
in an anal ogo er to that described for the prepa Al'l given
in Exanple .@/Mggg{tl cles are a dark-brown (bl ack vmi(;a(%wv?/eﬁ{h)gﬁgorrpl ex of

al um na, an oxide of iodine and an oxide of nanganese, probabl y M+4. AIM
was found to be stable i ndéf?JrﬁStSeF]S’Fo“\%%%f‘fﬂP@lio"O%l‘E‘B BHBAPEFEE M ti gat e
Naturally Iron amrb‘am@aesefzrm E’maiaaltEOdJ\&reﬂon@ rbxadgakesad® and B above,
ferrous or mangan usdeé)ns articles to

LN t| 19 al | t
produce the derivatives crI“LA}i}TnC i SH RS Oefdfl/?llfaﬁftt%(é it gation of
arsenic and anti rﬂdﬁydftroom miadreilng@mnd cvsﬁtEGrmL nifeddachifzed potable use is

frequently cont am‘%?ggplw\r%} .ha tthg‘%%%gzqgazhevg Q%e%oalggaﬁe(?éi 1/ 49041

i ndi genous Fe+2 an . not pos ng a azard,
i ndi genous iron aiy AeRgeEnzeekignot cies eobumai. ni Rgproag | ighixgedor mani f est

themsel ves as  UnsiOBbl; efid RIcbBl &S BapGhagethdabbdaiyater. | Iron and
manganese |npur|t|es are Known t reverse osnpbsi s nenbranes.
adjusting flow at about 10 mL/minute, while

periodically adding fresh deionized water to the top
opening of the column to maintain a 2~10 cm head over
the A/P.

Next, 500 ml: of a standard solution
containing 100 ppm of mercuric salt (nitrate) was
periodically added to the top oﬁening of the column,
while maintaining a flow rate of approximately 10
mL/minute. Fifty mbh fractions eluting from the
column were tested for mercury (diphenylcarbazone

test (see Feigl, Qualitative Analysis By Spot Test,

Elgevier Publisghers, 1946 p. 48) at a sensitivity of -
detection of 5 ppm. BAll fractions tested at less
than 5 ppm, indicating removal efficiency of removal
of more than 85 percent.

During the course of mercury standard
addition, a distinct orange colored band formed at
the top of the A/P bed (white), which lengthened
during the course of the challenge. Measurement of
the colored band height compared to the total height
of the 25 mL extrapolates to aﬁ_gpproximate capacity
of one pound of mercury per cubic foot of A/P medium.
Because A/P is non-flammable, mercury captured by A/P
igs recoverable by conventional roasting/retorting

techniques.

Example 13: Use of A/P Particles for the
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A 2 liter capacity plastic cartridge with top and bottom porous fgkt@w\/vas
| oaded with approximately 2 liters of A/P nmatrix, plunbed and notift 2005
vertically on the hot-water intake line of a household clothes washing
machi ne. Feed water to the A/P cartridge averaged 10 ppm Fe and 0.5 ppm
Wn. Water |leaving the A/P cartridge and feeding the washer had

non-det ect abl e i ron and nanganese, was colorless, and did not stain
clothing. In an average household, a 2 liter AP cartridge can provide
iron-free, manganese-free water for a period of several nonths. In this
exanple, A/l #5814 A/ M are formed in-situ with indi geRGUESOR&®M1and/ or M.

| ndi genous arsenic co-mngled with naturally occurring iron or nmanganese
binds to the in-situ generatrgtigatiox. cobXapleaddéody BeRakdsi cl es for

Col i form Renoval The studies_of Etgvarrp%]; 4 were rﬁ%eat ed using A/P instead
of the organic polyner to FEnBRE*PHHR PHCPEPTHUTTHE E4ARI 19 6R’E used and t he
results obtained dsceibebshabtanglleyld dest éaglloyebetdy usi-agiAhPe particles.
Al P is nonfl ammabl e ul.dn._aircraft cabin air filters in dry
form z Exanple 12‘&%?’%‘2%{]??6#&5%%0&“% 53 EVEFSHYY P55 an Aqueous
Conposition 54 A 7°-3UN 2005 onatygregphb0 HeAuRCHagSBIAAa0%Ic 1A 2g| ass

chr omat ogr aphi ¢ col w th.bottom. por.qus ass, frit and bott.om Tefl on
stop-cock was | oat eg‘?\%’\ﬁ%xtﬁﬂ?ﬁ_ a(lge'lﬁ'lﬁlg'an% drEY %1505&/1??‘1)6{[:?][% es added
to a standi ng vol wnbadfodd) rbbaft deipnitaedardvabiiticdNy Bidctibapped in the

AP bed was expel lcﬁijObr}fL. %@El c.eolrlggél_c{]%naf sér%%iﬁ?zlel’gn%br Fclzo%\glgvas initiated

content using test strips sensitive to 10 ppm (EM

Science, Gibbstown, NJ). The pH value was maintained
at 6-7 and flow rate was maintained at approximately
0.5 bv/minute.

During the course of the cobalt (II)
challenge, an olive greeﬂ band formed on the top of
the A/P column, which lengthened as the test
proceeded. RAll fractions tested negative for cobalt
indicating more 98 percent mitigation of cobalt (IT)

added. Cobalt is problematic for the nuclear power

industry where radioactive cobalt®0 contaminates

certain process waste water. A/P particles with

sorbed Cob0 can be integrated into ceramics or

concrete for ultimate dispogal.
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by opening the stop-cock part| ally and manual |y adj usting flow at about 10
mL/ mnute, while periodically adding fresh deionized water to theél 7 ¥N-2005-

opening of the colum to naintain a 2-10 cm head over the A/P. Next, 500
m. of a standard solution containing 100 ppmof nmercuric salt (ni trat e)
was periodically added to the top opening of the colum, while

mai ntaining a flow rate of approximately 10 nL/mnute. Fifty nL fractions
eluting fromthe colum were tested for nercury (di phenyl carbazone test
(see Feigl, Qualitative Analysis By Spot Test, Elsevier Publishers, 1946
p. 48) at a seRshkiydty of detection of 5 ppm Al fragdi@apsSedest ed at
less than 5 ppm indicating renoval efficiency of renoval of nore than 95
percent. During the copr se mercury standard addition, di stinct orange
col ored band for ngd‘aEP tiffé ‘{’@p P&Ft%%@ P FEFOVId %?en%?g | engt hened
during the course of the chal dergeindBagur eimmtA@ieouEhetmln@r ed band hei ght
conpared to the total hei g@gi%%f thoraéog]{_ tsga ] ate 19 %‘ecfipprox' mat e
capacity of one pound of mercury per oot o itedi UM  Because
AP i's non-flamabire Exarerleuiy swplal 6 by & R/Insantecbwr(@bh@hy

conventi onal roastgyn t of AP
Particles for the d %g elog?%ﬁlg%&gsgv%q%%%g%ﬁéﬁé% /lUIS%%d4 41 ‘M tigation
Cobal t in Aqueous -”Stci'léh#ﬁ“geAﬁf diFparaiars saHeEp voEle APPePTEH PE¥ to t hat
described in Exanpli@i1ien Wgpbfred ayeehi0 (rnuast bedds chitddgathon of cobalt

(1) froman aqueous streaml
A/I bed while periodically examining effluent for

arsenic (Hach test kit, Loveland, CO; sensitivity: 10
ppb) -

In this example, arsenic-spiked test water
wag delivered from a reservoir and onto the column by
means of a peristaltic pump set to deliver 15
mL/minute. In total, 1200 bed volumes {30 liters) of
test sample were passed through the column. Arseniec
determinations were made on each 1 liter increment of
effluent and revealed less than 10 ppb arszenic on all
fractions by the Hach test. Effluent samples further
céncentrated to 1/10 their original veolume (US Patent
No. 5,908,557) revealed effluent arsenic
concentration of less than 1 ppb.

When this example was repeated usging 500
ppb antimony (V) spiked tap water, effluent water
revealed less than 5 ppb antimony as determined by

atomic absorption.

Example 15: Comparisgon of A/I Particles to

_ Particles Prepared as in WO 99/50182

An iron oxide-alumina composite described
in WO 99/50182 is commercially available {(Alcan
Aluminum Co., Brockville, Ontario, Canada) as AAFS50.
That material is further described by its

manufacturer as alumina containing 6.0 percent FegOz

(about 4.2 percent Fe) by weight. Although plain

57



e.g., a chromatographic colum was | oaded with 25 cc of A/P particles and
chall enged with a 500 ppm (CO+2. cobaltous) cobalt (11) standard &6IJN-2005-
Fractions of 50 nmL were collected and scrutinized for cobalt content
using test strips sensitive to 10 ppm (EM Sci ence, G bbstown, NJ). The pH
val ue was maintained at 6-7 and flow rate was nai ntai ned at approximtely
0.5 by/mnute. During the course of the cobalt (11) challenge, an olive
green band forned on the top of the A/P columm, which | engthened as the
test proceeded. Al fractions tested negative for cobalt indicating nore
98 percent m twamisiien of cobalt (11) added. Cobalt is pdmdhedmiic for the
nucl ear power industry where radi oactive cobalt60 contam nates «certain

process waste wat . 1 cle ith. d 60.can.be.integrated into
ceram cs or conc?%%tée%%dogﬁﬁﬁln& gla%\?atsnp(l)sa%eg&a&j&k%ﬁ’éndm 02/ 50164
PCTI US01/ 49041 Exanskeeidd, al¢amyytigldemofyraRedoi Wy 39/S6hsz, (V) or

Antimony (V) fromaAgdepuss st {eais ' ; um
(described in Exanple 13 and 14) 2%&%511%8&58?9%%% ?(E: e%%%i%crf% e 8) was

| oaded and equi | i BicEPeEdhitChPHEINAF TR ERRLFU™INA: chal | enge of tap water

spi ked with 500 parts per abilddr@fc{qpbr ©f1:2%85@MG0hdortasn RASSEd t hrough
the A/l bed while perjodically exam ning effluent for arsenic (Hach test

kit, Lovel and, COCERSTISNVTEFT™ 0L fhi) PeAGentnP% wekapIoE, Far seni c- spi ked
test water was delisuelBd hAyorappehesaiovbhve andafidz) hbe: Gatawse by neans of
a peri staltic punpan%eﬁnzt.gorgnenlr&%e';:o}c?r ;:ompared to AAFS50 particles
' that are speckled, non-uniform, an much lighter in
color. AAFSH0 particles subjected to crushing
(mortar and pestle) reveal a white core within the

particle indicating a coating of Fey03 on the

exterior. Similar crushing of A/TI particles reveal a
uniform, dark rust color throughout the particles.

Accelerated performance comparisons with
‘A/I and AAFS50 particles were made on the

chromatographic format previously described utilizing

a 1000 ppb (1 ppm) Ast> challenge applied at 0.25
bv/minute. At this level of challenge, AARFS50
particles revealed a "breakthrough" of 10 ppb at

about 500 column volumes, whereas A/I particles did

not show a 10 ppb Ast® breakthrough until after 600
bv. This example demonstrates that the total
quantity of Fe present (AAFS20=4.2 percent) A/I=0.7
percent) is not as important as how the iron is
presented to the challenge stream.

It is not known how the coating process for
AAFS50 particles affects the effective porosity of
the sorbent particles. The significant improvement |
more than 20 percent} of A/I particles in capturing
arsenic V in spite of having 1/6 the amount of total
Fe may be due in part to the nature of the
iron/iodine oxide/alumina complex and in part to a

more functionally effective pore structure.
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mL./mnute. In total, 1200 bed volunes (30 liters) of test sanpl ea{ere
passed through the colum. Arsenic determ nations were made on e h JUN. 2005 -
liter increnent of  effluent and revealed | ess than 10 ppb arsenic on all
fractions by the Hach test. Effluent sanples further concentrated to 1/10
their original volunme (US Patent No. 5,908,557) reveal ed effluent arsenic
concentration of less than 1 ppb. Wen this exanple was repeated using 500
ppb antinony (V) spiked tap water, effluent water revealed |less than 5 ppb
antinony as determ ned by atom c absorption. Exanple 15: Conparison of A/l
Particles to WaRtiéd es Prepared as in WO 99/50182 An perarsomseddde- al um na
conposite described in WO 99/50182 is commercially available (Al can

Al um num Co., Brockville, Rt al:h90:iARR0R)p281 MG orpeiato it erial is
further described by its nmanufacturer as alum na containing 6.0 percent

Fe2B (about 4.2 55ePeertnrdy By vvergRe2s S REWRATIFLBEGY 57 | JUN- 2005t WD

02/50164 PCTI USO /4:904dr aabbimain@dpatatidt 88 JFassiitienberentndbideist y to bind
arsenic V, clearl Yar aﬁ em)ns%]r ated .in WO 99 501'821: AAFS50 is a vastly
superi or adsor bent®'f 8P4y 8eRPPeRE FUSHp Y % BHDI9AERS ft P8t ed al umina. A/

particles of this ioavénin on serbakbla lecalcul Bhead thaxerpemiadnt). 7 percent by

wei ght of Fe. Vi I A ). appears to_have a darker, nore.intense and
uni form rust col o%@%ﬁ%%rlgdh%l&o%ﬁ?‘@@ B’%‘? trlegfa%%ec?t a%ﬁ%ﬁegsg%eckl ed,
non-uni form an midhw| Tggiet ét. ¢ v/ mimgleors . AAE9 SO /panti«| esssnilj ected to

crushing (nortar ﬁngeﬂee.l.%t {'ngge rt%\c/tffaio ?}pMér% ﬁgifi%ew .Ir.lmt@tn{:ff in

the effluent of the AAFS50 column, whereas no arsenic
was detected in the effluent of the A/I column at
1.0-2.0 bv/minute. Thus, A/I particles sorb As*5® at
a rate that is at least 4 times faster than sorption
by AAFS50 particles. 1In practical terms, a column
containing A/I particles to mitigate As*® need only
be 1/4 the size of a coiumn of AAFS50 particles to

process the game amount of water in the same amount

of time.

Example 16: A/M Particles to Mitigate As*> or Ast3

Twenty-five ml of A/M particles (Example 8)

were challenged with tap water containing 500 ppb of
added As*> or unchlorinated well water containing 500

ppb of added As*3 using the same chromatographic
protocol degcribed in Example 13. A/M particles
bound all (more than 99 percent) arsenic (either As+*3
or As*>) applied. Effluent tested for manganege

- revealed non-detectable amounts. It is thought that
manganese present in A/M particles is tetravalent
causing oxidation of As*3 to As*®. Any Mn II

=

produced from such a reaction remains inscluble.
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particle indicating a coatl ng of Fe203 on the exterior. Simlar crushing

of A/l particles reveal: uni form dark rust col or throughout thé 7 JUN.2005:

particles. Accel erated performance conparisons with A/l and AAFS50
particles were made on the chromatographic format previously described
utilizing a 1000 ppb (1 ppnm) As+5 challenge applied at 0.25 by/m nute. At
this level of challenge, AAFS50 particles revealed a "breakthrough" of 10
ppb at about 500 col um vol unes, whereas A/l particles did not show a 10
ppb As+5 breakthrough until after 600 by. This exanple denonstrates that
the total quapikyef Fe present (AAFS20=4. 2 percent) pqdrsbuadoss PErCENL) 1S
not as inportant as howthe.ironis presented to the challenge stream It
is not known how the coating process for AAFS50 particles affects the
effective porosity of the sorbent particles. The significant inprovenent
nore than 20 percent) of A/l particles in capturing arsenic Vin spite of
having 1/6 the anmpbunt of total Fe nmay be due in part to the nature of the
i ron/iodine oxide/alumna conplex and in part to a nore functionally
effective pore structure. 58 1t JUN, 2Ws WD 02/50164 PCT/ US01/ 49041 The
capacity of a particular sgrhent fQr p%teﬁ@s! ggh QN ch 8 Uik¥gone nmeasure of
efficiency. Another inportant paranmeter of ficiency'is the rate at which
a sorbent takes upeanth rist F@%@@rat%dalbge¥efqr6ﬁc%iomﬁhf‘di%?ceép‘%@bl e | evels.
When t he experi mentti&gl atedsd nabhi & exeopie vesidepeatsd gt i ncreased
flowrate (1.0 by/mnute vs. 0.25 by/mnute) arsenic at |evels nore than
10 ppb were notic&®*Fnstantly in

The foregoing description and the examples
are intended as illustrative and are not to be taken
ag limiting. 8till other variations within the
gpirit and scope of this invention are possible and
will readily presgent themselves to those skilled in
the art.
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the effluent of the AAFSSO col um, whereas no arsenic was det ecte f n the
effluent of the A/ colum at 1.0-2.0 by/mnute. Thus, A/l partic £ Wb 25
As+5 at a rate that is at least 4 tinmes faster than sorption by AAFS50
particles. In practical terns, a columm containing A/l particles to
mtigate As+S need only be 1/4 the size of a colum of AAFS50 particles to
process the sanme anmount of water in the sanme anount of tine. Exanple 16:
AlMParticles to Mtigate As+5 or As+3 Twenty-five nL of A/Mparticles
(Exanmple 8) were challenged with tap water containing 500 ppb of added
As+S or unchl c¥eegtied well water containing 500 ppb of pemiubstiofis+3 usi ng

t he same chromatographic protocol described in Exanple 13. A/Mparticles
bound all (nore than 99 percent) arsenic (either As+5 or As+S) appli ed.
Ef fl uent tested far manganese reveal ed non-detectable anbunts. It is
thought that nmanddfest® preslit: in A/ M particles is tetraval ent causing

oxi dation of As+3 to As+S. Any M || produced from such a reaction

remai ns i nsoluble. 59 7 JUNZOOI? xxo 02/ 5&15?4 PCT/ USQ1/ 49041 Each of the
patents and articles cited et MR GJpEOPQiL-‘é’EFr P &Fence. The use of
the article "a" drviap'a iduraliyded ﬁaiymemlzadeNqs}eudlimmer e. The foregoing
description and thg S t illustragtive and are not to
be taken as |imti ngﬁ%%% b Oglrlh%anr%lqg |oSn§”h\?v|S? HFEHE s pt79% and scope
of this invention e p@SSdubbEltaﬁﬂtSWﬂ” ah@adi, | ynfif @ggnt thensel ves to
those skilled in fgagpgﬂééntly a hydrido or a C3-C4 alkyl group, said

polymerized N-pyridinium vinylbenzyl triiodide or
tribromide moieties corresponding in structure to the

formula

2. The polymeric medium in accordance with

claim 1 wherein one of said Rl and R2 substituents is

a Cq group.

2. The polymeric medium in, accordance with

claim 1 wherein said Rl and R2 gubstituents are both

hydrido groups.
4. The polymeric medium in accordance with

claim 1 that has a triiodide ion content of about 0.1

to about 1.0 moles per liter.
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60 11 JUN20D5 WD 02/50164 PCTI US01/49041 WHAT IS CLAIMED: 1. A

wat er -i nsol ubl e polyneric nmedium having a plurality of polyneri ze%i7 JUN.- 2005
N-pyridi nium vinyl benzyl triiodide noieties whose pyridiniumrings bear
two substituents, Rl and R2, that are independently a hydrido or a Cl-C4
al kyl group, said polynerized N-pyridiniumvinylbenzyl triiodide or
tribromde noieties corresponding in structure to the formula - N~z - N
1 13 Brall/~ R2RJ RL 2. The polyneric mediumin accordance with claim1l
wherein one of said RL and R2 substituents is a C group. 3. The polyneric
medi umin, acR@aHEL with claim 1l wherein said Rl andPE2UsgH9siti t uents are
both hydrido groups. 4. The polyneric nmediumin accordance wwth claiml

that has a triiodide ion caentemte gbiphaut fadiumt On abeytaahc@ HRUES per
liter. 61 i JUN 200l5. Vyi) 2/.50164 PC%’% USOL/ 49041 5. . The pol yneric mediumin
accordance with cT&rh 1 TREt T SPPe SR RIeFERIR 48PS odi ne. 6. A

wat er -i nsol ubl e pol yneric medium having a plurality of polynerized
N-pyridinium vinyl benzyl triipdide i eﬂlb%e in, which t%ﬁ triiodide ion
per

| :
content is about 0.1 to about .W(?gﬁ%'llens?o PHEIS 2§ M B di um bei ng free

of wat er - el ut abl e having a plurality of polymerized N-pyridinium
vinylbenzyl triiodide moieties in which the triiodide
ion content is about 0.1 to about 1.0 moles per
liter, said medium being free of water-elutable

iodine.

7. The polymeric medium in accordance with
claim 6 wherein the triiodide ion content is about

0.2 to about 0.5 moles per liter.

8. The polymeric medium in accordance with

claim 6 wherein said medium is macroreticular.

5. The polymeric medium in accordance with
claim 8 wherein said macroreticular medium comprises -

free-flowing particles.

10. A process for forming an aseptic fluid
from a fluid containing microbial contamination
comprising the steps of:

(a) providing a vessel containing a water-
insoluble polymeric medium having a plurality of
polymeriged N-pyridinium vinylbenzyl triiodide orl

tribromide moieties of the structure
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iodine. 7. The polymeric nmediumin accordance with claim®6 wherein the
triiodide ion content i's about 0.2 to about 0.5 noles per liter. kﬂ-ﬂﬂbﬂﬂ&
pol ymeric mediumin accordance with claim®6 wherein said nediumis
macroreticular. 9. The polyneric nediumin accordance with claim8 wherein
said macroreticular mediumconprises free-flowng particles. 10. A process
for formng an aseptic fluid froma fluid containing mcrobial

contam nation conprising the steps of: (a) providing a vessel containing a
wat er - insol ubl e polymneric nmediumhaving a plurality of polynerized

N pyridi ni um vwéwslsenzyl triiodide or tribrom de noi et p@suainobdie Structure
62 ~7JUN2005 WO 02/50164 PCT/US01/49041 Zz 2 | RBr R Rl1 R wherein Rl
and R2 are independently a hydrido or a C1-C4 al kyl group; (b) introducing
to the vessel an influent of mjcrobially contanl ated fluid that is clear
and free fromvisible preckpitate to contactt i nsol ubl e nmedium (c)

mai ntaining said fluid in contact with said ifsoluble mediumfor a tinme
period sufficient for mcrg present int ~Nfluent to be killed by
said triiodide ions and for ptic fluid,; d) discharging the aseptic
fluid fromthe vessel as a | uent .

wherein Rl and RZ? are independently a
hydrido or a Cq-~C4 alkyl group:

(b) introducing to the vessel an influent
of microbially contaminated fluid that is clear and
free from visible precipitate to contact the
insoluble medium;

{c) maintaining said fluid in contact with
said insoluble medium for a time period sufficient
for microbes present in the influent to be killed by
said triiodide icons and form aseptic fluid; and

{d) discharging the aseptic fluid £rom the

veggel as an effluent.

11. The process in accordance with claim
10 wherein one of said Rl and R? substituents is a C3

alkyl group.

12. The process in accordance with claim -

10 wherein said Rl and R? gubstituents are both

hydrido groups.

13. The process in accordance with claim
10 wherein said polymeric medium has a triiodide ion
content of about 0.1 to about 1.0 moles per liter.
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11. The process in accordance with claim 10 wherein one of said Rl and R2
substituents is a C1 alkyl group. 12. The process in accordance v# ¢ RUN-2005n

10 wherein said Rl and R2 substituents are both hydrido groups.
process in accordance with claim 10 wherein said polyneric nediumhas a

triiodide ion

content of about 0.1 to about 1.0 nol es per

liter.

13. The
63 Al

JUN, 2005 WO 02/50164 PCT/USQO /49041 14. The process in accordance wth

claim 10 wherein said fluid is water.
water from an aqueous sol ution containing mcrobial

15. A process for form ng aseptic
cont am nati on

conpri sing theydheAs of : (@) providing a vessel contai npdgyssidfk er -

i nsol ubl e polyneric nmedium having a plurality of

pol yrmeri zed N-pyridinium

vi nyl benzyl triiodide npieties in which the triiodide concentration is
about 0.1 to about 1.0 noles per liter; (b) introducing to the vessel an
influent of mcrobially coatarmheapesenat &r achatddrgecvaer chath free from

vi sible precipitatg hﬂéﬁéﬁpg&&i% S%+QEPk§§&F medi um (c) naintaining said
e ne

rumfor a time period sufficient
for mcrobes present in the influent to be killed by said triiodide ions

and form aseptic water;- ands(d), di.sehar gjjggfc;‘rp@léé
vessel as an effluent. 16. The process in accordance with claim 15 wherein

water in contact Wt

said i nsolu

the influent cont &A% ¥bIaWEPH Felution containing microbial

contamination comprising the asteps of:

(a) providing a vessel containing a water-
insoluble polymeric medium having a plurality of
polymerized N-pyridinium vinylbenzyl triiodide
moleties in which the triiodide concentration is
about 0.1 to about 1.0 moles per liter;

(b) introducing to the vessel an influent
of microbially contaminated water that is clear and
free from visible precipitate to contact the
insoluble medium;

(¢} maintaining said watexr in contact with
said insoluble medium for a time period sufficient
for microbes present in the influent to be killed by
said triiodide ions and form aseptic water; and

(d} discharging the aseptic water from the

vessel as an effluent.

16. The process in accordance with claim
15 wherein the influent contains coliform or

Bseudomonas aeruginosa.

17. The process in accordance with claim

15 wherein wmedium is macroreticular.
18. The process in accordance with claim

15 wherein the triiodide ion content is about 0.2 to

about 0.5 moles per liter.
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Pseudononas aerugi nosa. 17. The process in accordance with claim i%
wherein mediumis nmacroreticular. 18. The process in accordance W- UM, 2605 -
15 wherein the triiodide ion content is about 0.2 to about 0.5 noles per
liter. 64 a 7 JUN-2Ws WD 02/50164 PCT/ US01/ 49041 19. An apparatus for
preparing an aseptic fluid that conprises: a vessel having an inlet, an
outlet and a water-insoluble polyneric nmediumin a polyneric

medi um cont ai ning regi on; said water-insoluble polyneric nedium conprising
a plurality of polynerized N-pyridinium vinylbenzyl triiodide noieties
whose pyri di niwmesirags bear two substituents, Rl and RE¢rbdhadsodar e

i ndependently a hydrido or a C1-C4 al kyl group, said polynerized

N- pyridi ni um vi nyl benzyl tnigio i esponding in
structure to the formula 1I9 q:lrpg}i%rat% %p%%&%bm%e%%iegﬂie mediumis
supported and con’?lé’nlﬁe‘éf‘% FH‘?‘H’Fltsﬁé medi um cont ai ni ng regi on. 20. The

apparatus in accordance w Tahv@ésalrrhawlﬁlgvvaﬁrﬁﬂ@tor&l eflics&l dnfly and R2
substituents is a Cl e apparatus.in accordance with claim 19

rou
wherein said RL an"ﬁ“tﬁﬁg Q'pr%éjr?ﬁ%’m%ﬁl@ BetH™ AY it iPRSYEROGDs. 65

medium-containing region;

said water-insoluble polymeric medium
comprising a plurality of polymeriéed N-pyridinium
vinylbenzyl triiodide moieties whose pyridinium rings
bear two substituents, Rl and R2, that are
independently a hydrido or a Cq-C4 alkyl group, said
polymerized N-pyridinium vinylbenzyl triiodide or
tribromide moieties corresponding in structure to the

formula

+ +

B N AN

. u/\_Rz - '\"'\/\_L.Rz
A L A
R R

wherein the medium ig supported and

contained within the medium-containing region.

20. The apparatus in accordance with claim
19 wherein one of said Rl and R? substituents is a Cq

group.

21. The apparatus in accordance with claim

19 wherein said Rl and R2 substituents are both

hydride groups.
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--------- - - ---- 1 JUN2005 WO 02/50164 PCT/US01/49041 22. The aggarat us
in accordance with claim 19 that has a triiodide ion content of &

to about 1.0 noles per liter. 23. The apparatus in accordance with claim
19 that is free of water-elutable iodine. 24. An apparatus for preparing
aseptic water that conprises: a vessel having an inlet, an outlet and a
wat er -i nsol ubl e pol yneric nmediumin polyneric nmedium containing region,
said wat er-insoluble polyneric medium conprising a plurality of

pol ymeri zed N-pyridinium vinylbenzyl triiodide cr tribromde noieties in
whi ch the triwoefst@s i on content is about 0.1 to about 2cHusenmhes per
liter, and is free of water-elutable iodine; wherein the nediumis

supported and contai ned whthi nchg %@I(;itumﬁp%gj,m Rde GO0 21 P- The
apparatus in accordance with cl ai mp 4 wherein theatr?i og!i dé jon content is

about 0.2 to about® 698" f5Fe? Perofiderion optenhofghartatiud ¥ accor dance
with claim 24 whedbeud 5a doD&digem isgrmcroreticul ar. 27. The apparat us
according to claim?24 wherein said vessel includes a first flowpermtting
support positioned between the outlet and the nmedium containing region. 66
A 7 JUN2005r WO 02/50164 PE€T/ USE sx@(4tu28in tbheoappas aiitdh arLiar ding to

claim 24 19 that is free of water-elutable iodine.

24. An apparatus for preparing aseptic
water that comprises:

a vessel having an inlet, an outlet and a
water-insoluble polymeric medium in polymeric medium-
containing region;

sald water-insoluble polymeric medium
comprising.a plurality of polymerized N-pyridinium-
vinylbenzyl triiodide or tribromide moieties in which
the triiodide ion content is about 0.1 to about 1.0
moles per liter, and is free of water-elutable
iodine;

wherein the medium is supported and

contained within the medium-containing region.

25. The apparatus in accordance with claim
24 wherein the triiodide ion content is about 0.2 to

about 0.5 moles pexr liter. ,

26. The apparatus in accordance with claim

24 wherein sald medium is macroreticular.

27. The apparatus according to claim 24
wherein said vessel includes a first flow-permitting
support positioned between the outlet and the medium-

containing region.
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wherein said vessel includes a second flowpermtting support positioned
between the inlet and tthe nedium containi-ng region. 29. The separ.iafimvz‘ﬂﬂﬁf
apparatus according to claim24 wherein said inlet and outlet are
separated fromeach other. 30. The separation apparatus according to
claim 24 wherein said the inlet and outlet are at opposite ends of the
apparatus. 31. A process for oxidizing trivalent arsenic to pentaval ent
arsenic or trivalent antinony to pentaval ent antinony conprising the steps
of : (a) providing a vessel containing a water- insoluble polyneric

oxi di zing nedwombBaswd ng a plurality of oxidizing sitespdi@bi@ROpPri se a
plurality of polynerized N-pyridini.umvinyl benzyl triiodide or tribromde
noi eti es whose pyridini um 25j g%% bear t substcii.t ueggs Rl ﬂﬁq R2, that are

i ndependently a hydrido or a &4@51&@ usgragﬁ?f EY-( d|oloallym3r| zed

N- pyri di ni um vi nylvberein seidivdisde orcludes br eavaiel Fddetdegnitivmgespondi ng in
structure to the 5%915% ipéfti%é,e&%t%@gégt N D2/ 20466, Pelatindl/ 49041 W)

R2 Bra R2 13 R ~ b) “introducing an influent aqueous solution having
trival ent arseni c SORE3¥}:ed| B#1CMant i nony to the vessel to contact the
i nsol uble oxidizing nmedium (c) maintaining said solution in contact wth

said insoluble nediumfor a tine period sufficient for said trivalent
arsenic or trival ent 29 The separation apparatus according to

claim 24 wherein said inlet and cutlet are separated

from éach other.

30. The separation apparatus according to
claim 24 wherein said the inlet and ocutlet are at

opposite ends of the apparatus.

31. A process for oxidizing trivalent
argenic to pentavalent arsenic or trivalent antimony
Lo pentavalent antimony comprising the steps of:

(a) providing a vessel containing a water-
insoluble polymeric oxidizing medium having a
plurality of oxidizing sites that comprise a
plurality of polymerized N-pyridinium vinylbenzyl
triiodide or tribromide moieties whose pyridinium
rings bear two substituents, Rl and R2, that are
independently a hydrido or a Ci-Cy4 alkyl group, said
polymerized N-pyridinium vinylbenzyl triiodide oxr
tribromide moieties corresponding in structure to the

formula
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antinony in the influent to react with said oxidizing sites to forma
pent aval ent arseni c-contai ning or pentaval ent antinnny-contmlﬂrmﬁéahﬂbﬂm&
solution and a reduced nmedium and (d) separating the pentaval ent arsenic-
contai ning or antinony-containing sanple solution fromthe reduced nmedi um
32. The process in accordance with claim 31 wherein one of said Rl and R2
substituents is a CL group. 33. The process in accordance with claim 31
wherein said Rl and R2 substituents are both hydrido groups. 68 1 7
JUN2005 WD 02/50164 PCT/ US01/ 49041 34. The process in accordance with
claim 31 wherngidsegd d separated pentaval ent arseni c- cp@ingioiMdoiyg sanpl e
solution i's an effluent fromsaid vessel. 35. The process in accordance
with claim 31 wherein said pentaval ent arsenic-containing sanple solution
is contacted with a pentavalent jarsenic bindi ng predium and that contact is
mai ntai ned for a tinme peri®d-sufficient to medi um bound pent aval ent
arseni ¢ and an aqueous conposjtion. 36. The process in accordance with
claim 35 wherein said pentg ent arseni c bj g nmedium and said
oxi dizing nmediumare in seq process in accordance
with claim 36 wherein sai d¥agdeous conpositi s discharged fromthe
vessel as an effluent having qgl arsenic cofcentration that is at | east

(b} introducing an influent agueous
solution having trivalent arsenic or trivalent
antimony to the vessel to contact the insoluble
oxidizing medium;

{c}) maintaining said solution in contact
with said inscluble medium for a time period
sufficient for said trivalent arsenic or trivalent
antimony in the influent to react with gaid oxidizing
sites to form a pentavalent arsenic-containing or
pentavalent antimony-containing sample solution and a
reduced medium; and

- {d) separating the pentavalent arsenic-
containing or antimony-containing sample solution

from the reduced medium.

32. The process in accordance with claim
31 wherein one of said Rl and R? substituents is a Cy

group.

33. The process in accordance with claim

31 wherein said Rl and R2 substituents are both
hydrido groups.
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38. A process for renoving trivalent arsenic froman aqueous sol ution
conprising the steps df: (a) providing a vessel containing a watet? JUN-2005:
i nsol ubl e media conprising (i) an oxidizing medium having -a plurality of
oxi di zing adsorption sites that are containing a water-insoluble polyneric
oxi dizing nediumhaving a plurality of oxidizing sites that conprise a
plurality of polynerized N-pyridinium vinylbenzyl triiodide or tribromde
noi eti es whose pyridiniumrings bear two substituents, Rl and R2, that
are independently a hydrido or a C1-C4 al kyl 69 7 JUN2oo5 WO 02/50164

PCT/ USOL/ 4904 wameupy sai d pol ynerized N-pyridi ni um vi nydipenzabar triiodi de
or tribromde noieties corresponding in structure to the fornmula + + I~ 1

N 1z 13 R2Bra /IR R, Ripad{id) 2 RRabaYaen; ar seaie bi nding

medi um  (b) introducing an influent aqueous solution having trivalent
arseni ¢ to the vesdeFheFrinsptheererdsdnsdaypécwiisgperiry nedi um (c)

MBI Nt ai ning sai d Sekbihg BakOl 86Turivht s Sal deinsat ublk axidli zi ng medi um
for atinme period sufficient for said trivalent arsenic in the influent
to react with sai d6%FHi zing sites to form an influent pentaval ent
arseni c-contai ni ng aqueous solution and for a tine period sufficient for
said formed pentaval ent ar§enk%'to bi nd to said. bi ndi )
35. e process in accordance wi claim

31 wherein said pentavalent arsenic-containing sample

solution is contacted with a pentavalent arsenic

binding medium and that contact is maintained for a

time period sufficient to form medium-bound

pentavalent arsenic and an aqueous composition.

36. The process in accordance with claim
35 wherein said pentavalent arsenic binding medium

and said oxidizing medium are in separate veasels.,

37. The process in accordance with claim
36 wherein said agueous composifion is discharged
from the vessel as an effluent having final arsenic
concentration that is at least about 95 percent less

than the initial arsenic concentration.

38. A process for removing trivalent
arsenic from an agueous solution comprising the steps
of:

(a) providing a vessel containing a water-
insoluble media comprising (i} an oxidizing medium
having a plurality of oxidizing adsorption sites that
are containing a water-insoluble polymeric oxidizing
medium having a plurality of oxidizing sites that
comprise a plurality of polymerized N-pyridinium
vinylbenzyl triiodide or tribromide moieties whose
pyridinium rings bear two substituents, Rl and RZ,

that are independently a hydrido or a C1-C4 alkyl
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sites to forma nmedi umbound arsenic and an aqueous conposition; and (d)
di schargi ng the aqueous: conposition fromthe vessel as an effl uen‘l 7 RHUN 8095 -
a final arsenic concentration of about zero to about 2 parts per billion.
70 i JUN2UCBE WO 02/50164 PCT/ USO1/ 49041 39. The process in accordance with
claim 38 wherein arsenic is present in said influent at a concentration
greater than 50 parts per billion. 40. The process in accordance with claim
38 wherein said oxidizing nmedium and said pentaval ent arsenic binding

medi um are present in said vessel in layers. 41. The process in accordance
with claim 4GvoMaaeied n said i nfluent contacts said oxi dpeiwkg4otdi um | ayer
prior to contacting said pent aval ent arseni c binding nmedium | ayer. 42.
Particul ate al um na. ggntaiai eé’?«r 9&%91&!9%;1 %)esrfzgﬂtl ally
honogeneously sor beg ihroug ut t e par I cles wher I'n said neta-periodate
ions are present itFiapdidfognt tebranbin moiqties SOORSPORde® Ael ar in a
gravity-settled valeiiBr@fe RartHLE88mizn dei oni zed water. 43. A process for
renoving iron, nmanganese, nercury and cobalt ions froma water supply
that conprises the steps of: a) contacting an aqueous sol ution that
contains one or nore of iron, nganese, nercury and cobalt ions in a
concentration greater than_abo 2 parts per, bilfion with nodified al um na
particles, said nodified aldm na particles cofitai ning net a-

) N-l_/\l ) ' )
R . —+R?

and (ii) a pentavalent arsenic binding medium;

(b) introducing an influent agueous
solution having trivalent arsenic to the vessel to
contact the insoluble oxidizing medium;

(¢) maintaining said solutiom in contact
with said insoluble oxidizing medium for a time
period sufficient for said trivalent arsenic in the
influent to react with said oxidizing sites to form
an influent pentavalent arsenic-containing agueous
solution and for a time period sufficient for said
formed pentavalent arsenic to bind to said binding
sites to form a medium-bound arsenic and an aqueous
composition; and

(d) discharging the agueous composition
from the vessel as an effluent having a final'arsenic h
concentration of about zero to about 2 parts per

i billiomn.
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periodate ions sorbed substantially honbgeneously distributed throughout
in an anount of about 0.05 to about 0.15 nolar as neasured in a 37 JUN.-2005:
gravity-settled volune of particles in deionized water; 71 7 JUN2Qag! WD
02/ 50164 PCT/USO /49041 b) nmaintaining said contact for a tine period
sufficient for the one or nore of said iron, nmanganese, nercury and cobalt
ions present to be sorbed by the particles to formparticles containing
one or nore of, iron, manganese, nercury and cobalt, and an agqueous
solution having a | essened amount of one or nore of iron, manganese,
mercury and colmdziseied ons; and c) separating said fornmedepawshi®bes

contai ning one or nore of iron, nmanganese, nercury and cobalt fromsaid

aqueous sol ution having a bessﬁﬂpgnggggngnqkwo &lengﬂggQﬁan mercury and

cobalt ions. 44. Particulate alumha containing Iron ially
honogeneous|y sor b¥d "ERFSFgRBERNIChES RResenk|as saihdmilvendapt 4ron i s

present in an andWw¥nceRfraaB6H!gkaltet 0:rRROME frld dk1ifhp@ gravity-settled
vol une of particles in deionized water, sai particles containing an

oxi di zed i odi ne species and being substantially free of nol ecul ar i odi ne.
45. Particul ate alunina combai NiHegpri@Rgane R cou@sicanii @ lyahpnogeneously

sorbed throughout artlcl erein s aid nganese i s _present in an
anmount of about 0.5 ﬁ% eai%loﬁ?“g Off?ghzﬁﬁ?l N Jrur‘i“ QHE S%}fitgle%té‘f’f‘ 1 vol une of

particles in dei cniseetc winhding sedduparel presneont aantngesaBal xi di zed
i odi ne species a“%£83L99 substantially free

41. The process in accordance with claim
40 wherein said influent contacts sald oxidizing
medium layer prior to contacting said pentavalent

arsenic binding medium laver.

42, Particulate alumina containing meta-
periodate ions substantially homogeneously sorbed
throughout the particles, wherein said meta-periodate
ions are present in an amount of about 0.1 to about
0.15 molar in a gravity-settled volume of particles

in deionized water.

43. A process for removing iron,
manganese, mercury and cobalt ions from a water
supply that comprises the steps of:

a) contacting an aguecug solution that
contains one or more of iron, manganese, mercury and
cobalt ionsg in a concentration greater than about 2
parts per billion with modified alumina particles,
said modified alumina particles containing meta-
periodate ions sorbed substantially homogenfously
distributed throughout in an amount of about 0.05 to
about 0.15 molar as measured in a gravity-settled

volume of particles in deionized water;
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of nol ecul ar iodine. 46. A process for renoving arsenic or antinony +3 or
+5 ions froma water supply that conprises the steps of; 72 i JUNR@QHIN.2005:
02/ 50164 PCT/ US01/ 49041 a) contacting an aqueous solution that contains
arsenic or antinony +3 or +5 ions in a concentration greater than about 2
parts per billion wth nodified alumna particles, said nodified alumna
particles containing iron or manganese or both sorbed substantially
honogeneously distributed throughout in an anmount of about 0.05 to about
0.15 nolar as neasured in a gravity-settled volunme of particles in

dei oni zed wat e¥Quzsselisdl particles al so containing an oxi ecwesdvdeedi ne speci es
and being substantially free of nol ecular iodine; b) maintaining said

contact for a tinme periodpsufdighen,d ggi@rc%g?j:l& QLantd;npny +3 or +5
ions present to be sorbed by the particles to form arsenic- or

ant i nony- cont ai ni REFPAFtTHIasientd fan theqoed s sefaufopaithiray: a | essened
anount of arseni ¢ ndkanddd, TRAYuINENE JocbBPEl@hk NErSahd @ $-ni c- or
antinony- containin rticles fromsaid aqueous sqlution having a

| essened anount ofs‘%rbggrﬁyct P RATHSHAHTR Fo4Pr T RRT hy Je8sOHAABI™M ng to claim
46 wherein said pafet belweseatt ivodi fiedanbsd) nebRuryaBAd akde)jron is
present in an amount (a)}‘l ab%ut OS.OJaIO to .about 0,15 nol.ar. 48. The process
according to clai mas  viErelh SCAUE PRIFT LIS AFEEHsdi FT¥EEWPE h nanganese,

and sai d manganesecries opresendt iircan wmwanés«of maboity and cobalt
ions; and
c} separating said formed particles
containing one or more of iron, manganese, mercury
and cobalt from said agueocus solution having a
lessened amount of iron, manganese, mercury and

cobalt ions.

44. Particulate alumina containing iron
gubgtantially homogeneously sorbed throughout the
particles, wherein said iron is present in an amount
of about 0.1 to about 0.15 molar in a gravity-settled
volume of particles in deionized water, said
particles containing an oxidized iodine species and

being substantially free of molecular iodine.

45. Particulate alumina containing
manganese substantially homogeneously sorbed
throughout the particles, wherein said manganese is
pregent in an amount of about 0.05 to about 0.075
molar in a gravity-settled volume of particles in
deionized water, said particles containing an
oxidized iodine species and being substantially free

of molecular iodine.
46. A process for removing arsenic or

antimony +3 or +5 ions from a water supply that

comprises the steps of;
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0.05 to about 0.075 nolar. 49. The process according to claim46 erein

prior to step (a), said aqueous solution is contacted with a
wat er -i nsol ubl e polyneric nedium 73 7 JUN 2005 WD 02/50164 PCT/ US01/ 49041
having a plurality of polynerized N-pyridinium vinylbenzyl triiodide or
tribromde noieties of the structure 1+ +1 2 - N2 |1/~ R 13 RBr3 Rl
R wherein R1L and R2 are independently a hydrido or a Cl1-C4 al kyl group;
mai ntai ning said solution in contact with said insoluble mediumfor a tine
period sufficient for said trivalent arsenic or trivalent antinony in the
influent to resxsmss h said oxidizing sites to form a pemtsavabaent

arseni c-contai ning or pentaval ent antinony-containing sanple solution and

a reduced nedium separatgyg?ﬁn%cp gﬁa&ﬁﬁgugrﬁgg&ganqgggaining or
anti mony- cont ai ni ng sanple solution “fromihe reduced nedium and using the
separ at ed pent aval@REAHS @FPELLC Rt THIABY or® &Rt théays ciankai ni ng sanpl e

solution as said 6UeRURtI6h WicaBePltrahehdiR) 2 RlktsThe REOEESS 1N

accordance with claim 49 wherein said Rl and R2 substituents are both
hydri do groups. 74uth modified alumina particles, said meodified

alumina particles containing iron ox manganese or
both sorbed substantially hombgeneously distributed
throughout in an amount of about 0.05 to about 0.15
molar as measured in a gravity-settled volume of
particles in deionized water, said particles also
containing an oxidized iodine species and being
substantially free of molecular iodine;

b) maintaining =aid contact for a time
period sufficient for arsenic or antimony +3 or +5
icns pregent to be sorbed by the particles to form
arsenic- or antimony-containing particles and an |
agueous solution having a lessened amount of arsenic
or antimony; and

c) separating said arsenic- or antimony-
containing particles from said agqueous solution

having a lessened amount of arsenic or antimony.

37 JUN-2005:

47. The process
wherein said particles are
sald iron is present in an

about 0.15 molar.

48. The process

wherein said particles are

according to claim 46
modified with iron, and

amount of about 0.10 to

according to claim 46

modified with manganese,

and said wanganese is present in an amount of about

0.05 to about 0.075 wmolar.

49. The process

wherein prior to step (a),

according to claim 4§

zald aqueous solution is

contacted with a water-inscluble polymeriec medium
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17 JUN 2005 51. An apparatus for rempoving bacteria and pol yval ent Petal
ions fromwater that conprises: a vessel having an inlet, an out | ek -
particulate alum na that contains neta-periodate ions substantially
honbgeneously sorbed throughout the particles, wherein said neta-periodate
ions are present in an amount of about 0.1 to about 0.15 nolar in a
gravity-settled volune of particles in deionized water; and wherein the
particulate alumna is contained in an alum na holding region. 52. The
apparatus according to claimb51 wherein said vessel includes a first
flowpermtti mpeuspport positioned between the outlet aggudlheoal um na
hol di ng regi on. 53. The apparatus according to claimb52 wherein said vessel

includes a second |l Oue petrl it Iqt 5 € ween the inlet and
t he al um na holdlna réglo% :hQ%héyggﬁg&?gg%ﬁ g %ggkéccordlng to claim
53 wherein said |"T1Flé3cb%t”r¥dlo@€3|1@ﬁ1<é¢ @rsép@hméem@wtea%r@fot:h%r 55. The

separati on appar atd¢suage ding to claim54 wherein said the inlet and
outlet are at opposite ends of the apparatus. 75

.,

wherein Rl and R? are independently a
hydrido or a C1-C4 alkyl group;

maintaining said solution in contact with
said insoluble medium for a time period sufficient
for said trivalent arsenic or trivalent antimony in
the influent to react with said oxidizing eites to
form a pentavalent arsenic-containing or pentavalent
antimony-containing sample solution and a reduced
medium; l

separating the pentavalent arsenic-
containing or antimony-containing sample solution
from the reduced medium; and

using the separated pentavalent arsenic-
containing or antimony-containing sample solution as

said aqueocus solution of step (a).

50. The process in accordance with claim

49 wherein said Rl and R2 substituents are both
hydrido groups.
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51. An apparatus for removing bacteria and polyvalent
metal ions from water that comprises:

a vessel having an inlet, an outlet and particulate
alumina that contains meta-periodate ions substantially
homogeneously sorbed throughout the particles, wherein said
meta-periodate ions are present in an amount of about 0.1
to about 0.15 molar in a gravity-settled volume of
particles in deionized water; and wherein the particulate

alumina is contained in an alumina holding region.

52. The apparatus according to claim 51 wherein said vessel
includes a first flow-permitting support positioned between

the outlet and the alumina holding region.

53. The apparatus according to claim 52 wherein said vessel
includes a second flow-permitting support positioned

between the inlet and the zlumina holding region.

54. The separation apparatus according to claim 53 wherein

said inlet and outlet are separated from each other.
55. The separation apparatus according to claim 54 wherein

said the inlet and outlet are at opposite ends of the

apparatus.
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