; e3ed(()<.<x/&46\4T4M4 ANTI - M CROBTAL AND OXI DATI VE CO- POLYMER
CROSS- REFERENCE TO RRELATED APPLI CATION This clai ns benefit of provisional A": \)

appl i cat vomoBansal No. 60/ 260, 1315‘ “m“mmmg@ 5, 2001 amdTprsoviwikonal \_ -
application Serial No. 60/2'56 297 er 18, 2000, whose

di scl osures are incorporated by referenrg@uo»TECHNI CAL FI ELD The present
invention relates to an anti mcrobial and oxidative co-polyner, and nore

particularly to an amNTIAMICRORIAIRIENDXOXEDAVEVE 0PO+ FOBYMERdI um t hat
contai ns polynerized N-pyridiniumvinylbenzyl triiodide that is
substantially free of water-elutabl e iodi ne. BACKGROUND ART Lanbent et al.

U.S. Patent No. 3,923, 1—?%55 ﬂ_%aég f%ﬁ | A by, 96 .§ gQnveni ent net hod
~of providing oxidation/disinfection on eman %ﬁ?{; use WIA'[ pot abl e and
recreational water. -ThTheswoilkems beieflitatoft lperceriarieonsl ati vely few ways
to chemcally treat water so.that m croQrgani sns .are stroyed w t hout

.l eavi ng behi nappiélgaﬁé?nbg(?ffé? 5\78 6%0313%0@?11&51336 Llead%f reat nent i s
that with chl gpbnean& B@bvﬁ%h%&%ﬁsa%if)qflc%?tlléfrp@éﬁﬂndid odi ne have been
used nuch less frequently, and their usefulness has l|argely been left to

t he treat nent 68¥ 25 ARi7ng £pdels Deceower 3 8,h@ 9l .y WidRe substance used in
| arge scal e \d& ETE% g% a]r_gel%l% g;%tra%tedalb‘y gc%tfe t eaches the use of
“ng

strong base ani on 8xch contain 02/stl | Ir-4
PCT/ LJSOL/ . 190. 11 bact erl CI daI I y effectl ve armunt of triiodide ions
(13-)for killing bacteria, while being said to be essentially free of

wat er - el ut abl e oxi di zi ng i odi ne. 1%9% ler¥ B8Rt r ong base ani on exchange

resin used is a quaterngiy ?g@g@n@mr I it d siddd sto rgacied, . with an

al kylating agent to elimnate residual tertiary amne groups. T e need for
dermand oxi di zedstobisilnbact emtidatiive corrmmémm:s, tamxl mdreli ze and/ or

di si nf ect Wnencnfr nt th a need f.or atlo or disinfection as
when cont act egaﬁl g ?fﬁéfr\g e 3% ?r%sl é‘}lé:ﬁ iﬁcﬁ% a?sn t© %e‘:ﬁ T%e Lanmbert
et al. patent pM?mb%Sﬁléaluﬁﬁftﬁa@r icitRG NER R Vs 10RCD M- PpF B SeAike W th

i ncreasing popul ati on growth, especially in underdevel oped countries where

chlorination FRBYSbREEYH tadfoshias ddiatt ittt ant ol 1Y nkres eohot vi abl e

ggm ;)(r;ls I'n addition,iLp1oneAtfl uent countries, the need for nicrobial

BACKGROUND ART

Lambert et al., U.S. Patent No. 3,923,655,
describe the desirability of a convenient method of
providing oxidation/disinfection 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

AR
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wat er for swi nm ng pools, decorative fountains, private wells and ponds has
increased dramatically in the years since the issuance of U S. Patent No.
3,923, 66wodhsmipreferred resin used in the Lanbert et al.Pdrashogose is
understood to be a co-polynmer containing styrene and chl or onet hyl styrene

groups that i cross-l,iq%_' db i vi nyl benzene. Those, pol yneri zed

chl or onet hyl si}‘?‘rcéﬁélﬁ}i %Wer%fflecrﬁﬂ iU stléh%f?%%‘y‘? eadt®d with
trimethyl am tqQ form.the quaternary a i U roups. of the strong base
ani on exchanggﬁ.3 ﬁ\lfto r r}féttli \}@%%acﬁtr%f%@’l g%ir?ee (r%%l%% %%Ja%tré%ek\?\net h the

chl oronet hyl qr. . rid i 0 - b erneri zed
by reaction w%ts%légﬁl%lri%ﬁ gﬁ%meg ‘%?ﬁt‘%ﬂ asgtr%leét hcg/)F}:(?:(L)%l g?& i met hyl

.sul fate. 2 WHe0 2/r&@ldrde PEHNIBOL /- laThen caxqiodymer resinngsddse ani on
exchange conpaqsitions described in the Lanpent et al,_patent are npot w dely

used in the afiér &ENEGREBpATRRI YR PRRAURAL | 1° pt HETF cES2¢HeY are

+found to be upstablg and.hlasdohigotd onahle; andhisriiathng !l evel s of

iodine into the water bei'ng treated. This finding is contrary to the

express teachitegs icfrt Renigwt eourhot her problemwith the al kyl ated strong

base ani on exchange mat yhiaal S ddas [l b(gd all)l;r(%La}ngnt et ,al., and particularly
a

t he al kyl at ed quat er nar Thoton unf%t erl T RS hey are thensel ves

not stable, buiGaITdtecommOse (. f aididerdlaryham det@ntal ahdgorateri al s,
i odine and nmethyl iodide. Tertiary am nes are poor |igands for triiodide
i on and per m GitsHafaGn wheh st e@ ivliel. 2 | Pee@dF T ofuChet hyl iodide is

| i sted as bei : i Y. o i J.. LS, Sax's
Danger ous Propra)g{rlt(’%ilEﬂgfsl(\gg*t cFtngil}ss’?lrl a ?@ﬁ%ﬁ@e@?ﬁ&g%é& anW £l‘s%}tl\%land
Rei nhol d, Newmiardobe(,1996)apagee2 GRow Lasrbentwasd whent eaehLanbérone shoul d

real kylate a resin prior to formng the trijpodide formso that any tertiary
ami ne_ present ot RAGSHOVRE 15FHRM ciALF . OF BHERISHIRESRANBE 1 he

possi bly usef HedRsl Rodts dhhEAl Kyt 8o Pod y{Ng 2;)(&19&1&9'18&) gBSwehscussed
in US. Patent No. 2,739,948. The preparation and use of a simlar naterial
is taught in @sRedalait o WBlOUE: ped coumeriesovaéref arsenic anions

from aqueous sglutlons. . Jhose, |Aler ¢0-p0l VORLS; 818 KPOURLLO. DS,
i nconpl etely quaternize and 10 eref'ore contaln sone Unal Kylated,
tertiary am néoilirnsg ded irevedsidisie tdet Bons VW th 1lddd$0iok- PRTMEIBSOL/ - ~90~1
materials of U S, Patent No. 2,739,948 al so_contained sone tertjary am ne.
Arseni ¢ poi soiffg WtrGoH g 8t e aRe e abPedEar ekt R bpRPREBPbporti ons in

some parts of fhe wordd. o iy Roooal . adldigeibor £6%APRE s, AN

private wells and ponds has increased dramatically in
the years since the igsuance of U.S. 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. Those
polymerized chloromethylstyrene (vinylbenzyl
chloride) groups can be reacted 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.



estimated 200, 000 people currently suffer from arsenic-induced skin

| esi ons, sonme of which have advanced to pre-cancerous hyperkeratoses. In

Bangl adesn 01/80166 estimated that nore than 3 million of tRETASPHYR#ately 5
l'ion

mllion existing wells are arsenic-contam nated, affecting up to 70 mllio

peopl e--tens of thousands exhibiting synptons of arsepicosis. The

i nternational health coﬁ%ﬂﬂQ%fﬂﬂiygﬁﬁxég%QﬂﬁzP?%ﬁg%?l%?s%%?EaE%ﬁcentration
of no nore thapdQNarishHefe il (PP AR £t | 8 dii Nkhagenpt er, as
conpared to the present 50 ppb standard. In the United States, arsenic in
dri nki ng wat eraxes retess inginbetled weedh ot i Wre tyf @ognemt hamedunder the 1986 Safe
Dri nki ng Water Act, and anendnents thereto. Since 1974, an arseni ¢ Maxi num
Cont ani nant ' 3E&Rre© EﬁﬂBS CEFIHY HALHRET TR F Feét 2Th ?%%n%nﬁ?ed

States. As a NRsWistbIDrhd esiesd fomikdgsoneplai ahdgiteibgaihy ri sks
associated wth popul ati ons exposed to high concentrations of arsenic in

.drinki ng wat edievieie 9 tlaf iStaatistt Envire ormeRir dre Prot eEerBAAAgeRBYS ( EPA)
reconmends the. .l i 0 r i r - pb. In the
United Stat eseféngdr%d nr'l%re&%r%ana% 8{%%‘13 2?%}%/\%% e?g%gﬂﬁqglgeé]?v\%ﬁgd fail to

meet the ' nompeatsddd ngent proposed arsenic standard. One estimate pl aces

the cost of conpliance for the 2 ppb MCL proposal in gxcess of $5
billion/year. The nunberARFLHHT REIRT €I the MhFYLatetafbEolfat fail to

nmeet the exi sty : 4 : 5041 04(~90. 11
MCL for ar seniﬂcd%s%&}lﬁgm%cﬁﬁggﬁﬁﬁgggst%%?gﬁlygngng}a%ggé?ﬁ fé Ee USA,
many t housandsalof, pmd gtarwettkaplpdute alknkangdwatetewnahypot enti al
serious health risks for the, ouseholdﬁ de endinﬁ OE selfgroduceg wat er
because of ar NP LIhERFFATbR. 2 sSERRE TESYo0h@ FASURGEYEP BXCdati on
states. Typi caldablal S8 Ccds PEESRPOsE Ntaqiesrst et ibirgnamliinet he oxi dati on
state of plus five (As+5, pentavalent) and to a |esser extent the oxidation
state of plus eteslgimgInatewbabat ) iodheeeand WOtBY§nitPiddft reported

cation chem st r ' Ny ngg..sal t - Q. KE for both
oxi dati on steuéggéégﬁfi%ﬁi&gid%ﬁ%d§§gg]i?ggﬁééaﬁgreg&%?o???Sa gﬁ? arsenic
conpounds ar e die getmidest{fsCdn s Db@+eaantly As€dpvedTheIhal i des are
readi |y hydrol yzed to arseni ous, acj 3 r it acid-dissociated formnms
(Fas0an- ) TS n f Gre el aeS8bde Ha Trobariont BEcoH & Bodbdings to be
separ at ed fronﬂ&&%@%‘&aé@f“&ﬁ@;@éet”@?énti kgl ¥ .bn asywhani gasg gorm of H3AsO03,
in a process of the invention are collectively referred To herein as
"trival ent ar SRIRILTOWS ReOPHEt b dbZedndystonaéntipieadanpyr PEhacid to

B oder at ol y_ <57 ong S IS P dgeme ik BrFoRor khe aa FbsBoAd ng hal  des
are al so knowef& . dJgamBstl set AsTl 4tgachThRapenhavahenfidar seni c conpounds
to be separated from aqueous sol utions are_nops y.an ignized f orm of

t likel .
H3As04. In a proRbEsldfetRer PRYRNPTOART EBCﬁOE@ﬁPﬁvﬁﬁEnFréﬁg nE conpounds

are col |l ectivefy.fefsrigget gnPereipiasy” aﬁ@havF&@gten@r S0 e’ beAnal yti cal
surveys taken of drinking water around the world usually give a total

arseni c | evel Bemoved.

Lambert et al. teach that one of the
possibly useful resins 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.S. Patent No. 5,908,557 for
the removal of arsenic anions from aqueous solutions.
Those latter co-polymers are known to be incompletely
guaternized and to therefore contain some

unalkylated, tertiary amine. It is believed that the



WO 02/ ~(11(~ PCT/USOL/.190~1 and fail to distinguish contributions from
pent aval ent arsenic or trivalent arsenic, even though trivalent arsenic is
consi der abby2/mase toxi c than pentaval ent arsenic. The fai IPATAIVY49041

confuses the | ogi cal assirgcanrrent of MCL val ues_because al though a | evel of 2
ppb of pent avaREsTiglseRc t Ranthdidel ot €39 obé8hadfFPhcertadrgd an

equi val ent | e%%lmeoftéxrgiv@}gnatmﬁ{es_eni c can have negative health
consequences. There 1s an-urgent need for a technology that will renove

arseni ¢ fromdrinki ng wlmerertioc pravsdeisqf ef | @évehking wasemi basegar dl ess of
the oxidation state of the arsenjic in an efficient, econom cal

, an
_envi ronnent al Iy SREARTE ORI G PILRPTHHPRS t hBt S@WEhPF‘EEﬁnBFoljgebe

flexible and bl entd Yyd Qbusdndan orelesi40 pgdressmphe, rggui rement s of
| arge nunicipal water utilities, private wells in developed countries and

.cont am nat ed wettemasmd X0 i 10 Urplevel ®pedrreohliyi esffer £yxoml so desirable

that an arsenic_ renoval éenst hcﬁd S afl e. Lo remove acsenic, f ?lomevvater Wi t hout
renoving al | GFIREGHRATERHHR 1HAO%dnt PrBGL 85t 871HEE £F¥%0r. A nunber
of technol ogi esivhaneedaah glescddmesrdus thgparketatbgapve anseni c from

drinking water, also_known as "arsenic renediation". These technol ogi es of
the art incl udangaedpr ekl pie f5bHaredekBat 0B8RBS hanl dnihalad%or pti on

and cl assi cal Jfort‘rf'é( 1*% @é nignmiei(ﬂ] ggxf’LEEiiH wgﬁggeaggt hods can be

effective at renoving pen avaziq ent” ar seni c,aﬁut tri va?ént arsenic defies
efficient remuadeniacortepoitatend ) tdEfleddbhgonal tEonpl mahdécAssessnent and
Costs for the Regul ation of Arsenic i Dr@/%ﬁ;i)gg Water" (January, |997)

prepared 6 RSBV PET/ GEFAnYs 1 1pHeSYRPYEPSi £F of Col or ado

at Boul der, nmopediamhd §07emPuiatéves tBbhedShanet8vabhaledtiohaar senic
renoval efficiency and cost. None of the eval uated nethods deScri bed

exhi bited arseniggesimial wdfgei encéenigreaneenthahios pér senmoren
addition, the prior, art_nethods .d of _off th Lopl ici .of .use required
a 16i§a$ﬁsd§efdpf}flén é@éﬁép% s2hiB' 4G %%ﬁgklﬂ

for private we T reatlhe rTess d areas of e world where
reliabl e el ectwdteatl, posvetormSatedviesd | ek epréBehbese ppbustiaodarda "poi nt of
use" treatnment is necessary or water mnust be transported in for use. U S

Patent No. 5,908,557 dest?iBRe WpibRidPtrh§San8rseparatPoRtiBdiom f or

converting triyglent; arsen té%@ieggn&aﬁfhse&tw 88RtGmi ARG eARLLNg the

pentaval ent form That pate s on the usé of polynerized N al kyl
pyri di ni um t ritdlodi &8 & dSaf pt Poimkedg udat exroRkicti 2edandendmeviést he ar seni c.

Those pol ynerized al kyl ., pyridiniumtriiodide ieties can _be depicted as
shown bel ow, vﬁlﬁ’%‘? ©t heéb‘g nf%lé%%aﬁr%rﬁ?gact @gécﬁg‘ww ﬁgptﬁﬁléns&%yrreri zed
Nal kyl" pyri di migira r {(Mom) def oo eppleShas ebdent ihbufedcrepeatdd! y t hrough out

t he co-pol yner t.heregé/ forming a plurality of N-alkyl pyridiniumtriiodide
noi eties. As iEHHREPLERELedI unhS52 FeRest28f3T08E Fﬁ&?%atféﬂfi}neiw [ Cl1- C4]

al kyl not all ﬁgréé%ﬂﬁ%t@@_ﬂé(éiéhnﬁigkér 90eB-2LeRE @henal kyl ated, thereby

| eaving sone tertiary pyridine nitrogens. Mre inportantly, the presence of
N-al kyl gr ouppqeriat soneadkydaed onoohighecpokygnkratoonscf arsenic

in drinking water, the United States Environmental
Protection Agency (EPA) 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 proposed arsenic standard. One
egstimate 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



over time leading to an increased anmount of tertiary am ne and a nethyl
hal i de that can be carcinogenic. 7 WO U2/ SU | -4 PCT/USO01l/ ~90-t| Sever al
ot her commoe/s£r cont am nants, such as iron(l1), anti noRET/US0l/4%tE,
nitrate and col or-causi ng contam nants can negatively influence arsenic

renedi att on, Diidinedsnann. JRdhads.  GLAss calrd of Sxehangga iy anh o ¢
resins of the art suffer frompoor efticiency O percent), Tow capacity
(1500 bed vol ueey) aamehssevertdhe afBICt inemy ntlvapsandy abdpbivaltag ef fici ency

when conpeting iigns such as sulfate are present in anopunts of 50 ppm or
mor e, esi cHE TG SEREER R AT (FO Joor SR bhBbyi £5E IRkN
chal | enged W 12 53 tMRIIgk LI archveldu ST ds | depSn&shd NBhede Py -t he
.aforenentioned University of Colorado report that 25 percent of such

cl assi cal respbrodnedidd waheay thedruge phacitbon ancempamindbsds: The
currently-favored plan fQr_ renpvi NG ars nic fromdyi nki(ri)gtwat er in
t Urs

.Bangl adesh is to permt HHRE et ef° 1o ET For°Tevetal ©ho l%’{Alposed to air,

allowi ng the igteres t gpidLrly 0 Dxdshze, inbedsshoul f sgussudrsenic to
precipitate out and settle. There remmins, therefore, a need for. a

si npl e- t 0- use SEAIGAIAR FrortheRIAGRE s shaer af sehie £i8f WAEer that is
stabl e and thgateen%?éﬁiaﬁ'e%&)a%?d AL I@@gﬁ'eﬂ%ﬁg'%&y%gmé{%nt han 95

percent. AnotHher inportant consideration in water renedi ation iI's consuner
accept ance. Theataf etfy pifisavwtdirend(Zo'st ofivheéewader Theralisi mport ant

factors in the prqvision of drinking water.. It.is thus seen that an
| mpr oved Co- pERGE AaAT o RO RS (PSRt SUEY oS Hes BERRNG:
oxi dati on/ di siRfreeliRihi SUpisdniBmteiivd ShOuksoRe sabbetho deconposition,

contain only quaternary anmoni um groups while being free of tertiary am ne
groups, and sleauldatign tratfeett iDdiRAS d1482) 2MO 02/ 501( - 4

PCT/USII1/-t90-1 surrour}:‘d ng%lvgé eé;% tnIQJl:Va CO ggsee%g?;%érgmpgﬁlaglskgkehal i de.

in
. X
The di scl osure that fol I'OWs “describes one& such ¢co- Several of

its uses. BRI EheSHAVARNE OF(AlHE J, NHEIFTLON £n¢ maspect dafhd healptdsendre
i nvention contenpl ates a_water-insoluble polyneric¢c nedi umhaving a

plurality of p&afieny Z86A1elKF3di tP BF SAMYPER MGt FisA5tde %81 1fri br oni de

moi et es whose iR P OERL [MROIbSL I 1iEDlSxifD 0MmREs that are
i ndependently a hydrido or a Cl1-C4 al kyl group. An exenplary
wat er - i nsol ubl?s:pel ynehe ctnedalentr birednde opmpoiubdenitde bean be il |l ustrat ed

by the struct%g%agggggﬂf%£§ gghéoushgbfutions, most likely in an

ionized form of H3As0;, in a process of the invention
are collectively referred to herein as "trivalent
arsenic".

As® can be oxidized by concentrated nitric
acid to pentavalent arsenic as arsenic acid (isolable
as H,As0,[H,0), which is a moderately strong oxidizing
agent in solution. The corresponding halides are
also known (e.g. AsCls, AsCl,;"). The pentavalent
arsenic compounds to be separated from aqueous
solutions are most likely an ionized form of H3As0,.
In a process of the invention, such pentavalent
arsenic compounds are collectively referred to herein
as "pentavalent arsenic".

Analytical surveys taken of drinking water

around the world usually give a total arsenic level



Br3 R R~ wherein the parentheses are used to show that the polynerized

N- pyri di ni um vi nyl benzyl group is distributed repeatedly through out the
co- pol ymawovhaneby formng a plurality of N-pyridinium vi RgTRSALY041
triiodide or tribrom de groups. In preferred enbodi nents, one of the Rl and

R2 substituents js Cl al kyl, group., Nare pref.erabl and R2 substituents
are both hydr iaﬁ‘é Ef&ﬂ?pé.o é’e%elrré\c-ﬁijgl\@t% tp’b%‘?}h‘éjr?‘)c(é BPUm has a triiodide
ion 9 WO (1esRberah Pfel/ Al 19054 L 00Pd Botit OAr 80QUE, OedehOtBOOYh 1.0

nmoles per liter, that is nore preferably about 0.2 to about 0.5 noles per
liter of co-péiniverlethaysfniferitc e ideTablhy aferablgxicsehay,
macroreti cul ar__chl y. . Styr - gl vy benz - that is
.reacted with ﬁfﬁtgs{lacei%@a;’l%eﬁgl—ébr %P%ugésﬂ%% eggp(g??%:fﬁ%]g?%ﬂpgfrl% t he
correspondi ng vaprdriieniafim g eaii deptdwdntt sifh udiwkirychangedfurthetrii odi de
or tribromde ions. A preferred, contenplated polyneric_nediumis free of
wat er - el ut abl ETEHRIRE Fhripaieal ARETEPPR ent BSLfYREVEPORERGEBSEIti cl es.

Anot her enbodi t r f ' a bi | ui d such
ot er or AT e IO L PO hc SEFLPA: SR SRRRL ek

cont enpl at ed preoces i aipplre st obe Ise@psh o £ peovs di ag equiwsééntont ai ni ng a
wat er - i nsol ubl.e | yner.i c, iumhaving a plurality of polynerized

Npyri di ni um vilﬁfegegltﬁwn;gﬂ?%eaﬁe?% b?%?yﬁﬂ%"%¥%?f"é§"fgﬂ§ﬁ%§§ of the
structure N\ donsdqued@e®f~ N\ - I~ RZ Br3 R- wherein Rl and R2 are

i ndependently a hydrido or a Cl-Cg al kyl group. An influent of mcrobially
contam nated fluid such Beexmtey amagrgent| eaedaharf pebeehBml9v¥i bl e

br eci pitate i Jtraduced .0, he, yespe! eLon cqpi ARLoL NG, L agoLybl e medi um

The fluid is maintained in contac e Inso 02/ SU1G 4
PCT/ USUI | ~9U. Traedieinmdfs Petée perapdesuffiregantléss ofcthbes present in
the influent to be killed by the triiadide, ions and?fﬁ?r_m,asepti c fluid. The

aseptic fluid WS YRS rom the JESSRI CatlaflePFFHEAER The
bef ore-not ed U&LLRAESNGES 49X éx@@iP&ﬁMEﬁEéElljgggbﬁﬁhaﬁxSnﬁékUt aifpeggwhen that

mediumis used in a contenpl ated process. udononas
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 “"arsenic remediation'. These
technologies of the art include iron co-
precipitation, reverse osmosis, alumina adsorption
and classical ion-exchange with anion exchange
resins. These methods can be effective at removing
pentavalent arsenic, but trivalent arsenic defies
efficient removal. 1In a report entitled "National
Compliance Assessment and Costs for the Regulation of

Arsenic in Drinking Water" (January, 1997) prepared



aerugi nosa and colifornms are particular m crobes against which a

contenpl ated polyneric nediumis useful. A process for oxidizing trival ent
arseni c svoaxsiiebny to pentaval ent arsenic or antinony i sPETAISEN0AL ed.
This process conprises the followng steps. (a) A vessel is provided that

contains a water-insgl ybl e pol i € .oxi datign i um conpri sing an

oxi dati on ned Xn‘flhﬁv%ﬁd"e‘?rﬁ!l&%?g fcoc}ro%}ffodiazrj r%glgcr ' t’ﬂ‘g]fe a‘?léglbo yneri zed
N pyri di ni um Mbﬁé!nbgﬁ%lé'tive' iR Ora dd | Broristesdroi et | £ssdgfoups) of the
structure ~3 ~~ R2 R~ N\ _ ~ R2 Br3 ~~J R- wherein RL and R2 are

i ndependent | yrampyadi ¢d fgcigncy- endaldadat gr digie 1af thwp evalugr el

PCT/ USOL/ ~90~ n 4 nf t S sol ution I i val ent arsenic or
.antinmony is i gr??%g%g?eéfﬁgﬁirg%t%ﬁe%%gi%é%%% %%én ac{]%{%‘g&{énisol ubl e oxi di zi ng
medi um (c) ThEfdgueads esOlgiidatier Thmi rimipweccdemt contracidad ¢ hot he

i nsol ubl e oxidizing mediumfor a tinme period sufficient for the trival ent
.arseni c or antPRoRFiCF @ metheatt 40 RYaQTifY e e TSRy Sftes to

form pent aval gL, Alsenl e AN R,dfie SAlahaR and Ferupedsedi um

(d) The pentaval ent seni c-cortal ning or antinony-containing solution is
separ at ed fr oetied opedueettare difumhea woclkl | whese arekfdlblent . A process for

renovi ng arsenic fragm an aqueous solutian.i.s also cantenpl ated and
conpri ses t he t-&EGW =y %@/Ve?’sjg]eel‘bf%‘ pr i%é%s? hat contains a

wat er - i nsol ubke +pRIRIL ,C LYzt MM hovd fiferde PLIradédys@tyoxi di zi ng
sites that are polynerized Npyridiniumvinylbenzyl triiodide or tribromde
moi eti es as descwalyed abke be transported in for use.

U.S8. Patent No. 5,908,557 describes an
oxidizing and separation medium for converting
trivalent arsenic 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 out the co-polymer thereby forming
a plurality of N-alkyl pyridinium triiodide moieties.

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

—— I -
€ N—I[C,-C,lalkyl
/(__a/\ A\ // + . ¢

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.



b) A volunme of an influent aqueous presanple solution that may contain
arsenic as watersoluble ions in the trivalent or pentavalent format a
concent r @ onsigseat er than about 2 parts per billion is i RCTASov#®4i nto t he
vessel to contact the insoluble oxidizing adsorption nmedium c) The
pre-sanple solution is g;ﬁi ntained in contact with the insol uble oxidizing

medi um for a time peri o® SH% i FHEF SFOVPPR AV &rET S SRHABIBRBEENt in the

influent to reaeh Wd hAde(ox dighdnSh) esshProxé di gec Lo pephaval ent
arsenic and forma sanple solution and reduced nedium d) The pentaval ent

ar seni c- cont aicgiliey -savs i clentiani tanttdontart reoak ive by penf dvaheat 12 WO
02/ sA G- PCTI a%%%%/i'cél%lelrﬁe‘ldliaatr seni,c blj)ﬂldi nlg rrgdign’lll(g for gediigrribound
e eI'h]%%ue u%cﬁpos PR

.arseni ¢ and an-agueous conposﬁtcf%nt?y

di scharged framd-keolegssd wisclamnef dhiente Hows ngt f thal aatsenf€er
concentration that is significantly |less, at |east about 95 percent |ess,
.than the initifdCO%HRBNtGEEIBHERENd( Y FPREFEYE hbol®W zerB2ESLHDOLPOD part s

per bi | 11 on ataenive Ml iidal ALOSESS:CADENE] LapLerpyeahi val ent and

pent aval ent antinony. A nore general process or oxidizing a water-soluble
metal ion frofiadiingte i cisdnan wiat ecdopat $egoindns hsgbkr asxi dati on state

is also contenpl.ated. This process, conprises the followi ng steps. a) A
vessel is proﬁ”&?@tt%ftrec(ﬁf?%?%t &%%??E%o@gﬁg pefyREr "er6xi di zi ng
medi um havi ng & A4l Lol e hdd N $ld eSut POE BEEMPRLYEEN T Zed
Npyridi ni um vi nyl benzyl triiodide or tribromde noieties as descri bed

above. b) A vdlangewiftvarwhert | clent 1l engrdusi sl athabrikavfcbardi wehd net al
ions of a first . oxidation, state. as t.er-soluble ions, is introduced into
Lhe vessel  t o bRt Nhas et YRR St ot near ARE boP8Rm a sol 1/ i qui d
adm xture. c) UHieres@ditd/ |dfuish el ttdgorS BRANDL 26 NnpdrEentacki Bacheri od
sufficient for the netal ions present in the influent to react with the

oxi di zi ng si t €A 1580 TS 1S WUEB B VR HRPS okPBARFBHA SPaBB to form a
sanpl e sol uti @y, %g{%ped medium d) The sanple solution is then
separated fromthe reduced nmedium Another aspect of the invention

contenpl ates nodi fi ed pdrhe cohatental yhfaeoredt plannfot3rembr@ng?2/s01 1.1

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/disinfection. Such a material should be
stable to decomposition, contain only quaternary
ammonium groups while being free of tertiary amine

groups, and should neither bleed iodine into



PCT/ US(I1/.190.~1 neta-periodate ions substantially honogeneously sorbed

t hroughout the particles. The neta-periodate ions are present in an anount
of about Wi @2/4006sabout 0.15 nolar in a gravity-settled vol BAE/USHI/pasL i cl es
in deionized water. A further aspect of the invention contenplates nodified
al um na particles containing iron or manganese or both substantially
honogeneous| yS¥sFBEEEREL b ORE BRI ThelPFBERraEnanese i s
present in an,aqpual Ofpabels Ao te D IRy AR Tbds WAV T ty-settl ed
vol une of particles in deionized water. The particles contaln an oxidized

i odi ne speci esuahdcarpcdybstarridldevdrale af inod ecsdkar i odi ne. A process
for renoving arsenic or antinony +3 or +5 ions froma water supply is also
.contenpl ated. That process conprises the follow ng steps. a) An aqueous
solution that contains ar$@iEG QUMMNRVTRIRY Tl OINVENTERE I N a concentration
greater than about 2 parts per billion is contacted with nodified al um na
.particles. Those nodifi éhealagrawt W tild exresentai invewhior manganese or
bot h sorbed subpstanti.ally honbgeneousl istributed thr hout in an anount
of about 0. 08 B RBBIA 1 & HHEE ae B PPV ECH QUREIEH: (| o0 Vol ume
of particles havdegoal zadirsatiery ofhepdiafd: el asd alspyeddimdiiman oxi di zed

i odi ne species and_are substantially free of nplecular iodine. b) That
contact i s maVARNIRERZYIr taitfqr dserdod BHRFIRIEHtMPHREERSWReSSr anti nony

+3 or +5 ions _present, to be sorbed by the rticles to form eni c- or
ant i nony- cont &i r‘filﬁdndéltmt i m%ne/"iql Suk%%dwmfﬁcj P@f?l%g%% -9U-11
agueous SO'Utt%ﬁth@Wéﬂidﬁéﬁéﬁﬁﬁﬁﬁlfﬁ&nﬁ§dﬁidé”§§HaCCP£C?”&1H?DY- c) The
arseni c- or antinony-containing particles are separated fromthe aqueous
sol uti on havi agoapl.esgenetkapillary ofategseihgo Dibhat pabyyier Ac shed i uhur t her
contenpl ated aspect_.of this invention is an apparatus for preparing an
aseptic fIuidt§&éﬁ@%§ﬁmﬁ¥w?rlﬂﬁﬂm%ﬁﬁnﬁ%ﬂLEecbﬁﬁ¥$%5§t%dv€¥s%mehaving an
inlet, an outlet. and.awederinsol uble polyneric mediumin a polyneric
medi unctont ai ning region. The water-insoluble polyneric mediumis as

di scussed before and is supported and contained within the

medi um cont ai ni ng regi on. 2n one preferred enbodi ment, the vessel includes
a first flowpermtting suppory positioned betweenjythe outlet and the
medi um cont ai ni ng regi om~Ereferably al so, the gsel includes a second
flowpermtting support pogitioned between the |nlet and the

medi untont ai ni ng region. The_inlet and outlet are preferably separated from
each other, and are nore brably are at ofgp jle ends of the apparatus.
The present invention hag pral benefits ang ant ages. One benefit is

that it provides an inexﬁ*ﬂ’lve oxi di zi ng sol I'k-phase nmedi um that can
oxi di ze arsenic +3 and antijmony +3 ions to the orgesponding +5 ions, and
al so kill bacteria. An advan f the inventi o }s%ﬁggt a cont enpl at ed
sol i d phase oxi di zi ng ﬁEdﬁUﬂ] han Zol or aﬁrthequi R2is utilized and
3
/;¢¢J

thereby indicates its own deg 22¢9f use.
R R

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 Rl and RZ?
substituents is C; alkyl group. More preferably, RI

and R2 substituents are both hydrido groups.

Preferably, the polymeric medium has a triiodide ion



Anot her benefit of the invention is that the oxidant of a contenpl ated
solid phase oxidizing 15 WO Il12/sll | |~4 PCT/1l1S01/.190~1 nedi um does
not bl eew@ oxiviéshe nedi um which bl eedi ng can cause of f - oHEFRAISPIGHMHEe
surroundi ng environnment. Another advantage of the invention is that it

provi des a solid phase al um na-based nedi um_that can sorb (absorb or
adsor b) ar senFEREENEN@LaREONENY 45 RO ork &y R 1% F ur t her

benefit of thephRvent h@gg ;rﬂsefef%_tra%l R af ed olduhyphases ahdind fa- based

medi um . cont al ni ng sor Ic +5 or antinmony +5 binds those ions
tightly, therpby pertwrirt bfngodiceposer.of Bremolypetiwin imedidmndsfill wi thout
worry of | eaching of the bound jons to the enviro nt. A further advantage
.of the invent PEﬁ%F§ At aas(?g npestEd &q%%a%goﬁwwu%%%%% nedi um
cont ai ni Nng SoEbegeRRI-GYRY riABREdirAtRd o yandre it tigs ned£asait he mercury
for collection and permt reuse of the medium Still further benefits and
.advant ages of Wik& Pivédstingn ok 18 mMeacap et ehisuls tiHaltgst keyr Bling didary

SKi 11 from t hg gl sehasre Lhato {0l pus, . BRLER PESCRLRTI.ON G THE DRAW NGS

FIG 1 shows a“schenmatic rep a separation vessel useful in an
enbodi nent of fukehietvexdeihgdd @ith showsod e ettt ibrept@sendmsi on of
anot her separation vessel useful i.n an enhodi nent of the jnvention. FIG 3

shows a schendBt PESEEFFESenCANGTRIR R DAoL & AIRAHT o vBER®l Otiseful in

an errbod'nentwater—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 medium having a plurality of polymerized N-
pyridinium vinylbenzyl triiodide or tribromide

moieties (groups) of the structure

+ +

I_ '\i/\'__RZ ) I\f/\l R2
3 Br I
L/ \/ 3 L/\/
R’ R’
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. The

fluid is maintained in contact with the insoluble

10



of the invention. DETAILED DESCRI PTION OF THE INVENTION 16 WD 02/sd G ~
PCT/ USUL/ - 490A The present invention relates to an anti mcrobial and

oxi dat i vavowat/amed nsol ubl e pol yneric nedium (often nerely PETAISHEHOID as a
polynmeric medium and its use in the preparation of aseptic water and for

converting trivalent arsenic to pentaval ent, arseni¢c (As+3 As+5) in such
water. Thus, BREIZEHESE &f time feadadt § %Wcﬁ?ﬂfe‘ﬁb‘%‘t’%@sa

vater-insol ublecoelymet] ¢ rxidi@ithdad Wa 14 LM aopl abed: pol yapatc
oxidizing nediumis a co-polynmer that has a plurality of polynerized
Npyri di ni um viipylsbemzy fiorumadeagsi bednitdw stlbstasepintis, fR1idnds R2, t hat

are independently.a hydrido or .a Cl-C4 al kyl gro The pol ynerized N
.pyridi ni um vi H&F%&?ﬁfg%t rfl%od‘ljit&’ee (Yrestsr‘?lbr%%i%g effg‘?]e‘f‘?@_s‘ conpri se oxidi zi ng
sites in the co-pol ymer RAigERo RN XD ks dved8Fe d NBOL UBhE pol ymeric

mediumis preferably a solid at anbient tenperatures and can be illustrated
by the struct pedymegriguimedium -are paimtaine¢drghen REhahenedhunhes

par ent heses a&ggétsg% to csor}{oc\é&&r}%}aa{%eﬁ%%gzﬁooéo%%@” zlggeul\lag {)/}]ggnl um vi nyl benzyl

group is distri repea t he ‘co-pol ynmer thereby formng
a plurality ofheMupyriddaniatd oyl faenesy/ | ate ipadh teuwbar tmibdropede groups. In
Preterred e S wnloh ¥ e ared palynerid mediun 18
useful.
A process for oxidizing trivalent arsenic
or antimony to pentavalent arsenic or antimony is
contemplated. This process comprises the following
steps.
(a) A vessel is provided that contains a
water-insoluble 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

+ +

SN, N,

5L, T S VS
R R’

wherein R1 and R? are independently a

hydrido or a Cy-Cg alkyl group.

11




PCT/1J S111 /~9(1~ 1 substituents is Cl al kyl group. Mre preferably, Rl
and R2 substituents are both the N-pyridiniumvinylbenzyl groups of the

pol yneri svoredsues structure to the fornula _ N I3 hydrido gC®ape1/$m®+t hat
triiodide or tribrom de ~n1corresponds in _ NBr3 Preferably, the polyneric

nmedi um has a triiodi de Off, frIAH igg %_%51@99 L Qa% é@ about 1.0

nol es per liter, that is nore pre era to a out nol es per
liter of co- pakﬁw&ﬂeﬂﬁuaﬂsenxnhmkaantimoﬁycnmdﬁntnodeoedlsnpoetheably
about one-third the content of pyridjni g p that all of the iodide
or bronide i oNeER& it rEIHRI % Ye ﬁ%@bﬁbﬁgl?Fgﬁuﬁf triiodide

or tribromde can be takgh upriy ddeened yg@m@wﬁdwmnalﬁth@ﬁééelhs nhor e
.preferred as conpared to tribrom de. The polyneric nmediumis preferably a

macr or et i cul aconttasttonettiy | thedi ssghdnes dbxd dyr beazeadivo- poryaer that is
reacted with r|d|ne .0r . an pro [ upstituted ridine to
.formthe corr %ﬁf?ﬂw% Qﬁéhﬁf%ﬁ¥g€heW%5%¥a Pgr?ESQPﬁﬁ 5% further
exchanged wi t f&ritrllm&g; tien adhd ridF Désle tONseadt Pt B £RE, oAt eMpGat ed

pol yneric medi um i ree of waterelutable iodine or bromne, and Is present

as free 28 \WOtER2/BDETM n@mmlteryeqrwmmgrpam:mp@g igl £RBugh a
cont enpl at ed r ent as a film In preferred
i PR TR SR AR MeRgt

practice, the group 1s group is at the 4-position, and is
preferably a H (hydrido)«@rowumnw%mxaw&i@mabﬁysehotthﬁtamdlﬁ@ are hydrido
groups so pyridine itself is, used. wﬁen ei t her i_s ot her than

hydri do, that SRTGMAIY 1LYt 22D 5P u%%ﬁ%y+s(%ﬁ¥a§?5R§ LEQBNBRSry nono-

and di - substi tdp Ly i 168, V‘é’s‘?%fcéfﬁysé'§’5£ﬁté§ﬂu8ﬁt0r R2 group is a
met hyl (Cl) group include oc- y-picolines, and the 3,4-, 3, 5-

2,3-, 2,4-, 2,5- and 2, A Irtdcksesion mmwexm@daps@negsfr@m pneparu ng a

contenplated |on exchan r esin, u5| r|d|ne i r _a_nono-
di-Cl-C4 aIkyI |Qﬁrﬁ§¥ﬁﬁ}on+$ ?%GTP % §Q na CompEiSEﬁ aIkyI] is

illustrated geﬂﬁade,wmﬁyr&t}:Qsei,s Scherre 1 shown bel ow. Synthesis Schene 1
CH2CL R Rz R1 +~~1 R2 N

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
moieties 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 insoluble oxidizing medium for a
time period sufficient for trivalent arsenic present
in the influent to react with the oxidiziﬁg sites to
“oxldize to pentavalent arsenic and form a sample
gsolution and reduced medium.

d) The pentavalent arsenic-containing

sample solution is contacted with a pentavalent

12



CH2 d RL - Hor Cl1-C4 alkyl; R - Hor Cl-C4 alkyl As is seen, a preferred
reacti on sequence begins with the preparation of chloronethyl ated

cross-|i vedzpabystyrene such as the beads whose synthesi $Craspghdt4known
fromthe preparation of com*rer cially avail abI e quater nary anmoni um

i oncont ai ni ng i on exc r esi noi]f %erf ri{n $§er| cal 1 WO 02/s01 G-
PCT/ USO 1 / ~9G¥ frﬁé:a léq‘ga"ber WY S ¥ B R R ORI AFRE T Esi n and
such beads ar@udt idr zeflhiddddiddmidssed oherein. I n one procedure,
cross-|linked polystyrene beads are first prepared that are subsequently

chloronethyl ated by read) off i tanusnus cRTPesirbenyisedherhandede presence

of al um num C{}legmi)q:% or,, Sésnet']herea ed@ﬁIx%r?{ Eﬁa&ﬁ%&l ¥§1t1 1TQ§5£§§H| ting

.chl oronet hyl a S are reac I'ne or

substitut ed pydridre raiadrherhgy QE@%lgIOxf)i)d:g&ﬁﬂElyzbésm nyt beazyl chl ori de
(chl or onet hyl styren%# and a cross-linker in a manper simlar to that used
‘to prepare . SREIN e N T OnetIRA sthe ebeit1adi n beads contai ning 2

percent DVB crOgss ritrll%ﬁ:rlcgrhatar?a(ec 1 P8 Ay 0B o e o hpode AN Chem
Soc. 103:3821 (1981 Exenpl ary cross-I1nked chl oronethylated pol ystyrenes

can be obt ai neehrfa=omesi gbneillﬁtmna:mexﬁoc of A Stiml batr spreaadeant he
designation Merrifield' s t| de ) ese bead e . 200- 400 nesh
size and are é‘\ﬁ’ﬁ% A8 érea{?o 9=t I%‘reﬁ t“%%]%l?/%ﬁl%?ﬁfgf%ﬂé {SfmgﬂYOri de per
gram 0.4-0.9 neq/g, both rﬁiréQ_?] %'p%eéﬁdféﬁoéklélﬁﬁﬂ gaat 20
cross-link. Simlar 200-400 nesh materials are also avail able from Acros

Organi cs, Fi sh@tescisniulie megak sher ghropset hb¥shrexsdpdien ebatain 2-2.5
meaq/ g Chlorln%o 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 triiodide oxr tribromide
moieties as described above.

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

c) The solid/liquid admixture is
maintained for a time period sufficient for the metal
ions present in the influent to react with the
oxidizing sites to oxidize 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

13



both 1% and 20 cross-link. It should be apparent to those skilled in the
art of water purification that a water-insoluble polyneric adsorption or
oxi di zi ngvorensue can be solid or liquid. It should al so becunser/stwend t hat
t he Npyri di ni um vi nyl benzyl -contai ni ng noi eti es need not thenselves form

Dol ymer st ng 35n B O R TS Pt o B AT 0 L e 4P Fng L echni ques
for vinyl benzgbrobldothadeughohdtowse partaadidson Wi e ty+ et ited el
triiodide or tribromde exchanggm_to forman sqr ption nedi urghavi ng

N pyri di ni um E£PPPo@F&e PEESERTAgPde 3Ry UxidRit i orf ddsid? AU si tes.

Sui tabl e crosg-hnking Maken 38-/ieF Usk tind RO IRIRS Y pamentiofn i ncl ude
.di vinyl benzene (DVB), trinethyl ol propane triacrylate, trinethyl ol propane
tri met hacryl atle, d¢ienherdnesditelr .di net hacryl ate, 1, 10decanedi ol

di met hacryl ate and the Li are wel | k in the art. D vinyl benzene is
a particularly preferred ?%52%—911 pr‘?é:taé)émﬁ}t,ghearf&“ﬁréﬁju%rht ly contains ethyl
styrene as ancbRBBiiplkte RIS H Qrfiital Yoskiidldd ddver firdindg ! | _
appreci ate that one can use other cross-linking materials w thout_ extending
beyond t he scépehoPnt Hengie@ss® dhbail cibtanterpl kit dePpedsimeeielviedia in
particul ate f n i fr t. e . 10 nesh, as may
be desired de%é%:éﬁg t@%(??llg?%gltf Itglvr% %%[%lell'locfﬁ%\?\s/dt eflkl—f%%ola%ﬁu%rcol um as is
usual | y used mantheeprepar atvieaernf iasept iaanoatterof Risdwer abl 95 tdie particles
are of about ngto about 35 nmesh (about 850 ~.mto._about 500_Vim, and nore
preferably ab86Puss5%-d°a 3¢ [T H QERRT AR (- HHBRt°%600 Vim The
particle sizepdirgticiiRit i1eN ffi RN RENRIAY. baktdh of -Pol VoRrdSnd@dium i s
shown in Exanple 1, hereinafter. Additionally, a contenplated polyneric

medi umin tri podiodd diged iioddark spesies aigd e ephetant tal by , fxéereas t he
tribromde formis.a red-or.ange color. A co-polyner free of triiodide or
tribrom de ioﬁ? (}I‘?c % 6T° “Sor or spent nmediumis tan so that one can
tell by a color change wherddeespdHimBrdnioviath Wrdsn EPent amelimdepl d be
repl aced. 21 WO 02/ ~(1'1 Cr~ PCT/US(11/~90.11 A contenpl ated adsorption

nmedi um i s seedPnFy +$i FAE HLPM IFe AL FURRY t¥5 2X§P anmmoni um nedi a
described in r t U. : Ao al so

seem ngly si m?c:aglﬁleﬁ?i%ﬁteedﬁl- al liﬂt 5’3}? ﬁ%?ﬁ@%ﬂ%%gﬁ%ﬁ?ﬁ%g medra of the
Smth et al. ©t8psRatent No. 5,908,557. However, in each instance, the

medi um contenpl ated here . .is not only different in structure from each of

those other y media, but*’al¥b AFHFMRMmCIH IS Bt g et act eri stics for
various ions. aHidsi Asrldtademioted .o hes mesha of doddndédertapbent et al .

and Smth et al. patents contain N-al kyl quaternary amoni um noieties.
Those groups G&fagedorpede akeUtokmaa tthagianest 1 i chs sfntrefeded to be

car ci nogeni c. (A rediigng %ﬁ@ﬁﬁaﬁj}%é h i dlf?}g%ﬁgﬁ%fpg@zyl

pyri di ni um group, cannot deconpose y. A , as shown in the
Exanpl es her ekdafitiers, reuredilen aoritauightiton lanbesngatesd . ornbotle trii odi de

formloses iodine to its surroundings, whereas a contenpl ated nedi um does
ot - Fur t her nEPELes G b e TRA SR At U SCT DBGHSTn the Sm th et
al . patent, wheRoheiHbual € it heddurtthl O i deodorase s bi dabehr et e ion at
very different rates, even though the avajlable binding sites were in great

excess over tRelafo@® mslasinat diate Prassiif - sofiot dervekwsdi eent of the
i nvention conb%rgl‘}:ig:tlee% %rpré)ecied?figeocf Joﬁré;]}-ng ﬁ?ﬂ%i&éé%f’séucr‘ as wat er

or air froma cont'ail ni ng mcro contam nat1on. A cont enpl at ed
process can beomted mdrh atidiasedwlddiate fepshieos sadtamater in that el ution

of a previously discussed polyneric nmediumw th gi nol ar sodi um chl oride did

not renove a FORISCEINI@ dnbdnteoof guriReular 1odine.

b) That contact is maintained for a time
period sufficient for arsenic or antimony +3 or +5
ions present to be sorbed by the particles to form

arsenic- or antimony-containing particles and an
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22 WO 02/5111(n PCT/ USOL/ ~90~1 One contenpl ated process conprises the
steps of providing a vessel containing a waterinsol uble polyneric oxidizing
medi um havoogsaepl ural ity of polynerized N pyridini um vi nplICdiseyhoost i i odi de
or tribrom de noieties (groups) of the structure NI _ '~ RR R~-N\ -~ R
Br3 R~ wherein Rl and R2 are independently a hydrido or a _Cl-C4 al kyl
group. An inf @Ot SRlHoka BV Ermt and Aaseacd| angustcAfadr®BReF that is
cl ear and fre%rfgﬂngéﬂ |l e precipitate is introduced to the vessel to
contact the insolubl'e nedium Thus, for exanple, the water contenplated for
use in this process has «sormhan £rodan bt - | oadanbimong-nohtaihighl vy
contam nated sline as m ght be found iP a sewage treatnenh Elant. Rat her,

b SPhe

water froma PREGLSS S SRarRntdl THSRICEE PEHEFS 4PZpl ay of

aquatic fish and iGIds] acamnd$ SRALLIPLAL 8sERE cUSE hAtamBRYCESS. The
wat er can be slightly turbid and can be filtered prior to use in a process

.to renove the turbidity.A Bieill drshieh esnparetatednappeained thisont act
with the insol.uble mediumfor a tine ﬁSF%Od sufficient for g%g&gbes pr esent
Fi

in the influent™ B HE%kitT & BPPRHt f B 6Pt HBr 8 38SPOAS and form
23 WO 112/ Ai6-¢t R WSO dated 90-tHatinappepbtasfl buingrseeB as water. The

aseptic fluid is
vessel having an inlet, an outlet and a water-
insoluble 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. In
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 outlet 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 ig that it provides an
inexpensive oxidizing solid phase medium that can
oxidize arsenic +3 and antimony +3 ions to the
corresponding +5 ions, and also kill bacteria.

An advantage of the invention is that a
contemplated solid phase oxidizing medium 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 contemplated solid phase oxidizing
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di scharged fromthe vessel as an effluent. Exenplary m crobes against which
a contenpl ated process is useful include Pseudonobnas aerugi nosa, coliform
such as Me@hbzftda terrigena and E. coli, Cryptosporidi umPCGUSHOIM4NUri S
and Gardia lanblia, Leg.ionella and the |ike. Pseudonobnas aerugi nosa and
coliforms such as E. coli axe. partjcul ar mcrobes agai.nst ich.a

cont enpl at ed P& Hﬂ}idt?er?e&]ioﬁmkﬁseetﬁsg n ee%ee%cﬁ‘%’- n%]ilje(ah\sgé?%?%ﬂ%es for
the pol yneri c capdiciiis?r & fRaidicdath Wien diatouregh i ésv Ls6ameAt a

contenpl ated process. An apparatus for preparing an aseptic fluid

conprising the above polPpafhieyr mshianhade £ upporinveRserni $safFkat _
contenpl at ed. ;4 %%Rﬁ@%'sat e%oﬁ‘i@%ﬁaé’e“%ﬂmix}?a%’&’é% ':]né(dﬂhrﬂSm?hQE pl astic
0 nd is typica

.such as pol yethyFéne "or pol ypropylene a y a chronat ographic
col um or car cendgerbA @Ghricanplat edlamssiel axsamiact Bidendnenbimonye inl et s,
outlets, valves such as stopcocks and_sim | ar appendages. One contenpl at ed
‘support vesselS $08 iLAm Sgueaits Med3 inlet for receiving a fluid such

as an aqueous sol ution gy iR CHULACE Of of hen S0l A4 QP; MLt Bt progont ai ned
pol yneric medium and an outlet for the egress of water after contact with

the medi um Weerocntempipgpierd sadsiskiphasa glustnarbatedthedthtmomat ogr aphi ¢
colum or cartridge, .the vessel can contaén apsrl)ro?ri at em%%vea such as

st opcocks for <& &Hq%ggofaféiol?srsfefw B et TOR%oln, P28 el | as
connection j OithoxeS UShaAT ilgierlf | tiHdEShy Therhit €ind 0i&66684YI BF an aqueous

liquid solution and outlet for liquid egress can be the same structure as
where a beakespPertagiedsiumptifera ey £351 241 thewo 1apryoef Gleaapeings| | |

/-4911-11 useg)ff Qf eaéocr‘?gﬁ_}de%r?g qgj %Igée%ip&‘ﬂé‘g?hi nlet and outlet are

typically differen are separa fromeac er when a fluid such as
air is utilized. Usuallywy filrchHet eddendcayt | ef ehe hhveppodshnt ésends of the
apparatus. F2G, 1 provides a schematjc_draw ng of one preferred, apparatus

for preparing HWep CARRPP3GE, S R At FEUHHRR sPRASANTEG el ude a

support vesseloag .8 U Eb e d'Nd AP &4t Bhe 20e 8PE3 afn OYT eL 28 for
water. The outlet has an integral seal” and is separable fromthe seal at a

frangi bl e confecricdresg® thee repparay usod Ocebheat hen oaed openpi &
flowpermttin r\ﬁss%g%%r ttdqel ement s, In one enbodinent, a frit 22 supports

pol ynmeric mediu an” upper  frit 18 hel ps to keep the nediumin place

during the introduction g&fildn fuddhentbefe fdteoasd saduahoageSoatenpl at ed
frits can be made of glass or plastic such as high densjty pal yet hyl ene
(HDPE). A HDPEDS jimvsmtgmm il by RpRr ool et Qi e ¥opketePfed. A

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
yet another separation vessel useful in an embodiment

of the invention.

DETAILED DESCRIPTION OF THE INVENTION
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contenpl at ed apparatus can al so include a stopcock or other flowregul ating
devi ce (not shown) at, near or in conjunction with the outlet 28 to assi st
i n regul a¥@nysfibbw t hrough the apparatus. An above-descri BPE€A/US01/49041
chromat ographic colum is typically offered for sale with a cap (not shown)
placed into inlet 26 an sna -of f 1éfra Ib]#eﬁ#e end_30. The gol ymeric
nmedi umin such a col um F%% atRd*Ri #REAsept i ¢

wat er and cannﬁ%xl&%lasarﬁardxma@ammﬁein%mmé%oﬁy&ﬂék@cor canpi ng
trip or the like for a person away from aseptic water. It is preferred that

t he average dimgsdper (offysal yaasrely neslfeirerdrtd ciesa Heobyoarie00 to about

750 ~, m when a_chr onat r used. 25
VO Uz sul -4 BEFRRYT R IRY e 4R O Pl ol (SRR ERRELY, G i m
of anot her pr aiaarerxechrﬁpparxatdm\réﬁmgtﬂfnelwaqommatatsséﬂﬂciSOShown to include
a support vessel as a cartridge 112 having an inlet 126 and an outlet |28
for water. A pemtbihlienipreafesrab y(Ast2gr alllsy olidedswalt lwateer i nl et 126.
The outlet 128 is preferably integrally nolded with the cartridge 112. The
apparatus 110 contains &por.ons AgRECE suiththe présent 12Rvenatiosupport s
pol ymeri c nedi umt1161 Atn up er orous 191%” S h as aofrlt 118 helps to
keep the nedi G ﬁm}ﬁ e ‘?]ﬂel ct9d “HR }ﬁ%?ﬁ%nrtl aqueous

sanpl e or el Utigdd 50l UtA bent‘érﬁ&ﬂit@é@' gﬂn@pp@r@imlgﬁﬂgahéalumchyde a
stopcock or other flowregulating device (not shown) at, near or in

conj unction wuat wqmldm%tt@s has B pLerahiregaf a@@h@“@Féﬁﬁ@hNough t he
apparat us. @3}%%&9} Wfﬂéﬂ;@%ﬁ S&‘fﬁ@éﬂeV&éS@ 118:@01%&8% 2 1s typi Cﬁ' ly

provi ded with pol'ymeri ¢ “oxl mediumin a state, or wet wt
asepti c wat er mdiretaiddi twhorge |py:etdﬂ126,uarnd1mg1$ Iledsa:l218wcar e preferably
standard fitti n%ﬁruch as Luer fittings that are adapted for easy
connection to so¥ 1ts-teaﬂ-'dia,rd1 @@@%orthaaﬁﬁcDM@n@ﬁétthas enbodi ment

is particularl datedfor S'Ss in filter prior
to use of the% é) vﬁ1er]e p%tg%]%)éfvé][sg&l S i&h{é §§%‘€3£¥r%%ndakwell Thi s
enbodi ment co Yors 361 Ned] 45 S absor PaKLLgykarly adapted for
use with air gjé&;lhraelr}%lﬁt:{d . |s a SO pre rr%d t hat t{fue aver age di aneter
of particl es heiaiadigs &GﬂnpmmM1dﬁﬂlng neivben anchhércdgpodpparatus is

prepared and use FTG_ 3 i rates a sche am of yet anot her
Dt at us 210 o hr g I LHeY raSeht  RavEHet SO ABE ShBar at us 210

includes a 26 medMfh O SJddden R US1dd1 1498 umﬁy@@@rtempésgtuiéa havi ng
an inlet port 226 and an outlet port 228. The inlet and outlet ports 226,

228 are positidBWedEash ke o eMee @Y hehe e3seRChYPal TRPEMYL Rangenent can

be used where, for exanple, acg:ess to the entire vgssel 212 is limted and
R2

L/\)_R2 Bry —

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 Rl and R2
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attachnment of connecting tubing {not shown) is facilitated by |ocating the
ports 226, 228 near or adjacent one another. The vessel 212 supports the
pol yrmer i ovox2/8i1a4 ng nedi um 2Z6 therein to a predeterm ned P /49041
(corresponding to a volunme} within the vessel 212. A dip pipe 230 is
located within the vessel 212 in flow comunication with the outlet port
228. The dip FueAI0HcyiteLn PHER FHFOWR scHEPHE nerefeaskly(eR™g. |
aseptic) water fromthe vessel 212. Slits 232 or other openings axe forned
in the dip pi g@dzégl teoigsr o ek s fanay pritih hydm daeoyessel sQzpheb t he
interior of th Lpe 0;.and. thus the el _ou 228. I 232 or
openi ngs are §$§£§%§g§§Qﬁ¢%ﬁ@/Y%P%%éﬁég§§1¢ﬁﬁ}%é§é%fgﬁe%%285§%£§§0n1the
.vessel 212, Agrehigs tdfe gieweligher desasdbed esbodépends, ia support, such
as frit (not shown) can be placed over the polyneric nmedia 216 to nmaintain
the medi a 216 St¥usitaee ite ttHee Vierw®il®12. As will be readily understood
.froma study of FIG 3, water js supplied to the vessel 212 through the
inlet, port 226. The wat | s," the vessel 212)to an operational |evel.
Treated water is drawn f

t hrough the nedia 216. Thy
which to treat water is 4 PCT/US(11/~90.11 One

be readily prepared by

The slurry is added onta a
flowpermtting support el gnment such as a frit vertically oriented
support vessel such as a co

TR he nediumis perprtted to settle under
the force of gravity and gan ¥ ked nore §nsel} ng vibration,
dsired hei ght of Medi g achi eved, any

tapping or the like. Once a d
excess liquid is renoved as by Vacuum a second fl owpermtting el enent
such as another frit is inserted into the colum above the nmedium and the
cap is added. To prepare another chromatographic colum that can be used
for a contenpl ated proceBssfarapplyi ophef ppbyyeri¢cmeddiunhpeepar ed as

di scussed above jis slurried in aseptic,water and_al Lquots, o hat slurry
are transferré&ﬁﬁﬂé;&%n?¥oﬁ%ﬂbﬁ9%£§%r%O?oc%ngﬁnEn? oﬁgoﬁFaésEB?8-Rad
colum (1.4 nagdig de. ¢li AsELerpeedui bped vhih pol Mprepylemerbbliii ngs

manuf act ured under the trademark "Chem nert" by Chromatronix, _Inc.,
Ber kel ey, CA. alifar: the? dekizledubell- henghesiBeFebithed PEoFPeBPSHBEHY to a

bed volume of -Rouly 8 £8B)or [08; PEGhHALT Soheaft! tgdphY cRagkgshi ng. The
pol ymeric oxidizing mediumis then rinsed wth several bed vol unes of
aseptic. An apjisrngt usmeshdwird ntkd GoRtean b pyepdisdulygaddpsgsa

predeter e el Sht PLoBT KyROLIFELL Co gL un Lo, LB patrLdoe 112
released upon reductive decomposition of triiodide 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
chloride, 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 1is present as free-
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filled cartridge is vibrated in a vertical orientation to achieve a
constant height for the nmedi um bed, the upper porous support 118 is

i nsertedw@anstire cap 1.24 containing nolded fluid inlet Peé/US1/goated onto
t he device. 28 WO (12/s111 (i~ PCT/USOL/-490al The present invention is
al so directed to a_process for oxidi.zing trivalent arsenic to pentaval ent
arseni ¢ and rgbrt? G @S}r}c]t(i]o%blaelq?ké aofc%?g%rﬁP@aE?anPaingéE}us

sol ution al sone@R@ WY B h¥edons.adyPi €81y, in order to reduce the
arseni c concentration of drinking water to acceptable |levels, the arsenic
MCL shoul d be at or bel awm Yrefastsepesrditicon thppbRl grefiprably at or

bel ow 10 ppb, and nost preferably at or below 2 ppb. A process for

.oxi di zi ng tri VakderidcarsshiR? ignmip rscuttilen 4 copentaval eandaisenic ions is

t hus contenpl ated. I.n.accordance. w such a process, a_.vessel, also
referred to agrg%felr@\ﬁlﬁ’eram s d:&:c)%?h)- FRBuc %Eeapﬁg%ir@gggswibed

-chr omat ogr aphti ohul i S P i.ded_th cQnt.ai &

wat er - i nsol ubl[b%t%o y%rn:%{: %%?%ae?%&nie%ﬁ ﬁﬁ‘%@?nﬁéﬁéf%ggf’?t $§8 1(f)_xi dation
sites that aregpolgueeri Zah Ny gk nipin i nyd benzylntei EAdhdg, QL1 kK br om de
noi eties (groups) of the structure / N13_/ N\ Br3 wherein"Rl and R2 are
i ndependent | y thaty & icdouy i Qrafewmdldy groephy A VELungrofipan i nfl uent
aqueous pre-sanple _solution that can contain arsenic as water-sol uble ions

in the trival EFemPdemYvatmancomithtdatsdreyiated pPrinadaneat wkeparts per
billion is introduced as an infduent_jinto the, vessel to_cqgntact the

i nsol ubl e 29 Lt%sf%ﬂﬂ?@@efﬁcﬁbﬁﬁ%ﬁrﬁ% b%i%lirf?ﬁﬁyﬁegf:m IFALB
solution is also.referred o herein as %_I oad or chall enge sol ution. That
influent int rdﬂ’G&Hd@n %Can e & @GR BFHudthdFPgranvtty T1dw, or
sinple diffusion._asjgweld «nowy 2,6-1utidines.

A preferred process for preparing a

contemplated ion exchange resin using pyridine itself
or a mono- or di-C1-Cy4 alkyl pyridine [Rl = H or Cq-
Cq alkyl and R2 = H or Cq-C4 alkyl] is illustrated

generally in Synthesis Scheme 1 shown below.

Synthesis Scheme 1

f;
CH,C1 T CHY o -
1

. N
Rl/ \Rz R,, = H or C;-C, alkyl;
R = H or C,-C, alkyl

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

containing ion exchange resins. Generally spherical
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The pre-sanple solution is maintained in contact wth the insoluble

oxidizing nmediumfor a tinme period sufficient for trivalent arsenic present
in the i Woopmii6to react with the oxidizing sites to oxi dPg@&/usel/gpwmt aval ent
arsenic to forma sanple solution and a reduced nedium The sanple sol ution

is then discharged fromthe vessel as an effluent of pentaval ent arsenic

i ons. The inf Rg&Re &t QORI iPEROR SOPHETBHAFRS FBPLRI |y
provided from.a r Ka B AL € MBE £ e § O £&st SHEHVES ah@@{ehn.l na
preferred process, the aqueous solution has an 1nitial %,rlva ent arsenic
concentration of nore than cwyrdddard s qersdhilinkad palpsefeened

enbodi nent s, he trival etn,t arseni c o%éd tion is coupled to.renoval of the
ttﬁ}ﬁ g

pentaval ent a T Frat Sk RS £ A% ot e‘ﬂB?nFéﬁDyi ng or

reduci ng the coneginatiPnkdd thy wad £t dyDEnt aNabebheBhFENIELhPL AN

arseni ccontaining solution is contenplated. Thus, in one enbodinment, the

.ef fluent fromeathenxiddthorressaur af alwinun peheaideenr aiwdhic bi ndi ng
riede

medi um such as._conventional str.o se i on._ex e resin that binds
pent aval ent ar%senl cela—nféfrﬁtast écgbtn%&%)é’l S @{Ia‘% n]tﬁ%uglrllgggﬂgr a tinme period
sufficient forcHkRepedlaad el esdhi £ré o ndafoethechote@xwhange resin

and formed pentaval ent arsenic bound resin and an aqueous conposition.

Ot her pent avaleRtiHme M diFithHy Hethd BPRet éHeemanganese silicate,

al um na, 30 WO (12/5 LS01L ~90= | 4O PaLLr 9N, 0Xi si cal
m xtures and iron oxide eoig%%eltfﬁ on %#ucrgﬁgné?f}?ﬂ%}ox%gi z?ﬂg rrggflg Xcan be
m xed t oget herchlictrhi denotdiekopamttdval estyemel) ngndedi anrpsthéiakyrf dnm ng a
m xed- bed medi um %@Pabl e, of oxidizing tri V&ll ent arseni ¢ and bi ndi ng

pent aval ent arsé&td 1S Xr 1 g 3% etn%n_ ines% 1o BXkFBATFon and binding to the
bi ndi ng nmedi UPHAN N8 Adiee SADSERI +&hd th woga) t hesiwopeBherials are
physically m xed in the sane vessel in that sorption of pentaval ent arsenic
from t he sanplaemd@ining darerenudsiRmress yl iskerhetBREdRrEEd i ons are

f d, h i . i ff i dugi h
rrgtir msena?lget t g&%&%e%gﬁsrsﬁ%sn% er[ 'yp“?'re : bR U%Bgarﬁgggﬁziﬁwgn t he

oxi dati on nedi@mend. bi ndi ng medi um are in physically separated vessels.

The aqueous conposition is then di schar%;g?f rom tge i on_exchange
resin-containi ng vessel &Y | GRS nbvige PRAPTANSERYEAESHCent rati on
of about zero g AbOpteedatds PEToPEA]AON. £1BR BEGhAVahent calseRi.c binds
poorly to the quaternized N pyridiniumvinyl benzyl “groups present in the
oxi di zi ng nmediaimStThilsodisndiMQ uwndemi tke tdestonataey Merrhéitilddengs
reported in U.S _.Patent No. 5,908 557 in which the N alkyl ridini um

gr oups bound VE\I%HtJI%e %?%Jel?ﬁl' peti %%%Iaréen?gsar%]é%i %Ei g%@f ggﬁdmfe%g‘sglﬁ?al kyl
pyri di ni um gr cites el gvdel alsksl dio 0 epoves thell veqedvpeahaval(eat) ar seni c
fromthe aqueous solutjon. This difference in bindi nggvvas unexpect ed, but

was found usefQfl G QFEAS RAE 95BNt O af 52n? cMEEf GenBPER PSnd®do not
apparent|y di splace. 1k 0didle Qboltibraghfs gounkerrbagsitiothe Noyri dinium
vi nyl benzyl groups, thereby maintaining the oxidative capacity of the

medi um 31 \B0/a:0 IR0 - 0T/ usth | ha9exiabeebceabl o eheipebtiaval ent
arseni ¢ bi ndi medj um and oxi di zi ng. nedi um are, provi ded. so. t hat contact
M the i i | (T dee Proanied) oFa BBRk or ERERRERY: PP sERobeRbaval en
arseni ¢ bi ndi gy rehitinats P01 eededbrihe agpesuseg@Papeilbrane” dewnst r eant
of the oxidation mediumin the same or a second vessel. The oxidizing

medi um and adS$teti Bh ¥edi 2 eEPeHel Prbvi ded in the sane vessel in unm xed,
separate | ayers, for exappl Lnflue | Wt I &St
encounters the oxidi zi ngﬂprre%ﬁﬁ@f%%?%%\%%f%?et %g g g%rgptg'%%gaﬁgd?ém

Al ternativel y,tled taert coht eaténgpthef beadiennghaedauwatelre iagoéobd e
.conposi tion containing pentaval ent arseni¢,can be introduced intog.a second
vessel cont af HHGTRIR FROC HEPanP THEL 4 CERPOTEBREE P “Sadgade
solution is typhcalbyid@rovideghbhom a1 86 o088duARes4EbRGE tHAkeEheoMLCce, such
.as a well. In a preferred process, the aqueous solution has an initial
trival ent and mentdialentvansbheezrbneent2anisg vpigbiest hesdabott 50 parts
per billion. themselves form part of a polymer backbone, but can

also be grafted onto a previously made polymer using
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A contenplated triiodide-reacted or tribrom de-reacted insol uble oxidizing
mediumis dark brown or red-orange in color, respectively. Upon contact of
t he col omenloi/mEel ubl e oxi dant with trival ent arseni c- cont @CHIUSg/#UEOUS
streans, the characteristic dark brown or red-orange color is discharged,
yielding a light tan mediumthat is the color of_ starting pol ynerized

N pyri di ni um Vsl SHAAL instikaahmkies daw e sivkoenzy} j ¢htertdarsenic to

pent aval ent arEggRiS, cy anp ' {01 di 2i ng. ' this
invention is a%gglof ﬁ I"cat 1 ng prxgg\gig:sﬂ r%%gmv%%gé/ %1‘29%1{%%#%] c%?Lll
/-4911-11 | n prefberomddepreacttiaoge itto i Sowordre pd st eot 1 drat medhtmct bet ween

t he arseni c-contai ni ng aqueous, sol uti.on.and the oxi di zj medi um be carri ed
oout in a chro V&Grgaﬁﬁ“lpé’q‘cltﬂownbrtrﬂm]t FUgh-% %H‘Hgg,m%h%?ﬁ’as a

perforated plasdiigatlordRdbRQPUCILL YNl ng adsorption particles, e.g., a
“tea bag". A glass or plastic (e. g. polyethylene or polypropyl ene) colum
.is a particularly preferwdaldssalrdss- isskirg eiatenth hasfan wsd etnf or

recei ving an uequs sanpl.e _saol.ution prior to. contact of th | e

sol ution vvith%glerrgdfieus nandmé’nerbtu]ﬁrétlrfcolru#%e&e\&%% %]?Z%?eﬁj‘zmr cont act
with the medi ghimat B gishartdhe tirtiay a6 prief sfietthyl blptdsahe®r m of solid
beads or particles. It is noted, however,_ that another physical form such

as a liquid, pEMEChaRbAER, Wiftdiemnaiint depercarsatee Litlfbrzed.
Contact betweep Jhe et ?d’i%eedﬂa%fﬁlﬁﬁ;{‘d& dding RAL um angd the, pqueous

pent aval ent arseniccontai ning sanple solution is maintained for a tine

peri od suffi ckeawnf dm tdiee parit avadlieninarisemend ol Hea hpamidi Gyl a4hky nedi um
That binding is ual | uite rapid, with contact_tines of a few seconds to
a few ni nut es A ie&m‘%/ %&%‘ﬁrﬁﬁﬁ%cﬁgmh IFhgEreFGRGatY tines such as a
few hours cancbgtualidd zath M tdt prd |a§fatr?cfmp§ﬂﬂg¥9bsﬁrﬂ!@gso% act

bet ween the oxidi zi ng nedium and t he aqueous trivadl ent arsenic-containing
solution is mendidaiad sorlla in mhgpantodvisl fappescidoe that toné odi de to

oxi di ze the trjval ent seni ¢ t ent.aval ent, arsenic.. The reaction is

rapi d. Use of clgﬁl El%dioglhegr rrc;rdblsasnﬁclonr%{plrrll%em B rjp%‘%n%]rti:r%%%t Npyr i di ni um

vi nyl benzyl t exitedidigrcprbdydriil aitielesdBpeeta st perpi-d Seithei @v&@f &n oXi dat i on
to be conveniently nonitored by observation of the color 33 VWO 02hO1LG~
PCT/ US( | 1/ . 190- 41 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 as is usually used in the
preparation of aseptic water. Preferably, the

particles are of about 20 to about 35 mesh (about 850
pm to about 500 pm), and more preferably about 25 to

about 30 mesh, or about 710 to about 600 pum. 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 color. A co-polymer free of triiodide 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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change fromthe dark brown color of the triiodide or red-orange tribrom de
conplex to the light tan color of the reduced N pyridiniumvinyl benzyl

oxi di zi ngvorerlsiasm The contact tinme is conveniently controlPC&dShy4oiangi ng
the flow rate through the colum or flow perm ssive container. The tine
that the solution is naintained in contact with the adsorption or oxidizing
medi umis the "sol ution% esindamd atigrk adspierfiey, nedhper afure and pressure
constraints _ofs_etepﬁr%rl%c S8 qjoct@;deeqstpf(g rid ¥ Py {%ﬁki,im tations of the
equi pnent util1ze nd the resin used in carTying out e’ nvention.

Anbi ent t enperagindire uan thaaties slds-mirlsedoimat by LselderA ebnienplased

trival ent arsenic oxidizi n%&%&ocess successfully oxidizes trival ent arsenic

in arsenic- cofB&fratet aq S0l ATORIH TRAPeratUr 83TbettiebR about 15C
and 90C. Pref efabhy 51488 Fﬂfﬁfﬁﬁ%‘li‘lﬁn%%%ﬁéaiﬁmﬁrﬁé&igsoﬁe{:ﬂ@en about

20C and 70C. The present ftrivalent arseni'c oxidation process successfully
.provi des aquedus trerttazal .enf. Sr SEtientatNa. pH @8 ue57 r onaweder, t dnabout

neutral (about pH 1 tq about pH 7)..Preferabl t he.process i s operated
W a souti SRCHRIRE B VIG s B anotk L At S BhoTERTs Rkl
preferably, benwgerigretert ant obric it Vel dRSc26RVEE abRYLe Toth8e process
begins to |l ose efficiency. A nore general process for oxidizing a

wat er - sol ubl e mestial, B falem Aififereniki dation Bindéngo a second, higher
oxi dation state i/sc | qgg%; t . Thi s. cess conprises the follow ng
steps. 34 WO s'%f%%t %ﬁl/{&gﬁl—cﬁé ajj&igi/essel , as discussed before,
is provided that contai rgug,sald hMmededy i msoddpl ehpohgarai 6£oxb8hzi ng

medi um having a plurality of qxidi zi %si tes that are N-pyridinium
vi nyl benzyl t fifiCodiad®SHE 165 Hrlomi e monktR e_t 231 di BRESREE FPRVRSUsI Y. b) A

volure of an WL AMEOUS SOl ol bitaho £0pL8E NS FRbAL POaEf a fiTst

oxidation state as ‘water-solubl™e tons is introduced into the vessel to
contact the irmsol ddeupadss Zigforodi e eroeflornes, sehidhl agei d adm xture. c)
The solid/liq maintained for_a tine peri ient for

t he netal ion?egwigeg’(ragrﬁ(tﬁu%%‘%zcarﬁ]rrb%%?n{%‘ r AT TR 'fﬂ%g%@)g%%ﬁg sites to
oxi di ze to a sreendwiilghels pdedhtopetaye ppri@iniansgaplig, sol ution and a
reduced medi um

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 surroundings, 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 forms, bind dichromate ion at very

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 fluid

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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d) The sanmple solution is then separated fromthe reduced nedium Exenplary
nmetal ions that can be so oxidized include iron, manganese, arsenic,

ant i nony woez/suby and chromium I n some instances, the oxipdirasdi/stnl ions
remain in solution, whereas in others, the oxidized netal ions bind to the
oxi di zi ng medi um and form nmedi um bound netal ions. In the former instance,
as with iron and arseni EHRECNEHPLIITY RFACEFHUFIPHLSES hBEd only be
physi cally sepaigledd Q. 30RAALP 4 NFesal! Sontlith1 g LM ouLLhe reduced

medi um | n other "I nstarices, th sarrpefe solution is Separated fromthe
reduced medi unmnmp ledriteaqidIngnaties rextitiezt me dnedi wnt hawisgr appi ng sol uti on
conpri sed of an aquequs salt sol utjon, Another,K aspect of_the invention
contenpl at es HKHI GG Tt RANEIE 1 i e ot oAV 38Y L booer 62, 51 | 1C-

PCT/USO 1 /. ~Quhiti clyinRt as,palt adal® donto Sebstantyabliys hosegengousl y sorbed
t hroughout the particles. The particles are often referred to herein as A/P
.particles. Thetmtcdype i odate ions are present in an anount of about 0.1 to
about 0.15 nolar in a gravity-settled volume of _ particles in deionized
wat er. Sodi um or potassium catyons are the preferrgd counterions for the
periodate ions. A |essertagount of neta-periotate—ani ons can be present,
but use of such an anount dan be wasteful. These¢ A/P particles are useful

as internediates in fornt}z he iron- or mangaps econtaining particles
di scussed bel ow. These p es are al so usn renmovi ng manganese,
0

iron, cobalt and mercury from aqueous cdg tions, which ions can be

in a lower -ous or higher S oxidation state,stich as ferrous or ferric,

manganous or nangani c, nmer qur ous or mercuric of COS?Li:US or cobaltic ions.

These A/P particles are al ss | for removing\h ul bacteria such as
can

colifornms fromwater. Ingr-i o] RzA/P particle _b_gzzusedin an air
Pt

f
filter. A further aspect Qgggbention co hnplh es_Jnodi fi ed al uni na
particles containing iron (Al rticles) or nangaq} (A/ M particles) or
both substantially honngeneod%‘y sorbed throughouR'the particles. The iron

or manganese is present in an, a nt of _about 0.Q5 to _aboyt 0.15 nolar in a
gravity-settled vol une cwhiﬁﬁ%?gﬁgsa?% %%i%ﬁ?zéﬂgﬁﬁ?ﬁﬁgn €nPironis

present in thqugnggngqnpﬁlmgpggpeégkyihgrbﬁgn concentration is preferably
0.2 to about 0.15 nol ar. When nanganese is present in the absence of iron,
t he manganese i s presentan neflaemtndf ohiabouiall$Ocbatatdutted075 nol ar.

When both 36 WO 02/sQ1i-4 PCT/USO 1 /-1911 1 are present, the anmount of
iron and the dnotift SICTheRR)atRle” t Yprtal PycleadetBntREE £FOM t he feed

proportion, Wiy iie ynder 58600 80; & hale FBAAARAS LT BAMI {8 kWO @l ectrons
per atom whereas iron requites only one for oxidation. The particles

contai n an oxiaintett dhael spekilebe anedane - subbnant Eakl gxbrpdeocf tiwsl ecul ar

i odine. A process for renovin rsenic_or.antimny._+3_or igns froma
water supply 1ET G A BHH r Sotoaee pi Be soEBoBrgFr 82 FdRe SPRFI ow ng
steps. a) An agiuecisi S0l uadN bhilat isondbai ashagheni coatamtihiamedy +3 or +5

ions in a concentration greater than _about 2 parts per billion is contacted
wi th modified SHiME RS gatdtel 2. faRe §BI 8t PEN2ESNCEBARTRFR0RE 20 ough all

four of those ggng Shfker 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 as water. is maintained in

contact with the insoluble medium for a time period
sufficient for microbes present in the influent to be

killed by the triiodide or tribromide iong and form
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Sb+5, As+3 and As+5). Those nodified alum na particles contain iron or
manganese or both sorbed substantially honogeneously distributed throughout
in an amyuntz/gfieabout 0.05 to about 0.i.5 nolar as neasur @ATIUSOH49041
gravity-settled volume of particles in deionized water. The particles al so
contain an oxidized iQdigg specieihand are substantially free of ol ecul ar
i odi ne. b) Thaf B6RPLLEC oY MUGMEF MATE ti M ersRELarfieientStor

arseni ¢ or anyhBRA% &R0 rEm ItRRS RIKRENtad A b& Sonheat by the particles to
form arsenic- or antinony-containing particles and an aqueous sol ution

havi ng a | essened anpbunExeinpdeganing craresardanomt winecltomt act can be at a
flow rate of about one_ bed_vol une (b/v r. mnute, or slgower. c¢) The
‘arseni c- or aﬁ??ﬁﬁﬂ?ﬁggﬁﬁaiprﬁoﬁgsﬁaﬁ% c‘%seegtelgr elrécleﬁp]‘éc}eatﬁeﬂe?‘?%rﬁ??%% aqueous
sol uti on havi agragiesse)edAnFdytn Gudd SaNi K] s Ball 1 A0 rrBfena V¥hQ2/ 5011- 4
PCT/ USQL1/ ~90- 41 That, s%par ation can be by the sinple procedure of passage
.of the aqueou-s6Pdtli ok WRtORRPE Hot Ardie BIghs mpaFiaedes. The

particles and S t] S e ar a ri fugation,
filtration anéggﬁgqﬁ’kzg hé‘trpé;lrl(eéa\%eﬂ - n%m%wls}?% > é{%?%%&%% kers. In sone
preferred enbadirmetmn®sanainet doldfiodmschsudie donB. adeli cabe renoved is first

passed through a hed_of a before-described water-insoluble polyneric
oxi di zi ng medPEFFLEULEAY BRCHINE S+ RIBTS Ml s 3 FRUMEHER L% be nore

readily sorbed By fhs 2l ing Par tiLd[s: . The water-insol uble polyneric
oxidizing nmediumis preferably retained wthin a colum as are the al um na

particles. EXAMPLES Exarfice befd@reepmrtad @rafereRuoty nber ctiMedi um One

f ' th t DVB c - |.i nk in.includ I Xi
el atin (ahouPo1II8 gFalBy By CUiTE T th T Yt Aot G CAaF | §8) (about

12.3 grans), beelc iaciad domt@iidp1atedBles®and wat er (about 450 grans) in a
flask. The mxture is adjusted to a pH of approximately 10.0 with 25
percent aqueous sodi um Bde@PRFEtUR SRURRPHIiRG Brmserbbutfbaidgr ans) ,

chl oronet hyl s G 7 ,%msg) chni 5
di vi nyl benzen%gfngggﬁtl%%%leg%ab%rs) ) aonld\;ngzon(% gr?és% utﬁg'llf%na?t%&éég%bout 1.5
granms) is thereagedd itso allse fdagiemplee: arht erd atontremblkeatdé@skupsoheated to a

tenperature of aboyt ,70C, cont.i nuog;sl stirred, and i ntai ned under a
nitrogen purg&SF§St eIty LRIORS RATHE wiiieh #Fme crossl i nki ng

occurs. Crosspbh PRy 16 &x RN Iy shlerdcdl i shaped-gipplgts to form
Pol yneri zed 35 5}%}1@9’0 112/ sU'6- ~ sph%? es are chl oronet hy ?grrperat ure
pyridi ne in rchRepmasegraphtiqqolumn or cartridge. " A contemplatedts " . |j..

oakes ot ToodeE<) SARLCTRIRS (RO ML e TS s, o pol e 1
i ndi cat es t hatragrveat eudhhas A dpafckd e ormited hydpoeedpsear e consuned.
One contemplated support vessel is
cylindrical and has an inlet for receiving a fluid
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 support vessel is a glass or
plastic chromatographic column or cartridge, the
vessel can contain appropriate valves 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 wvessel is

24



I n anot her process, a benzyl pyridiniumchloride co-polynmer was obtained
fromthe Purolite Conpany of Bala Cynwd, PA under the designation A560.
Thi s mat avo at/sd164 wat er - i nsol ubl e, general |y spherical in SREAASOEHM+H
macroreticular. This material has a stated capacity of 1 neq/ nL of
chloride and a noisture content of about S9.7 percent. The particle size

di stribution %6k HX i M-I A HEIRKPCHET 1 i R Epgeinlet and

Di stributi onDigpaier 4 or lly different and ted £
Per cent age<3000ure 250 AOR00E B e b LR SR EaET S T28es

m crons One ldatcdr asthetheviabove blemizy|sywyhi@é nim restnilvasedlurried with

1.0-2.0 liters_of _deioni,zed, water in a Ss_4 L_beaker equi d w.th an
.overhead sti r%@ﬁalaﬂyf'h tr‘rhepi]dlvf?ti r‘zr‘rl’%go,u%‘)%t MmrHreh %P%OWR?S&%E? ui\%on was
added in a steafdy igpaadpver about 10 ( 15 seconds) at roomtenperature

to the water/ resin slurry. Wthin about 1-5 minutes, the dark brown KiI3
.sol ution becane col orl edSlGnd! tPeoVige® 2 afchesihlipadravies pécane the

R A Tt L o L T
contenpl at ed hye ,n.thEheayged waneud c1 oredls ushqoer t t el Bschu@et ypsapbobycfil tered
and rinsed with dei.onized water to renove the potassiumchloride that is

formed. The ré’selﬂsﬁlné‘ﬁ)cﬂﬁ@?@%i%ﬂ%t%n@%@bu%p@?@ #Bl es of 13- per
liter. 1n anothgn J¥ epar@ly Q& batfhe Obyut e ASSO 58SiR¥GE,FLLEREd by an
overhead paddle stirrer tna 2 liters of 1.0 MNaBr in water for a tine
and is 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
regulating 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 column 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 or 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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period of 30 mnutes at anbient roomtenperature to forma suspension.
Liquid bromne (80 g; 0.5 noles) was added to the stirring suspension in a
st eady swe@msower a 2-3 nminute tine period, with the sti PCragovéti nui ng
for about an additional 5 mnutes after the addition was conplete. The Br3-
ioncontaining resin was a bright orange-red col or and the supernatant was
colorless. The resin wad G tteREPVikhed SRINB-Achenaeis draviegh

dei oni zed wat i1 dr J%{m%at ntil .f Lng. No
odor of brom %Feﬁ \%glgt?%[regﬂi‘e%n%%&eoﬁgﬁs% ting d&lﬁ%élélirtl£ ?o%?gg%fé)ﬁ%n.

Exanpl e 2: | odilfe il whcom B istaidids aveswppert iedsoel &5 assess the ease

with which iodine could | uted froma co | at ed pol ic.pedium In
the first stu&?F%glgggﬁoﬁgl%og?evﬂ?ﬁoﬁPéfa%Hg%fgg%ﬁl 1 ?V}\{?‘géi @%gform
denom nat ed Af6@5vavaid.ablre farpmPurid id.es f 1 r&Y MW o1 RAqwas
conpared to a contenplated . polyneric nmedium e A-605 resin was said to

.be a styrene #ilthnyhsedzdmd Jai6 + esilie Hai kgt al 2Rkt igcprehespbéyof about 16
to about 50. Qnt | at y.er.i i hl o t hyl at ed
Styrene. divi ngtBearene t nat et Rl WIS 88" 03880 Y Wo i 12/ 50
| ~ PCT/USO 1 Gppakatlis 110 .codnttdins 4 .potous.sudpor®”suth as. &i.. .. .

i 4.0 1F ...~ -,..1... the chloride present was exchanged for triiodide
to provide abdiitt0 122 FURRGYGHiIRRLFERT KT ISt he6i r&R study, using
t he procedure PS x%'i;sﬁp‘.%ﬁt Sandard Tests Mo podr 95), ot Pat i Loyol ved
eluting a sarrpupgeofyt}%le asssg mat er1 al %viatlh slodi quhy%r%ﬁi g }én i5back
titration of a&heahliegliatm wirt hplsok ubatingstihd at et sbduwedidhadft Ar A- 605

contai ned 12 gr of iodine per 25 nL of resjn, whereas no jodi ne was
found by thi s Brasdly EIETS (HETKh @yt R etPBoPgHer e nedfum I n a
second study, cantai1&tq tdppLrH08s r@sh N Déo aneé Nede SAMBL8pBbckh8r

bef ore-descri bed polyneric oxidative nmediumin triiodide formwas el uted

Wi th dechl ori m&hed HERidwrdegphiat g ydsies &rot slheenbfato hedrverumes (bv)
per m nute. P‘?Jn]t 'c%@nfrfcéjffb% %fﬁ&‘?tﬂ@r&l&’é#{eféﬁdtétaégisgofﬂnaf‘d 150 bed
vol unes and anal yze or fTree 10dine using the ITeuco crystal violet nethod
of the AWM " Seadartd ridtilads finroddie txampeitratuef Water and Waste Water"
20th edition (American Water Works Associ ation, 6666 West Quincy_Ave.,
Denver CO 80235). |odi dé* iSR! 43385Etr9or SUBlt 2BhBs¥SBEPA obt ai ned
are suspect ang afe N0l JLRALELNEY Grdheasesilin 8he SBOYReLAC! he Table
bel ow. 41 WO (12/ SULC. 4 PCT/USITTIT1-490A ., :...n 1. .. ~T.... B

! L ...::: oxidizAng medium . in e ~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 tolabout 750 pm
when a cartridge apparatus is prepared and used.

FIG. 3 illustrates a schematic diagram of
yet another apparatus 210 for carrying out the

present invention. The apparatus 210 includes a
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| odi ne Water Elution Study SAMPLEFREE |2 (ng/L)A-60550 by2.2100 by2. 2150
by2. 2Pol yneri ¢ Medi unb0 by0. 03100 byO0. 04150 by0.04 As is seen fromthe
data, thev@wh8B86fesin |ost iodine at a considerabl e and sBEOFtUBAL/HWIT y
constant rate over the course of the study, whereas a contenpl ated

pol ynmeric oxidative nmedium] ost_ substanti aLJL‘FYJr not hi n over tgat sanme course

of study. In SUPBSHY Vet roh2 HAARPY A1 e‘boﬁ"‘?? 28f aachafateri al
assayed above_owaertog]&% ethgy t hr 111!1\1é@déw St pstl fyé}:@sf 9peabous 18
hours (over night). m xi ng, each material imedi ately turned froma dark
purpl e col or eget @esiAnaidduot @fcmwnsupércnét’am Vegael 248.renoved and
titrated with %}01 N_iodine to the starch en%%f nk. The re ults showed
that the A 603 &siAT ORI HEY B Franks st fie/t95 FE2FBsFn, whereas the
contenpl at ed REIWEY it NEH WA afdeskll. ﬂlﬂrﬁgslﬂrfnltégi aﬁdper 25 nL of
resin. Exanple 3: Preparation of Aseptic Water A 40 gallon water tank used
.for recircul afithgakmestt fof eonredrbiRg Vieubbey Wast cehawel edsin a cl osed

Dl T T M g OB BRELMTE b Ty

1S : a.d,j|a.cent -one Prother ~~, 16.,!1% "’ F" ,.,11~. on a porous
fl’lt. Apurrp mai nt ai ned ahflowrale of 450rrL mnuethroughthe col um
of pol yneric e vessel 212 support the polymeric

oxidizing medium 216 therein to a predetermined
height (corresponding to a volume) within the vessel
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.

Slits 232 or other openings are formed in
the dip pipe 230 to provide a flow 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 vessel 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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medium One hundred mlliliter aliquot sanples were taken fromthe tank on
August 23, 2000 and agai n on Qctober 25, 2000. Each of the sanples was
assayed lwo @&4o1kaboratories of Quincy, MA for PseudononasPagiisgl/#99ésa and
Legionell a present in each of the ali quots using col ony-forn ng standard
assay procedures. The results of thJMtL SCS; are shown jn the Mcrﬁbl al
Assay Tabl e bel ow. M crdBt%al€ Qﬁ Uﬁ%ﬁ?ﬁ%?%% BHCB/ 28/ BB®DLI Bhi es on

10/ 25/ 00Pseudeitpnas, %%[rp%éloﬁ@é&% é@%? siuf\%y_fe pPgereadily seen,
a contenpl ated pol yneri c nmedi um was part icularly useful in reducing the

| oad of Pseud@mimraer uegdioye im aseprivat evatank. 'Ehanp]tertty Gsliform
Renpval Several of we#er fromthe Rock River btalﬁed from

.dommstrean1ofa9ﬁ§ séﬁéfﬁé% éﬁﬁﬁ%ﬂ?l%ﬁ%ﬁﬁ ??Pgﬁfﬁf% r%ﬁinately

one liter of thariwatie] yasedecsteg @f@eﬁ@@&&@uﬁﬁoi‘\ttbeéﬂdle‘su&ﬁd t hr ough
about 20 nlL of a triiodide formof_the polyneric nediumas described in

.Exanpl e 1 suppér Be D& porBis mequum n% eoruhhtad Bof Behciatenderabout
one- hal f bed %%éug%gégxgg drggwégi ng%doggrguggﬁgg%g}ofron1the

pool ed el uat e wer e assayed or’ col i Tor man usin 2/ SUl'| ~
using vibration, tapplng or the like. Once a desired

height 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 chromatographic column
that can be used for a contemplated process, a
portion of polymeric medium prepared as discussed
‘above is slurried in aseptic water and aliquots of
that slurry are transferred under nitrogen pressure
to a 10 cm long glass Bio-Rad® column (1.4 mm 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 cm3), 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 is vibrated in a vertical
orientation to 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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PCT/USO01/-190.11 a ....r i: .. ~t..:v ... IY.~ IF ...tL. .Y "Ik ""iu
Yi.. ;t mY~""...Y.v. commercial coliformand E. coli presence/ absence
assay ki two (taak+ Co., Lovel and , CO Catal ogue No. 23232 amdTN$01/299916)
following the kit instructions. The assays of the~eluate were negative for

the presence of coliformand E. coli, after, an extended i ncubation peri od,
whereas a similar assay CHf IREPTH PRV EHel O i BF ndl SQafprecbrdrbEk2Ri ver

water as a cofdple Masr POShi ¥ {05 CPIVAPEM andsEnicoLl after only a few
hours of incubation. The polyneric nediumtreated water al so changed col or

fromyel | ow t paadlaordlesst dxample &nd ArseovingxodaecononadlReireval s
Oxi dation of arsenic fromthe trivalent to entgval ent formis required

h
when using a v BHSPHIC OBt GAISTRE HTOGHeR PhFOarSBRRL Bifoval such

as reverse OSRgicx AKh£0N il y anj Proexehangere@gkaschaei ther of which
recogni ze trivalent arsenic. The follow ng studies were carried out to

-illustrate theupania igpngrupaties of drNpyrydvarem vPngrpenkgblerii odi de
gr oup- cont ai ml@’*ﬁ% dagﬂ %f@&h P%ﬁgé]ﬁ%gp?ggéeég: A BQ?U’JGB e solution

conprised of one 'er”o ap wat er 'spi rovide atrirvalent arsenic
concentrati on prts) paploi ThopH e ue pfefdealal geat Coeobeab®i Ig tap wat er
conposition was adjusted to 6.8-7. To a 50 nL_burette with a stopcock and

0.
pol ygl ass fri tPRRer @HJFES RrCTRTaL a3 2Bt PBed RPByri di ni um
vi nyl benzyl triiodide gr%tjtPr-&@é*géi fBPQoQ%‘&FQH?”tP?GE&'?hEhé%s@ﬁ%i ded about
um B,

0.1 Mtriiodide to form um A Asimlar cofum, Co was prepared

using 5 nL of iz pen Bokitritmy thaseerpeonlextchangeniesionsThe thtker resin

i s understood to be 44 C&/\O( 2h010 P&ITI USQ, ].h/~91 S n. -~

‘uo.. .- contemplated.” Ti acgordance with such a'procéss; a

vessel, 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-
pyridinium vinylbenzyl triiodide or tribromide

moieties (groups) of the structure

+
NT N7
L

s Vs

wherein Rl and R2 are independently a
hydrido or a Cl—C4 alkyl group.

A volume of an influent agqueous pre-sample
solution that can contain arsenic as water-soluble
ions in the trivalent form at a concentration greater
than about 2 parts per billion is introduced as an

influent into the vessel to contact the insoluble
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a co-polymer of styrene and divinyl benzene that is chloronethyl ated and
then reacted wth (2hydroxyethyl)-di nethylam ne, and is avail able from
Sybron Chweavwalis4 | nc. under the designation ASB-2. Col um®CA/EU4Biner e
packed using tap water. The effluent fromthe colum packing was

concentrated 20fo].d and te%]t' ed for the (%esence,of arsenic using a
commerci al |y &I EINT A D Tret ritl BB L AR st Re@ EBReF §EPERSHEP [EM

Science (Mercldrditatad S atly tO- detertedfO pPPut Po3000-ARP arsenic. The
results were negative. Procedure 1 Ten bed vol unes (bv; 50 nL) of the

chal | enge sol dnf@mesuntigittadpEorppianfbe ré¢zuread ansehycpwepéngassed
t hrough the bedr Q/I.tCOI nanoart a flg%v a%g of 1 b% ger niﬂu%e and

col l ected. Th& & i dent Tested H™ %Jp WPt Bk ettr 252" VOB -t he
chal | enge sol ution cont afhy ngrSQhmphe oéolit Yohedt ALSANRENMAN €npassed
t hrough the bed of Colum A at a flowrate of 1 by per mnute and

.col | ected. ThEBBIAH tweid-lefhecsakisbl ¢ epxpdsseadt Mediyh £A8 Bed of Col um

B at the sare fl.ualeand. ol LeotedsoThe, e () uent Lo Cobun B ves

concentrated and assaye arseni ¢ 'w resu re "bei ng
| ess than 5 ppn prtesentf 1 ddmoc adurseScProceldutiee 2onadi tepgabeédeexeept t hat
the flow rate through Colum A s increased to 2 by per ' mnute. The

assay for arsERFEHT &° REEREP1$H buyFeedt anke B 9Rd goﬁé@ﬁ%?ati on was
again less thapdiRh ial?_fd ;alrl%eédﬁé@%irﬁeéﬁum. WorQg/ éQ&xg_lé tE’tGIbQ?QPl/-Q90- 11

~——"

"US' 1~ Priccéhere @i seharged nfrepethedvessebt achan eRElfkoW ot e
t hrough Col um_A . was inctreased to 3 by per mnute. The result was again the
|

same. The abov& TEeGHEN TSt - PHat a contenpl ated N-pyridini um

vinyl benzyl triiodide gring-iGofit@éit NgrOxh dat ont 8Bdi 4§ squk8usXi di ze the
chal | enged anobunt of trivalent arsenic and convert it to the pentaval ent
form that couls®lBEidnohved Riathe Prow ded ebRPBya adE@HREnPFonal ani on

exchange surface water source, such as a well. 1In 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 solution 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
aqueous composition. Other pentavalent arsenic

binding media include manganese silicate, alumina,
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resin. Asimlar, nore qualitative, result was al so obtained using well
water fromthe area around Lake W nnebego in Wsconsin, near the city of
OGshkosh. wpzsoiphe wel | wat er contai ned about 60 to about PCIUSOpHIKDL al
arseni ¢ and about 5-10 ppmiron. The arsenic was separately shown to be
about 60-70 percent tyivalent, Approxjmately 74,000 gall ons of well water
for a hone vverael"‘ﬁ%is‘?é/d”iq*ﬁ AR RS RT aPM¥T TSR 8Bfe 1FPBNCK&RBVal system
and ther eaf t ergddyoughy ahoul1 ghB3.gubic foot of a before-described

Npyri di ni um vi nyl benzyl triiodide group-containing oxidation medi um

cont ai ni ng about 0.2 M tThe cuk @iz he eeédiuentanaber miketh thgebkedat i on

medi um t hen paszt d thrtu h an ti:ro oxi de. o(ﬁ.al um na sorgﬁnt gol um to
-renmove pent aval™ LT BHA PR T he Bt PR Aolg L the FF6R6%i de on

al um na sor berfortshpr£nriesd asedi feasgrdcRehBle Of| aherakony of the State
of Wsconsin found no detectable arsenic _on assay of the effluent water
.after renpval WGHVFERHEY AEFRNEP st 01RO aPeNhRVadeniepEE8ENdR -0of 0.8 ppb.
Those assay T & s Hh il CRERLS NPofCori YO IBASULE biRETRY BOLT /-49U 41

r ' ...L... deflectabicing ateddtth @adebecthonslibatinofiall@lstmeOwB2nppm

These resul tsd‘ﬁ‘l so show thaimi he kinetics of_oxidation are relatively
rapi d. The irdi xR At Sr 1Rt ha2EorBRVE GRS Br BpXrEd 1Rs E16I FBRE. Ten

liters of 0.123MsSOdiyin Bt apsrhodh €0t NBEQELvHEERLPEERARSE ikRogel oni zed
water to which a few drops of sulfuric acid were added. The sol ution was

pl aced i nto athegadmml¢lssliticarboyurdl snbatahinladdy, ag8th8 nesh, (Al can

AA400G d into th til t i d hed th iginal 10
Vol ule, S0 (RAC IS COMYI Ry ReIB abot 18254° LOoFn b Lar 0o Sude el osed

and rolled on @ fdwanto] desd f @irangens@de Of @RGUIMaZntendnbeuEsmedanpl es
were taken fromtine to time fromthe supernatant and tested with starch

i odi de paper tfPR dath ctepRecaret Byt FalhY evetrceimhéagup¥eRavBAl was free
of metaperiodahg, 1Ng3 0l XLyrGe mf&k&%%ﬂdyﬂgeﬁeagﬂ ngep[} ssure through a
e 1l

Buchner funnel using plastic w ndow screen as~t ter. e filter cake
was rinsed w tghyteionl bedsepdeataddveébealdewat ered with the aspirator. The
filtered metaperiodate-treated al um na was. added. back to the carbagy and 10

L of 0.125 Mferrous anmbAt uiSaPEat eOPRept k) sHE] ’égeﬁeﬁésﬁﬁﬁi‘f%ﬁl with the

net aperi odat e-fyaatiesk al 3l BRchdhge CAEHOY -MBAL 6L asad aadskheagoghents m xed
by rolling for about 12-16 hours (over night). The surface of the alum na

becane dark brefinluentedraying obinak anserlior fghaanteskapn ghddakpusr the
m xing period,,the supgt apt JLiguid tesgted.negative for iron using a
commerci al test paper V\n%\#a s%nm%llgn%y o? agout 100 ppm The iron oxide
on alum na sorbent so prEparpentasaléent eaedeahd biedsapodedgr tbedhabove.
quaternized N-pyridinium vinylbenzyl groups present
in the oxidizing medium. This finding is quite the
contrary to the findings reported in U.S. 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 useful in that pentavalent
arsenic (arsenate) ions do not apparently displace
triiodide or tribromide counter ions to the N-
pyridinium vinylbenzyl groups, thereby maintaining

the oxidative capacity of the medium.

31



47 WD U2/51116~ PCT/USI | 1/-19U-t1 .. ,. ~r.": "

. e U T I T Exanple 6: Cbnparatlve D chronate
Blndlng Avqumﬂn&atlve study was conducted of relative rat @ TAISOu#iogh

di chromate ion is bound by an adsorption nedi um contenpl ated herein and an
adsorption mediumdisclosed in Smth et al. U S Patent No. 5,908,557. An
adsor pti on nedi um cont effefeiRHef e [dhRAHA ForRht 25eeRiF BIRIHIA um
groups, where ggﬁq f o) pendent

N-al kyl pyri d?‘%ldéﬁng%g%?ﬂ ik a %%%ﬁ%ﬁgﬁ%ﬂ&e%a%%ﬁgit

chr omat ogr aphycomlaﬂm“acphp:ﬂm mffhuentporousrd rin avasechal gesnmeth 15 nl of

PERFI XT"" resin (chlori f of S et al..slurried in ter, This
.adsor ption ne&i“t‘fﬁﬁ dfﬁ%e (r}gﬁ e%?'tﬁl?l;\élae?ﬁ%mp%rblr??é?g(@ﬁ%a‘)lmo?hs
quat ernary gr @4es:i JHE &P ItUE Wafedes Nedhdk 1191 bh Ovy@dmar Fahgr 0b£ 10 nL per

m nute and was chal |l enged with about 10 nlL of an aqueous sol ution
.cont ai ni ng 10@(Blepm3(§¥atslc§m uredliwhrionditle (dangg L9r a2 acpbhdareesel. 7. A

sharp yel | ow qran nd. _of bo dlm'redlatel at to t of t he
o um i ndi caHen S e e e g o i P e Uy was

carried out vmptr*a)vqrdeaﬂslcz{ pih@rsaiwlmg@ntmphmmeaﬁrgepayat@g the sane
anmount of nmedium also in chloride form at the sane flow rate, Repeating
the above challea®Fe Wil (HERR VTN cHrdfet e st LeRt aBoiWeigBme f1 ow
rate provided t f nd

br eakt hr ough c])E?L \éz‘l%(r:rﬁrg%a%%té%énc atcly}giné1 ever aﬁﬁhoﬁeﬁ%ig‘ggul din

conpl ete take tiye (a‘dad@tducnhrmmtmm onnslte'l'ntmtmve]s]al tgftadi cate that there
is a mgjor difference in ndlng rate between the two adsorption nedia

towards di chr SA@GGMI ORI SR B s1AT R PESPERBO | /~90-11 ..
... F. N L. “pmpodition - é%ﬂﬁalnlﬁg p@atavalent - htfenic~Eafl- bel5 , ~~~
.1:., though there were nore than enough binding sites available in each

medi um one mEditadmiad Mo ¢ ctrorrd evesRel afppERinhBYandF9TrPWheneas t he

ot her took sevedam hours to bind the dichromate ions. On the other hand,

both materi al §"appeared to adsorb triiodide ions at about the sane rate.
The arsenic-containing aqueous solution is

typically provided from a ground or surface water
gource, 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 or
tribromide-reacted insoluble oxidizing medium is dark
brown or red-orange in color, respectively. Upon
contact of the colored insoluble oxidant with
trivalent arsenic-containing aqueous streams, the
characteristic dark brown or red-orange color is
discharged, yielding a light tan medium that is 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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Exanple 7: Preparation of a Further Al um na/Meta-periodate Conplex To a 12
gal l on plastic graduated carboy (Nal gene Corp.) was added 30 liters of

dei oni zedvOAR/84164 0 which 1-2 nmL of concentrated sul furic XETASMEL4Hded. To
the dilute acid.solution, 800 cnB of solid, sodium netaperiodate was added.

The periodate was di ssolved by neans of an, overhead paddle stirrer.
Sol uti on was achi eved i nI%tRJ‘ng%’@r?@ RARSEHESr obn tBnpeRaEUPE2E$He addition

of sulfuric agiyhhasiansd f}?eépééﬁit%'eOiréf&tlﬁé,@@éh@g%ﬁnéahgug%si s not

essential. After solution was achieved, the stirrer was Tenoved and solid,

dry, activat ecduiara 281 4&hereshi dazing oopetunnbe thertadboytwithat he ai d

of a wide-mouth funnel until the alumnna.|evel, in the cagbo§ was equal to
T 3 Tha"tarbb

the 30 liter SRS P I K df 4° heye Y’ cap was

repl aced and thgicardhay ﬁé‘hﬂﬁ@ﬁﬁ@d\tﬁla@@wtoﬁﬁnééheﬁbéuéﬁt abntgagthgn
vol une, was placed on its side and rolled periodically by nmeans of "a

.nechani cal dr @3sEIRtEnPaKt Fakrrl 1§- 9ol | #njteacbaal boyAastass arfl at

Thterval s to BB 4 RIS (R GS eI PEEeh ) 2P0 T P e
particle size iredugidmn dliroriph paréfenged 49essdD 0315036 REFEUSCANA00~1

After 4-5 rolling cycles, the carboy was placed upright and allowed to
remai n undi st FAFe @ bvidHfightor ASTHEVERY ¥ FHNSOPSr FRIBPLEI ARSUEESHC at ed
with the raw maten alo alym da had sedtlafo] aybng: 8ol §20n Li Qbkiugl I ow
supernatant that tested negative for neta-periodate 1on using starch/KI

i ndi cat or sol wridman ThisléndieatEee téetesas | obf waber nef sepecobntdate had bound
to the al um na R rtti cl es. ..The a-geri odat e-] oaded.al unm na particles were
removed from the arrbeoﬁnebcg/l%U% AP SEET Ei TS bYSHEANnETSf a water stream
Al um na/ peri ogatesf padliel 85 e efcohl 6E1 81 08 Beh@si gpNpaktpbatg . filter
equi pped with a wi ndow screen mat that permtted fines to pass through. The
col | ect ed par thitc|ies IR MRV S t hthalp aePeRetinPhysi@al efPrueAtcht r eam
fromthe filtef, poty '&Pﬁc&@’@iy &%r%ra?ﬁef'QﬁéetvﬁéhSEPgil%éb”hQH fines
were collected In apptopridtely sized vessels or jugs allowi ng frnes to
settle prior tedeh dmard gl 2d@. wash water m xed with reaction supernatant.
Al um na/ periodate particles remgining on the filter_screen are further
de-wat ered by appl yi ng ac‘%%qae?%%?wg?%rt@%c%%?ﬁa%ﬁ’étfF‘F?%P.lc

Al um na/ peri Odﬁtrﬁii(rq Rle £Akn Rendisede difeedhy génthia18atnhrkehipLeparation
of alum na/iron conplex or alum na/ manganese conpl ex. (See Exanples 2 & 3)
Al t er nati vel y carfeiguingat sareeil @l 2ed wai per i odae tnpain¢d| ercantbeef urt her
dried (until f 1 g oad] i aj n-.Qr.gven-dri ed.
The oxi dation p;egﬁglci %Moé"@) riloéércl:ié V\n/tg%ér %Iré?%\zadf%%téré%?gﬁggngsgger al

nont hs as ascéduaidédy byhe hadd gl ngThat hb hadieey sigeagaablig givbtéel ) or

ferrous (Fe I ii%ps t_haﬁ result in characteristic colors fornmed within and
upon the whit&3RYS 360 \ESRASH 151 PEF / 898491 ECsBaf 8Wof A/ P

production i s @agides mdh{iLh Pybd ohd oM 1O; Lh€. PrALesol ofkethi s exanpl e.
For instance, batches of A/P 10-tinmes |arger than descri bed here have been

processed substant@dthdg anedtweh conea veswehofive che barbbglamdda centrifuge

. equi pped w th . w ndow-scre for the horizontal plate filter.
Addi tionally, R"'alc\ﬁ% vat et aleufnf]%%to e%l??fé;krjse%{v?r%'sh size or shape; i.e.,
spherical, can be processgtt&ast ilvetiésn exlaapbei di &hngsaeadt ual hydt he sane

results. the aqueous trivalent arsenic-containing solution is
maintained for a time period sufficient for the
triiodide to oxidize the trivalent arsenic to
pentavalent arsenic. The reaction is rapid. Use of
an oxidizing medium comprised of polymerized N-
pyridinium vinylbenzyl triiodide or tribromide

moieties permits the arsenic oxidation to be

conveniently monitored by observation of the color
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Exanpl e 8: Preparation of Alumna/lron (A/l) Conplex Thirty liters of

al um na/ periodate (A/P) prepared in Exanple 7 were placed in an enpty, 12
gal | on pvée@tr/a016ar boy al ong with sufficient roomtenperat RCEWHOI/HWAI zed
water to just cover the A/P particles. Next, a solution of ferrous anmoni um

sul fate was added to the carboy prepared by dissolving 3,7 noles of the
above salt (1CA2NRE ST bridiy dtatte DToWR 3@%3°¥no%b’6]ﬁ? briigdide| 8hs (about

10 liters) of reao@ﬁa@fwrt@ti%xﬁmﬁedé QgSte et ST hd hfigﬁepegnCé&g% S

contents were m xed 1 mmediately by placing the carboy on 1ts side and
rolling on a Pifathsunfeabeast Nrprechdimoah dinylbehfel. odidingngy rolling is
continued at 1-2 mnute intervals for 1-2 hours. After this tine period, a
test for ferrBG848h remaining in the reaction supernatant is negative.

Test strips for iron (IIphd rntENMSH aRce & GbRséovant N} 08R2¥d13easi tive
to 10 ppm are convenient for nonitoring iron uptake by the A/P. The uptake

.of iron ion byt g&amoR nsartlie | fdowasa e piliranah clre beo heredoyi §bavty by the
0d

i mredi at e cha I or t-he it . particle o] d . yst - br own
col or of al un&n%ﬂl%os%w(eAﬁcj(Htpaalr ?%?es'ﬁhé&'gl’gﬁ Hl%\%) ili%/ %gilégign 18

PCT/ LISUL/ - t 9taihtaddiery andontddiy witth sohelt s@gopprienreus ions to the AP
in the carboy. The resulting A/|] particles were filtered, washed and dried

per the proce@réeifedtt M4 Bt " LRI ARSEPPHEENFR EXBAPLe 7, the
protocol described here i %&p’u%éﬁ%ﬁ;tﬂé éﬁdgﬁéﬁgghi@ for smaller or

| arger batch sizes or for different Sl zes an apes of A/P. Dried or
wet A/l is st a@bhetimdefinidfelyhanpraosss note bfl eedat ednpoimakiihynb;m when

chal | enged w an ,agyequs flowin a pH val ue of about .5.5.to about 8.5.
Al particl esgﬁl&eeg&ﬁgg: FHi s%%l%q%ﬁ“%ﬁlge%b £ZRer 8PA GPE readily
di sti ngui shablkeghromdddniral dHERa kPrPRsi ties dRseht Ded, byaReTedO 99/50182.

The PCT application describes and clains a "coating" of insoluble ferric
oxi de forned BeTPEEEtpInEtansh RfesFUre (3re ) nayBabky desedt o t he al uni na

carriers. This coating gi%coef%en(q}?ls&géé &Pi@afgﬁ\?r%Qgﬁﬁ?ﬁsoﬁﬁ{i%ghs havi ng a

"salt and pepper" appearance and an unknown 1 rpac e na porous
structure of phecalssmawaafierly Abtidgbrés ctesvplepar gdsbyithia exanpl e
have a honbgeneous ,appearance f article t&lgarti cl e and t hroughout the

ro
entire vol ume 3EAFIESS VI TR G ILRRATS p2rt Fet@2S A2F particl es prepared
herein are beligpRd $Quhay Gd il dr Aded PRI ARd Jo¥O t g oHlelEia, MRt ri X

t hrough an unknown structure nedi ated by the neta-periodate-alunmna conplex
prepared i n Etf@gplacreds waPriraiediay témpenatarper bedaeenbabadtt o
al um na serves b@t Qngs7%e oxi dant and conpl exi ng agent to the challenging
ferrous ions. R/ prepare%'by this method when re-challenged wth fresh
f errous ammoni um sul f at ersolpte enis| owmdyaléher atesniceexiakbetrent al i odi ne
(TZ) as evidenced by iodine crystals 52

process successfully provides aqueous 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 6

and 7. At pH values above about 7, the process

begins to lose efficiency.

A more general process for oxidizing a
water-soluble metal ion from a first oxidation state
to a second, higher oxidation state is also

contemplated. This process comprises the following

steps.
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WO (12/S016-1 PCT/USO1/-49(1-11 form ng and purple color in the vapor
phase. A ' positive starch test was al so observed. A/l particles prepared
by this exanpb@es hus have residual neta-periodate ion (or PETHISO&AY08XI dant )
in sone formas an integral conponent. A/l particles are a substantially

honobgeneous conposition of iron in an unknown bondi ng state, an oxi de of

i odi ne and al umi na. WD 9 50 8%eeRetr i PRsIASEBAPESi PELBESIr &/ oxide carried
as a coating iy &} WAda. h&XaiBhea P PheRa] 8h1 98r ol ALuph Ngh Manganese

Conpl ex I\/anga(r?(}:us lsuI fate tetratﬁ?/drséte (MS04- 4H20; MA ggg 836 g) was

di ssol ved i n appnoemeat edxidDzing ensdoimdedvnnged pdtienlatyr ofm
tenperature, was, added to, 30 liters of P anple 7) in,a 12 _gallon

.pl astic carboy’ %ﬁ%dgb@?%e?l?%ﬁi%r? oﬁ?ﬁ%%ﬁggu%?{%ﬁ@’?@&‘@ﬂlbed in

Exanpl es 7 or t&i e desetk ti Aobrdhi @& nhyi bt agk Bar biskasseh

al um na/ manganese (A/ were filtered, washed and dried in an anal ogous
‘manner to thatPRBEEY -for the preparation of A/l given in Exanple 8. A/M
particles are a dark-br (bl e ) | f alumina, an oxide of
i odi ne and an oxi de of %ﬂga%eﬁ#%?oﬁgﬁé fﬁﬁggaeﬁﬁwgﬁélgogg’]und to be stable
indefinitely. dxXamulen lithatlseowfaMP wetdtigaseolakuralkky | ron and

Manganese in Potable Water In Exanples 9 and_ 8 above, ferrous or nmanganous
i ons were int RHFHAPY Serfed 1D WA haPPiePes Lengr dgudBtirEvges vati ves

AL and AM il iy e dbhd Yo fobntihLt 08hL Oingh1 BESENLG: ARG AL I MONY fFrom
water. G ound water 1 ntended for potable use is frequently contam nated
with 53 WO ORBi(ubh (b Roim L4 S8111idADiquiddagenstusrEe+2 and/ or Mnt 2.

Al t hough not posing a health_hazar i,ndi genous i.ron_and rmanganese can
cause staining of clot hi‘?a1)|g ﬁh%ﬁ?fjeyf%ﬂ'g?@ef‘a‘géxggrﬁn%fsght 'y precipitates

in packaged boidirea@aied . fof 08 @ide NBAYASESELEARYL Ehiegoar ehknawnatio foul
reverse osnosis nenbranes. A 2 liter capacity plastic cartridge with top
and bott om porieilt® fRTeseRasip odaedinf venppEoxraace| yigh| thers of AP

matri x, plunb n erti n_th -wat eg . i ke line of a
househol d cl o%lgﬂ%as n%ft?r%%hﬁle&g e%ﬁgvv%{)efg P%E?ﬁg’ﬁﬁb@%r@t ri dge averaged
10 ppm Fe and dkidgipinivhst At eto | Bavinng thepAéPsecautibagandnd feedi ng the
washer had non-detectabl e i ron and nanganese, was col orl ess, and did not
stai n cl ot hi ng:SY4%h B2t¥e household, a 2 liter A/P cartridge can

provide iron-free, mangageserhsegampl&r sbohtdoReikodnah seyarakeponths. In
this exanple, A/l and/or A/Mare fornmed in-situ with indi genous Fe and/or

Mh. | ndi genousfzamdrie eedweed|wedwimh natural |y occurring iron or
manganese binds to the if-si d, rj : A/P Particles
9 ﬁ&%&&%i'algﬁnﬁé%g mlﬁgé lﬂ:ﬁat%%ﬁpk% é‘é

for Coliform Renoval The s 1eés’ o were repeat using A/P
i nstead of thedrdjoaed jxodjudde 1oomnenmaaagihesbackeseaicThantcanmdinii, ons used
and the results obtai ned were substantially identical when using A/P

particles. A P HOATFRIMEBF YT ENE- cahbEOUSet BFCRRC&Fr cF&Ft cabin air
filters in dryotQIBedXREPAE 1dns ALEnERnt 6l 881001 Mht 1 gRESNBrgyry froman

Agueous Conposition 54
others, the oxidized metal ions bind to the oxidizing
medium and form médium—bound metal ions. In the
former instance, as with iron and arsenic ions, the
solid and liquid 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 an agqueous salt solution.

Another aspect of the invention

contemplates modified particulate alumina containing
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WO 112hU 1 |i-1 PCT/USQL/.190.11 A glass chromatographic colum with
bottom porous glass frit and bottom Tefl on stop-cock was | oaded with 25 nL
(settl ed WOloy/Rp4of A/ P particles added to a standi ng vol wa/usor1A94nl of
dei oni zed water. Any air trapped in the A/P bed was expelled . by gentle
rocking of the columm., Flow was initiated by opening the stop-cock

partially and WU ti%t%?f@gﬁ‘b]?\?%%n‘éb%l&}r’] 1ORPFRNAGEEL Yuhi | e
i odi j f L-oni t 1 o] e colum
periodical |y aggding fresugiehoni ged fﬁ?%‘?{?uie%; SrhQPLopenL g L L

to maintain a 2-10 cm head over the _ stan a_rd
sol uti on cont aifitiery e ofo Mesxcann casah fP {patt htbeswasTher inadhcal |y

added to the top.o ing. of the colum, while naintaining a flow rate of
.appr oxi mat el ypf%lrﬁ%fa%%glt%?s R PISTMactt otk o hgot r 8RPEReCedl um were
tested for nerguERbd mq.awlmﬁzmeatﬁﬁévi%fesg@t%d Qalkhtabkve Analysis
By Spot Test, Elsevier Publishers, 1946 p. 48) at a sensitivity of

-detection of PPPHhclAs it deiunszedstatenat I%Cs@iluma@r5p<ppﬂ$8iuﬂi cating f
val effici h 95 percent. During the course o
e LA LA e el 10, B0 BEL 80k DU

mer cury standar i nct ~orang formed at the top
of the A/P bedefnifidet)e drich |zerigdenembintngot hte€QUpSLiOflat be

chal | enge. Measyrenent of the col ored band hei ght conpared to the total
hei ght of the 3595 &&T &oIRIEELRY PPagTO@eteck apacrrgupt eae pound of
nmercury per cyi g pf AP medium Because A/P is non-flammable, nercury
captured by A/P is recoverable by conventional roasting/retorting
t echni ques. Exanple 13: TssofA/A PAartcldesaforusdubbas WO 02/ s01(r. ~
PCT/ USQL/ . 190?L]ﬂtMJ}rrie%a§_té£t%r]s CJ:.OIP a%otrnilinnéa\ %Li?eOUErO%EI eoa:.ETB manganese -

containing particles discussed below. These

particlés are also useful in removing manganese,

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 or mercuric

of cobaltous or cobaltic ions. These A/P particles

are also useful for removing 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 molar 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 is present in an

amount of about 0.50 to about 0.075 molar. When both
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An apparatus and procedure simlar to that described in Exanple 12 was
enpl oyed to investigate mtigation of cobalt (Il) froman aqueous stream

e.g.,

a oMOOMaRIegr aphi ¢ col um was | oaded with 25 cc - of pdfiigeanddsgl es and

chal l enged with a 500 ppm (Co+2~ cobal tous) cobalt (I1) "standard sol ution.
Fractions of 50 nL were collected and scrutinized for cobalt content using
test strips séfS AVETY 10-pATEMRES EntEon @RGstBananmunt e pH val ue

was mai nt ai ne(ﬁlaa{ga&gs@r@ﬂil@ﬂiﬁtfs V@ét%%??ngﬁ%ﬁt tﬁgpkgéidmat ely 0.5

bv/ m nut e.

During the course of the cobalt

| enge, "an olive green

band fornmed oPTReRtoPILf witdh Al cotdemstahidihg| ehgt heasdaassthe t est

proceeded. All

ative for copalt indicating nore 98

f ions. tested ne
.percent mti gate'lqgﬁ%éfsoc%o oaletslicfdtlljo R ToBAI YRFESHF obF ehat FEUE SRSt he
nucl ear power onlgusirey fherdkTat 08l i VEns £ 601 contant pafegycertain
process waste water. A/P particles with sorbed Co60 can be integrated into
‘ceranics or cOHEFEEES Groding rRsc e prdl arsesubyGr2isl 1y f FreeP6E/ |1 SU |
[9f1-~ 1 Examplgeldin A liJAndd ¢l es for Renoving Arsenic (V) or Antinony (V)

from Aqueous Streans ing a laboratory glass colum {described in Exanple
13 and 14) 25 cc of A/l Famdadses fdxangherBlg Wasséeadedr agd: eguhl i br at ed
with deionized_ water. ., A challenge of tap water spiked with 500 parts per

billion (ppb) Tof “&r SenitCE)E LS HALLEF tHiRRGh 1heal@T bed whil e
periodi cal |y eyaremingreld | u i JWP ! Lovel and, CO
EHI;ﬂl r11: td;‘li sqg(aagrr%rec?ée;%]eﬁn(- spﬁééga{leegé%?"é}n%s

sensitivity:

10 PPb)

del i vered froft&PPeservoir and onto the colum by neans of a peristaltic
punp set to deliver 15 ni/mnute. In total, 1200 bed volumes (30 liters) of
test sanple were passed ¥hfouGFHIRTAUHELIR dftc RABHRati ons were

made on each arkkhék onckemdrorsf -of fdruens Ak rﬁif%@'@&héé%é@@ 10 ppb

arsenic on all fractions by the Hach test. Effluent sanples

urther

concentrated P5C2FEE tHE 290U¢ RalParsisumey WS Fatenti ook, &08557)
reveal ed effl ye i at | .0f, 1 ess f.han 1 ppb. Wen this
exanpl e was repggt ggaﬁ‘gulﬁ%g%gg‘%%g%‘ Ladr"latqgl’]L‘r%t)gnlye V) fs}b"’}a}kesac’]['“gtpl‘\7/\’%1t'1§"?”? ef f | uent

wat er

reveal edoheasnt bag &hRRGANHITDBLAS &et&m@"%ﬁ@ ad;pm ¢ absor pti on.

Exanpl e 15: Conparison of A/l Particles to Particles Prepared as in WO
99/ 50182 An i Bbh°pxAde3alaudi Az +E0NPOTiHee: deseyitied i1 MR £9/ 50182 is

commercially av

Al can Al.um num Co., Brockville, Ontario, Canada) as

aj . abl e
AAFS50. That RﬁFtFF PSi §OPGALRer TPEs & BEdIfngass armmdtdttserdreds al uni na
cont ai ni ng 6. GupStEaRt aFe2030 &hfeo%-s%fp%fi%ee}tif@eéjytﬁﬁéﬁﬁcu@'Erﬁ‘ough

pl ai n.

WO 02/~A | ~ PCT/US0I1~911-1
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 is maintained for a time
period sufficient for arsenic or antimony +3 or +5
ions present to be sorbed by the particles to form
arsenic- or antimony-containing particles and an
aqueous 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 aqueous solution

having a lessened amount of arsenic or antimony.
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activated alum na has an inherent ability to bind arsenic V, clearly, as
denonstrated in WO 99/501 82, AAFS50 is a vastly superior adsorbent for
arseni c O8YAY4ated to plain activated alumina. Al parti cdlcrsusoei/ssii s
invention contain a cal cul ated maxi mum of 0.7 percent by wei ght of Fe.

Vi sual |y, A/IA&%%%Sars to have a darker, nore intense and uniformrust col or
conpared to THITH L 15R1 2% L% peek| emPhenpuareduire af nuch
lighter in colissaARFSH0 Wtiﬂﬁué%ﬁ%%t&fégéﬂi g.Lqortar -and
pestle) reveal a white core within the particle indrcating a Bo3fi ng of
Fe203 on the &PCerilamirg mankickeshi Mhofpavtiphesi shésagaveal a uniform
dark rust col qr r. tthe particles. Accel erated, performnce
sconpari sons W%to%h%/ﬁ%qg%%m SAriTRA RSl Y n‘éﬁ’étﬁhg%‘ﬂétéﬁﬁonat ogr aphi c
format previ odslly rdesen bed Whd 112i109 hat000-Opfe{1-10RBIRAEE5 chal | enge
applied at O. 23&3\// mnute. At this |level of challenge, AAFS50 particles
‘reveal ed a "bf Qﬁldo&@?kedffs -10 ppb at about 500 col um vol unes, whereas
Al'l particles did not show 0 +5. breakt hrough untjl after 600 bv.
This exanpl e dem)nstratrelg1 tsﬁgge tlﬁégﬁ%tsraﬁd q%ng%cfclhtr{/‘erb SFeW?)!FEEe{:'EO‘(‘AAFSZO:A 2
percent) A | =@hicpertbentipriss axet tas Hepemiandd ass hpwvdhephse8qi s present ed
to the chall enge ea | 1 i’{/ not known, how t he coating process for AAFS50
Al @ R5ed

st ] _
particles affectS"Phlee SyesiciRed oy - paselehks. The
significant igplowersal BRI A e REd t I rficles in capturing
arsenic Vin spite of having ll?gpt he larr[)ﬁt(raldtq %C%rg{eolf{alt}g% “Erﬁayl%%“’ due in part
to the naturelBECt he ilpow itdditneaoxibee meinemireadidnp | exrised by fast to a
nore function cef f i.Ve - pare ructyre. 58 02/s1116

PCT/ USFI 11 .| 9%@%‘@%;%%5&&1?? "of %E‘epé?’ﬁ 'edﬁﬂ]éfs‘%]d%tpcfjown%tﬂcar get ion is
only one nmeasoredotiebf medenay isApteFRn - rdandi R apRligin of efficiency
is the rate at xf{\/nich a sorbent takes up and mtigates a target ion down to
accept abl e | e7BH¥M\WAEN 2 Re tERpediumime Pavatieddsh thi s exanpl e was repeat ed
at increased flowrate (1.0 bv/mnute vs. 0.25 bv/mnute) arsenic at |evels
nore than 10 ppb were noticed instantly in the effluent of the AAFS50
colum, whereas no arseni c was det ecE#dMPnERBhe effluent of the A/l col um
at 1.0-2.0 bvégyau%e. Thu]g Al Earti cles sorb As+5 at a rate that is at

| east 4 tines TASPsF thantsEPRERSH OBy ChaBsERlymanid Mediym practi cal terns,
a colum contai ni ng A/l opar birekbesst eoF bir@ake iAstT Haeed e 4 the
size of a colum of_ AAFS50 parti cl esot obpr%ceél@%t he sanﬁz}‘lﬁ%eﬁ%t D(])%B wat er in
the sanme ampuffO®f-tinkedExampheingluden Parting gelaeiM t(gate As+5 or As+3
Twenty-five ni of rej . l.e 8 re challenged with tap water
cont ai ni ng 500 ppbé%)%ggdeggigjggggﬁnﬁgﬁpgacpﬁfam%lqm 154t ai ni ng 500
ppb of added fshadutusiAg3tbeamaie bbromabagsaghbougr Gt.acejrARSCrighed in
Exanmpl e 13. %Mé)ary cl eg ?ggnd all (nore than_ 99 Eercen_t) arsenic (either
As+5 or As+5)"Rppli CAOCEF{ FolndTERE! edDf Br TABREane IR Visdiuae is

non-det ect abl adpueted stol & bE bhoughlokiahtBRYgaREE JLGSeRt in A M
particles is tetraval ent causin log?dgti on of 5}As~' 3 totﬁs%%S. Any M ||
produced froP¥ikeNa FeaePudnsediminnbydneslidel.e. 59 WO 02/5011

PCT/1JS01/~90~1 Each OfAtgng@ESHt8faggygé£gckggogkt%q4 grams) ,

chloromethylstyrene (about 75 grams), technical grade

55 percent divinylbenzene (about 10.9 grams), and

+ azobisisobutyronitrile (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
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herein is incorporated by reference. The use of the article "a" or "an" is
intended to include one or nore. The foregoi ng description and the exanpl es
are intendew2/ag6d | lustrative and are not to be taken as | PRITUSAL490SL | | |
other variations within the spirit and scope of thi's i"hvehtidn are-pdssibl e
and will readily present tt}%gi_el ves tcféhose skilled in the art. 60 WO
02/ OL (i~ WHAPPPSTESANED S o/ X payed Fraothe MiXt Wreat eF € nsol ubl e

pol yneri ¢ medidiTididithyA 4t dH ad 130 Bfmd0| Yaresszeeh NaBYFbginni um vi nyl benzyl
triiodide noieties whosé pyridiniumrings bear two substituents, Rl and R2,
that are i ndepempematyure hydrd deobrt oo T4 &l kgl uge oppresatbd pol yneri zed

N-pyri di ni um vinyl henzyl triiodid tribromde, noietes rresponding in
sStructure to tIWeY'y il BRI _m%‘% St A nalﬁ{ée%oﬁgﬁ%ri c mediumin
accordance W gredimmchahes®in oneclod Siall srdiie 1F?r§up§tht:@ents isacCl

o

group. 3. The polyneric nmediumin, accordance wt aim1l wherein said Rl
-and R2 substi tog&swEette both hydri do groups. 4. The polyneric nediumin

accordance with claim1l ltrpa%ig@,?ep ﬁféé@géfjeaiﬂ&%}?i‘tﬁ?}icﬂn%ﬂm 0.1to

about 1.0 noles per liter.
chloride co-polymer was obtained from the Purolite

Company of Bala Cynwyd, PA under the designation A-
560. This material is water-insoluble, generally
spherical in shape and macroreticular. This material
has a stated capacity of 1 meq/ mL of chloride and a
moisture content of about 59.7 percent. The particle

size distribution shown is in the Table below.

Particle Size Distribution
Diameter
(microns) Percentage
<300 Zero
<425 0.8
<500 6.5
<630 85.6
<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 KIj

gsolution 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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WO 112/SU 1 C. | PCT/LI SO 1 /.190.11 5. The polyneric nmediumin accordance
with claiml that is free of water-elutable iodine. 6. A water-insoluble
pol yneri sverezisaisd having a plurality of polynerized N-pyri @Chiusm/dgoayl benzyl
triiodide noieties in Whl ch the triiodide ion cortént ™ s"*dbbdt "0 1" about
1.0 noles per liter, said nediumbeing free of water-elutable iodine. 7.
The pol yner i c CRBARTR Lk o8k S6iRinte Witth RIGME L Guiee & wm t PRYEF¢1 9%l de i on

content i's abayt 0211300 10 & dl£5 Befpddd & 8- adhe, polymer ¢ medi um

in accordance w th aim 6 wherein sal lumis nmacroreticular. 9. The
pol yneri c nmedwatneim tac cengarec e ha tote s 8 alhleriei de stalhat nber or et i cul ar

medi um conpri ses _free-f Ny rticle e cessfor form ng an
caseptic flui d%PFB‘r%da fl ﬁGd W%&%W%%I %‘g BT AR FHRE conpri si ng

t he steps of: £Prvid Qg |- a wat erinsol ubl e polyneric
medi um havi ng a p ura?él ty o poci%Ssle ?édl} ﬁll-%ér]l?dl ni um vi nyl benzyl trii odi de

or tribromde noieties af, a@fbﬁiéﬂlgﬂg&ﬁ&mﬁ/@é}%a@%@ 3£ PHL UL SO 1
/[-19U-41 + + N~ R Br N\~ R2 J R~ R~ wherein RL and R2 are

i ndependent | y5&0 resin was stlrred 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)
was 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 Br3z~ 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 tribromide regin.

Example 2: Iodine Elution

Two studies were carried out to assess the
ease with which iodine 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 compared to a contemplated
polymeric medium. 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 contemplated
bolymeric medium was a chloromethylated styrene

divinylbenzene that was reacted with pyridine, and
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hydrido or a Cl1-C4 al kyl group; (b) introducing to the vessel an influent
of mcrobially contamnated fluid that is clear and free fromvisible
preci pi t av@or/micont act the insoluble medium (c) maintai niPEE/EA/@MI uid in

LA

contact with said insoluble nediumfor a tine pefiod SUrfi'¢tént™ for ™
m crobes present in _the influent to be killed b aid triiqQdide ions and

form aseptic & Fhlatd 4 PR HarfHEIHR Rt For f FEE 4O+ 3% ERe vesse

as an effluent o1l 3eThSRIOGESS nldl &8 COF daPLEoM &8 S B3 18 wherein one of
said R1L and substituents is a Cl1 al kyl group. 12. The process in

accordance with clai m 1dmhdreifissi dstiRIdanduRngubke i pueneduaeeobot h
hydri do groups, ...Th rocess, in accorgdanc it h-clal O _wherein said
.pol yneric md%&#ﬁ‘f a(eptl%(f‘bcgi (fet?rb_ %anf%%tf e[\g%l\é%%%u{;gbn}iﬁ?a about 1.0

mol es per liteahvdiFed WRH:RS o |ddhpile REH/ thS&QdsdPdd- haleddal The process
in accordance with claim10 erein said fluid is water. 15. A process for

form ng asept e tiats@d ifumo vt it 1Bnd Ptk ol EBAE APRiI @F Alcr obi al
contam nati on LML G N 6P oo (P, L Y L0g, enxeseel soRbaining @
N- pyri di ni um domylahiersty 12 rgramb def nbdinespén abiah dheresinpdi de
concentration is about 0.1 to about 1.0 noles per liter; (b) introducing to
t he vessel anW“W$Hafentio iodine was found by this procedure’ using

the contemplated polymeric medium.

In a second study, a sample of the A-605

resin or another sample of the before-described

polymeric oxidative medium in triiodide form was

eluted with dechlorinated Philadelphia city water at

a 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" 20

edition (American Water Works Association, 6666 West

Quincy Ave., Denver CO 80235). Iodide ion was also

agssayed for, but those data obtained are suspect and

are not reported here. The results are shown in the

Table below.
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of mcrobially contam nated water that
precipitate to contact the insoluble nedium (c) maintaining said water

is clear

and free fromvis

i bl e
in

contact woh2/sacd i nsol uble mediumfor a tinme period suffiPCTAR1//9H1

n

m crobes present in the influent to be killed By™sdi'd *t'rfiodi"de"i“6hs ™ atd

form aseptic water; and
as an effluent. 16. The

i nfl uent contains coliform or
accordance with claim 15 wherein nediumis nacroreticul ar.
in accordance with clair

to about 0.5 noles per |
.apparatus for preparing

inlet, an outlet and a

1o

medi um cont ai ni ng regi of

(d) di schar

pr ocexEL e Wty

n 15 whegsaBMBALEhe tri
iter, 64 WO (12/SAQ

hdi GRBBOM cofmicpft) i S

(i~ PCT/1JS01/-4911A

a

o

n ase@i@@F | uid that

conprises: a vesse

nalar
CpPuUryn

ter—nasolubl
. Y0 bv

By o e dl s o o Al
e Ellbl T PuUTYy)
.

100 bv 2.2

150 bv 2.2
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

contemplated polymeric oxidative medium lost

éﬁf@ t he aseptic water fromthe vessel
dahieel it BERE¥i m 15 wherein the
Pseudononas aerugi nosa. 17. The process in
18. The process
about 0.2

19. An
havi ng an
meric

a

substantially nothing over that same course of study.

In a positive control study,

a small

portion of each material assayed above was contacted

with 0.1 N sodium thiocsulfate for about 18 hours

(over night) .

turned from a dark purple color to tan.

On mixing, each

material immediately

An aliquot

of each supernatant liquor was removed and titrated

with 0.01 N jiodine to the starch end point.

The

results showed that the A-605 resin contained 12

gramg of iodine/ 25 wmlL resin, whereas the

contemplated polymeric medium contained 1.4 grams of

iodine per 25 mL of resin.

Example 3:

Preparation of 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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sai d wat er-insol uble polyneric nmediumconprising a plurality of polynerized
N- pyri di ni um vi nyl benzyl triiodi de noieties whose pyridiniumrings bear two
substit uemd82/5Ré4+ and R2, that are independently a hydri doPeA/Es0CIvgd al kyl
group, said polynmerized N-pyridiniumvinyl benzyl ™t i’ ¢8i-the’-br {'fi"drioiti-tle
noi eties corresponding in structure to the forpula / /_\ \ - N\l 2 - N\I
~/~R Br3 [|1/JR™RE RArQHerigiif t héd RTRIMF NPt 2df b E8ReaPhied within

the medi um conjsy m& %frxegﬁlqﬁm@ hrldSg 12 PPAE 8L YBul) @fcgéﬁﬂg[flght h claiml9

wherei n one of sai and R2 substituents is a Cl gro e apparat us
i n accordance mgdimmc] ai m 19 wherein said R1 and R2 substituents are both

hydrido groups. 65 WO 02/ PCT/U S|.|. 1 /-490-1 1 22._ The apparatus
.in accordance with clalﬁFT§§FH§§‘?é?%%#fi}+Bﬁ¥d%1?%ﬂoEoﬁ?@R}e8fWﬁ ut 0.1
to about 1.0 mRles: Fefor it .tk JIheA@%Q@E apys hHoeCcsAndAgEenVbHh Claim 19
that is free of water-elutable iodine An apparatus for preparing

-aseptic water Q@begoidri X0 a VEaee| chaviiagsampl s evasapssaybet brnd a
mater-lnsolubkﬁupgﬁﬂg¥at04§%¥lg@ fﬁ%znﬁwACngdbgnt 8&8'25“9 region; said

wat er - i nsol ubl'e paolymeri ¢ nedl um conprisi ng~a T ur &f pol ymeri zed

N-pyri di ni um \dewidugnzyd drid imﬁﬁm@u& rpbé@@hﬂelme&th66fl Bhahi ch the
triiodide ion content is about 1 to about 1.0 noles per liter, and is
free of materﬁé%ﬂﬁﬁﬂﬁaq%ﬁﬂ%ﬁ?°%@ﬂ%?ﬂ9FWﬁ@9n%ﬁ?%ﬁ??@ 38ppYrt ed and

contai ned wi t by, g Al urp Ot AL 9 SLO R study are shown in
the Microbial Assay Table below.

Microbial Assay

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

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

the load of Pseudomonas aeruginosa in the water tank.

Example 4: Coliform 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 mL of a triiodide form of
the polymeric medium as described in Example 1
supported on a porous frit in a column at a flow rate
of about one-half bed volume (about 10 mL) per
minute. About one hundred mL from the pooled eluate

were assayed for coliform and E. coli using
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25. The apparatus in accordance with claim 24 wherein the triiodide ion
content is about 0.2 to about 0.5 noles per liter. , 26. The apparatus in
accor danaow/fine€l ai m 24 wherein said mediumis nacroreti ®OTAISO1/2941 The
appar atus according to claim24 wherein said vés%el i fiérutes “a™titst™
flowpermtting support. positioned between the outlet and the nmedi um

cont ai ni ng r eGiBReEH-al \§9 o |and FET/ €)1 1presenrefabgentge appar at us
according 10 Gl 34 wheneldh Sa 0 veseel ahdc] udsscarseognd ko perm Liing
support positioned béetween the inl'et and the nediuncontafning region. 29.
The separ ati o2323RaratdiNaccrdiglg fol bbeimy 2dhehnlei ei instirdct nbes . and

outl et are separated from each other. 30. The separation ar at us
.according to %ﬁ’ﬁ ﬁsfzf‘%e‘?é' Sd&dHite ‘V"?‘Ff%tn%%%lgb\ﬁ?l t?ragg at opposite

ends of the appalsiite H.cdl PFOseSend Of. oxbdi zhPgetrhMabgptngegenic to
pent aval ent arsenic or trivalent antinony to pentaval ent antinony

-conpri si ng thdrsudesish Kehligtowkirepa ¥estellavnzasayngaarwaderi nsol ubl e

pol ymeri c oxi di zi di um havi al pt Xidi.zi sites_that
conprise a pl t?rua%ﬁ ﬁqi/ ot~ p%lflﬁrler%a}rge%arﬁé%%r%fdi%?%%n I\Q/%\r’]yfb‘@%g??‘ﬂ £Fi fodi de or

tribrom de nmoiRintaWhese gydi e ubar | AgBi bean AM@ subsbitiuentsr Rl and
R2, that are independently a hydrido or a Cl-C4_al kyl _group, said
pol yneri zed NPV & rfign RAWsS beh A cip3 5o de BRet PPLYBR¥EE noi et es

correspondi NQ [dJdXSEtL f I 2 ' T/LI SU 1
/ton L 1 I_ %lﬂézali}r&w%tzégﬁ?e = g”%% RﬂR@R@ﬂged%&&} Broh Ge1f6w

to colorless.

Example 5: Arsenic Oxidation and Removal

Oxidation of arsenic from the trivalent to
the pentavalent form is required when using a variety
of conventional technologies for arsenic removal such
as reverge osmosis and conventional anion exchange
resing, neither of which recognize trivalent arsenic.
The following studies were carried out to illustrate
the oxidation properties of a N-pyridinium
vinylbenzyl 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
arsenic-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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(b) introducing an influent aqueous solution having trival ent arsenic or
trivalent antinony to the vessel to contact the insoluble oxidizing nmedium
(c) mai NP M/AY6kai d solution in contact with said insol ubCa/usediswwm for a
time period sufficient for said trivalent arseni¢ of tFridi-&nt "amtndny in

the influent to react with said oxidizin ites to forma pentaval ent.

ar seni c- cont aF‘nFﬁg‘PSﬁYBEH’r ﬁﬁglsé:rﬁreé"rﬁ iarﬂﬁyf]cvdrmé}rkf‘ﬁrhﬁe%%nﬁﬁ%t sdfution and a
reduced nedi ughlardrkdhySRRIALNRY tie R AVA epfcRr geni c= contai ning or
ant i nony-cont ai ni ng sanple solution fromthe reduced nmedium 32. The

process in acbydgaryethivill -cliziahtyil amtigrei mrohel of asai BalRle afidoiR2

substituents | 1 Qr 33.__The proce i n,accordance with_claim31
-wherein said %bgﬁg ﬁglegnﬁ%&llst déhit's L&Fée)erbts)tt%he h%/ed?%%abjr%ﬁpé\%ﬁ?%' VO
U2/ 5016- 1 PCTLUSQhh=9AlahdB4 wHie: pa0ess udhisoodslanseemi t hygbai m 31

wherein said separated pentaval ent. arseni c containing sanple solution is an
~effluent fronféaldepésderom sde wad yirb Raaking aavremeeniratedl 20 m 31

wherein sald REMHAKALCRLARE TG G UL SAT & 50L | O | fq cQnt act ed
wi th a pentaval ent arsenic binding nmediumand that contact is i ntai ned
for a tine perpodezufibildivemtvatid afbdremavddinimeioning getrtedtal Brsime seni ¢ and

an aqueous copposition. 36. The process in accqrdance with claim35 wherein
sai d pentaval Peﬁ%éﬁ%%ﬁ%ﬁ%&%di%ﬁe (Merck) ] that is able to

detect 100 ppb to 3000 ppb arsenic. The results were
negative.

Procedure 1

Ten bed volumes (bv; 50 mL) of the
challenge solution containing 500 ppb 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 A 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 through'Column A was increased to 2 bv per
minute. The assay for arsenic after passage through
Column B and concentration was again less than 5 ppb.

Procedure 4
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and said oxidizing nediumare in separate vessels. 37. The process in
accordance with claim 36 wherein said aqueous conposition is discharged
fromt hew@sx#lics an ef fluent having final arsenic conceRCTAISIO#Ohat s
at | east about 95 percent less than the initial &r$eéni"ttoh&ent’' &t ioii.*38.
A process for renoving trivalent arsenic froman aqueous sol ution :

conmprising the steps of HEHCHHA di M-S 33 TR EFAI AYCEPhatBRE| nsol ubl e
medi a conpri sichg (FEowARaPd izl AgyHEH MR ay i s aizl?éi[-'éééé{ithfBOBbd! zi ng
adsorption sites that are containing a water-insoluble polyneric oxidizing
medi um havi ngpgrpmiraltie.y Fhexiebwihgas tagaihatheospmese a plurality of
pol ymeri zed N-pyridiniumvinylbenzyl triiodide or tribromde npieties whose
~pyridiniumrings bear two substituents, Rl and R2, that axe independently a

hydrido or a Cl-CA al kylTHe abd¥feO A BS- AL RESE 504/t h90. 41 group, said

pol ymeri zed N-pyridinium vinyl benzyl triiodide or tribrom de noieties

- cor r espondi ng ceRteMdettiad Nyt frorim el nylberpy BrigriiedRde/ / and (ii) a
pent aval ent a i.c bhi_ndi.ng. Lk b)_int roducin n_i nfluent. agueous

sol uti on havi ﬁ%gph vanerln * arrgggl%rqaot(% & r{?/eecisls‘%i‘l Jf(?)@lc@n }é%‘fll%%e]g?ﬁsol ubl e
oxi di zi ng nedictul 1enyeamdhiamaint rgf Satidrasiodnt | Dsémd € oahACEomiré At satd

i nsol ubl e oxi di zi %%umedi umfor a time period sufficient for said trival ent

arsenic in th&9 MRUSRRRY R 74 Rty IR Hagreneeedt 5re8r m an
i nfluent pent ayal ento, A8 £ GRNLAI IR AGUSOUS é&i&ﬁieﬂcggﬂ for a tine
n

period sufficient for said fornmed pentaval ent arsenic to bi to said
bi ndi ng sitesxresifiorm a nmedi um bound arseni ¢ and an aqueous conposition;

and (d) discharging the ggu.eo. s conposition fromthe vessﬂ: as an effl uent

a
having a final arsenic ComtdRerdts JPS BEOUEE SRt oF8BBLE W2Barts per
billion. 70 QO bb¥=sled>using well water from the area around

Lake Winnebego in Wisconsin, 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 waterxr
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
assay 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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PCT/USfI1/.190-41 39. The process in accordance with claim 38 wherein
arsenic is present in said influent at a concentration greater than 50
parts pew®pt/filoh. 40. The process in accordance with cl aPET3B0oukweei n sai d
oxi di zi ng nmedi um and sai d pentaval ent arseni c bi fidi' rig “frstii"ufn"are“gdr'eseht in
said vessel in layers. 41. The process in accordance with claim40 wherein
sai d i nfl uent SEERCEAY & & 1PTHM Ty i FGRF ART ayBPitreHrOt 81 chdt act i ng said

pentaval ent apsepi ¢ Ndifg JEdidi @y &1s4%=nbR' thot! ahe ﬁlﬂg'&f@s
cont ai ni ng nmetaperi odate 1ons substantially honogeneously sorbed throughout

t he parti cl es ofwerigiat isai chreetelpdrivedat ecaind. are present in an anount of
about 0.1 to about 0.15 lar in a avity-settled vaolune of particles in

.dei oni zed water. 43. A C eSO IS it WP FRRYEesE2S mer cury and

cobalt ions fF)Q@p&r\éﬁi &fs FIPlwd hatTeapnpitises dhep st epsmofoddmeont act i ng
an aqueous solution that contains one or nore of iron, nmanganese, nercury

-and cobal t i offetiapexiasident MaiQn gress areperedbbutdeiearzedper billion
with nodified alum na particles, said nodified alumna particles containing

met aper i odat e YBGRE <&t BEH IR 1RGN iHIRF RfoHRhEsEst yae t VBRIt ed
t hroughout i n ,eTOURtLOfs ARAULID P2 101 AhQut B 35, I a1 fspmeasured in a
I I 71

gravity-settled volune of particles 1 ndelonized water; WO 02/s01 G-
PCT/ 11 S01/ ~9( prasiyj araiantiayni ndrlsmiiha ofRlge®3 ¥ or2&-48 neepler i ¢dllsahf i ci ent
for the one or nore of said iron, manganese, nercury and cobalt ions
present to beBd40HED MRg HEqmad ciide ttdg orawlpay tiet s tbatadhidg one or

nore of iron, x%%'&%%?fst%e NELG 'Wala"icb %o%fumgndsgntﬁgye%é sol ution having
0 or r an

a | essened anbunt one e of 1ron, manganese, nercury and cobalt
ions; and c) semardldary IsdAid daruted parg ilel esTloeontativbngvagecbosadr e of
i ron, nmanganese, ner i d aqéleous sol utjion having a

ury and cobalt froms
| essened anouﬁfldofrq]ﬁt?rﬁ%,/ Wary LHEER TR FUriParR RepEPE Pondboul 2

Particul ate aliyrisng,ant ai HdighidONystbstandd af o hoppgepgopshy sor bed
t hroughout the particles, wherein said iron is present in an anount of

about 0.1 to dom thelFunsrmatanta aphviestedtwlehl soroeke dédpdeticles in

dei oni zed water, said particles containing an oxidized iodine species and
bei ng subst antplaQelry 5% g—‘eeso‘% e@iﬁearm(?nco Teloﬁ%t.:e Parti cul ate al um na

cont ai ni ng manganese sulmianttad Is/uﬁmmﬂmpﬁﬁig spedegrt hroughout the
particles, wherein said nmanganese is present in an anmount of about 0.05 to
about 0.075 nBCAPHSTFILRER tihes s oTasrel bt tpaedi enderi Federedi zed

SUbat ant 1 al 1y T rae o e B o A D S Vi ng arseni c
or antinony +¥imdows sareer raomtEhadaiiert suppl The hbtlcenpeakeswabe st eps of;
rinsed with deionized water and then dewatered with
the aspirator.
The filtered metaperiodate-treated alumina
was added back to the carboy and 10 L of 0.125 M

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

with the metaperiodate-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 sensitivity of about 100
ppm. The iron oxide on alumina sorbent so prepared

was filtered and used as described above.
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72 WO 02/s(11(-1 PCT/US(11 /90-L 1 a) contacting an aqueous sol ution that
contains arsenic or antinony +3 or -i-5ions in a concentration greater

t han abowO @/jaé£s per billion with nodified alum na part PCTRS)1/£840

nmodi fi ed al um na particles containing iron or manganese™or "botH €dr'bed-
substantially honbgeneously distributed throughout in an anount of about
0.05 to about 0.15 nolar as neasured in a gravity-settled vol une of

particles in g:gia{;@ilée% :mwmpasﬁaajﬁv@rﬂiicq{ﬁnﬂes%%% ning an oxidi zed

i odi ne speci es and being ' i odi ne; b)

mai nt ai ni ng sai d contactA fprld tamiyepertiuwty stdd icdmducted af senic or
antinony +3 or_ +5_i,ons present tq .be sorhed by the particles to form
.arsenic- or aﬁﬁﬁﬁﬁﬂy-ec&prﬁteﬁsni% “%Hﬁ% cqojﬁg“%?{%g/%ﬁl Ja(ﬁ‘geb%sb%%ll]%tk%nalﬂavi ng a
| essened amugasg&ﬁriwi@ﬂru@%m%lm Qe SLPr b4 NG sai d arseni c- or
ant i nonycont ai ni ng particles from said agueous sol ution having a | essened

~anount of arséedsermtigm inaskiyum 4 sclipsgst deesniddeortdi a4 t6- 8l ai m 46
wherein said Lcl ar, difi-ed w.th j and saikd iron is present in
an anount of 2%%%%1%0%%0 tsg a du%gﬁ. 1§4nrrr0%da&r’r0%t8l.onrh e(%lr%%ess according to
cl ai m 46 wher echteaipd apad idres el fdatiatd bemnganesei damnthugai d
manganese i s present in an anmount of about 0.05 to about 0.075 nolar. 49.
The process af&6MBitng HETE2E AUARRBRE LML YD of Ptk , esatH- aqueous

solutionis c ; ' erdAs | e i dium73 WO
02/ sU (i~ PCT/%%%?%IE%% \ﬁgﬁa@fmﬁaﬁlﬁgla%ﬁﬁﬁﬂoﬁf%@%mri zed

N- pyri di ni um vi nyl benzylIrnt & ifodiste sorudy,i b &9 del noapacesy of the structure

S - ~~RZR-NBr3 | ~ R~ erein RL and. R2, are independently a hydrido
or a O-Ch al KYFORPEES Tl R Ty ShIPRRS Jfi dh 2 PeOMtact 1 (¥l d
i nsol ubl e medicuar-bg FritdHe pedrl F P Mtesin (chloride form)

of Smith et al. slurried in water. This adsorption
medium contains 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 agqueous solution containing
1000 ppm of sodium dichromate (1 g/L) at a pH value
of 7. A sharp yellow-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 diffuse 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 is a
major difference in binding rate between the two

adsorption media towards dichromate ion. Thus, even
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for said trivalent arsenic or trivalent antinony in the influent to react
with said oxidizing sites to forma pentaval ent arsenic-containing or

pent aval av@ 0zftishony- cont ai ni ng sanpl e solution and a redREEFASHE MG
separating the pentaval ent arsenic containing or “ant’i mofiy=cént al i 1o "shnpl e
solution fromthe reduced nmedium and using the separated pentaval ent
arseni ¢ cont aitBiWGrothEHS MHHE d6iSi arRy SBERIR Bordingnsakesai d aqueous

sol ution of SteR;qakh1e%n E?aE'ckprng%tﬁﬁ]ﬁT]i rbx?&%é&?u“rﬁebéé%& €hai m 49 wherein

said Rl and R2 substituents are ydrido groups.
A DA 9. A A& JASES OB tAS . iAg1D  AgEa A Aods et 19, AsBérdadsBhAlonBeA&. A9. As9. A

9. A% Al & A& A& A A& A9. AN&. A& As. A A A& A. A3. A3. AY& AY9. A% A& Al 9. Al . AF. AY&
L AS& A & A AY%&O?‘A&%%""A% I i Aﬁ‘&%’% ﬁgla/g Aé%fﬁﬁ?@% & RB8- AgPRE As&. A% A
& A AL AL A &iAd AHE TRk | dotc i@ d v ahe " apsadealicedcalisalsal cal cal cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<ali ]
6 7 )*S]  txigoplige ions at about the same rate.

Example 7: Preparation of a Further
Alumina/Meta-periodate Complex

To a 12 gallon plastic graduated carboy
(Nalgene Corp.) was added 30 liters of deionized

water to which 1-2 mL of concentrated sulfuric acid

was added. To the dilute acid.solution, 800 cm3 of
solid, sodium metaperiodate 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 solution 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 roller 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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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
roller. Mixing by rolling is continued at 1-2 minute
intervals for 1-2 hours. After this time period, a
test for ferrous ion remaining in the reaction
supernatant is negative. Test strips for iron (II)
from EM Science (Gibbstown, NJ 08027) sensitive to 10
ppm are convenient for monitoring iron uptake by the
A/P. The uptake of iron ion by the A/P particles was
rapid and can be noted visually by the immediate
change in color of the white A/P particles to a dark,

rust-brown color of alumina/iron (A/I) particles upon
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The resulting A/I particles were filtered,
washed and dried per the procedure described in
Example 7. As described in Example 7, the protocol
described here for production of A/I is effective for
smaller or larger batch sizes or for different mesh
gsizes and shapes of A/P. Dried or wet A/I is stable
indefinitely and does not bleed iron or aluminum when
challenged with an aqueous flow in a pH value of
about 5.5 to about 8.5.

A/TI 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 heterogeneous particle
having a "salt and pepper" appearance and an unknown
impact on the native, porous structure of the alumina
carrier. A/l particles prepared by this example have
a homogeneous appearance from particle to particle
and throughout the entire volume 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
to 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 ferrous
ammonium sulfate solution slowly liberates free,

elemental iodine (I,) asg evidenced by iodine crystals
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alumina. WO 99/50182 describes a composite of iron

oxide carried as a coating on alumina.

Example 9: Preparation of Alumina/Manganese Complex

Manganous sulfate tetrahydrate (MnSOg4-4H0;

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 mixed 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 Examples 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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Iron and manganese impurities are known to foul
reverse osmosis membranes.

A 2 liter capacity plastic cartridge with
top and bottom porous frits was loaded 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
and/or Mn. Indigenous arsenic co-mingled with
naturally occurring iron or manganese binds to the

in-situ generated matrix.

Example 11: A/P Particles for Coliform Removal

The studies of Example 4 were repeated
uging 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

ailrcraft cabin air filters in dry form.

Example 12: A/P Particles to Mitigate Mercury

from an Aqueous Composition
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. water. Any air trapped in the A/P bed was expelled
by gentle rocking of the column. Flow was initiated
by opening the stop-cock partially and manually
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 opening of the column,
while maintaining a flow rate of approximately 10
mL/minute. Fifty mL fractions eluting from the
column were tested for mercury (diphenylcarbazone

test (see Feigl, Qualitative Analysis By Spot Test,

Elsevier Publishers, 1946 p. 48) at a sensitivity of
detection of 5 ppm. All fractions tested at less
than 5 ppm, indicating removal efficiency of removal
of more than 95 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 an approximate capacity
of one pound of mercury per cubic foot of A/P medium.
Because A/P is non-flammable, mercury captured by A/P
is recoverable by conventional roasting/retorting

techniques.

Example 13: Use of A/P Particles for the
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described in Example 12 was employed to investigate

mitigation of cobalt (II) from an agueous stream,

e.g., a chromatographic column was loaded with 25 cc

of A/P particles and challenged with a 500 ppm (Cot?2;
cobaltous) cobalt (II) standard solution. Fractions
of 50 mL were collected and scrutinized for cobalt
content using test strips seﬁsitive 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 greeﬁ band formed on the top of
the A/P column, which lengthened as the test
proceeded. All fractions tested negative for cobalt
indicating more 98 percent mitigation of cobalt (II)

added. Cobalt is problematic for the nuclear power

industry where radioactive cobalt®0 contaminates

certain process waste water. A/P particles with

sorbed Co®0 can be integrated into ceramics or

concrete for ultimate disposal.
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8) was loaded and equilibrated with deionized water.

A challenge of tap water spiked with 500 parts per
billion (ppb) of arsenic (V) was passed through the
A/I bed while periodically examining effluent for
arsenic (Hach test kit, Loveland, CO; sensitivity: 10
ppb) .

In this example, argenic-spiked test water
was 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. Arsenic
determinations were made on each 1 liter increment of
effluent and revealed less than 10 ppb arsenic on all
fractions by the Hach test. Effluent samples further
concentrated to 1/10 their original volume (US Patent
No. 5,908,557) revealed effluent arsenic
concentration of less than 1 ppb.

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

atomic absorption.

Example 15: Comparison 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 FejpO3

(about 4.2 percent Fe) by weight. Although plain.
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compared to plain activated alumina.

A/I particles of this invention contain a
calculated maximum of 0.7 percent by weight of Fe.
Visually, A/I appears to have a darker, more intense
and uniform rust color éompared to AAFS50 particles
that are speckled, non-uniform, an much lighter in
color. AAFS50 particles subjected to crushing
(mortar and pestle) reveal a white core within the

particle indicating a coating of Fej03 on the

exterior. Similar crushing of A/I 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) As*5 challenge applied at 0.25
bv/minute. At this level of challenge, AAFS50
particles revealed a "breakthrough” of 10 ppb at

about 500 column volumes, whereas A/I particles did

not show a 10 ppb As+> 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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ion down to acceptable levels. When the experiment
related in this example was repeated at increased
flow rate (1.0 bv/minute vs. 0.25 bv/minute) arsenic
at levels more than 10 ppb were noticed instantly 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*> at
a rate that is at least 4 times faster than sorption
by AAFS50 particles. In practical terms, a column
containing A/I particles to mitigate As+> need only
be 1/4 the size of a column of AAFSS50 particles to

process the same amount of water in the same amount

of time.

Example 16: A/M Particles to Mitigate As*>® or As*3

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 usinglfhe same chromatographic
protocol described in Example 13. A/M particles

bound all (more than 99 percent) arsenic (either As*>

or As*®) applied. Effluent tested for manganese
revealed non-detectable amounts. It is thought that

manganese present in A/M particles is tetravalent

causing oxidation of As*3 to As*3. Any Mn IT

produced from such a reaction remains insoluble.
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Each of the patents and articles cited
herein is incorporated by reference. The use of the
~article "a" or "an" is intended to include one or

more.

The foregoing description and the examples
are intended as illustrative and are not to be taken
as limiting. Still other variations within the
spirit and scope of this invention are possible and
will readily present themselves to those skilled in

the art.
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1! WHAT IS CLAIMED:
sf, S10% & ()-z!ss$109%R22& ()-3ss$10% & ()-3"10%& ()-sY10%& ()- s&10%& ()-
1. A water-insoluble polymeric medium

having a plurality of polymerized N-pyridinium

vinylbenzyl triiodide moieties whose pyridinium rings

bear two substituents, Rl and R2, that are

independently a hydrido or a C;-Cs alkyl group, said

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

formula

R’ R’

2. The polymeric medium in accordance with

claim 1 wherein one of said R1 and R2 substituents is

a C1 group.

3. The polymeric medium in, accordance with

claim 1 wherein said R1 and R2 substituents 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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claim 1 that is free of water-elutable iodine.

6. A water-insoluble polymeric medium
having a plurality of polymerized N-pyridinium
vinylbenzyl triiodide moieties in which the triiodide
ion content ig 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.

9. 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
polymerized N-pyridinium vinylbenzyl triiodide orl

tribromide moieties of the structure
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wherein Rl and R? are independently a
hydrido or a C1-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 ions and form aseptic fluid; and

(d) discharging the aseptic fluid from the

vessel as an effluent.

11. The process in accordance with claim
10 wherein one of said R and R?2 substituents is a Cj

alkyl group.

12. The process in accordance with claim

10 wherein said R1 and R2 substituents 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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15. A process for forming aseptic water
from an aqueous solution containing microbial
contamination comprising the steps of:

(a) providing a vessel containing a water-
insoluble polymeric medium having a plurality of
polymerized N-pyridinium vinylbenzyl triiodide
moieties 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;

(c¢) maintaining said water 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

veasel as an effluent.

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

Pseudomonas aeruginosa.

17. The process in accordance with claim

15 wherein medium 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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‘y:ILN%EHYNC 1%a¥%§—1nsoluble polymeric medium in a polymeric

medium-containing region;
said water-insoluble polymeric medium

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

formula

+ +
_ N[/\_Rz - l\f/\_ »
L L
R R’
wherein the medium is supported and

contained within the medium-containing region.

20. The apparatus in accordance with claim
19 wherein one of said Rl and R2 substituents is a Cj

group.

21. The apparatus in accordance with claim

19 wherein said Rl and R2 substituents are both

hydrido groups.
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-about 1.0 moles 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 comprises:

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

said 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 per liter. |

26. The apparatus in accordance with claim

24 wherein said 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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29. The separation apparatus according to
claim 24 wherein said inlet and outlet are separated

from each 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 pentavalent arsenic or trivalent antimony
to 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, R! and R2, that are
independently a hydrido or a C3-C4 alkyl group, said
polymerized N-pyridinium vinylbenzyl triiodide or
tribromide moieties corresponding in structure to the

formula
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SWL0%8( & () - go&%%ﬁg& %gV1ng t%lva ent arsenic or trivalent
antimony to the vessel to contact the insoluble
oxidizing medium;
(¢) 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
sites to form a pentavalent arsenic-containing or
pentavalent antimony-containing sample golution 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 RZ? substituents is a Cj

group.

33. The process in accordance with claim

31 wherein said Rl and R2 substituents are both

hydrido groups.
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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 agueous composition.

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

and said oxidizing medium are in separate vessels.

37. The process in accordance with claim
36 wherein said aqueous composition 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 aqueous solution comprising the steps
of:

(a) providing a vessel containing a water-
insoluble media cowmprising (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 RZ2,

that are independently a hydrido or a C1-Cs alkyl
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and (ii) a pentavalent arsenic binding medium;

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

(¢) maintaining said solution 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 agueous
composition; and

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

billion.
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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 agueous solution that
contains one or more of iron, manganese, mercury and
cobalt ions in a concentration greater than about 2
parts per billion with modified alumina particles,
said modified alumina particles containing meta-
periodate ions sorbed substantially homogeneously
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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substantially 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
present 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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wherein said particles are modified with manganese,
and sald manganese is present in an amount of about

0.05 to about 0.075 molar.

49. The process according to claim 46
wherein prior to step (a), said aqueous solution is

contacted with a water-insoluble polymeric medium
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structure

R’ R’

wherein Rl and R2 are independently a
hydrido or a C;-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 sites to
form a pentavalent arsenic-containing or pentavalent
antimony-containing sample solution and a reduced
medium;

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 aqueous solution of step (a).

50. The process in accordance with claim

49 wherein said R} and R2 gubstituents are both

hydrido groups.
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