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By way of example, such contaminant-free product water is required for semiconductor
processing applications, where a fabrication plant may employ the treated product water as
process or make-up water on a continuous basis at the rate of hundreds of gallons per minute to
make up or to replenish various cleaning, developing, rinsing, etching, humidification and other

process fluids employed in their fabrication processes.

The input feed stream for such an application may come directly from a natural source,
such as a lake, river or well, but more typically comes from an already-treated supply, such as a
municipal water supply, in which a certain degree of pretreatment may have removed a portion
‘9

of solids, organics, hardness materials and/or ionic burden to bring the pretreated water igto *
.

compliance with drinking water standards.

Even when such municipal water is the input (or “feed”) stream for a high purity water

treatment process, typically, the treatment of the input stream must address a range of impurities
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By way of overview, a high purity water treatment plant or process may be viewed as

generally requiring a pretreatment unit for removing suspended solids contained in raw water, a
non-ionic substance removing unit for removing non-ionic substances from pretreated water, and
an ion removal unit for removing ions from the water. Portions of these units or stages may be
subsumed under the operation of the municipal water supply that at least partially pretreats the
feed stream. Thus, typically municipal treatment removes a major portion of suspended solids,
and may reduce or change the ionic load when coagulation and microfiltration, or reverse
osmosis, treatments are applied. Municipal treatment may soften water, add coagulants and

remove scale-forming metals when these are present at high levels, and typically will remove a

substantial portion of toxic heavy metals if these are originally present.



Once such a municipal supply is received by a sem conductor water plant,
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3 Vo 81%!;)19’585?1%%1?1. One seeks to detect problems of this type by the use of monitoring instruments,

such as a conductance meter or total organic carbon (TOC) monitor on the output stream. Even

so, the continual introduction of new fabrication technologies requires plant operators to

frequently ascertain whether existing water quality specs and operating procedures remain

sufficient.

Because the normal output water of a high purity treatment plant has such low levels of
contaminants, the appearance of an unusual trace contaminant may go undetected when the
overall level of the class of contaminants, such as TOC, appears to remain within generally

accepted levels. In that event, observation of variation in a process parameter (such as the

stability of an exposure/development process) or a decrease in quality of a manufactured product

(observed, for example, as an increase in number of defects in a semiconductor wafer) may
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of a threshold boron level to be used as a control step, e.g., to schedule bed replacement or

regeneration before occurrence of leakage of other more destructive ions through the treatment

plant into the product output stream or past the final polish.

For various other applications in electronics fabrication, pharmaceutical, chemical

research, medical, food or even drinking water industries, other trace materials may be

significant, yet their presence at trace levels poses an obstacle to their real time detection or

iti ir ti i i iconductor
recognition, and to their timely removal. In the area of microelectronics, as sem

fabrication plants evolve toward lithography with feature size at or below 0.1 micrometers, the
presence of various organic or other molecules and materials in the product water may become

increasingly more critical. See, for example, Ide;ztiﬁcation of a Critical UPW Contaminant by
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Measuri ng Technol ogi es, Rydzewski, J., 2001 Watertech Conference (Dec. 4,
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of a trace contamnant in a treatnment streamof a water purification plant
such }p*}fz’h td;&%fa%%&mi%@ DS h ETOCMednfing TesiviolqgiasRydzewskis he2@fHoduct

wat efPB{Team 11 woul | SO be desirable to provide such a treatnent

met hwhiertseh €onfdrerme (Bppds 2001s Pertland Oregondtes in the product |ine and
operates effectively without requiring a neasurenent, detection or

specific control action for its operation. It would also be desirable to

provi de SyGhyAd iRt RO provites irabtment mpthad anatsrial op epparhtig thah

response to a process neasurenent or detection, to adfﬂa;‘peﬁ%f{’@%}f ﬁgﬁam nant

whi | direatfyrtiantszthegrasertos of @ dupefPTETmIBENAR 2 (eAReIt SHEght i evel
wthin t q{%héfa Va%gﬁq%ﬁ%ittéy rtegfové&]gnd etngﬁ rebdn® & {8 Produbl WatePdtrdafie system |t

Woulﬂﬂ‘%sr 0 provi enoval systemthat resides in the
treatment line such that it may be activated seasonally, or on-demand, as

required without neanwhile inpairin r conplicatin t

pr ocesses It WuirRy bedesirably tmvmrqlmcgﬁg‘e&m% Féeﬁbofd’ ?]%%eg%gﬁag g?ﬁg“sﬁ% irable
ends and ot her favor { FroBhi ol AN EMEqiifinga pivagitemunt] dgteatianen

t r eaf EITE 18 tpé%?u\ﬁﬁfelﬁée)%@(g)%?%gesdéf#el Ui dﬁpossess?ng a trace anount of a
possispdcific evthel eatondor ooperatione or ot herwi se non-renoved contaminant is

contacted in the flowto trap and/or convert the contam nant, and the
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aqueous slurry, or other water-based manufacturing process fluid. By
organi c

Tt would further be desirable to provide a removal system that resides in the treatment
line such that it may be activated seasonally, or on-demand, as required without meanwhile

impairing or complicating other treatment processes.

SUMMARY OF THE INVENTION
One or more of the foregoing desirable ends and other favorable results are achieved in a

high purity water treatment system wherein a feed fluid possessing a trace amount of a possibly
undetected, non-ionic or otherwise non-removed contaminant is contacted in the flow to trap

and/or convert the contaminant, and the contaminant or conversion products are removed from

the flow, reducing the contaminant level.

The present invention involves treating a large amount of plain water, illustratively to
selectively remove an organic nitrogen contaminant that is present in trace amounts. By plain
water is meant water that has either been, or is being, treated to make pure product water. This

may be distinguished, for example, from water in the form of a one-, or multiple-phase chemical
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nitrogen contamnant, is neant a relatively small dissol ved organic
nitrogen-containing nolecule, and typically a contamnant that is only
parti al | ywoeaoseds by filtration or ion-renmoval units, or PChAISOE@§3ERrs in a
treatment systemor at a stage where appropriate renoval capability is not
present. In its broad aspects, the invention contacts the water with either
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and to inpair self- cat yzed ar acid-ca OF APRYeRERBRSHEaS. at

t r ac edirasberpae.roAt Brem mqpoaﬁgcggbrg@p { gé% uh ‘L'(;r{{'% i ¥%e contacted to
an affinity trap to renove, or nmay be contacted to an enzyrre ~such as
urease, to effect ionization or breakdown of, the trac cont In one

enbodi ![ rrgnt]?reéﬂambéjnﬂwﬂnt wsslwhta&’@?éo aly@;tymnlqu é@%?gﬁffé’(’% H‘@g”f)‘ﬁ @?Xlgs
i njecte in etre str BeMisecat al yze

r ennv%o%fffwisﬁg ‘Eagﬁfi %?O"mlg%th%ng &tﬁﬁﬁg% ];nﬁ ! %@ngQHP\i\ateer A det ect or
res p%ﬁi?‘(r@blé Qndkd 858 ak @Y&k or bihet MOletalegeThe masnsambmhdomprodpqat@ aregemgved

f eedback signal to control injection tL t he enz 81?18 ion tank may

be pteos tdexheton na:gg tneatmegt ‘Eﬂaﬁl thatgerap v Hgﬂsé‘?d\g 55 888@’3%1?181’ con Dact tine of

the contami nant/e @&d GTahé oW doaeninay. Shawerge and
reci rB’i?f‘%‘i’ég%Br%*/‘ gﬁ"g@m&f\ﬁo ﬁ’ %hﬁ%}/ 080225 PCT/ uso3/o 373
Conceeéﬂt@}hﬂnm&n@fbé dﬂeorﬁmimm t’nmt 1k)h1ghb'0mdm1m@lellpad{@mq a5PEdte with a

shortened reaction
process context, such as urea or other nitrogenous organic species present in the TOC component

of a semiconductor product water. (Urea, for example, has been found to pass through a UPW
treatment line and to impair self-catalyzed or acid-catalyzed lithography processes at trace
concentrations.) In one aspect, the feed water may be contacted to an affinity trap to remove, or
may be contacted to an enzyme, such as urease, t0 effect ionization or breakdown of, the trace
contaminant. a

In one embodiment, an enzyme, such as a lyophilyzed urease solution, may be injected
into the treatment stream to specifically promote or catalyze removal of the contaminant present
in the bulk flow of water. A detector responsive to trace levels of the target contaminant may
provide a feedback signal to control injection of the enzyme, and a reaction tank may be
provided to assure suitable overall delay for adequate contact time of the contaminant/enzyme

system. A recirculating flow loop may scavenge and recirculate enzyme, allowing high
6



time. In other enbodi nents, an enzynme or other active agent may be

i mobilized on a support. The support may conprise beads formng a bed or
col um, owolwlogsh2eh a cartridge, through which the feed flPCRESIDOPIDOVI de
intimate contact. This assures that the contam nant, even when present at

| ow concentration or at a level that is not detectable by typical water

t r eat rOREeNtiFEERs AFEhe enayeIe to ba ceonontieadly applieshand apierate witbaushodencdmenchien

cl eaveg,by the enzyme or agent. In another enbodi nent, the support may be a
menbr ane, such as the seni-perneabl e nenbrane of a reverse osnosis (RO,
mcrofiltration (MF), ultrafiltration (UF) or nanofiltration (NF) unit. The
menbr ane rrgép e the menbrane of a cross flow or other filtration nodule,

such as a remﬁfa@wnsr arpenzymesy othiep astiviesgentanayrinaehilizedeonansippodiul e
i i t . .
nmay OotfhRrd P8y Qﬁnéﬁﬁ%\éﬁﬂhé fb%kng 4%&1%;? 3 QF?&HH g??lgxét%%gﬁ)?&ﬁgv@ggg The

i mmobilized onto 't ane 1na post-trabrrcation
menbr daefeed flowd i pronvide iatimatebentactd Ehik mmatesithyihe cofitaiivdnt, efers whéreleSent

Comme At oxt Popeatfifioasr 8 B Shaity o deoe LA kP cal ¥ RPEIgR BeD GHDREEnton
exanpli the B&1 STRAR, FNE eARYnRE addbd aﬁﬁfeﬁggiﬂ‘{@&ﬁgmew agﬁ.z %gglho%era dilute

solution of the appropriate enzynme throtugh t uni t at enzyne is
capt urcapoilimest, thnsuppertmeaydresmenbranhesunipeithe serRi-perareablieamenfrandief avebr ane

0 T4 VBB, LIS OB A RIS PRl GBS TREDSE

sur f aggendttbieahy BotheReémEah OB Déroky M BYoMBYfilBkEoh RRIBRNARAS o sFird- . DY
followi ng_ the enzyne treatnent with glutaral dehyde once the enzyne is in

pl ace YoNa4 6F 2 Bolly Epesmodylpk Themembpne and modierpayettionwsebr ofxonikntionaly of
by . ci.rcul ating. th ne.in a
Cows o Seald e BEARIANS BRRS, bEMIABARN G e A o ERBERR i, oo

f or afreanieatpiedessi The mentbwireoraiodibirnsy alk@bas deaMendrd M}S.Jeﬁ)ﬂiﬁﬁtf A dhitable
di stri bution and %Eeat er, s(gh%ace concentration of bound matter. A specific

exanp mempragemit iy beehtaiged hy A rERg glerﬁ";m@ﬁ%? Pipsent & eorgmergidlyerygijahde or
act i verodgfpw fiRatiRdeSidbd6: ¥Rk, Pbr &ﬁﬂl&)ﬁeréqﬂéqﬂémbﬁraﬁ@mag%% surface-activated

enzynatically-treated nenbrane unit iIs n operated 1 n 1ts normal sSense,
e. g. , bapagage efredibee sdwtbwi of the aprirepristé értayaieitroughntte wit sach dpperoymieds e st age
of thg

]

o BT SR LA D TPl B P s b
PCT/ UDBtfBdTain the enzyme, may be enhanced by a preliminary step of membrane cleaning or

another treatment, e.g., for surface activation. Retention or binding may also be enhanced, e. g.,

by following the enzyme treatment with glutaraldehyde once the enzyme is in place and/or by a

cross-linking step. Uniformity and extent of binding of enzyme to the membrane may be

enhanced by circulating the enzyme in a low-concentration solution or carrier through the

module in a flow loop for an extended time, minutes or hours, to achieve a more uniform

distribution and greater surface concentration of bound matter. A specific example of the

foregoing embodiments may employ urease as the enzyme or active agent to reduce the level of

contaminant urea.

The enzymatically-treated membrane unit is then operated in its normal sense, e.g., as a
reverse osmosis or microfiltration unit at an appropriate stage of the water treatment line. In

operation, the pore structure of the membrane provides a large effective area at which the feed
7



fluid is brought into close proximty or intimate contact with the
surface-bound enzyne, so that even though the trace contam nant is present
at | ow cowoanws@ei on, the relative rate of contact or capCEUS»683The
contam nant is high, and the i mmbilized enzyne effectively reduces the

al ready- low | evel of trace contamnant. In other enbodi ments, the active
agenty,gf is%&‘&i@ﬁ?iﬂ@&’lo&gprbm@i diizgthatercobparwitivthe smifocespamtlicnkye tshdbatar e
t hensel ves novabl e and naybe injected into the flow treanﬁ qr i nto. a
mi xi eyerothonghaiheitone eonsRninantip preserhat o3t PRHC?'PFéatPPe'g‘F Hise‘ﬁ*ﬂ"q RO FRYEEt o

o e L R B S0Pt e as e onon

degasid @@l oftskelchbstamiat.r ate i s recovered, regenerated, or replenished and
recirculated. The targeting of low levels of inpurity in a |arge-volune or
hi gh-fl ow bul k treatnent of water presents highly unfavorable rate
limtati Oz oﬁx@r LS00 flents e | JehZdr@z{E nAG e HRnRBEIYed ofbeaistirgh sur face
area substrate - on a potous menbrane or on particles of small dianeter,
syst engrophrticls thawenthemselwesanoablcndavay b isstadvetotbeoyistiedm gEditofet i on

rates despite the | ow _caoncentration and ner tion

dy nafmisinedr regedon fnkdp the HOyhPaf ﬁgxﬁge%engﬁgeg?l?{éh?gé{?ﬁg@[ én%‘llr%?ié?nag?@ecrmcr o-
poro Sﬁdrﬁa Riasde (b Aovdrives peadieat udigiwigrd fleidteal bé nt o cl ose
proxi%%a% \liM&t In ?ﬁ‘gﬂggreﬁdi anet e%gvtq t he surface-held age]gt., v(\ifini l.e the
menbraeesed, fikered ondegesifid sad the sbstaie is ferpvrreds Feasnerateh o 4FRIERIFRed 40y si on,
will present,a greatly enlarged surface area. Effectiveness may be further
enhaﬁE%EF“&’edchoi ce of appropriate reaction dynam cs: by using an enzyme or
renmoval reagent that catal yzes hydrolysis, the reaction rate will not be

dependent on additional cofactors or . the |ike which | d typicall e
pr gs ent oriThe targetiemof lewriewss PHOIRHITHI %\?&3?“6)2“185 glé]?hgﬁ%&’g?lg% ?rlg AL, dOEI oW.
In genEiéragrg&?ltsﬁgéilﬁgggﬁl%ﬁﬁﬂ%%qgﬁfté{ﬁmg 'E)HF&ﬁévaWBy RhAQYLRIY thakewmgpitoduct s

t hat ‘&t rronizabl'e, or i1nclude gases or smal| nol ecules.
Thes ey Bigh Berfadeci@watlstfatomon hepot@sdnetbreaspr dypaatices eiamadl dipmefefrent unit,

whi ch may be the sanme or, a different nenbrane.o t he nit.
P et cEBing o GiinuCRBAS [ AGNEYT SETAT TRy drprudiciates HEGRE TSI

br ea k&ﬁg&rﬁﬁgg Hﬁ% gerfefe@l? UnfP& ok Attt daBidn Siafas offied tafpessiipdoatadiinami dnand

car bon di oxi oducéd by enzymatic cl eavage of  urea may he.renoyed by
el ectpapiiduadry s ircrbi orchaap-NPTED! (nembyang MR mrag%@zbzslgﬁb,@rpr@t)@ﬂ%{gﬁa ed

into close proximity (within the pore diameter) to the surface-held agent, while the membrane or

even a rough-surfaced thin film, or a microparticle infusion, will present a greatly enlarged
surface area. Effectiveness may be further enhanced by choice of appropriate reaction
dynamics: by using an enzyme or removal reagent that catalyzes hydrolysis, the reaction rate will

not be dependent on additional cofactors or the like which would typically be present only at low

concentration or even be absent from a treated flow.

In general an enzyme or other active process may produce breakdown products that are
“#3ionic or ionizable, or include gases or small molecules. These are then removed from the feed
stream, by a suitable treatment unit, which may be the same or a different membrane or other
treatment unit. Preferably, one or more downstream units may effect the removal of the
breakdown products from the treatment stream. For example ammonia and carbon dioxide

produced by enzymatic cleavage of urea may be removed by electrodialysis (including EDI), by
8



i on exchange resin beds, may be addressed by an RO unit, or nmay be renoved
by a downstream degasifier. Wien dealing with ultrahigh purity streans, an
enzymat i cwologasizegy unit, contact |oop, reaction tank or PeadrSo»08373

menbr ane- bound treatnent unit may be placed in an upstream position of the
line to assure that any material that it mght shed will itself be renoved

and Wl bxcHaRbe fe88We8s, M be ddedksdd s dn @hunftf @duay bewmived By stdewnstofant he
invention may al so be inplenented with non-enzymatjc_active, agenti

. In
addi tdegasifier. Wihémdeslinganthsilsghugh puriysirgares, 88 Gaomeptics] NG Ponfgihse may
include catalysts of all g kG i i el I ve
agenﬁo%ﬁe@iﬁgfﬁ’% (’(r&’ga({'roégé%gog%}ea%q%gn ?&gérﬂt %@g%gé’g%%g@%n l-?B(’aQECt with the
cont aggsiRtoritif i) tBasRrathanaly matealabys iomightikhedniil itseif bg eemaoeed and wall
capture enbodi ments of the invention may be placed further downstreamin
t he URNredusaanality of thedimal product iirur e- t ype cont ani nant renoval unit effects
no rel ease of sub-units, then the renoval unit nmay be placed far
downstream e.g., in a polishing loop with the product water storage tank,
as is somegyseRss cfaheimintionehey aso bgimpenantod sithmenedpEoatia aréive Rgaditdnof

trace contam nants. When .the capture.unit js enzynati. tes b
coval &ditiondg verigns ageats FB‘F‘%@%ZEIY&FJ%HS%@ Pﬁ‘iey‘tb(ijé’v‘@ . ,esg Wyéﬁgrlr%{nel c%a, }%’Ec sﬁ@ﬁm?he g
uni t @@%(sé%&ihﬁ)ggérﬁé onetofdahichahe UBHS L3 Bhy SdffurehdMRdce chfiteminmmitor uniyt s of

the s renove, or convert and renove, the rel eased by-qﬁ)r duct. In
one ecdpante amhteacttwith theaoptapimanh e nekease wemallns Srawoy SHOHYItc BhEReT ﬁget he flow

to a so-called affinity. mediu uch a resi . f or
chr oneAPHEP 3’6‘&?? n&nls ngﬂb‘%/’@ﬁ?g’eﬂnr%aéé%ré ?%n%ﬁﬁ ro(frawél%?f%l{ 1en,nEﬁ y ngF[I%aiﬁlgilng
Cor pofid 1198 ca b @B BB RRAG VAl uniteSicotsmdYtelefiserof sab-anit, éientiberenicynbne,

di ket one, amne, drazi ne, hydrazide or al] dehyde functional grou and
t he cmﬁtmaj/hapiaced:éc dpwostesany 9. 2o 3 a pelithing loge e ProdpelVRrer %9‘{%‘? %m(’t he

treat ment str Th ' LRI, PRR
bed ofe enBpERnL At TRMMEIR bR 5oHO8 fQUPARD o (IR RieRnfs Miéd Cl ©

4, 824413 tptufs Rtlis 8bAmanit of eB8 dpdraes bycodilentusmtion sndfelesnel suoichn(ces-

menbrane chenistry. Since the cgntam nant | resent at ver evel s,

Th. coframeni) dheibe Uy by aosoPRauBRAR wrrRee) wh o achey g R,

repl aged WGk BEBd bR bRl WihORCBRTSIcaRibaUsbedy, 10 Ot her enbodi ment s
ity me

an af ium mdy be enployed as the subsirate to bind an enzyne or
other targeted capture or reaction agent for renoving the contamnant. In

car boxyl | o TaRREHHETFineF TgrbtpLm R aLE Rhioya B eARaRE IR 10K 1o o

i nt er fagiial ROhVREdAAL bk dsERSichiag of Membidniensdld fon dhonmpaisgraphio oD 03/ 080225
biological separations, for example, by Pall Corporation. A suitable membrane or resin may, for
example, have ketone, diketone, amine, hydrazine, hydrazide or aldehyde functional groups, and
the contaminant is captured by covalent attachment to remove it from the treatment stream. The
medium may take the form of a membrane, a particle bed or other substrate. See, for example,
United States Patents No. 4,824,870, 4,961,852 and 4,992,172 for discussions of some suitable
membrane chemistry. Since the contaminant is present at very low levels, the capture element
may have a reasonable lifetime, and may be simply replaced when the affinity medium becomes
exhausted. In other embodiments an affinity medium may be employed as the substrate to bind
an enzyme or other targeted capture or reaction agent for removing the contaminant. In other
embodiments, residual functional groups, such as amino- or carboxylic acid functional groups,

such as those remaining from the interfacial polymerization reaction in a thin film composite
9



PCT/ US03/ 08373 (TFC) nenbrane, may be used, optionally with suitable
linkers if necessary, to attach the enzyne at the substrate surface while
preservi goimseseaesi vity. In enbodi nents intended for sem ®cmdases/es373JPW f ab
wat er production, where the level of urea (and of TOC generally) is to lie
below a low limt, a recognized probl em has been that use of the UPW

prod @F?} RembPlndthaybérhslial bsiainb0y withstRablpliniuc fiecisbarpge mithaehe ng .
particulate contam nation when urea persjsts in the product water. This

pr oblearyme atdtie substatd simfacecrliterrptesvingAts ACtEHYt her aspect of the invention by
provi di ng product water to a non-spray-type humdifier, for exanple a

hum di fier operating by evaporation froma wetted web, such that aerosols
and  part ifgle8®odinfenithteh@sdid serticosdictor (A fithwaier paioetiyen ivbersdhe lgnelnant

does not enter the humdified air. @Sr e%, rr?y t hen. b IiITi ﬁit elgi a& a@i gher

| evelof urea (epdofFOdenerally)ipsutic belewadowi iy ’é‘Sﬁ‘é‘)&%@ng@ RPER A cul ates.
I n accordan i t AnRs : hitR3e BEadtepdigthtst r eam
is 6’;3? Pﬁ&'fg%\zoﬂé}rﬁu%@ Aﬁénsage g#ﬁcaééelg%tgﬁ{]}%g&?%?er_ st%ge%. This may be

ef f egbaAntationivliealuréa Eadiste it thewrdducowateor Thipprobleo istadgeessedrin geposdagce

wherein the RO menbranes are selected for high urea reject] . hat any
spi kavitthanathes|aspsebeldhe Ivantignby Boyidine %rf)?hbcﬁ&%ffrg? % gﬂlﬁ-gfﬂgg%%é%qggmae%re {"y st age

treattﬁ?&mrﬂlgaﬁﬁrﬂﬁ&ﬁé}%p@&@iﬁé LYROES IR fi8 8 Weblo@ SlcbOsuck et actosdli aitd cs of a
menbrané are no now, 1ts bdoron rejection may be used as a surr %Le

neas pagtides dra gotnfermeda ne swbl tha tthewrea/ olganisenontagyaant gpessgl priepthe E‘P?T‘Ffﬁg set

to preferenti al enhance this.rejectio I Si RERGRIGPTI ON
oF i Chomp BTt nef oS e B RE Wb B o qonpraite
underst.o0dERgRR tIAGcHGAGH deRYikIPA ol asdegifivht-bet eénmettaifdne feod eitdasriswi th t he
drawings i1l lustrating details and rg&r esent ati vg tem%o(gli%nentﬁﬁz of thf

i nverpiiorizeddodingit pasgags, of Iréasto sheslates Fagee depmay Pe AHEHCOREIIA JEHHEAt of a
hi gh-purity water, produci i tPe bd16etd MR Rich AReaand

conpr 1&1 ﬂ’@é/%rrfngrr?}?y PEE %r&%gﬁe%eng@rﬁﬁﬁc ?gﬁﬂ%{gl?l%gerssﬁ&%n of a trg'gce

cont aajeBAcH, sblies em spike infevdl pededtlinthe feedds sionsglpwdennatedradisy exbritagei ve

configuration of a high-purity water, prodycing syste aceor di o the
i nverftdabmentFicsome BRGRRSSIRSES ‘EWFJCQE?%%}%E}?Q%T%gS ?#nagtﬁfz%ﬁﬁn f}l% 3}3% er

prod ‘i&io% iR TLREEH Ahf e hibd dsRGubBY R hieRftire d6HiOnEBbAGO 2elbction.

Temperature, pressure or pH may be set to preferentially enhance this rejection characteristic.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention will be understood from the description and
claims herein, taken together with the drawings illustrating details and representative

embodiments of the invention, wherein

FIG. 1 is a schematic depiction of one embodiment of a high-purity water producing
apparatus according to the invention and comprising an enzymatic treatment unit for conversion

of a trace contaminant present in the feed flow;

FIG. 2 shows one representative configuration of a high-purity water producing system

according to the invention;
FIG. 3 shows another configuration of a high-purity water producing system according to

the invention;

10



PCT/ US03/ 08373 FIG 4 shows another configuration of a high-purity water
produci ng system according to the invention; FIG 5 shows another

enbodi nerwOaB/0802eHNt ami nant treatment unit of the inventi @QI/USO3eHsIE in a
hi gh purity water treatnent plant; and FIG 5A shows an enbodi nent simlar
to the systemof FIG 5 and configured to mnimze shear damage of

Lreat ment cial £ @ oA RESRIDE R H @hiAsy Shapratbeambieal dyortingogur ¢ 1
a UPWtreatnent systemof the present 1nvention includes one or nore units
ar r afigeidvagioa; UPW wat er treatnment processing line 10a together with an

organi c nitrogen trace coniam nant. renpyv ] : educesat he |evel
of one or FXgr & shQyys,2ne rﬁ?’b?cglﬁ’é’ﬁp ht%a ’l"ﬁé%ljtdg% e?l#ée?l pun%lgaitg%presgﬁ?’ in the
vat efsapiy B &ﬁilghiyp%lﬁgiﬁwgtﬁle@ea\fﬁéﬁrplélﬁ%hﬁ to the systemincludes a

n :

pretreat ment Pretreatnment 1 may include nunicipal  treatmnment,
and/ or whéle. Saphowabi enbedientnilato thsystep abfG ednd cefigduediont s such as

sedinentation, .aggloneration. activated carbon, nultinedia filtration,

ul t ré?lml?l?ﬁgl?%ﬁflmﬂg%er%qaﬁeﬁfngae%% other prelimnary water treatmnment of
the input stream The present invention has been notivated by the recent
di scovery that urea present in trace amounts in the feed water to a

seni CURBALED DBSARIPEEINent pl ant was passing through the water treatnent
line inth PW pr i j ] AhOPREc PBfeatioon of
wafer |it H%gﬁgggﬁyscg%g&%%aﬂ%@eﬁn%%p %%Wﬁéﬁﬁeggsgggg{s}?_ Thgl%ur ea was not

det egh@dddaoneloaniord Gits amngédasi gP Whwtitentreattment praekssiag lined Ozfopelker Withy

renoved by exjisting plant processes. Th rt.i cul.ar, sit i have
been aBaugaHc Broger HRe,CoRfHHHRaN TeieYaL Bt E@%ﬁﬁﬁwgwfeg & eslegépl(?;@ %’ga y

)
ent erd, aﬂatié L‘f?roggﬁ L Sndn _fﬁf(a't 1 MR \Resest ifTithew atn AT ypacslyhhy foed date dhged
treatnent problens are ikely’to arise fromseasonal biaqtjic flourishes and
wat erto shesdyetenbinoludes apiireatmieyimol b gPrstipatmeat | mey Hedudegppncipal EREAGYEs i n

surface and subsurface fl.o opt ri but i.o t hese
sour A8/ Benﬁpé’#f’?'@ﬁtrgayalp ugF 1°¢ 1%?%%?@3“‘%%&%@%%% aﬂgi&%ﬁ@%ﬁtﬁl ﬁ%ﬂ’pr esent

i nvefhgg%é%é{ﬁ&l, bt RRIRonSHEHHRNBIN fifliatibediliokfilopom hiicofiltrsioaion ofies si bl y
undetected or trace contamnants are renoved fromthe flow of a water

t r eatprelimineyswater bpatment efdke WUk Brea®- acti ve agent. That is, the agent is
effective 1,0 reduce _an.al - BRVESI tAR vted prosent kevel i n
the treat pre?)elngl V?&foﬁl}l}{aggg%éﬂgﬁﬁt?ﬁ%%gi%fﬁe, t%le agent” targets one or
nor e efcdafiotnRiih HeRoREd ekt & nientcomtiontahiPNa fregtment plant was passing through

the water treatment line in the UPW product stream and interfering with proper operation of
wafer lithography and other manufacturing processes. The urea was not detected by plant TOC
monitoring instruments, and was not effectively removed by existing plant processes. That
particular situation may have been caused by locally-applied agricultural chemicals sporadically
entering the surface runoff; however similar and possibly undetected treatment problems are
likely to arise from seasonal biotic flourishes and water system biota, and/or hydrological
variations, such as changes in surface and subsurface flow contributions to the feed stream. All
these sources of contaminants are all addressed in accordance with the present invention by a
treatment system or method of operation wherein possibly undetected or trace contaminants are
removed from the flow of a water treatment system by contacting to an active agent. That is, the
agent is effective to reduce an already-low level to an appreciably lower level in the treatment

plant. In the illustrative example, the agent targets one or more organic nitrogen-containing

contaminants.
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11 WO 03/080225 PCT/ US03/08373 I n one enbodinent this is done by contacting
the streamto an enzyne that converts the trace contamnant into products
t r eat abl ewonssme2pr oduct water flow. The enzynme nay be a fPceaSopogsyie, for
exanpl e placed directly in the flowor in a reaction tank, or may be a
bound enzynme nmaintained on a support in a flowthrough treatnent device or
portion of the treatnent |line. The conversion or breakdown products may be
renoved by existing or additional elenents of the UPWtreatnent 1.Ca. In

anot her erfhode mshodintent tis isaone By eowiachiag dee sirsam o 48 eprapedasir et nat
St 1 Ve aogapbis Srodfus Rhablin BRGRAAR, RR: AbRAIES ekt Sapbempsent . The

sur an artinity resin precursor

subst &3b8e Gbr SRINGE PRceddiréttllyas te flvw oEirtarramsiontankybr may haa bnmydmlziyme
inmobi [ized, or a resin or menbrane whi ch ot herw seq(;ﬁ &%3 U ctl gl

or oupsaintpEsios APt HHOVChrEh raHPIYE drIGEEAOTHE U PRI AR Sed
contam nant. Thus lok haditional C1dm tr(ff\fm se
osnosf&V ??%65’05 regkﬁwfg%ngtg ?%%gerﬁ%@etfp %%%{nglonl ng1 1catl on egxsc han e
nenbr gpey trémentd®r! M fndth@rentiodanent ierstioand is exnjactddatpanachvigd svgfacohahaye
functional group

dapted t f | bi nd. t th
cont asiiadieetiy bisn b cpeenes BRofeatndht sy PF gl 3t ey e
prese thle ?urtfe{l% opdh K ﬁfjresﬂ’i’)}&ﬁrsgf subB@atB bﬂﬂleﬁibfdn%)’oﬂli &dilvl(bfr nmi‘tﬁdine&trr eam

One i I've exa gl ven by the reaction system (
NH2 CGMthtn Eﬁsll'j&lets-lmmdkiﬂl%ﬂl\dbﬂm resifeit membtine avipeh mﬁwléﬁﬁ%e%f%%tﬂnﬁht ed urea

This may be i ted with resin beads.or oporous, UF or

i on- gﬁé]ﬁ%ﬁ“’i‘ﬁ%‘)qgﬁggﬁﬂﬁlgﬁﬁ FRRFCERT AEC btﬁ ther@%%?a%%ﬁyaqﬂrl@galt form to

react with urea that cones in contact therevvlth form ng a substituted

urea attached to the resin or nenbrane, and rel easgggﬁéﬁr&m @ﬁas a

by- productThu'Ehemn’cmm%suwhys penierefitiatian (Y& e¥ESe S of P& by

exi sting, units of KtEByRGeRh 8BA Ry by
%b{aﬂg, ar?élﬁg?l aﬁq ﬁ{gn]&%m’%‘gﬁ‘fe Elﬁ)ftarféngpéjﬁ € &y

t reat MY ar’ wel primary am ne conpound

or pohé’s}é'%rcohﬂ'h%@k nawmnctaﬁﬁl @mlpsj ladgptetptoaspeefiealy hmﬁd toransi/qmea@t with thgyai nst
t he nmenbr ane he surface | ayer then reacts with reag)? tﬂbaﬁ{fgd
cont andntaminantiltusEativekyuisa op P@Gﬂ%rtga%‘f’ piEggen pompounds- presentin the bk 1ee

water or the high purity product water stream.

One illustrative example is given by the reaction system (1)

ON +
NH,CONH) +  RNH3 > NHpCONHR + NH; "
Urea primary amine substituted urea

This may be implemented with resin beads or membranes (microporous, UF or ion-
exchange) having primary amine groups, preferably in salt form, to react with urea that comes in
contact therewith, forming a substituted urea attached to the resin or membrane, and releasing
ammonia as a by-product. The ammonia may be removed from the treatment stream by existing
units of the system 10a. Another embodiment may be prepared by treating the membrane with a
high molecular weight primary amine compound or polymer in solution, and building up a layer
of this material against the membrane. The surface layer then reacts with urea present as a

contaminant in the feed or product stream.
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WO 03/ 080225 Anot her exanple is the reaction system (2) PCT/US03/ 08373 (2)
CH3COCOCH3 + NH2CONH2 ----> 5-nenber ring conmpound + H20O Diacetyl Here, a
di acetyl woro3pstes di one nolecule) is attached to resin beawaSos043m a
menbrane support (such as a m croporous, UF or ion-exchange nenbrane) and
reacts with urea in the streamto forma five-nmenbered ring captured on
the support with water as the only by product. O her enbodi nents may add a
hi gh nol ecul ar wei ght di one nol ecul e %r polymer to the solution and build
up a | ayerAmgthértexamgplieisthe seastiaBFyt@n &) filter to react with the urea. Wen
preparing such a direct capture material, affinity nmenbranes or precursor

substrates suc hC@%S)(E#{EB%%@?I S CHISE& I%g)é\f}ll 0@5} ewher %_ggﬁl%h{}aﬁ@ymﬂ%lﬁm gyed, as

vel | @ pol ymer= one es, am ne, razi ne, hydrazi de, and
al dehydes. Copol ynemiaeatyldi p approaches nmay al so be used. Adjacent CHO
groups may forma coupling reaction to form McCH at high al dehyde

concent r atfigasa diasuylt(bestheratiend ieleetileo) is attachioé toaesindedds oo AdBPRARCe Wi t h

anot her aspect of the invention, rather than a dir ice in
whi csupDeTt SEh aF @ RIGTAROTERH i n‘?rr}%'texﬂ}aﬂﬁ%mﬁmgmf%de%%dg %@i‘;{{rr%c@q%% nt ami nant
and bgtrt%ﬁl%x o%rﬁ'n 26y IR fivérddding @PRYA oPihe d@GRSH Witle Hatepas thd@ndynby pioidoct. or t he

i ke, e contam nant renoval® agent nmaybe directly injected into the flow
of t r@efkrembodimkes mayadd exvgipine]ecalanweighbdigns weles e@po}y@eré@g@(folcugop he

system f eed water ahead .of a reyerse i 59} her el ement of the
UPW MMaIPYWQQEt&g?Bg&WF@ETWW ﬁg‘%&ﬁlé c§ aceﬂ?é:e%lg 's of urea
contam nation. Such direct addition of a contam nant-targeting treatnent

20 is shown schematically in Figure 2. .Prefer,ablé‘,e the material, e.g., a
urease sol Witieoprepasnmgith @ diteckcapbie msterial, pHmilyrpanblapes CPTeFUSe the trace

contam nant presept in th i rdan IvfheEBRERCT | On
wi t h $8oguates %{c afjB’@ﬁ%glsgl&%#\?%eﬁhr%@%gﬁzg&r@e %ﬂ}{édf ﬁsr\g@lﬁ(%i@g? P\lgl tank that

Pr ovi glsnd, BfeRRES iy hydakide todrdzideand ddehydes| Gupolyrerand ship aprioicdfoval to
the low oOr sub-ppb target |evel. Th(fe material so tadd,[e(cﬁllf m’%fle(?ﬁ aEEihEéher

f | us hedy alsp b&d\?@{: tAjeesus CHQ geBReray W?"é‘@ﬁ% B OA8pP opr i at €

(dependi;ng, | . QN 1 & svdeddaodi ment, the injected urease
mater"ir;@?h}glgtc§{:1 |J?rét(1: qg a@%H%e%(? S%Véféllﬁgéhfurther shown in Figure 2, the
urease itself may be captured by a downstream el enent (UF 22) to 13 WO

03/080225 In accordance with another aspect of the invention, rather than a direct capture device in
which contact with the contaminant binds a portion of the trace contaminant and breaks off a
moiety for removal by degasification, deionization or the like, the contaminant removal agent
may be directly injected into the flow of treatment water. For example, a urease solution may be
added to the system feed water ahead of a reverse osmosis (RO) or other element of the UPW
treatment line to specifically remove trace levels of urea contamination. Such direct addition of
a contaminant-targeting treatment 20 is shown schematically in Figure 2. Preferably, the
material, e.g., a urease solution, is added at a concentration effective to cleave the trace
contaminant present in the water. As described further below in connection with Figure 5,
urease addition may be carried out in a holding tank that provides the necessary residence time
for complete reaction and removal to the low- or sub-ppb target level. The material so added may
be either flushed, or advantageously recovered and recycled, as appropriate (depending largely
on economics.) In this embodiment, the injected urease material acts directly in the flow. As

further shown in Figure 2, the urease itself may be captured by a downstream element (UF 22) to
13



PCT/ US03/ 08373 effectively renove it or recover it fromthe flow For
exanpl e, when urease is injected upstream of an RO unit, the |arge
(approx. WbH3lg02865 Angstrom) elliptical bionolecule wll PeTrEspEessesl by

t he nenbrane, and can be recovered by concentrating the reject streamwth
an ultrafiltration or nanofiltration unit as shown in Figure 2. lons and

t he &fveiéﬁﬂehm% it SedobiBE fromith@ ABWImYr Beampleustadiréase driajentedapgidasd t o
secondary purposes or passed to further processes, whi ifieW e re (a\{%’red
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or aligmem 6‘8%”@&?]?%66,001[%%& ﬁ%?%r%:cf Ig &Haggivb&%%@ggtg%ah?ﬁﬁg%%ﬂgﬁ%r% ng |ine
and/ Qhndeakic ui & shewa il Bghie® logs pidihiedenjacenuefitie et stotant inagbe (e. g., in
ppmmnutes) for reaction to occur. Inj ec%i O&Pﬁé‘?&fr%h er{@/{mt may be

cont flukheddoidrainrappliethtoseeqndaryumpeses shpasp! 19 PEOEFEE BHISHE system

Al ternativel r at her 01k [ i . BB ﬁéjmrBQo tdiftrafiys e may

i nj eE‘fcog?‘ngH%éaF%Pﬁs?%g S%@gg%&%ﬁg{o&g% ;ﬁéﬂemveﬂ%ﬁe inj ected enzyne from

t he TRVt SR Wiertiajectioreofthe anzyass or dotive agenbisisechithe injesteddloves t o
and i mmobilizes the enzyne,

by. a.UF or .| NE menb t ai
Fhe pRspsthronh » HHSEEER H/qr dak G SFRTRC T Mo s PG e imE Sl A0S ||
t he '(gé"‘ét & awﬁﬁ—?ﬁnut@g Ffea&?gﬂ%fbk&ﬁ% QR ctidrEMEk &sh @hzReAEbeBynthtled tonomi cal |y
enpl oyed er

y or great effective contact tine achjeved, and the recovered
enzy mespbedeRb ASemol b ¢hd permbee side af thersysteion Altgppasivelyamitier iaeHnisciEinst r eam

1 coprmmLt By bds ooy png Tnestene tHedi isaliCuaRuliy FuRdnage TR 1 o
r eSPQRSLUE hRIEHEGARINSS H@%ﬁst@anﬁ&“&egﬁﬂre ahiaQbsin Bed @ahémbranathabkinds foect ed

usi ng "an 1 nstrunment such as described in United States Provisi(%’rll1 | patent
|

app! iapdimoobiliesithetensyme, oy by ¢ JURSer fogse N mengypresbatgotpins fhe engyme 5Uhy ent or
Richard D, Go nb i bel Li f
SRS IR AoaPEPO, 51 e o ks 0 o

sn etector may operate on the
pr odygfelséifzphe tayiRakommticillpahplogatiamiby pedtentffectiescontachtimgaehieyas t y
down to sub-ppb concentrations.  That docggﬁnt iPs he@eb% g g‘{n%?e%ed
her eiand Hye Teederehengymg TPmaingAgiveds (he tresipeniling, PSRy S8ch R QRN shed
usi ng,a manual Al r . oM QBfdeat € mcroquantitative
tech%}%e”glgri%gﬁfgﬁggtgégg%%ﬁ%?ryl;tagf}%%@fﬁ% urea neasurand. For sone
enbodi nents, the treatnent may be enbodied in a side branch, such as

circulation through a. hol ding tank, or . pass ne/filter
unit, thatWhen H’ﬂ?ﬁ%@ﬂt"fﬂ‘ﬁ?ﬁ ‘ﬁé’%b‘?i?ﬂ?a%e@ﬁ ?%cg%&g%%rgé? %J%nmeiacr?gﬁgg%dgs a need to

r dUGEsHihEFe kEYGESed Redfels of contamination, detection may be effected using an instrument

such as described in United States Provisional patent application (and it’s progeny) Serial No.

60/336,871, filed by inventor Richard D. Godec on December 3, 2001, and entitled Sensitive
Detection of Organic Nitrogen Compounds in Water. Such a detector may operate on the
product side of a treatment plant, and may detect urea with specificity down to sub-ppb
concentrations. That document is hereby incorporated herein by reference in its entirety.
Detection may also be accomplished using a manual laboratory assay, with appropriate
microquantitative techniques modified as appropriate for the urea measurand. For some
embodiments, the treatment may be embodied in a side branch, such as circulation through a

holding tank or passage through a membrane/filter unit, that is brought on-line only when the

detection indicates a need to reduce urea levels.
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WD 03/ 080225 PCT/ US03/ 08373 I n anot her enbodi nent of the invention, the
trace contamnant is contacted to an immobilized agent selected to break
down t he wonBasizeant w t hout thereby depleting the agent. PCrrusas/psses err ed
enbodi ment, a suitable proteolytic enzyne is imobilized on a support, and
the feed .or product water streamis contacted to the support to cl eave
t he cont am Raftker eMboSimdr® of BdRRS LN, ke Rixewentaeribin is eandactaddnean nati on

probl em a urease, an enzyne of about 480 il L.t on size that c lyzes
t he fupchobilized agant seleased todreakdsnivipthy ﬁerlt@}manﬁwﬁ%u i“ilﬁ%BnkH{ ﬁl“*rpi%‘a‘g %bena %Bﬁ ow
treatnent el t f f b n% i@ &ell baGRupp@f afidtheot her
snal bB%"‘iﬂ?&%%f%ﬁ@hg gtg{natméﬁrﬁ%h{yﬁﬁgw ngéa{astlhorml ogeous .ptl)lirj%i on or )

ot heuidss psatiReRbiehbtecaiisleoatakiddvathb yugroet towteaas d)e. conrminindai e tor

reducti on occurs, thus no enzyne cofaciors are require e%?% J@ggoreacti on
pr oc @ddrsssthe gbowegrReRtipnaIrearppntiRingdon Wﬁ@le’ﬁ’e 4 W 1 %t}azaglont 6 ée. g.,

| mpregnat ed i d #BmOHRSIE W), ndaytedaimabilizedesi n
(e.gic,g’lolﬁ%ﬁg&lg%glﬁtg%&%g%éggg};awﬁlgﬂg?giﬁjegt port (such as gitoti yl ated or 4
ot heron SRow freatmelt gbmsst theffdaively traat Weter having traceswien (Fother sBAY 9882 e nbr ane
or filter. Such i bi.lization is prefera r 1 eri al
7" suewasn sonBER G e S Pamoiogni et eCrl S Pt baRAna by

e urease functionality. Mny

tec hf{&%&g}. o Bﬁaaﬁm%adcaaﬁ bBtrs, MR doenagkap teficlorire ramived qubthedevel oped
for nedical, pharmaceutical, biotech or food,.lndustdgl es in the attachnent

of t rrgmsion praceedsdt adégh ratce A vaense oralde imgbilized onjor GigedBep Y d MiYort s in

the context of s het.i nal yi i re.r.e ' esnedtiil § Aul k
wat erfof # BYORE M géf'glkaé%%ﬁ"g%&%?“%‘%‘ée%g{reé@e eg,?%%%%ﬁ%%@? ®|’ gn%esi rlg)%loe t hat
the {ERMABMinS SR dikerdideahicdgldsobendsy amither medjemyoichmeapprons gh 1 ow of
water 1n which'the contam nant is present at . a very |low|level. T ystem
Ut | imesbmneonfiltero Sach nmebiietianaRiabY DREERAST R Oﬁ"r?&fnagepfde’csfl&? A
reacti on dynamn i ibhatiy. t Rholo@is firhesRbaizetici scussed
her ei‘?’l1 ﬁéf‘é?@%iﬁ%?%@?gg&ﬁ%%sgur g%%aylﬁ'n%rﬁg? i o%(_)%r ea,r a sub:t rlat e pore
St I UGh#Hy Be ddaphedi fign tebiqhtsdatelaped for ewtdimeh phammaseutigal,iviotechnrdeed 2

| T usdeies 1o ke SHEHMSS R b0 TG SR BT PE B b 3

thro ' %&Rﬁ@ﬁ*e | & (VBIEAr &18activh bbsbdsat.i iethy balkdese-tematheehtf i [ trati on
(MF ??%ﬁﬁonm? e e ’erneaglstE 30 ha?vli n%lsuch enzyme depqsited.or B%regpnently
I

| Mo bprbeesss oftier wesenbinvemignmeitrs desirable that she treatmEptF¥teROCRITERVE '

conventi onal treatnent enent s [ A ol t4: £ ived) g€He i N a
P g e 10 ShE oty SRARRLG! K prapR s EBIGRIERITER:
upstr @@Mtilfz@@ ofit BEfore@bihRieahGicetbmtanddanisms that affectdhé wectipaydypamics

ositi"oned one or nore |ocations ahead, within or C
g to achieve effective treatment, and these are discussed herein (e.g., catalysis, high surface-

interaction area, a substrate pore structure to bring feed fluid and treatment material in contact, a

recirculation loop or tank to increase residence/contact time.)

Figure 3 illustrates one such system 100, wherein a treatment water is passed through a
semipermeable membrane, illustratively a dead-ended filtration (MF or UF) membrane element
30 having such enzyme deposited or permanently immobilized thereon or therein, as well as a
number of otherwise conventional treatment elements (not separately identified) arranged in a
UPW treatment linel0. The removal element 30 is illustrated as being upstream of the other
elements of line 10, but in practice may be positioned one or more locations ahead, within or

downstream of the other elements of the treatment line as described herein. For example, when a
15



downstream of the other elenments of the treatnent |ine as described herein.
For exanple, when a 15 WD 03/080225 PCT/ US03/ 08373 WV treatnent is provided
t o break wown/ogm2dxi di ze TOC, the unit 30 rmay be position@dT/usoswssrs eam of
the UV so that it operates largely on organic nitrogen conpounds that are
substantially unaffected by UV, after a portion of the other TOC burden has

been [W'ﬁ’égﬂ-ﬁde%gl roVi8EPNeak! dbvéh bradxidikemOLC, tHeemltB@ana)ebmptsihamndt 30 may be
posi t1one tream of the entire primry -up trea Qrocess
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understood that t

t 30 d VE
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te rrp ?léﬁ‘rgy aﬁ%%? ?W Wﬂ?a ol az WJuﬁ(r’tﬁatq{oldeHé ﬁroﬁh&ttv%er (Berddy a@ﬂaitlﬂgﬁbuély ncti onal

lzation in mcrofiltrati on nmenbr ane
c onstieindlRg cdntinan dh;e tp sys‘temrcdﬂote)maﬂl@mhm urfstyeam i HhSIICIRas B gake ¥Rt nent

systens may also retain the enz oat earth
a pr eEaten treatmpntling It widl llfégldslﬁt‘égﬁhﬁ&l%wg{ g(ﬁ?efegél é?bergan {Vﬁjl %hgasé ﬁe

preca %ﬁcﬁ%@ﬁ@nal RE Hé&ﬂb&?&ﬂ&eﬁﬁﬁiﬁ%ﬁﬁﬁ@bﬂ@ecﬂdiﬁte@ma}ﬁdldiéﬁ‘, [rea;femjmram en an
active agen I's effectively bonded to the inter ore surface
of a depemoomamanbmmmrahpth filtee, qmmelngthmﬁmeﬁi@ab%mbé@et%&t trace urea,

despite |t | ow.concen ion st e insdn@fsze of
thepslm% ationdn g IgHo ﬁtﬁaé ng?,enb 6‘20%;@ Y@sta gﬁe@%‘%g‘s expg{é)togd tomernhance

capt %ﬁﬂ&ﬁiﬁ% ﬁ‘ét'trﬁer{tes%@{eh@@nayﬂblmaiﬁ the'EJﬁEymeﬁiﬁpmeoamﬁyg bdiatamcaelsd i n a
fl owthrough nodul e or cannister structure, either_ as a dead-gended or

cr os seakthpavpresiptitant thag mseies of aanqmBhERGSHEAGE A His fsRSE ST87 B at er

treat ment 0P EnAM eS8 aFfBRIvely Ot her

act i vleer’é’&b%ﬁ ﬁ’ﬁ%}%"é &tg g?éﬁésﬁ%cfmgﬁ %%Wg?gi%r?t |y "pac kaged1 i r?, modul e

f Oor M §dnd@d to thetintetHal dﬁﬁb ISIYI‘fz&Qkﬂ aimicsopporus exbmbsgie; the-posy storchEe assgias ithdlr i cal
ire

vessel package for ct plunmbing into a UPW s ste ted
to su@hﬁaﬁ@mﬁﬂe@spﬂﬁlﬁ%lo“i/mﬁert%ém LA Vé%‘ﬂ?& RS Sél%‘:arlﬂglgtaﬁ%gﬁlﬁﬂrll%@ﬁe?t may

be ac L.ed; f19hi0ed H6RYEE tdnABcetR ﬁa@@’ﬁy@@ly@islmamnni pH 7.5)
and t% \égt rt”egbggﬁrzevgrlr%eear?qu%e a%gk. ed by a flgw t reat ment throu%h t he
nodul @ynailﬂitss Tinenatbpne say be orelidedrio ddlornBrewshyerdls HetRpst g FEHEES: may
provi de [ rrm)bl ld %t ibon of an effect i ve amount of the enzyne. Concentrations
and r@&ther agp dead-ended or cross low un t.

A number of existing membrane modules for UPW water treatment contain suitable

D-.

substrates for immobilizing an enzyme or other active agent thereon, and other membranes not
presently packaged in module form (i.e., not currently sold in a ported, spiral- or other
cylindrical vessel package for direct plumbing into a UPW system) are readily adapted to such
modules. Thus, when the membrane contains acrylamide units, it may be activated (e.g., with
formaldehyde at 45 degrees Celsius and pH 7.5) and the agent or enzyme may be applied by a
flow treatment through the module. This one-step reaction introducing thydroxymethyl groups
may provide immobilization of an effective amount of the enzyme. Concentrations and reaction
conditions may be varied to retain suitable microfiltration or other permeation properties of the
underlying substrate while immobilizing an effective amount of the agent. The porosity of the
membrane assures that substantially all of the treated water will be brought into close proximity

to the surface-bound agent so that enzymatic or reactive breakdown will occur and the trace level
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conditions may be varied to retain suitable mcrofiltration or other

permneation properties of the wunderlying substrate while immobilizing an

ef f ect i vewarmwos22df the agent. The porosity of the nenbr 2o/ seyos3es t hat

substantially all of the treated water will be brought into close proximty

to the surface-bound agent so that enzymatic or reactive breakdown wll
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adsorption onto the surface. In other situations, covalent inmobilization

may be ef fggk 6y PyhactdpBRjus AR bR A0 ehemzinatmaytbetionud by simmle ani no
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one n fi nenbrane with excess oy unreac aci.d chl ori de
Si t esagivateémtith ghivahdchyde). imsome eubeRdH ViFasH0IHE t@ﬁﬂ“&bgaﬂﬁ%%’é‘ﬂﬁg&s of
ur ease.t ind the urease.tqQ.t t hin. f.i . N&&acHh ! ical
car bot¥a ﬁé%@?@cfﬁm‘i“é{ ?“gﬁ%?t?s%enr%g %%hﬁ%gtg %%va}_? ﬁ?gﬁy f ?I m cﬁ%ﬁ%%ca
menbr aney @fib&Y of HisndLIABAtHERAm R eastbsy § Aciabnd6l YinzdsiNew fgyk:be used to

anchor a |1inking agent (such as gl utaral dehyde, to.the amni and

coval €hapinyanb® rHﬁ?lt, ﬂ]&‘b réarqus pghef H@ra?‘%‘@ﬁWX%eéﬁ?ﬂ é‘?b‘?mﬁl%u%ﬁglgz a 1|(P%(§1)&)need not

be on a ”%%Q%%}Q%ﬁhg}ﬁﬂﬁ e [vah SXRB} Gared @aCcidERaSE: shiet Pres@etlrichald or i de
esin bea

gr oup@a}’ﬁn precursor material of anion exchange resin beads.
Ani onihe xehadgatbhadmiar Bmtpiatitd dfprease & bipd dwrverseintepEpiime Mengs in the

styrene/ di vi ny| benzene _copo| ymer into benzyl. c i i ch are
subs ewieted aREg O SHORKYLP %Hi %@gthngﬂ%yoﬁema% l)ég ind hfi iflPodif, MRS RY!

membrane after its formation by interfacial polymerization may be used to anchor a linking agent

(such‘ as glutaraldehyde to the amino groups) and covalently bond the urease to the aldehyde
ending. Immobilization need not be on a membrane. One can, for example, react urease with
benzyl chloride groups in a resin bead precursor material of anion exchange resin beads. Anion
exchange beads are typically made by converting benzene rings in the styrene/divinylbenzene
copolymer into benzyl chloride groups which are subsequently reacted with amines to form the
exchange sites. This precursor resin could be urease-loaded and used in a resin bed or bottle
Tocated upstream of a mixed ion exchange bed or an EDI stack; the urease-loaded beads could
also be placed as a portion of the beads in filled cells of an EDI stack, which in operation would
then simultaneously decompose the trace urea present in the treatment stream and remove the
decomposition products from the stream. When incorporating such beads into an EDI stack, the

beads may be positioned in a discrete stripe or band in the EDI flow cells, or may be interspersed
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exchange sites. This precursor resin could be urease-|loaded and used in a
resin bed or bottle |ocated upstreamof a m xed ion exchange bed or an ED
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including non-fouling resins (for example, macroreticular resins) and resins or substrates which

are otherwise inactive or neutral (such as glass beads). Agar beads may be especially prefetred

for applications outside of EDI stacks.

As discussed above, the removal of contaminant may be effected by a specific enzyme, or
by provision of reactive or catalytic functionality immobilized on a substrate. In addition to
enzymes and the chemically-reactive functional groups discussed herein, applicant also
contemplates activating a substrate with a synthetic enzyme functionality, for example, with a
synthetic protein that includes a replica of the active region of a natural enzyme. As synthesis
technology advances, these materials may offer increased activity, or more robust performance

characteristics over a broader spectrum of pH or other conditions. However, since the invention
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Stregffhy be applied to enhance enzyme retention or treatment lifetime.

Enzyme may also be employed at the inlet to the treatment line, for example by injection
at a flocculated sand filter so that it is captured at the filter and treats the entering stream.
Similarly, the active agent may be incorporated in a cartridge filter, such as a fibrous packing,
membrane or other cartridge-type filter unit ahead of the first stage pump or elsewhere in the
system. The latter embodiments are particularly advantageous to address the contaminant

problem in existing plants without requiring redesign and installation of additional capital

equipment.

In embodiments of the invention wherein an enzyme solution is injected into the water

stream upstream of a membrane unit or particle bed such that membrane or bed receives and
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Simlarly, the active agent nmay be incorporated in a cartridge filter, such
as a fibrous packing, nenbrane or other cartridge-type filter unit ahead
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aspects of the invention to stabilize urease activit Levi Ivity of
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used f%r rHTDbI I&a}: enzynme to create a fixed elenment for trace
cont atReRaA S hus, an UtraBind TMtype of affinity nenbrane
~ (product code 66544 from Pal | - Gel man sci ence) typically used for

speci ali zed _biotech purposes.such te| 0 e ™
A e

such Akt f%den@ﬁ)q%aéé chritfthREnt lemSyiIe Thas, ChroiFaBoE ke oﬁtﬁﬁaitwg) or a
menbrane wi th an al dehyde surface functi onal ILty, such q?zo one . a| ning an

acr ol miembome @podnctaiodettpdéd fromotedh-Gelmap Sﬁ@nf:@éwlf:%lry wspg forsarg ézé’ ' Rat her
than {)wtec u&)osés such as protein blotting, or Toyopearl ™ type of affinity resin (or, e.g.,

periodate-activated agarose material such as Formyl-650M as listed in Supelco chromatography

catalog), or a membrane with an aldehyde surface functionality, such as one containing an
acrolein or other aldehyde monomer, may be used for this purpose. ‘Rather than the enzyme,
applicant also contemplates employing a stand-alone organometallic (macrocyclic) coordination
compound containing nickel or other Group VIII transition metal ions on beads, membranes or
fixed material in the flow, or as colloidal or complexed material in the fluid, to trap or
decompose the organic nitrogen trace contaminant material present in the water being treated.
Thus, such material may be added or fixed on beads or 2 membrane to operate as described
above. Direct oxidation or breakdown with materials such as ozone or UV irradiation, by
contrast are expected to be less effective than embodiments of the present invention because of
the refractory nature of urea and other organic nitrogen contaminants, as well as the extremely

{ow concentrations of contaminant available to absorb UV energy or engage in oxidation
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of trea nts 210. Conmmonly, "a pressure punp fﬁeds a reverse osmsis (RO
uni t @i arevetshesmatie (R Q)b femd the pates sbseepertly RATSSHYATAGFRH L o
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illustrated, water from the treatment line 210 typically flows to a reservoir or tank, from which it
flows through a final polish in a loop through the piant, being drawn off from the loop as needed
in various locations to make the developers, wet etchants, conditioners, rinse, humidification and
other process fluids required by plant fabrication processes. The loop returns to the tank.
Typically UV and IX units in the loop maintain product purity, disinfecting, breaking down and

removing systemic contaminants.

In the context of such a treatment plant, one suitable location for the removal apparatus of
¢ the present invention is a position at or downstream of RO unit 215. This may be done by
enzyme injection into the feed stream at the inlet of the RO 215 .“"“It may also be accomplished by
immobilizing the enzyme on the downstream side of the membrane of RO 215 (e.g., by an initial

extremely low-pressure back-permeation operation that binds to the membrane without risking
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material. For example, where potential contamination such as shedding from resin

decomposition is not fully addressed by use of high temperature or otherwise more stable anion
resins (such as the TSA 1200 resin and related materials sold by Mitsubishi Chemical
Corporation), the present invention provides a valuable removal capability that allows a water

plant to operate with reduced level of the trace contaminant in its product water.

By activating a microfiltration membrane with the active agent, high flows may be
achieved while assuring a high level of surface contact effective to capture and remove the
organic nitrogen or other targeted contaminant. Preliminary’calculations indicate that activation
of a small number (4-40) of standard eight-inch spiral wound or hollow fiber membrane modules

can provide the capacity for effectively treating 600 GPM of ultrapure fab water contaminated

with 10 ppb of urea.
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second pass RO unit. The urease t.h r ected
by ROITB vt R rauat piaaeanins o ey TP PARPUELL M hfFfe ol

retail gdhurbayetifte tirkt EOt(aiaenidi2ctiongrumminety i t
to th?&hgg% %%?&ﬁﬁglg%ée%?ﬁ%%ﬂgﬁgggbe lgl aged i.n the( %(?égat Z:e {fﬁtps ur ngl i ne,

and i Bheet)inmy fcohtrelitd mresponsd totthe vgate cpmeentipfign defest PEHOLLTLC Hot
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itself be determined, or the urea treatment loop itself switched on-line, in response to a detection

of the urea level elsewhere in the system).

By operating in a closed loop with urease recovery in this fashion, unit 40 may maintain
more economically a very high concentration (e.g., 100 ppm or more) of urease in the treatment
tank 110 and in the short affected segment of the treatment line, enhancing the reaction time or
the clearance endpoint. The urease employed in unit 40 may be free urease, such as a
lyophilized jackbean urease solution, or may take the form of urease bound to a substrate, such
as beads or microparticles, or encapsulated in microcapsules or a protective medium. In the
latter cases, the recovery filter 140 may be a loose ultrafiltration or even microfiltration element
rather than a finer filter element. The recovery loop may include an intermittent or coptinuous
blow down and/or a particle filter or other device or configuration to control and remove build up

of retained contaminants, enzyme degradation products, biogrowth and the like.
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to maintain a desired concentration or set point of urease. (As noted
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whi | € I ecover romt treathent stream and recircul ati on of
t he eflgyp&imp Télﬁ‘entéd fith Fmadparticle rsuppmﬂs sudeasglyssive pelyper heass, Wifh ahwithoutank

aggl oneration rather than filtration ani I ank

f ol | owegnesly inclusiqns|to sl ftaﬁﬁr@gglpﬁt@f%‘é’&dgﬂg ﬁ‘%%&?ﬁé"%ﬂ’%&l%ﬂeﬁa ﬁ’t eét())gtg? om of

the S&L gje'%fp dBP mttéﬁ'ﬁk R GedoRidy 4R kudl U Rrifditpydectso atighi-bisedl when t he
oW cons

si ze raints make settling a feasible or advant ageous node of
rec oveastyctoﬁsasm mspmsral @lssoteb éeﬁeﬂtpta @rﬁﬁmlﬁ@l agiitity defastor, %é’rtlﬂ‘?r@F@ Wlpport s

such | a po eads {1f%nd UPhRASn t O
facil sf‘%‘g% ‘Seé? %’F%’{ &%’ﬁn‘?‘fﬂ%} 1%hfel ?) rfgg %lt(;%itﬁlg%%tg@)g&gte(t ector emzjly be of any
the treatment loop 40. Alternatively, the system may rely entirely measurements from a

downstream permeate water qﬁality detector, to control the addition of enzyme.

The present invention may advantageously be applied to treatment of water, such as
pharmaceutical process water, where pyrogenic and other contaminants must be removed. The
invention may also be applied to smaller flows of water than the described UPW plants. For
smaller systems, immobilization on a substrate in a flow-through cartridge may readily treat the
required flow volumes using materials such as yam packing or other depth filters as described
above. Membranes, activated supports and other treatment elements of the invention may also
be used to retrofit existing semiconductor water plants in which neither the installed water
treatment processes nor the available water quality monitoring instrumentation have fully

addressed the presence of trace nitrogen organics (e.g., materials that may be present in the feed
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suitable type for nonitoring the recovery return, such as a turbidity
detector, a light-based detector such as a spectral or scatter detector, a
speci fi c wotBM8295 det ector, or other detector. Choice of Pdetusoy/as373ray
depend upon the type of urease or substrate/beads (if enployed) used in
the treatnment |oop 40. Alternatively, the systemnmay rely entirely
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water treatnent processes nor the available water quality nonitoring
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cas esimplbmented with nmateniv yminebidizad oh e dddeiwdrichy of WEPOTtH SBt @%?“SISP%% es or
cont sty RicERe® o St SR e S8R ot ACRIAOL IR D) e
R L R e bkt el S it ros e
addi t imoterinls et inelode, forIPEmIE NSFOUS MASHASIT S B0 03 ﬂgﬁfé%ﬁlt%f’ ol i a
conve gt%i %ﬁl% ng> %gg)%%ﬁglg{eﬂﬁggpé%@&rgg‘%g%é Ax1 Aly B2 SlyRef¥isGeDsd dylduf | on

menbr on nted wth naterial imobilized on a
wi de yakkione®obiepidonitss (istedingpolyphtbalstexattionates), PERE] P¥DE (syrhan theacki ngs,
or depth filters simlar to ones used for..in-line_.fdow fi I: on
mat er piateredprpdyals suppkicd {’Y Begk ﬁ%ﬂhﬁ O%esvg’slésé Ir&leolPQfTe %1%%‘@"%{4 &%e;ﬁfé%%ﬂor ’g)rrrotus
filt eBﬂ{EFEcﬁﬁ%agilble s}@ﬁt?ﬁe. AR teQhhpleSyilTaltustife Hadie, stdpe forenespeieimmabibzaion or

mat erral’s produced by 1 nterfacial polynerization,  stretching, expansion,
si nt etmp@gotionttieetment, foewbich a range Qfﬁyltab&,@mpmﬁélf%ld%%ﬁedas nyl ons,

pol ysul f ones, pol ycarbonates (including pol ypht hal ate carbonates), PTFE,
PVDF (such as the

Example 1. This example describes coating/impregnating immobilized urease on a non-woven |
sheet substrate. A
In a 400 ml beaker, beaker A, 0.25 gm urease (Sigma 4002U) was dissolved in 10 ml of 20%
polyethyleneimine, (PEI) (Scientific polymer products, PEI 50% in water catalog number 135)
water solution. Coupon 1, a2.5" x 2.5" piece of Freudenberg non-woven polypropylene sheet
(white color, 10 mil thick, weight: 1.78 oz/square yard) was dipped for 5 minutes. The sheet was
then dried hanging vertically in a drying hood at room temperature overnight. In a separate

" beaker B, 250 mg of 25% glutaraldehyde water solution was dissolved and diluted to 10 ml.
Coupon 1 was then dipped in beaker B for 5 minutes and was hang dried vertically at room
temperature in a hood until the coupon was dry to touch. Coupon 1 changed to an amber color
with some darker spots. Then the coupon was washed with two liters of Milli-Q ultrapure water.

A 50 ml UPW pre-rinse water sample was filtered through coupon 1 at a flow rate of 180 ml/min
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sintered products supplied by Porex Technol ogies, to list the materials of
just one fabricator), or other conpatible substrate. An exanple w |

i Il ustratwomassw2st eps for one such inmobilization or i npCEgrsa/ossm
treatnment, for which a range of suitable materials are identified. Exanple
1. This exanple describes coating/inpregnating i mobilized urease on a

non- ixy Sild il '@tﬁ%ﬁ?ﬁ £ urchRAn@y4Q0THd Ubwadaarple hebdieackdroud 2&admgmalr ease
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3¢?ksan§B{sisZm)rumgam nt)$uco 196 §Y FiSYEER IH@H%F@WE@?@%EH{TB@%B%OH h’fsfg@g}%%gnd |
iluted to : y ed in beaker or m nut es an
ans s PRy g RORRR irch 1613 Sk P

room tenperature in a hood until the coupon
was dry to touch. Coupon 1 changed to an anber color wth some darker

spots. Then the coupon wa shed wiith two.liters of | L4 - .k rapure

wat er. A Bozeasraltrpptspeat P?ﬁ‘ﬁ@%&s ]%\gt?EFr?ﬁMWEZW? F]@P’yg ekfﬁ?t%g)ﬁﬁ%ggpon 1 at
a flow rate:of ' 4R, 0TS8R 2B UBQRAE8B 1 esimep! | ect ed and
run thr Sﬂéﬁtloglalt#goglo?#gm&e@ %g UPW sanpl e had a background readi ng of

1.8 ppinbbitizapnfomulati@ror(rbéesturenhgy eiploy Bueeipaitss HaggsiCtgainsoh) . Then a 50
m of 17.4 ppbC standard urea solution was filtered through the coupon 1
nenbr €ABPONGNE] ding a filtered water that was then tested for urea content.

The filtered water gave a 14.5 ppbc urea reading, using a urea analysis

instrument supplied by Sievers Instrunents. The urease inmmobi izedfon t he
filter she®hepwafparhi)sostainsdhe visatedof eryPe) tdADIPAGRALARSTS FRIFTER 29t

eneral , treatnent, of ilter. i.f-h.t b ffected
O Sxaeig FErdeRes, Bt 1 F s34 bRl il flo o e MITRLORY b o ot
i N gepelalnylplheliesteyRE its copdiphiets, palyheantetrytak diguenido hygioobledde.e may enpl oy

three parts, stages or treatnent conponents. . rt (part 1) contains
t he upelasiay] pheneln polyaqrytomérile #iditresop WEP‘?IWVW%P{B%’, for exanple be

o PRSI A i ases b ol e adatonol.

hydr ogépodyrhéte, polyvinylbenyltrimethylammonium chloride and its copolymers,
polymethylmethacrylates, its copolymers and and its derivatives, polycaprolactone, and its
telemers,i.e. poly(caprolactone)diol, Satomer's epoxy functional soybean oil (CN111), urethane
acrylates, epoxyacrylates,polyacetal, polyvinylfonnai, polyvinylbutyal, polyvinylcarbazole,
polyvinylbenzylchloride, cellulose, cellulose acetates, cellulose nitrate, hydroxyalkylcelluloses,
starch, alginic acids sodium salt, keratin and reduced keratin, collagen, gelatine, aminal agar,
seaweed agar, ethylenevinylacetate coploymers, polyethersulfone, polysulfone,
polyvinylchloride, polyvinylidene fluoride, chitin, Nylon 6, Nylon6/6, Nylon 11, Nylon 12,
Nafion 117, polymaleic anhydride and its copolymers, pectin, poly(vinyl methyl ether),
polyvinylaniline and its copolymers, polypyrrole and its copolymers, polystyrene and
itscopolymers, polycarbonate, polyimides, polyimidines, Zein, poly(acrylic acid), poly(2-
acrylamido-2-methylpropanesulfonic acid), polyalkyleneadipates, polydimethylsiloxane and its
derivatives, poly(dimethylamino-co-epichlorohydrin) quarternized, polydimethylsilane,

polybenzimidazole, polyacrylic acid and its copolymers. The enzyme and the binder co-
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pol yvi nyl phenol, polyacrylonitrile and its copol yners, polyvinyl pyridine,
pol yet hyl enegl ycol / pol ypr opyl enegl ycol and its functional copol yners,

pol yacrylhapiodesentl its copol ynmers, polyvinyl benyltrinmet hplCanrsonisins
chloride and its copol yners, pol ynethyl methacrylates, its copol yners and
and its derivatives, polycaprolactone, and its teleners,i.e
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pol y (i et d% ﬁ{)qom :,stth by Hatiie, foIgokiednes, md:lyhahdlé pdlyvmyﬂm,yl si | ane,

pol ybenzim Iic aci'd and its_copal yner The me and the
bi ndepolgzamd’sﬁcyﬁﬂo@aﬂﬁeﬁﬁ%aMMMMP@Bm #i EE@PQ}QBOSF ing rf‘r ol vent such

as wat er I t RaRYI ahb done,

ket onglgal dﬁlll)ffj(%h‘g‘%‘ ﬁ’ﬁ%%&% ﬂednglaysgg‘fem%‘gﬁs {Ehgﬂulﬂ?%gg%e t et rahydr of ur an,
and eﬁ&&éﬁno‘f‘kﬁo@sﬁﬂk@rﬁ@?%&lﬁmommt«blﬂ@%éyr\mlg‘rﬁ from0.01 %to 25%
and t pol ymer concentration range fromO0.001 %to 25% by wei ght.

The bi nder is not limted to using single conponent of the polyners naned

il bl o cORGBHBRL R R e P b e e cecc

multiple c I'n various proportions. The_second
part {Rabimwition s paetesinauitatie pbnpnkmns,awdl ar withans pthirdreempansBsPARRer may be
sel ected from polyal dehydes, polyols, polyam ne, polyoxiranes, polyhalide,
pol yvilesgtibed pd0Waci ds, cyanogen brom de and pol ythio corrpounds Typi cal
crosslinking agents are gl ual dehyde, divinyl benzene, etc. and a solvent
with selection criteria as in part 1. The concentration of cro nker
range f ronmle % piiorbl)0%ippnonsi(gart 3) Fhastabiizaten Plité?qtl?}ﬁmtc@ml?ﬂflﬂﬁ n be

pract Irrfae}:ldforb exagpi(c! c%%tauﬁ' %DtIOA rﬂgl 1‘13‘1%;Iaol*[a];r:lgoefﬁrcgf’i1 blio % ad1 salts, a pH 7 phosphoric
acid/ sodium hydroxide buffer solution, and a monomer, oligomer or polymer which, after curing
(crosslinking) gives a high glass transition temperature (Tg) and‘high softening point to promote
high temperature resistance and antimicrobial property. A filler such as mineral oxide, fumed
silica, sand, short or long glass fibers, ion exchange fibers, carbon fibers, ceramic fibers, metal
fibers, titanium dioxide, nickel oxide, zinc oxide, nickel boride, Raney nickel, nickel
acetylacetonate, nickel acetate, nickel(Il)phthalocyanine, nickel halides, nickel
cyclohexanebutyrate, nickel nitrate, nickel carbonate, nickel sulfate, nickel(II) 2,9,16,23-
tetraphenoxy-29H,3 1 H-phthalocyanine, and similar macrocyclic organometallic compounds and
their polymeric derivatives, zinc (II) acetylacetonate, zine (I)phthalocyanine, zinc halides, zinc
acetate, zinc(Il) 2,9,16,23-tetraphenoxy-29H,3 1H-phthalocyanine, and similar macrocyclic
organometallic compounds and their polymeric derivatives. The filler(s) may be selected to

increase abrasion resistance and/or catalytic activity. This class of metal salts and metal
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the formulation of part 2 in suitable porportions, with or without a third

conponent (part 3). described below The third (optional) conponent (part

3) is a swelslsmaii on or treatnment conponent. This my f@cTasanp3es cont ai n
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2,9, 16, 23-t et raphenoxy- 29H, 31H- pht hal pcyani.ne, and..sim | rocyclic
or ganoatstialsisich aspepderasethnigne h@?mgﬁﬁ%@&ll%“‘ife Pt ?ﬁog%@{)fﬁ%% ler(s) may

be sel ec. I | SRl ANE NEN AR hls6 BE allgedite tids parvi ty .
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conpl exes are not limted to nickel, zinc or titanium but may al so be

sel ect ed f pamnenhay be apptieppethe sabstritebynnearfdherfdlorsigprogessess and conpl exes,

bucky tubes (i.e., d‘?i ch cat. # 40,607- 4), buckm nsterfullerene (i.e.,

Al dri ¢hoGatn HodS38%ufd bodd! InnbheurfeBRARE Biadevr pat sudfaasseofei dafteidgalfiksol ved

o oot BaETEnt é‘aﬁé%la%ﬁt/e P BSH U SatioH B AR, cosarflonly ERpRYEM filthematerighs, of

0. 009 gN 9.0 llg ¢ %reosqlli%gﬁro o chyrsd @dduhBgh;material in a range from

0.000/% 5 %céﬂ THé oxi de ffl er, in a range fromoO0.00%to 45%

Antim crobial mterials such as pol yhex bj [ rochl ori de

or M &r SRating ey ops Fckath §ur¥a(c§§/3fq g’BV ?rrg)nr%g}ﬁb%é %@ﬁﬁ’ i—’nfﬂ g ig%g;%%’pﬂﬂ o

Hunt sextrudsd onothersereeat dbefRbricyather gt Y PAve Eﬁ?c S aybe wapp! | eg to the

subst 16Q milsyit o, for exameple.driroe Rpeirdsee ‘?Pﬂi.ﬁltéi)%‘%/‘iqﬁed C8ﬁ‘{%‘ ?ﬁe bul k body,

i nner trsainfeatkye wutpereor feAu®r bot h surfaces of a cartridge filter nodule

(The nodul e may have any configuration, and all comonly enpl gyed filter

mat er BalCatindFhto diyd orboth strfaes offlat. sheet MEUIR mpnbrangy, Porr sepesp lack®at ment ) ;
sheet, rod or tubule stock. The membrane material may be a material selected from polysulfone,
polyethersulfone, polyvinylidene fluoride, PVC, polyacrylonitrile,.polyester, polyethylene,
perfluorinated PSA, Nylons, amorphous Nylons, gel and macroreticular types of membranes.

4. Using such a coated MF or other sheet to wrap around the inner or outer s'urfaces, or both, of
a filter module. The filter module may be spiral wound or pleated, with or without spacers, and
rolled up as a cartridge filter or as a spiral wound module.

5. Using chopped up chips or ground granules fabricated as a microencapsulated urease as fill in
a column or a resin bottle, or mixed in an ion exchanger device, such as in filled cells of an EDI
stack_ a treatment tank or reactor, inside the tubule of a cartridge filter, inside the lumen of a
hollo;v fiber module, or inside the tubule of a tubular cross-flow filtration module, to enhance

urea removal efficiency.

6. Coating onto glass bead, sin.tgred zirconium, sintered alumina, sintereq stainless steel, ion
exchange beads, absorber beadg; activated carbon, and using the coated article to promote urea
removal efficiency.
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2. Coating onto one or both surfaces of a woven or nonwoven fabric, a felt
or a kneaded, extruded or other screen. The fabric or other material may
have a thwolnese2s ange from1l ml to 100 mls; it may, f@eCcTaOsammH3e; take
the formof a sheet, depth filter or other conventional treatnent |ine
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ul t r adnidlthe Bké.on or nanofiltration nenbranes containing al dehyde oxi rane,
hydroxyl, sul fhydryl, carboxylic acid, amne, aniline, triazine,
pi perazi ne, hydantoin, amide, inide, imdine, imdazole, rrolidinone,

oxi ne, di Oﬁ&vantag}écsdsfil Rehen Pydak©lsemnicbilaed b&cmbuﬂencdpsmlamnw i VI RATOUSoNi um
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enol, and ethyl eni cal y unsaturated double
bondsgonlifat ﬂﬂ@tﬂdidﬂg#gelmtrmmhamgaltdamagnzcjgeby shear forces, and may provide an

environment, such as a buffered pH environment that maintains the urease molecule in a natural
conformation for optimal activity. In some embodiments involving circulating urease in the feed
stream ahead of an RO unit as shown in Figure 5, the retentate circulation loop of Figure 5 may
be modified to form a loop that operates at high pressure using only a low-shear booster, thus
avoiding multiple passes through the higher shear environment of the RO feed pressure pump.

One such embodiment is described below in connection with Figure 5A.

Further, while the description herein has alluded to urease having a size of 480
kiloDaltons, or to jackbean, pigeon pea or bacterially-derived urease, these are simply
understood as representing commonly available forms of commercial urease having a useful
activity level. The term “urease” as used herein is also intended to encompass ureases from
sources, such as fungal or other sources, as well as synthesized structural homologs of the active

region of the enzyme, and the Group VIII transition metal hydrolysis catalysing agents described
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with or with out a | abel spacer material, such as avidin, biotin, antibody
antigen, reduced keratin, substituted agarose gels, peptides, zein,
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Ur eas‘é t'eases

One form of protection is to combine a film or surrounding medium with the urease to
screen the enzyme from contacting large molecules (such as proteases). When preparing the
urease, e.g., by encapsulation in a protective medium, the medium may also be compounded to
inhibit loss of metal ion from the urease, and may be selected or modified to provide a protein-
like surrounding that assures that the active region of the enzyme retains its natural molecular

" conformation and activity. For example, the protective medium may take the form of 4% cross-

linked beaded agarose, or binding to other polysaccharide.

Another way of protecting urease from attack or breakdown in the practice of the present
invention is to prepare the enzyme in crystalline form or cross linked enzyme crystals (CLECs),

for example using the techniques of A.L. Margolin and M.A. Navin, Protein Crystals as Novel
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commonly present in portions of a water system and is damaged by exposure
to physical trauma such as the high shear conditions of inpeller-type
punps. | rwa osde2wat er system one or nore of these fact ®cs/usayossesiuce t he
effective lifetime of unprotected urease to under a few hours, not only
affecting the basic economics or effectiveness of use but also potentially
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" conditions. Thus, as applied to the embodiment of Figure 5, mechanical shear-destruction of the

urease may be avoided by the changing the free-urease high concentration recirculation loop
design as shown in Figure 5A. In this embodiment, as in the treatment line of Figure 5, urease is
maintained at a relatively high concentration contained within a recirculating feedback loop 60
between the retentate outlet of an RO 130 and the RO inlet, with an ultrafilration unit 140
retaining the urease while allowing a certain level of blowdown to prevent buildup of salts and
contaminants. It will be understood that in either embodiment, ultrafiltration unit 140 can be
replaced by a looser filter when the urease is a crystalline, encapsulated or other form having a
macro-scale dimension, €.g., a dimension appreciably larger than the molecular dimension, such
as .05 —0.15 mm or other beads or microcapsules. In this embodiment, however, rather than

returning to an open tank and passing again through the high pressure (and high shear) RO pump
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functional menbrane or other support, or imobilized thereon, e.g., by a

gl ut aral dehyde or other treatnent as described above, or by other nethods
known i n wbe3los2es at ure. Anot her form such protection mayPCARES03/68373
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above-nentioned crystallization, coating or encapsul ation techniques offer
sone peShARE R ulf @b 864uOH M/ Shé RIoh 60 Fi RS 5 Afrerh ifs bAWRiBh ppRsi@y al so
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to be co-factors for the assembly of urease in-vivo, and to prevent cleavage or promote repair of

the urease molecule or its vulnerable active site, as reported in various papers of R.P. Hausinger,

E. Jabri and others.

Systems of the invention that include a recirculation loop may also be arranged to operate
entirely at low pressures and thus avoid mechanical trauma. For example, a system utilizing a
CLEC or an encapsulated or protease-protected form of urease, or a system operating in a flow
that is free of such destructive contaminants, may be configured with a holding time residence
tank in the feed line before the first RO pump, and may then utilize an MF unit to retain the
CLEC/urease and return it to the tank.
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mechani cal stress or shear. Wen the systemenploys a recirculation loop in
whi ch the concentration of urease or other active agent is nmaintained at a
hi gh | eveWotog/ognbiaince t he renoval endpoint, buffering or PETAISes083ve
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new amarmespatieal RangERGHIFES BTocessHEaten &gy trealpent of cepfain faste r"@é‘?r?ré’ﬁfl%?f:e‘% dds and

Processhsefth p%l?%nbrgs"e”t' on will be apparent fromthe preceding
descri ptions , treatnent units and representative configurations of

equi pnent. In addition to operation of the invention for renoval of a trace

contam nan&s rlerg]artdg the treagnent of UPW fabrication plant water, several additional aspects of the
invention bear noting here. First, the initially-observed outbreaks of urea-induced wafer defects
resulted from urea levels that were not detected by a standard TOC detector, and that were
already quite low. Much urea had been effectively removed from the feed water via the normal
treatment processes. This suggests that if the urea removal efficiency of the upstream processes
were better, then the residual urea, even tough not detected and quantified, might have been
sufficiently low to avoid adverse effects without a later trace removal step. The problem is
attacked in one aspect of the invention by a front-end treatment of consciously modifying an
upstream or early treatment stage to specifically reduce the level of a high input urea
concentration by a factor of at least two — for example, by 50-99%; preferably above 70 or 80 %,
and most preferably in the range of 85-99%. Applicant has determined that this may be
accomplished by judicious selection of the type of RO membrane employed in an upstream

position. For example a Toray UTC-80 seawater RO membrane has high urea rejection. It is
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bul k water for sem conductor fabrication purposes, the invention may al so
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Thus, in addition to directly addressing a trace level of contaminant. The invention

includes a number of different approaches to assuring that product water has a more attenuated
level than heretofore, or that downstream water use (particularly humidfication) is modified to

block the contaminant from acting.

The invention being thus disclosed and illustrative embodiments described, further
variations and modifications within the scope and spirit of the invention will occur to those
skilled in the art, and all such variations and modifications are considered to be within the

invention as defined herein and in the claims appended hereto.
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contam nation, |leading to production of ammnia that locally inhibited the
aci d-catal yzed devel oper chem stry. The problem of urea concentration and
di sper salwoioa/odnzes di fiers is addressed in accordance w t RrCarusbhes37aspect

of the invention by providing product water to a non-spray-type

hum difier, for exanple a hum difier operating by evaporation froma wetted
web, so that aerosols (and particles resulting fromthe drying of aerosols)
are not formed, or such that the ureal/organi c contam nant does not enter

t he hunf8AIMSy air Urea may then be permitted to pass at hi gher l evel s in

|tog(rat P::ﬁ?gf}ésmg %At%fﬂr&ﬂ#ﬁbﬁgp g%%%ﬁ)g%y{)% r&ehf:n[%Py ad eSSI ng a trace

| evel o&e:@ﬂl&tﬁm mﬁmor rebpetivelyeanbang sispehdudesslids mdrfembvmfg iohs Hparatinig
approaches to assuring that product water has a re _attenuated |evel than
her et of & & tregfmephaifcabiRrEedues mbih IBHItY BRAUBY P, WS, humi dfi cation) is
nodified to block the contamnant fromacting. The invention being thus
di sclosed and illustrative enbodi nents descri bed, further variations and
nodi f i csdid deisniwatidi it ineludem%aandmﬂpﬁtmfetecteﬂ fromethiegvanpt ¢onsisting 6f andRQAr t o
those skill e e art al.l such, varja and. no i cations are
consi dePdH apsles E‘)%a&*ﬂsr?rteﬁétm cionizatio s aniicd 15@83%1%'118}1: angln\@hq H%% he cl ai ns
appended hereto. 34 WD 03/080225 PCT/ US03/ 08373 CLAIMS: 1. A high-purity
wat er production apparatus conprising a pretreatnent unit and a

dei oni zteiapparatus indiedes mwp@cﬁgameltlstm@nmww@lm&W@é@Cm thgdreafepnt enovi ng

i ons, erati n a treal mto . produce. a. h
wat er , %ﬁ ﬁg%@dﬂaﬂ%ﬁfl’;gﬁn %H’ed(ﬁ eax?srq&t%gggr%a{nq ¢ ch?g{arr ﬂlect ed
fromt heheGtroMR t6 8 iiePbdlog 10%ppBas RBogi)iahd aefe@b@qjero@ﬂo Blppbias nnfogen
el ectrodei oni zation unit, and a distill at| on unit; and wherein the
appar at us |ncI udes a trace organi ¢ nitrogen rem)val unit for cont acting the
t r eat ment o [ v,
or gani c2ni TR SBEATSSE SaRR 1 whEBAL ol G chiskCa el RERRSeRs b
ni trogesn m&ndblhlmf a[z@bﬂeythbehm@b&ng)mca% fortseiigence o@aniblmtramnar at us of
claim1, wherein the renoval unit includes a high flow substrate having an
i mobi | FEEFMBABYy e, t he enzyne being selective for said trace organic
nitrogen contam nant. 3. The apparatus of claim2, whérein said substrate
is a sem perneabl e nmenbrane.

3. The apparatus of claim 2, wherein said substrate is a semipermeable membrane.

4. The apparatus of claim 1, wherein the removal unit includes a direct capture membrane
or resin functionalized to remove the trace organic nitrogen contaminant by covalent

attachment.

5. The apparatus of claim 4, wherein the direct capture membrane or resin is functionalized
to at least partly break down the trace organic nitrogen contaminant into a captured moiety
and a removable moiety, and the removable moiety is removed from the treatment stream by

a treatment element of the apparatus.

6. The apparatus of claim 1, wherein the removal unit includes an affinity resin
or a resin having polymer-bound ketone, diketones, amine, hydrazine, hydrazide, and/or

aldehyde groups.
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4. The apparatus of claim1l1l, wherein the renoval unit includes a direct
capture nenbrane or resin functionalized to renove the trace organic

ni t rogen wonBasizaant by coval ent attachnent. 5. The apparaeTusos6s3cd ai m 4,
wherein the direct capture menbrane or resin is functionalized to at |east
partly break down the trace organic nitrogen contam nant into a captured
noi ety and a renovable noiety, and the renovable noiety is renoved from
the treatnment streamby a treatnment elenment of the apparatus. 6. The
appar at s Bie highdpmity, watbiepredyringeppeeatien oficlaimi k o % syhgeris theqempralgmity resin

or a resj vin | yner -. dj ] ine,

v azi QLB g el AR abe0E vl SBEE00 TR RGBT BEEE"Y e
hi gh- puirthingbilate thepsoRd ORI Wilgkréif fies @tiés alafniicheludesla memBrangboersim t he renoval
unit includes a nenbrane or resin functionalized to bind urease, _and

fur t her fimsappaiized to eoptan aicperdefed iekel perppleh or eihengrapp B rappion Bl al  uni t

i ncl ude r sin functionalized to contain a coordi nated nickel
conpl exé%@p%?]%ra%g@gg%e ‘transition netal conplexing agent thereon. 8. The
apparatus of claim7, wherein the renoval unit includes a filter el enment

selecteq fromthe group of el epents consisting of hol.l ow m £r ogor ous
t ubul e, $a 8 E}PGWH%E?“BLQ]S W%’F’i?Hh rergoyal piuf ingiides Pr%lltgli clgment Sﬁﬁ’g. ed
membr an%ﬁhﬁ@%@@gf@l&%@k SRBRYPOR a RolfomPii drB5 RS ubEIe] 44PN dGRREPORIURY

particles or a spiral wound activated-nonwoven sheet, and a spiral
wound otubludd, b eartfidgeefilienvdthafledted meinbrangsbiesteotwiniletspan tyron edlpvsihrougbe. 9.

The wat er, producing a at f claiml, wherein the remva it d4ncludes
a feedef’ol_fl I GoR} 8$ 88‘%3{%8@1@6 _grc‘ffta PR wglgr}degﬁivageﬂ- Og&oivgrg‘s;'ﬁejii aﬁ@%ls 'des a
tank or w¥uXd BEheIRIW B8 micRfilfr@ich MO ONIAEE a trieited Qirfdcbe stream and t he

i njected urease. 10. The water produci ng apparatus of claim9, further

conprising a recovery |loop for recovering and returning urease to the
stream whereby an el evated concentration is maintained in a renoval portion
of a treatnent plant. 11. The high-purity water produci ng apparatus of
claim9, further conprising a detector operative to detect said

contam nant at said_trace level, and a %éntr |l er operative.to operate the

feeder Pn Theswyrerrofecing rrparatisefilam kahereip fergnoyd pfdnglydese | evel bel ow

a desi r @Gueder for injecting urease into the stream, and optionally includes a tank or mixing portion

for raising contact time of the stream and the injected urease.

10. The water producing apparatus of claim 9, further comprising a recovery loop for
recovering and returning urease to the stream Whereby an elevated concentration is

maintained in a removal portion of a treatment plant.

11. The high-purity water producing apparatus of claim 9, further comprising a detector
operative to detect said contaminant at said trace level, and a controller operative to operate
the feeder in response to said detection so as to reduce the trace level below a desired

threshold.

12. The high-purity water producing apparatus of claim 1, 2, 6 or 7, wherein the removal

unit contacts the stream upstream of a deionizer or a degasifier.
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threshold. 12. The high-purity water producing apparatus of claim1, 2, 6
or 7, wherein the renoval wunit contacts the stream upstream of a deioni zer
or a degawpDfo3®802286 WO 03/ 080225 PCT/ US03/ 08373 13. The IRCghiSpses3ry wat er
produci ng apparatus of claiml1, 2, 6, or 7, wherein the renoval unit
resides in a polishing |oop. 14. The high-purity water produci ng apparatus
of cl ai Myl rpWREshShdRit) Rt Groding WPpdratus of SIS 111 2,4, 87 Wiiidieia theehiovaige

pol i sher. 15. e apparatus of claim1l, wherein the renpoval unit includes a
sacri f i cin#lresidediinapslishizg lodp. i n a downstream position of a UPWtreat nent
line. 16. The apparatus of claim1l, wherein the renoval unit includes a
bound enzyne nedium situated in an upstream position of a UPWtreat nent
line. 174 %emigntmﬁsiwd%(\bfdd@aﬁlgappmamsbemaﬁm,hh@bin\mé temeoval egduit i on of
ultra high puri wat er, wherein the inprovenent conprises a treatnent
uni t f orconditetad vithg aaHeidgppdishetnd effective to capture or break down a
trace organic nitrogen inpurity to produce ultra high purity water having
said trace organic inmpurity present at a |level below ten and preferably

bel ow alguThOfpapl of llaimTh &vhierei theeembAMaitshetndest sadrifiaial ifedimhsitedted sai d
treatnment unit includes a solid elenent having an active materi al

sur f acein pdenPstresaPasHinedd URWdreasmeptdings em contacts the water to a
surface of said elenent. 19. The inproved UPWsystem of claim 17, wherein
said active material is a material selected fromanong the group of

mat er i alls. Thagipatatusgpfadaimr , stheseietheaemayd wni inclodss adoundenzyoregaedivat al | i ¢
reaction material and conbi.na'éﬁ' Oﬁgwgereof. .20. The i nproved UPW syst em of
cl ai m 18R FATPRSUPYD PBTHIP @ % PUMEAt % rent  sel ected fromthe group
consisting of particles, sem -perneable nmenbranes, other sem - perneable
medi a, and conbi nations thereof. 37 WO 03/080225 PCT/ US03/08373 21. The
appar at Ug. 8f iobaivad UP Witkeataient sisten Eardrighl valving praderticheef wisa Bighipwthedi um
effecti va"ater, wherein the improvement comprises a treatment unit for contacting the water and

effective to capture or break down a trace organic nitrogen impurity to produce ultra high

purity water having said trace organic impurity present at a level below ten and preferably

below about one ppb.

18. The improved UPW system of claim 17, wherein said treatment unit includes a solid
element having an active material surface-immobilized thereon, and said system contacts the

water to a surface of said element.

19. The improved UPW system of claim 17, wherein said active material is a material
selected from among the group of materials consisting of an enzyme, a capture material, an

organometallic reaction material and combinations thereof.
20. The improved UPW system of claim 18, wherein said solid element is an element

selected from the group consisting of particles, semi-permeable membranes, other semi-

permeable media, and combinations thereof.
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to cleave said organic nitrogen contam nant into conponents and an EDI unit
operable to renoved said conponents fromthe treatnent stream 22.

Tr eat mrentweppas@eiais for produci ng ultrapure water, wherei RCTIESOHMR3AF at us
includes a renoval unit for renoving a target organic nitrogen contam nant
present in a treatnent streamat |ow concentration, by directly surface
cont act 20f Thd\gppat-Aid GFL1difnelR RGN SHereABY Mivilt in@ided ah avitveatdumalffecide A

wat er treatnent elenment conprising a substrate material having an activated
sur f ace to glepeectaid/erepnicniraged cantamineahintaeAmpanesis gnd ap BEDL ypi oparghle ton g
treatne LI o | id stream 24. A water treatnent
system ?%rPg‘tf)é;dgsg{lﬁc%)c%no&ngﬁgEoﬂglgh%g%ﬂe%%%%ﬁmter and conprising a
plurality of treatnent units arranged to renove inpurities froma stream of

feed water to produce a_product water, e.g., primary nake y ter,

subst antXafTeptoend apRArais il Praquene %ﬁﬁ@ur%wai%&&l?rqlgg& Waﬁaﬂ’éll’gﬂ&%ﬁ 33 hi gh

fl ow contagls Ghe m!ooinyaﬁa £ &‘ﬁ@&ﬁtﬁ}ag%ﬁ%g}ét%ﬁﬁﬁttaﬂﬂé@en% f, &Rl raCe
fromt eam 25. Appar

| evel of urea contam nan e str atus for water

t r eat nenstream atiomi sineenteation dysdifdctiwsumEndsrcanacinalttee flowingtireatment etreamemiithhavi ng
an enzyne or._agent, jnmmobilized on its nmenbrane effective to renove a target
cont ami r‘l‘&ﬁf’u‘f‘b‘g?ﬁeﬂé er treated by said treatnent element. 26. Apparatus for
water treatnment, conprising a a plurality of water treatnment units arranged
in a water treatnment line including a reverse osnobsis (RO unit, a |ow
shear r @3i Aovdterttreatmentslsmentcampriisieg asulistratstmateripd heving ap pctR@tedsvdaeat e t o
an inlet ,of .said ROunit, and a ure rempval. naterial, J Wep

reci rculeg’gftbvﬁatf)(%lﬁo‘é‘?7’%%’?‘%8%%’ oiin gatft?aggnpe\xg{ 18 %e%ﬁ%%}t 3ﬁ?arnga ﬁel@rﬁ%t line. 27.
Mat er i alcohi@ét widh §4id kfr@at.nent, the material conprising a mcroparticle
substrate having an 38 WO 03/ 080225 PCT/ US03/08373 imobilized enzyme or
agent such that said material is effective to renove a target contam nant

from wabar ARyl W EehERR ﬁémgai ﬁo%ﬁﬁio?hlt%ar}ﬂgﬁ'ﬁuﬂyg%%r aﬁa@?ﬁlgﬁsiﬁg hstrate is
recover abl’e 1or recover?/’ and reuse 1 n at east“a portion o wat er
t r eat neplurhlityef ti2Bmehbhenitsairanpal toabmovaimpizities Woer estreased fifesdivster @t e

i ncl udes gnetic material for enhancing separati. f the supstrate from
t he wat @FOTEH‘@Q?WCWP@F i ROFIEY JatF 39 ,‘gﬁ}iﬂe ‘g’ﬁﬁngagﬂoﬁ% TEH I‘F?CP’_?fijes a
tr eat ment, b apk, N heRAMEhifB floR{baktedeRontif R MHeakSer®btrdant bifbdiRbkON UNI L,

said portion operdting as a Substrate circulation |oop
remove trace level of urea contaminant from the stream.

25. Apparatus for water treatment, comprising a cross flow membrane water treatment
element having an enzyme or agent immobilized on its membrane effective to remove a

target contaminant form water treated by said treatment element.

26. Apparatus for water treatment, comprising a a plurality of water treatment units arranged
in a water treatment line including a reverse osmosis (RO) unit, a low shear recirculation
loop returning at least a portion of RO retentate to an inlet of said RO unit, and a urea

removal material in said recirculation loop effective to urea from water in said treatment line.

27. Material for water treatment, the material comprising a microparticle substrate having an
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whereby an el evated concentration of said enzyne or agent is maintained in
said portion of the water treatnent line. 30. The material of claim 27,
wherein twe ostsmbki | i zed enzyne is a crystal or cross |inkedT/usoyes3ai . 39

immobilized enzyme or agent such that said material is effective to remove a target
contaminant from water by injection of said material in the water, and the substrate is

recoverable for recovery and reuse in at least a portion of a water treatment line.

28. The material of claim 27, wherein said substrate includes magnetic material for

enhancing separation of the substrate from the water.

29. The material of claim 27, wherein said portion includes a treatment tank and recovery is
effected as retentate of a filtration unit, said portion operating as a substrate circulation loop
whereby an elevated concentration of said enzyme or agent is maintained in said portion of

the water treatment line.

30. The material of claim 27, wherein the immobilized enzyme is a crystal or cross linked

crystal.
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