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the equipment is drained and/or flushed with gas, usually air, to force out as much liquid as
possible. The equipment may also be partially disassembled, e.g., broken down into smaller,
more transportable sub-units.

It is, however, extremely difficult, if not impossible, to remove all water from the
system or assembly. Traces of water therefore remain; this may include ponded water in
dead end legs of the plumbing or in crannies of the active treatment modules. This residual
water may provide an environment that supports the growth of microorganisms, particularly
bacteria, fungi, and molds, including biofilms, e.g., slime-enclosed colonies of
microorganisms.

Normally equipment is shipped in this wetted condition and, if any sterilization and/or

disinfection of the system or assembly is later needed, it is usually performed after final
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However, as a trade-off, before final testing and acceptance of the completed

treatment plant by the end user, a system must pass through many stages, which generally
comprise the following:

i. assembly or "pre-fabrication" of a treatment unit at the off-site facility

ii. testing of the treatment unit at the off-site facility;

iii. preparing the unit for shipping or storage;

iv. optionally, storing the unit prior to shipment;

v. shipping the unit;

vi. storing the unit at the end user site before assembly into a complete treatment
System; \

vii. assembly of several units into a complete plant; and

viii. sanitization and testing before acceptance by the end user.

The required degree of sanitization may vary greatly depending on the intended end

use. Howeyver, for economic reasons, one would like to make the on-site sanitization,



The required degree of sanitization may vary greatly depending on the

I ntended end use. However, for econom c reasons, one would like to nmake
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used to test the water treatment system or assembly to provide a substantially 100 percent kill

of microorganisms in the system or assembly. A substantially 100 percent kill, as used
herein, means a bacteriologically significant level of kill. The level may be high, e.g., at least
99%, and is preferably a level of kill that is effective to completely eliminate viable microbial
growth such that colonies of microbes do not form, or are not detected by relevant assays,
during the period before final installation of the tested equipment. Preferably, water used for
testing the system or assembly is treated so that it is sterile, thereby preventing introduction
of live microorganisms. The water may, for example, be pretreated by means of sterile
filters, passage through an effective ultraviolet light sterilization device, passage through a
silver impregnated carbon column, or similar treatment prior to passage through the
equipment. For ultrapure water treatment systems, preferred biocidal agents are selected
from the group consisting of heat (e.g., in the form of a heated fluid), ozonated water, ozone,

and hydrogen peroxide, all of which leave no residue and thus do not contaminate an
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sterile, or In another preferred embodiment, the biocidal/biostatic agent is introduced to the

liquid used to test the system so that sanitization occurs during testing. The liquid and agent
are then displaced by introducing gas via sterile valve(s). The gas may itself be sterile, or
may be introduced using a sterile filter and appropriate sterile vent(s), so as to prevent
recontamination of the system or assembly by microorganisms. After the system or assembly
is sterilized in accordance with this invention, any means of ingress by microorganisms is
effectively sealed. Sterile valve assemblies and sterile vent assemblies are well known in the

food and beverage, pharmaceutical, and biotechnology processing industries. Examples of
such sterile valves are Tri-Flo® valves manufactured by Tri Clover Incorporated. Examples

of sterile vents are Aervents® filters manufactured by Millipore Corporation.



may be introduced using a sterile filter and appropriate sterile vent(s),
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modules and assemblies of an intended plant at a fabrication site, testing of at least some of
the modules and sanitization and sealing thereof, followed (in any order) by storage and by
transportation to a use site, and thereafier assembling the modules and assemblies into a

treatment plant and operating the plant to treat water.

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 showing details of construction and

illustrative embodiments, wherein:

Figure 1 schematically illustrates water treatment apparatus showing the context of

the invention; and



t he nodul es and sanitization and sealing thereof, followed (in any order)
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process of the present invention,. Detailed.DPescripti.on Figufe .1 .
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| eakage and for vessel strength, or testing to verify operational
per f or man&s vegsel sysngth ardesting toysrifyaperatipyal per%@rrr@rwq of themnitse Hlustrativelyer uni t s
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Figure 1, suc I p ssenblies are denoted by groupings A B and C
wi t hi n dashiprble. da Figyreh sughshippatle aehassembliesrre dgnofed by gzoupingp de B anfl G he

o Lo e BLSE% S S o

shi pped i prepared $@phipping by dietilization ¢ djsinfectioniof theg tinterics yoluhne, mddlecwdts 280 of
w1 be oSrse AR mah Bl klMEnE, rce to water treatment and
purification. Foweueilpsttates tHerprarets 200 of thegiremntaipynticafor pravalinganileatmedtudes,
treatment pi‘zjlgti. t'ﬁlefp?a{nt and units will be generally described with reference to water treatment and
purification. However, the invention is also applicable to, and includes, treatment units for

food material, sweeteners, phafmaceuticals, fine chemicals and cosmetics. As shown,

equipmient 100 (Figure 1) comprised of one or more units assembled into a testable assembly

is tested by a test that involves wetting or filling with water, aqueous solution, or other liquid.

The assembly is then substantially sterilized. Sterilization may be effected with heated water

or an aqueous solution, with radiation, or with biocidal or biostatic aqueous solution, biocidal

or biostatic gas or mixtures thereof. Such sterilization may be effected at the same time as

testing is performed, or may be tested afterward, with a separate flow or treatment. For

example, when the testing is simple hydrostatic pressure testing, the testing may be

performed with ozonated water or with a peroxide solution. In other situations, however, the
testing may be performed and the test solution drained or displaced, with a biocidal agent

then pumped to the interior of the treatment units. Rinses may be effected prior to active

sterilization. In that case, the rinse water is preferably treated to remove microorganisms



food material, sweeteners, pharmaceuticals, fine chem cals and cosnetics.
As shown, equi pnment 100 (Figure 1) conprised of one or nore units assenbl ed
into a teapDableassenbly is tested by a test that i nvol ve@sTWESn2/23565 or

filling with water, aqueous solution, or other quid.  The assenbly is
then subs®anby altrafilation ot ptherguitabierenioys d%r?@ﬁﬁ)r?d‘? lwe@iﬁalby&l%’dﬁiﬂ}eﬂﬁo heat ed

water oy ﬁlﬁvé%’{}?&h?l @b Q%Ecle‘é"tﬂahmﬁﬁﬁgﬁ% liiDfhe nffabblid phtlbha36 bglal or

bi ostati c aqueous solution, biocid bi ostatic ?as or nj xtures thereof.
Such st ermiciopaganismsraiug inssrwasertos fiogidal spdution Apreferpblydecated da bg Kep ol

per for ne%ftﬁ&no’i‘%&%h ?t%%gd Arkerarey Q‘Od’i‘e%ﬁ'ucjﬁaﬁﬂﬂ@[&é erfid QWired thht €at ment .

For exanple esting I's sinple ostatic pressure testing, the
testing nmyistoee repwinfirey int dmmcha@zmmdemdwairmd regiongidops ot pealieenigbutede ut i on.
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sol uti on pHtiquafyahede |cynthmﬂigR€ﬁnérﬁbﬂaﬂesf ¢lecrodfalysisetenbnmes amgl/ir iesexchunige at e and

nitrite, urea, i.dua d the |j Thi s ass ure

renai ni ngreF‘HSTWg s?? a’éed;]ﬂ’(ﬁw RSP yVeite, gé‘&ﬁr testipey z‘b‘?‘%ﬁgse %’gltwmg?vﬁr{ﬁéel f

cont ri but gatk® of tHe@hip@Rnaé sueh kiatbge caadibeisee shat all dmien@ojogamﬂrmemets hin the
treatnment unit. Sujtable Séfp“ I |68¥m§and pur i of the trea rinse or

bi oci dal ) 2ifdPethendhe Bethed piihe prgs W&t?r“éef&%éié%ch’rd%%\ﬁm 0%58 1§ Bhded

m crofil tﬁfe%opéfdélcéﬂt&ﬁinh&@ 5®1prhéﬁt oAk adtkiedwalld Buiniabbefaneltepgiétand
i ntensity, passa&g1 hrough a silver activated carbon bed and other such

neasur es. Nty of¥ipblegontagyiiiscant contenpl ates that at |east some conponents
of a tested Syﬁ{eedsgfee@@aédoﬁﬂdlnﬁfawn tdyemal PRI IRRA WaRr BEpIRAEAESII be

el ectrodla si s nenbranes and I on exchange resins - wll not be dried
but wil I ntithathelgquifed dor atl%@tm%@uthahgrﬁqiﬁ tgeagraerih planfibpt REFPAY BRtef fs
hature Of Sriffounidil Qﬂ&:@atblé rﬁe(ﬁééﬁbnst rﬁhllé?l}ethgaéﬁ}gé ofi@continfindtidalreqdirbd fiad ends,
joints and crevic are dry, then the method of the present 1nvention

pr ef er abl ynif that 1awelse shipped po org«bau 4 iefjigerpéed qoptainer will heflesy hag ihat reayired d
equi pment gf gﬂ'dtol??raﬁéf%%h %gowgﬂlppegm fer' R m@ﬁlﬁ@ra{ee%ﬂaﬁfon& Or R6QY &e €Ntry of

vi abl e contam nant's egree o econtam nation required for a boiler
f eed wat edesarspdf Spati Arabiai | | be

A dilute mixture of ozone in water or in moist air is one preferred decontaminant. If
portions of the equipment are dry, then preferably the equipment, or those parts of the
equipment, are re-wetted for some hours before ozone treatment. However, the short halflife
of ozone makes it less than effective when portions of the equipment interior are protected by
ponded water, organic residues or the like. Circulation of ozonated water for an extended
period may be necessary to attain a level of kill that is effective to prevent bacterial growth
over the period of weeks or months until plant commissioning.

Other disinfectants include substances such as chlorine, triiodide, hypochlorites,
chlorine dioxide, N-chloramines, iodine and polyvinyl pyrrolidone-iodine complex. Some of
these may be ineffective against some microorganisms at practical concentrations. Alcohols,

such as methanol and isopropanol, may be effectively employed against most



different than that required for a pharmaceutical grade treatnent plant
that prepares water for conpounding injectable nedications. Simlarly, the
degr ee ofwoasomIadr nati on required for a unit that is ton?E/lSSm/mseﬁj and

stored in a refrigerated container will_ be |less than that for a
skid or tTPEFqreAnisiaThese aegnipare dacipricidal. LFHE% idglgpd wwdﬁlgéf}dach @Ié‘hdl tions or

stored i rlezlx}fﬂ@g ncﬁ&ﬁ&ﬁé Swafie ﬁﬁlé@fectﬁre%galﬂst sﬁorgé knat Q/eamn&lslﬁlﬁ)t SFitiQEZ ARG dsN Wat er
or in nmoist air is one preferred decontam nant portions _of the

equi prentWaipidregient epplications BhusohMushiss with plsphal ﬁnd @?n TR gecPuRRet §90 t he
equi prrentmaﬁ@suﬁt@ﬁl%}ép%dff&rshﬁﬁﬁﬁt BAU{ R d RRELE n®ERRGterERAB

V\ﬂ However,
the short Half life of ozone makés it | ess than effective en portlons of
t he equi (PEHRIsSIONIRE i or are protected by ponded water, organi c residues or

the like. G r%hnﬁhbé?%f%n ARSI feffufaBbns }?%st;ﬁx@ﬁ’cﬁi@orﬁ hiRe may be
T T iy aone e

necessary to attain a |eve i's effective to prevent bacteri al
growt h  cigEwounds qyérbllsohen@fs meaféd&gnbzednmvﬁhamtds suqblag hydresnbangeit e¢iflng. O her
di si nf ect;

nypocht or hers Gl HihReah Ao F7 ARG 8y gl 8 Noiays |,
pyrroli dmi@hydnil(wh@@aﬂlyeﬁorm&nhﬁdmoluttoh@s Saprayinke), ighme[ralddtykivémmgﬁs nst some
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|sopropanoP enp oye arnst
PCT/ USOZ/cﬁﬁﬂﬁaantsmnbxostmgm In'Eldémen,a:gﬂauhyeﬁn&nﬂsaﬁhmwmff&aﬂwenéss Iﬁg'l CI dal

and viricidal, an avi na.re . ile |l.ess effective
agai nst spp%tﬁ Alar up alfla\'/\% igjl%(g |Sge° 5{’] 8316 Sﬁlgpé{ﬁ%?\f{}hnw&}f 2%% eat nent
appl i cat imixsure dH18% pmpykhmgynom@n%t bly&lrme)mid 1&&§bdﬁdﬁemmﬂﬁalapp@,d fedlohp ment
100 may be suitabl re ment,. ext.epded st e and ultimate
" oass onb S btagh A e GR BF S aln X ABREE bt SEGRS fia Vil SEpE et

for Irrul afj I(ﬁrbﬂxespiclb’lolaﬁEDR&twkd ﬁndr?:ilkdﬁlcﬁfb@ﬂylic bmﬁﬂe@b munds;)mgbdmrﬁ@éaﬂa@tbsr may be
utilize s we u as r ox enzoic or its esters
(e.g., ﬁa’r%%%?or%? a@é RPeRty: ZX& %éyr%?a\)@ﬁw endzeqﬂasrate@mm alse be a¢i d,
vari ous @b@!abwéﬁas CigoiahmiRs amd a)%rﬁ@fméld@mﬂaan&qbltm alndrané@ROESasi N ai ry,
gl ut ar al deqyde (but, this shoul not be used on sone types of RO menbr ane) ,

various Rt SPthiasniinamigeNe %ﬁ@b@mﬁ’é‘fﬂﬂoa‘i"ﬂ’ﬁ\"‘é@ ants or biostatic agents. In

addi tion, cer tikRhbit&at dEREGaR naHePehd RSy BefmbR unitP skttt UNits
may be ap I|ed to specific Bortlons of the shippable systens, such as a

mi xt ur e Shippabls Brodpler dvelivaed caghon beds fesexamplecmayby efnarebdisalredmihenl fi t e
appl i ed f@danl, 8BCcannot be readily sterilized with chlorine or hypochlorite, or with biocidal or

biostatic organic compounds. On the other hand, most RO membranes will not tolerate steam
sterilization, but are readily treated with certain organic agents.

Following disinfection, the system is aseptically flushed or purged. This may be done
with a gas that is also a disinfectant or biocide, or in some embodiments a biocidal gas may
be introduced or circulated after the disinfecting liquid is substantially drained. For example,
ozone may be introduced following the circulation and removal of a water/peroxide
disinfectant. Following disinfection, aseptic seals are also added, if not already present, to
assure that the shippable modules are protected against ingress of further microorganisms.
The effectively sterilized, sealed units are then optionally stored, locally or at a distribution
center, transported, generally stored at an intended use site, such as the plant construction or
assembly site, before final installation and commissioning for water purification. Modules

and assemblies treated in accordance with the present invention are then readily placed in



term storage or shipnment of certain RO nenbrane units, triiodide, e.g. with
propyl ene glycol or other polyol in EDR stacks, and al kali carboxylic

bi oci des woah/oe®1pHA sodi um benzoate or sodi um sor bat e f @CTURIZZIFRO

el enents. Al kali_ percarbonates and @er borates may al so be wused, as well as
chl or ami n¥E&vieer! thegpisndedgise sitefad operpied 19 Pty AreteRyiHRY P @S 228T68Hveas  oct | y
| sot hi azodjedhiryr orgﬁm?ﬁtl()g'alﬂﬂ ARG sk l:f‘)iﬂh%aﬁﬁgaﬁblegﬁml iR OPRIAE QF

di si nf ect ant %m on the specific treatnment uni ts constituting a

shi ppabl eCarperigdemen, ltail%?tné&m@ﬁ?ﬂ%ﬁ beds, for exanple, may be effectively

di si nf ected wigh BagiabP@iThe Qfiafithiak Peg,afaﬁaﬂbkaf uéﬁfén”at'azf%jrléﬁh@r‘si@%% pine or
hypochl orite, or wth bioci tatic organic co

ot her hani@,stosegs; slmmmmcamtgram 1111d Hamately installatiorsatenend sieesitel theat i on, but
are readi t |1 feection,

fhe Sy | o¥erkibff s g &*IP$9§F}SE%{Q ngrd%gig&eﬂg?& gamgﬁasﬂgﬂopg-aﬁ*ér%ﬁafa r b ghs
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gas may be i 89&4 r r ed.after.t i idis
substanti al | y%cf{ ral ng%)qﬂ% thghle&%ﬁa&esmbgczi%’ﬁrgmr?a%wglée lln'he[nf ﬁ'@g gﬁf%w ng the
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di si nf ectl on septic are r ead resent,

assure t hat 2 placE; p'f)sgﬁ? BY ?%afﬁr zwﬁf‘%@%‘?tﬁ?ﬁéﬁ?@%gjﬂ&%ﬁﬁn? Ersséted‘flfhf urt her
m cr oor gdlitils mswnth ﬂ’ehry siafplesdiéaning] Ysstel; theinZethlhd sibahillyiioids crE@rdnb&bf
optional | re cal L.y or at. a distribution  center, transported,

gener al | Q’g@gﬁ%a un ?pr'ﬁ‘%/rgﬁB‘?fd)fﬁglé‘p?F'ﬂteor £ emplications OBP%‘HICIB‘HF%?‘% uction or
assenbl y wikhewn bafregsof biofalling.nst al | ati on and conmi ssioning for water
purification and assenb]ies treated in accordance with the
present mvent%r%pﬁ?l *\“ﬂ’éﬂasrcﬁsﬁﬁ’ls? eyerakeaPqdiments gh this myerdiorgand@itheysiy/ 23565
service 8§pe¢1ﬁ@tetrﬁ§ aﬁ@ﬁl@ldy&ﬁ iy fafe 166l uﬂﬁ@h&ﬁ@é}'xdtdésdﬂﬂfﬂ/éc ¥ndRInBf andinbRH T

reqU| ri n %Pesm \Fl | eani.ng or sanitization, and without risk of
i nst | gatl 818§ Ela!tatfoau i lﬁ!gﬂdﬁst@élt%&t@fwdbﬁcaﬁ%ﬁwéw@aomﬁéhﬂﬁm and

Cormonentr&turwy ARG foltRite bAIISAR tRla@f hid @Péub@ﬂa&ﬁgnﬁnﬁ%dﬁﬁdaﬁ&s%e equi pment
at a fabrication site prior to stora e, ((};;h renote storage and
§T,

ul ti mat el SPRFAEEAEQ %&W@Hngles‘éﬂi’e@ﬁﬁwd%‘@ﬂ“@ %Séies‘?c”f‘?é pipand bofhewiaimpe appl i ed
t o prepargpbiiRd heR faRYhivalbRS exdfPl € a skid or trailer that is already
in the fi eFd prior to the equi pnent being taken out and set up at a
different fi eI d site. Advantageously, the nethods described herein allow
treat ment nodul es and ot her equi pnent to be dependably transported and
stored for lengthy periods of tine, and to be set




up and placed in use to purify or treat water or other intended |iquid at
an end user site with little or with very sinple cleaning. As such, the
met hod sulwetoantdad | y avoi ds occurrences of biof oul i ng anegcaner/pssss or mance
of equipnent, or the conplications of unanticipated or unknown sources of
bi of oul i n@lalmhe Speci fication has disclosed several enbodinents of this

i nvention, and although specific terns are enployed, they are used in a
generic and descri ptive sense only and not for the purposes of limtation.
It is undbrst obthettipdtof pm}'idiﬂgmnbdlﬂsthatidtwﬁ)matt'reamwm hlemté'oxfpuniﬁlchtionnﬁ‘t urally

occur to r and ar,i at
nmod :Jf i cat %’%ﬁfz&zﬂtﬁ% i'i(eé g’ﬁ'g er e% @0& Bom%lsteﬂhﬁ F g\érg S'Iécnlglf a lﬂ‘é&g FEIITB N as
descr i bedliquid wied tatest, thy mokiele of mtcrﬂmuldmpé ttdﬂudshh&t fihid filmacithe eividvia) ent s

t her eof 03/ 0099 Us 3565 0 oviding a
nodul e thafp\i\g 4n t{l ? %u%%gmt%r %éﬁg %?Sa{’ﬁfse Oupﬁ}i‘rs efﬁ‘@ﬁ% %gﬂs & ‘%&’E‘% ®or the
i ke, V\hemeﬂuleagmmﬂbbm&tamgmm ses the step of introducing a biocidal agent

into liquid used to test the nodule or into liquid used to flush test
fluid fromthe nodule, displacing the liquid fromthe nodul e by gas passed

t hrough s2.erila meﬁ@dfotfbto@rdsng Aanedietbi B fohe a tRReneplagdbmstifibhheg cal
i ngress V|d|n a npdule that is to forma treatnent

‘
pl ant forw?}ﬁ??rpﬁ?:g]fq & erB?” W&F@P gemprpses thegtep ofifisplasing 3 hanidEpmdbe conpri ses

the step mbddé,sptqmutig adidciddLdgentcogipritinga nitadiel & gad d?tvﬁﬂﬂ‘dﬁdl B8ioRidRl gei dal
agent conprising a m xture of gas or vaPor and a bi ocidal gas or Vvapor

into the &H‘Prem tofhgmedule; ang ssalne ths apduleagainsidiolpgieal ingresal i ngress. 3. The
met hod of claim 1, wherein the nodul e i ncI udes a sterile valve or drain

through which the I|qU|d or gas passes, and the step of sealing |ncludes
cl osi ng aval vihesrethpdaticlaing 1sWhgrein theemepgyde inglugdesed sierile bﬁltﬁ agiraiathrougr ess.

The met hoghief weh@ud ok gaé’kﬁa@é’e@ lafld Eﬂé%te?to? Qeaﬂﬁ hgﬁﬁ%ﬁ‘s P ﬁlla%%g %&g ent

i ncl udes heating sai ud to a errpera ure of a grees
Centi gr adbemriulaaﬁ@nstbwl‘egwalmmss sufficient for the heat ed liquid to act as
a biocidal agent to achieve an effective level of kill of any biological
species that m ght nornmally be present. 5. The nethod of claim1, wherein
the biocidlal ademethos efiglaimdnvhartinthe stemaddntrasluciog b Hivaidal agenttinstideant s i n t he

modul e. heating said liquid to a temperature of about 50 to 100 degrees Centigrade for a period of

time sufficient for the heated liquid to act as a biocidal agent to achieve an effective level of

kill of any biological species that might normally be present.

5. The method of claim 1, wherein the biocidal agent is an agent that leaves no residual

contaminants in the module.

6. The method of claim 5, wherein the biocidal agent is selected from the group
consisting of water containing ozone at a concentration ranging from about 0.0001 mg/L to
12 mg/L; ozone at a concentration ranging from about 0.1 micrograms/L to 2 weight percent
of the liquid; hydrogen peroxide at a concentration ranging from about 10 mg/L to 10 weight
percent of the liquid; peracetic acid at a concentration ranging from about 10 micrograms/L
to 10 weight percent of the liquid; and an alkali hypochlorite at a concentration ranging from

about 0.1 mg/L to 10 weight percent of the liquid.
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6. The nethod of claim5, wherein the biocidal agent is selected fromthe
group consisting of water containing ozone at a concentration ranging from
about 0. O0WOb3fpMI9to 12 ngy/L; ozone at a concentration r&agiusg2/23s6e<m about
0.1 micrograns/L to 2 wej ght percent

2 .of the |jquid; drogen peroxi de at a
concent r & i on Thargthed of Flgim &bwelﬁg‘emdai ?ﬁefbls\%éi“d% g&%&e&?ﬂppof t he
l'iquid; F&%ﬁﬁ&ﬁ% lof iRAGleIpRtolRofOBERA ahdkinfhr TodRgidRgnic@mpiieyitn 10
m crograns/ L 0 10 weight percent of the liquid, and an al kali
hypochl oroligedyaemis mefabpl pulverncoPRAfy PHES ABHTBES ek ny/L to 10 wei ght
percent of the liquid. 10 WO 03/009919 PCT/ US02/ 23565 7. The net hod of
claim1, wherein the biocidal agent is selected fromthe group cqnsisting

of iodine. pyfhekictmdefloim Aevhesainiths bificidah ageBiciomprisssgaae o VBpIaREL an
ol i gody n%tf?ﬁlglagfgﬁﬁé ?ﬁétﬂla o8 \gﬁ%&ééﬁfﬁn?%g@egﬁﬂ is Plescht Bithe ABGuIETOFaWYelSd bher eof .

8. The ne claim I oci dal_ agent conprises a gas or
vapor heatnedsufficierd to effgsen substantiadly 180 % kill phanydeiglpaieal sesigsithyf Bt and i s
present in t nodul etfor a period of tinme sufficient to effect a
subst ant iI"FPIASPEERE 1 | of any biol ogical species that night normally be
present. 9. The nethod of claim8, wherein the biocidal agent is selected
from ano th ro bi Qcj . L S|

concentration ﬁ[beilﬁgoéi (ﬁjrcg)arlﬁn §b‘8@%¥1&%%:ﬂr1§a%agr Q%rt ?SI Sﬂggcﬁ@ﬁ?lg;‘%ﬁ%gfeﬁ%upper cent
of the gasbcidabp@tsbndisting ofiede $ta coha@mirhticnaanging Sy vleavt b parhperdrithipy ;

et hyl ene oxide at a concegntration ranging f dllionto
10 vol unetoggrv(?me pe&;en?ﬂﬁtﬂ%gasﬂ 05?’%?563%“?%%)(5%%%? %gig%{hte%y Sge?grml aig%%ﬁl ’he system
or assenhiiylefelUxic 408 caiceatrativa raiigriaim sbout dpgit per thiliomtaloidlume pacant per
trillion to 10 vol unme percent of the gas or vapor . .mi I sed to

sterili ze*fithe8asPE VaRAT D‘@Ees‘gﬁ‘?ﬂoﬁer@ﬁ?gﬂf’i ge“af’fox’%se bl%’tc)ﬁg)?“clg%tgaent ration

rangi ng §dnesntabentandinp don 4b00t 1 pdrt per @illidrotollD wohinkerEat afthd gasfor vipergas or
vapor m xture used to _sterilize the stem.or .assenbly: brom ne at a
concent r aBPgHe Ul §t5rirRe SIS °rlassﬁ51%¥ ; ﬁ@?met ‘?’P’Fﬁ? oy ‘%/’Bwf B AR Ser cent
of the gagoMlab¥@APariPexX trilliéh 1496 HoluthePetehd dfake gdier sappi mitae usaswvenbl y;

chl ori ne nonoxi de at a concentration rag‘?iﬁﬁg f rom abaqut lboglgit l}?er trillion
to 10 votterize therwaam aspssemblygbiomge af 3 Gatce %‘P&F@‘%&ggﬁ)‘?ﬁ P P the
syst em or y #&HaRD YoluRleQIEdiat ofehl @ bfiCapdt mikte@REaNorstkiiigsthe &B@INg f rom about
1 part per trillion to 10 vol unme percent of the aggs or vapor m'xﬁgre used

. or,..
to sterilasemblicchigrineamngrida skaspnpspiraton ranging fraw; apautd; pagt peg EHP 18: i on
ranging fram.a B%Entlof ﬁl%rgas S8 apbt thixtukrOfsell & &40 HeENPsthift bESKmEN; brbiingas or

vapor

chloride at a concentration ranging from about 1 part per trillion to 10 volume percent of the
gas or vapor mixture used to sterilize the system or assembly; sulfur dioxide ata
concentration ranging from about 1 part per trillion to 10 volume percent of the gas or vapor

mixture used to sterilize the system or assembly; and mixtures or combinations thereof.

10.  Inamethod of providing treated water, which method comprises seriatim the steps of:

Step (a) providing a pre-assembled apparatus, which apparatus comprises:
at least one water treatment unit for carrying out at least one water treatment unit

operation, said unit having an interior portion for passing and heating water;
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m xture used to sterilize the systemor assenbly; and m xtures or
conbi nations thereof. 10. In a nmethod of providing treated water, which
met hod cowprisse®iseriatimthe steps of: Step (a) providi mgrarspr/essessenbl ed
apparatus, which apparatus conprises; at |east one water treatpent unit for
carrying out at Ridgast opwatopiniey condebin st copppunicatiga mathiableast gag fidni t havi ng
an interior portion for passing and heating water; 11 WO 03/009919
PCT/ US02/ 23565  entrangetorsaidrieaterdicatmentyinit saidideticonduit baying an iatshipTiperdeR i on
with at |least one fluid entrance to said water treatnment unit, said inlet
condui t havi ng aferipassegivétterportion for passing water; at |east one water
outlet conduit in fluid communication with at |least one fluid exit from
said treatment unit, said outlet conduit having an interior portion_ for
passing water; tlegst ong)waterpudetspnduiign Saidsommumicationwitihet deastpnp fluldgxitng a
transport tinme in a transport tenperature range;, Step (c) providing a
first stream of {emeridtecatngngunipsaid ovllnhgeduit hayiagay EjerionBetipmfos apsdingi r st
stream seriatimthrough said interior portion of said inlet conduit, said
interior portionwefer;said treatnment unit and said interior portion of said
outl et conduit thereby providing treated water; and, Step (e) recovering
treated water S$tewth)s@nsportimganidwater treatiment umiirduviegre fransporttimedn ayanshert f ur t her
step of: includi q\%}}é&a@ﬁjgﬂ thod at | east one step to inhibit growth of
m cr o- or gani sns eby sard interior portion of said water treatnment unit
i s substanti al $typ o) peovidingna fictitean @ wafer i seidonlet gadiisns at t he concl usi on
of Step (b). , t he net of _pr.avi. di t.r eat.ed .wat er _accordi.ng to
clarm 20, xai b gvdheten g ofal B M SRR o B T SPes
(b) the steps of .copdss baid inderive pation ef sagitmathentahie and daiddngliorgmictibni oft er i or
portion of said inlet condui.t nd/ or..t hr ou 5\ said interior portion of said
outl et conduit infge gFtd:OP‘xlf“etP?IS yrB'SYIflingﬁreﬁ'g w@%ir’d'" Yeatnent unit. 12. The
met hod of pr ovstep (&) récoeaingdreaet ettcatomrsdidrgpiatus] ai m 11, further wherein
said second shream of water is e si%nhi ally free of viable m cro-organisns.

the Improvement comprising the further step’of:

including in said method at least one step to inhibit growth of micro-organisms

whereby said interior portion of said water treatment unit is substantially free from

colonies of micro-organisms at the conclusion of Step (b).

11.  In the method of providing treated water according to claim 10, said improvement
further comprising between Step (c) and Step (b) the steps of:
passing a second stream of water through said interior portion of said inlet conduit
and/or through said interior portion of said outlet conduit into said interior portion of

said treatment unit.

12.  The method of providing treated water according to claim 11, further wherein said

second stream of water is essentially free of viable micro-organisms.
13.  The method of providing treated water according to claim 11, further wherein said

second stream of water is essentially free of organic compounds other than biocidal and/or

biostatic agents.
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13. The method of providing treated water according to claim 11, further
wherein said second streamof water is essentially free of organic
conmpoundswotodmeodihan bi oci dal and/or biostatic agents. 12PCWDS0B23369919
PCT/ US02/ 23565 14. The nethod of claim 11, further wherein said second

st r eam of 14lvat oFheangihod ofslaim 1l Ligher vhgrinsaissesnd sifpm of wipiropiins at S8nt, and
at | east (,gﬂlaq’gnd?gr 5i8dicS e ha st fe%g‘pgftlo%tf%ﬁd sdcBABREmI T wadh d 1 nterior
portion o sald water treatnment unit for | east a predeterm ned tinme at
a predet eremainsdn saidvintariar peréios aicsidevrer t@amnbwt fou At leashe picdefermingddime one

bi oci dal & £t Bﬁe%&é{&lﬁﬁd/&cm eve

bi oci de an%ddrg‘i t?@gﬁgg%béf@%%h it Salﬁg)gﬂ ?‘ %1%%19“8 rein salrd water

t r eat ment biostatic dgentaat peminentrgiontefectiye dugchicive biogide ﬁgd/OII‘ bipstasist i on, acti vat ed
carbon filtration, ultraviolet irradiation, absorption, adsorption, ion
exchange, electrodialysis, electrodialysis reversal, filled cell

el ectrodi #. ysiE;e methatofodaimi 1@n1'>kaa¢ihsaid mteetlsa:tnen@rléid$ 2 pdinheraitles group
mcrofiltr |on rati iltration,
reverse o gﬁng ﬂ‘?%g’ﬁ‘f ?ﬁ%tv?’tg PR s mf“ﬁ'é‘lﬂ%'ggaiﬁal Vel lglr%‘?rp abgi%{{% e net hod of
cl ai m 10, adsurptibg rion azmlhucgengedlﬁﬁia@elﬂ, eBicapdiglyis savelrs8l Bifed(doll ekeétendidlyss, of
storing sai fer treatment upit. for a St. stor e in a first

pr edet er nf' Popragm reyrsal s eﬁﬁﬁ‘ilﬁre?‘%r?a‘ém?&‘i é%li' @EF“? & erfﬂﬁ?%iop growt h of

m cr oor gailrafilratiol, nafil@itidnrevadde 0sinosia Gepafiltratisimgiabeit eduivatents17. The met hod
of claim 10, wherein said inprovenent conprises a biocidal and/or

bi ostatic process. 18. The nethod of claim 10, wherein said water treatnent
uni Ej i ncl ysles PheGREREDENlaiial0, ﬁxaﬁapmmcahgyetwsai Stép () atb$tehp (B) e stprofpor ti on,
sai d conmponent conpri sing per neabl e e sel ect ed from anong
the gr oupStB‘aneﬁa%ﬁP‘étrqaﬂﬁ?‘ﬁHg‘ﬁg) ‘Eﬁtéfﬁf?lgﬁ)ﬂgled’il %Fﬁ‘ﬁ’@ﬁ%term YSTIPE vent s,

steril e vanpemnad thnlph 8d1éctQO intii€ibwth ockicroorganisms during said first storage or

transport time.

17.  The method of claim 10, wherein said improvement comprises a biocidal and/or

biostatic process.

18. The method of claim 10, wherein said water treatment unit includes a component for
aseptically isolating said interior portion, said component comprising a gas-permeable
component selected from among the group of elements including microporous diaphragms,

sterile vents, sterile valves and their equivalents.
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