WD 03/ 082450 PCT/ US03/01209 METHOD OF MONI TORI NG MEMBRANE SEPARATI ON
PROCESSES 5 FI ELD OF THE | NVENTION This invention relates generally to
menbr ane wepanstsson and, nore particularly, to nethods f@CTmsas/orn ng

and/ or controlling nmenbrane separation processes. 10 BACKGROUND OF THE

| NVENTI ON Menbr ane separation, which uses a selective nenbrane, is a fairly
recent addition to the industrial separation technology for processing of

|l iquid streanms, such as water purification. |In nmenbrane separation,
constituents of the influent typically pass through the nenbrane as a
result of a driving force(s) in one effluent stream thus 15 | eaving behind
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processes'’or systens were HEE=23"50¥ Dl 4 E tive for water
treatnment due to e .adverse j.npact.s that nbrane scal i ng, nbr ane
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nore comrercially viable technol ogy for, . . )
water purification. In membran€ separation, constituents of the influent typically pass

through the membrane as a result of a driving force(s) in one effluent stream, thus
15  leaving behind some portion of the original constituents in a second stream. Membrane
separations commonly used for water purification or other liquid processing include
microfiltration (MF), ultrafiltration (UF), nanofiltration (NF), reverse osmosis (RO),
electrodialysis, electrodeionization, pervaporation, membrane extraction, membrane
distillation, membrane stripping, membrane aeration, and other processes. The driving
20  force of the separation depends on the type of the membrane separation. Pressure-
driven membrane filtration, also known as membrane filtration, includes
microfiltration, ultrafiltration, nanofiltration and reverse osmosis, and uses pressure as a
driving force, whereas the electrical driving force is used in electrodialysis and
electrodeionization. Historically, membrane separation processes or systems were not
25  considered cost effective for water treatment due to the adverse impacts that membrane
scaling, membrane fouling, membrane degradation and the like had on the efficiency of

removing solutes from aqueous water streams. However, advancements in technology



treating aqueous feed streans suitable for use in industrial processes.

Furt her, nenbrane separation processes have al so been nade nore practi cal
for 5 i nogBO8ABO use, particularly for raw and wast ewat ePCgursos/orzed i on
Thi s has been achieved through the use of inproved diagnostic tools or
techni ques for evaluating nenbrane separation performance. The perfornmance
of nmenbrane separation, such as efficiency (e.g. flux or nenbrane
permeability) and effectiveness (e.g. rejection or selectivity), are

typi cal |y af flid¥e @gwhipadea FieBEnp SPRARKIOB ras Mosh e&nmpisiylly Hdabdy sschaqlegy for
conditions of the 10 process. Therefore, it is desirable to nonitor these
and ot her typestieg aqypensdess strppmsaiisatle Hr yigdn indusiriglpropssiey-ane separation to
assess the performance of the process and/or the operating conditions. In
this regard, a vafuehsy, m¢mbrand separpiondireggssss have alsp de¢mrnadsasort pracmshfaror i ng
menbr ane separation processes have been routinely used and are now

under st ood anuduwstiabpieeprriacylalySermvand westewatenpugifitatoal This hanbkenactivéveit y f or
15 industrial use. However, nonitoring is typically conducted on an
intermttent tbasghsthefwe of enpopddediagoste @olsmr kechhighds for ewluatingresmbems
frequently. Known enployed nonitoring techniques can also be | abor and

ti me intensi wepardiiungperfaoansd. "Eint [wrioatemce of nembraas ecpameamgsadh Breffi@egsses i n
order to enhance perfornmance based on typical nonitoring may 20 not be nade
in an expedi t(eguAutren Armbrang patitabilifN and Bffedbiveeid.o¢ réje@iohakseledtivityy, or i ng
techni ques often do not provide optimal sensitivity and selectivity with
respect to rediypRalygf@teddy vatiYusPardpic@eeeshcfaing iRt Qefatihf) 8éndaions geiher al | y
relied on as indicators to evaluate and/or control mnenbrane separation
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osnosis and 25 nanofiltration include conductivity neasurenents and fl ow
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inherently | ess accurate in order to determ ne
and/or the operating conditions. In this regard, a variety of different diagnostic

techniques for monitoring membrane separation processes have been routinely used and
are now understood and accepted as essential to its practicality and viability for
15  industrial use.

However, monitoring is typically conducted on an intermittent basis, for
example, once a work shift or at times less frequently. Known employed monitoring
techniques can also be labor and time intensive. Thus, adjustments made to membrane
separation processes in order to enhance performance based on typical monitoring may

20  not be made in an expeditious manner. In addition, the presently available monitoring
techniques often do not provide optimal sensitivity and selectivity with respect to
monitoring a variety of process parameters that are generally relied on as indicators to
evaluate and/or control membrane separation processes.

For example, monitoring techniques typically applied to reverse osmosis and

25 nanofiltration include conductivity measurements and flow measurements.



recovery of solutes which are substantially retained by the nenbrane. In
this regard, conductive salts, typically used as an indicator during
conduct i vwomsasusenent s, can 5 pass through the nenbrane. p8irnese3/sebe s
general |y pass through the nenbrane as a percentage of the total salt
concentration, changes in local concentration due to concentration
gradients or the |ike can change the conductivity of the product water

wi t hout necessarily indicating nmenbrane damage. This is especially true in
the |ast st dgdBFIVEY iisasiremients @re inheently degs REFHI G AR asgest endejgiaiing &) t
concentrations (and, 10 therefore, passage of salts as a percentage of that
concent r at i orfpeavescH sohigs whighypre substantiglly retained bythe memyeang, Intthis regatd,
passage/ percent rejection paraneter is generally determ ned as an average
val ue based cendugtiveesalisetypigplbtusgd as ay ididatos idages corfductive mepsniomants 3yst em
Further, flow neters generally enployed in such systens are subject to 15
cal i brati dn imscthmughiths membrege.r danse rshitggdnertiy oats thedughitizt membrahvbesaver ,
typical nonitoring of reverse osnosis and ot her menbrane separations can
routinely remercertagd o€ tbeldotali eatakcormpmdratipn,cdrmbgased losd odncentntiobelue ab
different techniques, thus increasing the conplexity and expense of

noni tori ng. Aceantativgl gradientn ee thediiestas changaind taduaivity @f tiopdodwdt wiesrbr ane
separation 20 processes which can treat feed streans, such as aqueous feed
streans, sui twioet hexessasly indivatingdusiibraml daprage e ThRSs whkREall € Gy @1 theQnsd |
nonitoring techni ques are generally conplex and/or may | ack the
sensitivity asmgeflaeibitivitige die ghsam¢mbanadeiichatvwitlelt SAMNEdNBENtra@i (Bid, nMor e
process paraneters specific to nenbrane separati on processes which are

i mpor tant1d o théefory phdsadd OMsa@f at BepeROIELY SRBEEcALedRIBY)FORSARAhGheRN. 3 WO
03/082450 PCT/US03/01209 SUMVARY OF THE | NVENTI ON The present invention

provi des met hegdss. angl tB¥Sle@dr8, {Her salfOpsia@t/ PcdndbjB¢tion parameter is generally
determined as an average value based on values measured during all stages of the
membrane system.

Further, flow meters generally employed in such systems are subject to
15  calibration inaccuracies, thus requiring frequent calibration. Moreover, typical
monitoring of reverse osmosis and other membrane separations can routinely require
the additional and/or combined use of a number of different techniques, thus increasing

the complexity and expense of monitoring.
Accordingly, a need exists to monitor and/or control membrane separation
20  processes which can treat feed streams, such as aqueous feed streams, suitable for use
in industrial processes where conventional monitoring techniques are generally
complex and/or may lack the sensitivity and selectivity necessary to adequately monitor
one or more process parameters specific to membrane separation processes which are

important to the evaluation of the performance of membrane separation.



controlling nenbrane separation processes capable of treating feed streans
suitable for 5 use in industrial processes. In this regard, the detection
of inert Wbuwanexisent tracers and tagged fl uorescent agent ecrasas/inizozed to
eval uate and/or control a nunber of different process paraneters unique to
menbr ane separation, such as operational paraneters, chem cal paraneters,
aratio of the inert fluorescent tracer to the tagged fluorescent agent,
mechani cal paraneters and conbi natl ans thereof 10 The inert fluorescent
tracer/tagged fluorescent agesig LRXEANIAON of the present

i nvention can be prﬁl@forrred W th a h| h deﬁree f sen5|t|V|ty and
selectivity with IEJBERERt ingention RERYides gpst pPews fop groaiitngr @dieci f i ¢
to a nmenbrane separation. In this regard, the met hods and systens of the
present i nverforGollipgmemarags Feé’é'iafl%l’rycesiﬁs icpnablepf treatingitead spreanyitgRle f%r mance
of menbrane separation processes. npl es of 15 such optim zed perfornmance
i ncl ude | ongetsein wégstrbaétpv&séﬁesfrelﬁﬁhlaff@aréi ha dpiagion of inegclfuoreseanbirapses anif e,
verification of treatnent chemcal in the system tracking of chem cal
consunpt i on, taggefliffupresesnbprantstis utitizedge iewalnate eedoresoptrolan duibe raf diféaterner gy
costs due to better control of scaling, fouling and other system

par amet ers. Tsogehd parametersi ynigue te rivaseliranergeparhtianh guqly assererational enatanesters, a

met hod for 20 nonitoring a menbrane separation process including a

menbr ane capadikewicel parapeterat & majio of the ewbrisflvozesaent ritaceraofthe siggst flemescand a
second streamto renove solutes fromthe feed streamis provided. The

met hod i ncl udeesntt inechstiegdpaminefprsoand dombinaivnk terebf.f | uor escent tracer and a
tagged fluorescent agent; introducing the inert fluorescent tracer and
tagged fluorescent agent into the feed stream providing a fluoroneter to
detect th¥) 4 WO (03¢ (82180orPCHitUB0SY 1@deRd Jluofdseeot egame ntongorggatechmique e i ner t
fluorescent tracer and the tagged fluorescent agent in at |east one of the
feed stream thhprefant sivergioneambapriforhel witic @ highsibgreant seasitvigsindgelediwity
fluoroneter to determ ne an anount of the inert fluorescent tracer and the
t agged with respect to the monitoring of process parameters specific to a membrane separation.

In this regard, the methods and systems of the present invention can be effectively
utilized to optimize the performance of membrane separation processes. Examples of
15 such optimized performance include longer times between membrane cleanings, longer
membrane life, verification of treatment chemical in the system, tracking of chemical
consumption, ability to operate at optimal recovery, and decreased energy costs due to

better control of scaling, fouling and other system parameters.

To this end, in an embodiment of the present invention, a method for

20  monitoring a membrane separation process including a membrane capable of separating
a feed stream into a first stream and a second stream to remove solutes from the feed
stream is provided. The method includes the steps of providing an inert fluorescent
tracer and a tagged fluorescent agent; introducing the inert fluorescent tracer and

tagged fluorescent agent into the feed stream; providing a fluorometer to detect the



5 fluorescent agent in at |east one of the feed stream the first stream
and the second stream |n another enbodinent, a nmethod for nonitoring a
menbr ane wopanst4son system of a water purification proce®sTiusod/adbng a
menbr ane capabl e of renoving solutes from a feed stream suitable for use
in an industrial process is provided. The nethod includes 10 the steps of
adding an inert fluorescent tracer and a tagged fluorescent agent to the
feed stream _contacting the membrane with the feed stream separating the
feed stream ifHogeseent signaheofthe igert Huoreseref tracergind dba togged oresesnt egent Bndve
solutes fromthe feed stream providing a fluorometer to detect the
f1uorescent slEsshane of thenfsed plegam, fthe Brsk steasmm and: e second rigreameandaysingdthe
fluorescent agent in at |east one of the feed stream the perneate stream
15 and the cot%mmt@rt te dateraang) any empnt tii he [inpsr Beaseseentt tracaearslithe taggednount
of the inert fluorescent tracer and the tagged fluorescent agent in at

| east one %of flupcestenedgent ieanieastivae of dhenfead etreany; ahanficsh dtreaime anb the satandt e
stream and determining a ratio of the inert fluorescent tracer to the
tagged fl uor etwant agent based on the neasurabl e anpbunts of the inert
fluorescent tracer and the tagged fluorescent agent. 20 In yet another
enbodi nent, a mentin amthes ephodimemna myhbe for crpadying achembrand sgpargtionasyfterd
stream suitable for use in an industrial process is provided. The nmenbrane
separ ati on sycsftaemtéripotifichtion arosexviinchelingeahémbrarendapaieofrapathg salites@ar at i ng
the feed streamcontaining an inert fluorescent tracer and a tagged

fl uorescent agfad stieainGuidabldfer BRdh en Fidu@@dhpadtessas grovided)t TiktRethdd i@elGdds O
renmove one or nore solutes fromthe feed 25 stream a detection device
capabl e ofo f | tektepsairnidiag hyind® ASbietdask tAderdnd didgged flidiesckmeként tdOth¥ed

03/ 082450 PCT/ US03/01209 fluorescent tracer ang t he tagged fl uorescent

agent each r ag@hmgcohfaOigaROkembraR@iits tHeGed strbdnh;|sbiPating RS fedd JtRaml@yE 1000
parts per mllion ("ppn) in at |least one of the feed stream the perneate

stream and t hRnAoRe kiRl 8 bRRMND 81:&IN td RenoVEsEtkites Tt @M fefd IsBeam;

providing a fluorometer to detect the fluorescent signal of the inert fluorescent tracer
and the tagged fluorescent agent in at least one of the feed stream, the permeate stream

15 and the concentrate stream; using the fluorometer to measure an amount of the inert
fluorescent tracer and the tagged fluorescent agent in at least one of the feed stream, the
permeate stream and the concentrate stream; and determining a ratio of the inert
fluorescent tracer to the tagged fluorescent agent based on the measurable amounts of
the inert fluorescent tracer and the tagged fluorescent agent.

20 In yet another embodiment, a membrane separation system capable of purifying
a feed stream suitable for use in an industrial process is provided. The membrane
separation system includes a semi-permeable membrane capable of separating the feed
stream containing an inert fluorescent tracer and a tagged fluorescent agent into a
permeate stream and a concentrate stream to remove one or more solutes from the feed

25  stream; a detection device capable of fluorometrically measuring an amount of the inert



5 capabl e of producing a signal indicative of the amount of inert
fluorescent tracer and tagged fluorescent agent that is neasured; and a
cont rol | ewomajpsdabe of processing the signal to nonitor amdiarsoventy ol the
purification of the feed stream Such nonitoring or control may include
control of chem cal dosing and checking the accuracy/calibration of
standard instrunents (e.g. flow sensors). 10 In still another enbodi nent, a
met hod for nnnitoring and controlling a nenbrane separation process

i ncl udi ng a nERYPSSHE TRegs AR hedteerd Audrirgntsigrnicad Rgng framrabey Srarte gk f or
use in an industrial process is provided. The nethod includes the steps of
addi ng an i nettlign (jpptek toaphout QR0 partsrper aniflion ferpm’) Uk rab dashencagfethe feed t he
feed stream contacting the menbrane with the feed stream separating the
feed stream i fitegmathe pemjeaterstragm pibihe cencerizalg wisamavheesin g deteptianadeviceisr eam t o
remove solutes fromthe feed stream providing a fluoroneter to detect the
fl uorescent stapablp obprodieing asignalfindicative of tite amquatef ingim dluptsecentatgagedand
fluorescent agent in at |east one of the feed stream the first effluent
st ream and t hteggsicibiotesednt | agentt thattis emagurads kmba témrolleucpabte péprotessinpdiwur e t he
inert fluorescent tracer and the tagged fluorescent agent in an anount

rangi ng from &@nahouénier pilortcontadi ol putifiofdiop piithiefeeitstre@ns Suchmeonitbritde f eed
stream the first effluent streamand the second effluent stream and

eval uat i ng at cdntrabinay ireluyde oosd op alieniied @bsing preicéhietking the recddcaIRlitE oA at i on
based on the neasurable anpbunts of the inert fluorescent tracer and the

t agged f | uor esfstdhidard gefrumenis W, G3A8RA4BH PCT/ US03/ 01209 It is, therefore,
an advantage of the present invention to provide nethods and systens that
utilize ingrt fluadnegnerhothdra&@bsdiréhtCanpkiad ifoN mdnitbriig2 ag€ tohlriBhLSCENt
agents to nonitor and/or control nenbrane separation processes or systens.

5 Anot her advaiinBage Sdpataliéh Plo6&e McludMg@NthérMahcScapb1PbONhIingBINRE HomNd
systens that utilize measurable anounts of inert fluorescent tracers and
tagged fl uoresggBtsiream for use in an industrial process is provided. The method includes the
steps of adding an inert fluorescent tracer and a tagged fluorescent agent to the feed
stream; contacting the membrane with the feed stream; separating the feed stream into a
15  first effluent stream and a second effluent stream to remove solutes from the feed
stream; providing a fluorometer to detect the fluorescent signal of the inert fluorescent
tracer and the tagged fluorescent agent in at least one of the feed stream, the first
effluent stream and the second effluent stream; using the fluorometer to measure the
inert fluorescent tracer and the tagged fluorescent agent in an amount ranging from
20  about 5 ppt to about 1000 ppm in at least one of the feed stream, the first effluent
stream and the second effluent stream; and evaluating at least one process parameter

specific to membrane separation based on the measurable amounts of the inert

fluorescent tracer and the tagged fluorescent agent.



agents to inprove the operational efficiency of nenbrane separation
processes or systens. A further advantage of the present invention is to
provi de mephlods24amd systens 10 for nonitoring paranetersPEpAs$/HR04 0
menbrane separation processes with selectivity, specificity and accuracy
based on neasurabl e amounts of inert fluorescent tracers and tagged
fluorescent agents added to the nenbrane separation system Yet another
advant age of the present inventjon is to provide nethods and systens for
moni tori ng and/ or E&ntheBfPrmy sfvarreeRS the prrut inysntinnoe d8edde methods gnds yi ng
15 aqueous feed streans _suitable for use in industrial water systens. Still
further an adWalgmsgbatgftiligs,dncy Buoseseent rixaests i gombingtipnewitth taegep dporescapince of
menbr ane separation processes or systens that utilize cross-flow and/or
dead- end f | ovgeste pamariiasand/er qopiigveemhsingtsepardtion pracesses Wisyeems. Addi ti onal
features and advantages of the present invention are described in, 20 and
wi |l be apparent iAnothehadviatagé betle dessentiipiention igfto prowide mestleads lapd pysesfmesr r ed
enbodi nents. DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED EMBODI MENTS
The present i theteutilize mesaeblel @monms b dserafidorssgsiterasers and mbagiged fluorgscantd/ or 25
controlling nenbrane separation processes that are capable of renoving

sol ut es fr om agesddositmpearsthe spahtiasl affiteacys of aethtsdneespaationh pobessaseor
suitable for use in a nunber of 7 WD 03/082450 PCT/ US03/01209 different

i ndustrial appktiesati ons. Mre specifically, the nmethods and systens of the
present invention can nonitor and/or control nenbrane separation processes
based on neasur alh éurdepadvastage ofithepresehl iOEmiva &tb ptdvadean&h@iRAnd ageat
fluorescent agents which 5 have been added to the nenbrane separation

process. 1otk smonRGaigdparanditiBREifRfto membrane separation processes with selectivity,
specificity and accuracy based on measurable amounts of inert fluorescent tracers and
tagged fluorescent agents added to the membrane separation system.

Yet another advantage of the present invention is to provide methods and
systems for monitoring and/or controlling membrane separation processes for purifying

15 aqueous feed streams suitable for use in industrial water systems.

Still further an advantage of the present invention is to enhance performance of
membrane separation processes or systems that utilize cross-flow and/or dead-end flow
separation to remove solutes from feed streams.

Additional features and advantages of the present invention are described in,

20 and will be apparent in, the detailed description of the presently preferred
embodiments.

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED
EMBODIMENTS

The present invention provides methods and systems for monitoring and/or
25  controlling membrane separation processes that are capable of removing solutes from

feed streams, such as aqueous feed streams, which are suitable for use in a number of



different process paraneters specific to nenbrane separation including, for
exanpl e, operational paraneters, chem cal paraneters, nechani cal

par anmet erwQ oBiogaspar amet ers and conbi nati ons thereof, camrcChaSeyvel2oat ed
with a high degree of selectivity, specificity and accuracy such that the
performance of the nmenbrane separation process can be 10 effectively
optim zed. Applicants have surprisingly discovered that the nonitoring of
an inert fluorescent tracer _in conbination with a tagged fluorescent agent
can be ef f ect ¢iffereyt industyigl applicationso nMeksr spasifisadly, BeHngthpdsang Hystems opthe
different paraneters specific to mnenbrane separation, particularly with
respect to noPfeieat inMentian garomonigs pdior ¢angrol memglanfeazep@retl@n prcesses dpsedon agent s
on the scaling and/or fouling during nenbrane separation. Wth inert

f1 uorescent tmaaserablyomauotsiofgneri flugrescens Stanersl andh saggedhBugrpssent agete avbicd of

the fluorescent tracer and the treatnment nol ecule of the treatnent agent
can be both lryndeen rddeddo drdmembrass ecpaedionpraesier Ini be Pagded numbaugh a

gi ven nmenbrane separation systemat the sane rate. In other words, the

i nert fl uor esdiffatentpbessparanstemspenifictot memB@nd sdpanationi imchiding} fontekahply, t he
same manner as the treatnent nol ecul e. However, treatnent agents can be
adsor bed on tdersiondlgeaeneterg comniog @eansdtat, Snechinicil perawieses, ks patmeted W t h
the crystals and/or the nenbrane or other surfaces present in the system
In this regarghd campimation theddofdas bé eediarsntitiogieiph dégndetdfatlbotivagdpetifictyt he
menbrane separation systemcan be effectively taken out of solution, thus
rendering 25addh@turd®yr huicBnhddfthd pefdrn@leronhe a@MBiant SEJa8HBN ProcesPRRAtbe” 8 WO
03/ 082450 PCT/ US03/01209 When the treatnment agent is nodified so that it
contains g flericasteaftiniiddety (fluorophore) as part of its chemical
structure, it is said to be "tagged" and then functions as the tagged

fl uorescent agent -Aﬁ)li&h@s ma@g%drpfikiug&eaiem&eagﬁm tﬂés%nit&irngl&’Pidﬁa‘iﬂe&n with
the inert fluorescent

fluorescent tracer in combination with a tagged fluorescent agent can be effectively

utilized to monitor and/or control a variety of different parameters specific to

membrane separation, particularly with respect to monitoring and/or controlling the
15  effects of treatment agents on the scaling and/or fouling during membrane separation.

With inert fluorescent tracer monitoring, it is assumed that the inert molecule of
the fluorescent tracer and the treatment molecule of the treatment agent can be both
concentrated and/or rejected or otherwise passed through a given membrane separation
system at the same rate. In other words, the inert fluorescent molecule is assumed to

20  behave in substantially the same manner as the treatment molecule.

However, treatment agents can be adsorbed on the surface of growing crystals
or otherwise associated with the crystals and/or the membrane or other surfaces present
in the system. In this regard, a portion of the treatment agent initially added to the
membrane separation system can be effectively taken out of solution, thus rendering

25  that portion of the treatment agent useless or “spent.”



tracer can be effectively utilized to nonitor the effect of the treatnent
agent in the nenbrane separation process. The tagged fluorescent agent and
t he i nertwbDloaosrascent tracer nust have simlar rejectionpPcharsagoend stics
with respect to the type of nenbrane wused for optiml nonitoring
performance. On one level, nonitoring of the inert 10 fluorescent tracer
can be utilized to nonitor the dosage of the treatnent agent added to

menbr ane separatiq&, F%%ther, t he tagged _f| uorescent agent can be utilized
to nonitor the actigR theressinectt agsnhsanrdfied 3 thehit contaias AdieresceRbmaE ve
chem cal ingr@ﬂig&% of the treatnment is that part of the chem cal

treat ment whi EHORPESTEHES datt Pt e chsmigah saugire, §risviidgtocbs stagged” pad dhepcussed
above. 15 In this regard, the treatnent agent (or nolecule thereof) is
tagged or i nEBElRNE AP B tageehiluprescespgdbent tag or group such that effects
on the treatnment due to, for exanple, adsorption of the treatnent agent on
a grow ng erystal , Theatagerd Bucagsqeitt agent uFedi&n combynatioh withe Htenigert fluaresdsat
detected by evaluating changes in the ratio of inert fluorescent tracer to
t agged f | uor eeenramie sffeciyelyesdigedetd. mpwipsirithepffert lofivle wentrgentlager@Gn the

di scovered that such a system can indicate consunption of the active

treat nent agemembrangd separation puesess. The tagged Bdresoént agerd aneé sipomsit Wiebsesdentcr ease
and/ or decrease the anount of treatnent agent(s) or product(s) added to
menbr ane sepatrader owstdepe sidiilagrepactiarc¢hagdctericton avithi respsctrta tieetypd dfanemlssienpt i ons
based on the sole nonitoring of inert fluorescent tracers. 9 WO 03/082450
PCT/ US03/ 01208sed Thoe opetnhlo denigorthgspesfoanamcal O @npriessnnonitoriag taf ahe Griemnt
include a variety of different and suitable conmponents, process steps,

oper at i ngl@ondudreeas taoet dah e biiliied td Monitoreh dodgdernd tianebatient Sidht dded 19
menbrane separation processes or systens. In an 5 enbodi nent, the nenbrane

separati on prgeebfn®tepaliion Betet, thwgredi fRordsctat aRa6caa R SliFddaw ndador
dead-end fl ow processes. During cross-flow processes, the feed stream can

be the active chemical ingredient of the treatment. The active chemical ingredient of the
treatment is that part of the chemical treatment which adsorbs onto the surface of
growing crystals as discussed above.

15 In this regard, the treatment agent (or molecule thereof) is tagged or
incorporated with a fluorescent tag or group such that effects on the treatment due to,
for example, adsorption of the treatment agent on a growing crystal, can be evaluated.
Thus, loss of treatment can be detected by evaluating changes in the ratio of inert
fluorescent tracer to tagged fluorescent agent as measured. Applicants have uniquely

20  discovered that such a system can indicate consumption of the active treatment agent
and can be used to controllably and responsively increase and/or decrease the amount
of treatment agent(s) or product(s) added to membrane separation depending on actual
conditions rather than assumptions based on the sole monitoring of inert fluorescent

tracers.



treated in a flow direction that is substantially parallel to the nenbrane
of the separation system Wth respect to dead-end fl ow separation
processeswotld@sf4eed stream can be treated in a flow di re@CTarsos/meng i s
substantially perpendi cular to the nenbrane of 10 the separation system
In general, the nenbrane separation processes of the present invention are
capabl e of treating or purifying aqueous feed streans by dividing the feed
streaminto separate streans, an enbodi ment, the feed streamis
separated into at FBh&tetheds P?‘%fymﬁfﬁd‘)fs@éd’ﬁﬁe%tt ingapbipn Sar pnckide 2 paieheaf e
stream and a concentrate stream The feed 15 stream can contain various

sol utes, suchdiEerant andsujiable GprHpATeRIS, ProfessHeRseePerating gentitions andjihs dike.fer
solids, suspended solids, the |ike or conbinations thereof. Upon separation
of the feed smoeamnaw@@/@h@orweulﬁeawnm@ S¢Raration eeressas o sysfememblnasre
filters for exa the perneate streamessentially contains a

substanti aPly embggme@toﬁeémmtamecmpar@fonmr@s@l ofgbe preskhd mventiop endletts swkut es as
conpared to the aqueous feed stream On the 20 other hand, the concentrate
stream has a Hoyhwd deasrand flowarocssses f Datingsndsy-dldwameliesses, tlmfspies'udad cgiobait es as
conpared to the aqueous stream In this regard, the perneate represents a
purified feedtrsttekama fowhdiastien phat ii§ isebstatjeliyo psrafldetd Giermembradd ofhimul d be
appreci ated that the present invention can be utilized with respect to a
nunber of di f fquenibn tyspes With nepder ankzad-epbflar separafiowpresses, thated dirdagh  f or
exanple, 25 cross-flow processes, dead-end fl ow processes, reverse

osnosi s, ul tr add be traatedama flodAirddiod Ih) BAhbartially pSPHIRUROD théim@mbfant bf at i on,
nanofiltration, electrodialysis, electrodeionization, pervaporation,

menbr ane et r artsepiationBigmne distillation, menbrane stripping, menbrane
aeration and the |ike or conbinations thereof. Reverse osnosis,

ultrafiltration, ninCp@iktal,!thatniedibrane RpsatidNpiobdstdsadsi BB paésentt llﬂeenl%ﬁfa?er red
menbrane separation processes. In reverse osnosis, the feed streamis

typically proggasRbriRstaly dpR8Side Q¥eous feed streams by dividing the feed stream into

separate streams. In an embodiment, the feed stream is separated into at least a first

and second stream, such as a permeate stream and a concentrate stream. The feed

15  stream can contain various solutes, such as dissolved organics, dissolved inorganics,

dissolved solids, suspended solids, the like or combinations thereof. Upon separation

of the feed stream into the permeate and the concentrate, in membrane filters for

example, the permeate stream essentially contains a substantially lower concentration

of dissolved and/or suspended solutes as compared to the aqueous feed stream. On the

20  other hand, the concentrate stream has a higher concentration of dissolved and/or

suspended solutes as compared to the aqueous stream. In this regard, the permeate
represents a purified feed stream, such as a purified aqueous feed stream.

It should be appreciated that the present invention can be utilized with respect to

a number of different types of membrane separation processes including, for example,

25 cross-flow processes, dead-end flow processes, reverse osmosis, ultrafiltration,
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conditions. In this regard, the feed streamflows substantially parallel to
the nmenbrane surface such that only a portion of the feed streamdiffuses
t hrough twe oalsdas@ne as perneate. The cross-flow rate ispcoutSosied299 hi gh in
order to provide a scouring action 10 that | essens nmenbrane surface
fouling. This can al so decrease concentration polarization effects (e.qg.;
concentration of solutes in the reduced-turbul ence boundary |ayer at the
menbr ane surfage i ch can increase the osnoti ressure at the nenbrane
and thus r eduB’é"sroﬁVb\QfP‘i‘r‘é’at ganofifffprion. Tirlecradiplytis.r &f‘icg?fjeﬂfB‘PZ&Fl?rbatpPWﬁpoé‘?tPéct s can
inhibit the feed stream water from passing through the nmenbrane as

perneat e, thudembhrageexEactiphgnemianceigiliaion, membgneestripping membgang geration
pernmeate to applied feed stream A recycle |oop(s) may be enployed to

mai ntain a hi gk thedikeratcembinetens thereofnResrsgresmosisy fliefdltratigey arierefilygiinnsi s
processes can enploy a variety of different types of nenbranes. Such
commer ci al 3 eyl anelilipéereare theypderrddiedmbdane sppardiionprdcesses at i on, 20 hol | ow
fi ber nmenbrane el ements, tubul ar nmenbrane el enents, spiral-wound nenbrane
el ements, plate ank feverpe osmaesiy; diee feetl estream ds typradlly Ipeodesské undaynaossiflowhi ch
are described in nore detail in "The Nal co Water Handbook," Second

Edi ti on, FrankomditionKdmthes regad, thvf€adatedd FlbwBeubktatiaty gpaye)leNeweYoerdbrand. Y. |
1988, incorporated hereinto, particularly Chapter 15 entitled "Menbrane
Separ ation". kirfasbisudhadhizeonRba appive of tiedebdt draim aliffisagtheouge i mambrehement may
be used in a given nenbrane 11 WO 03/082450 PCT/US03/01209 filtration
system but apemmriner Tht crssdivanetedd snendly hiparin akdee tdprovided sdapmpdctich on

the industrial application. A typical reverse osnosis systemis described
as an exanpl etiaf lessedsr armbrade f surfacatfowlingandrhircen GRRe dadrbase NRABINEBEON

separation. Reverse osnosis uses mainly spiral wound el enents or nodul es,
whi ch are congblatigatiesl elyctdMendli dd@cdn@¥tenSof Gbluse Mh tHOfe@MBd-turbulence boundary
layer at the membrane surface which can increase the osmotic pressure at the
membrane and thus reduces permeate flow). The concentration polarization effects can
inhibit the feed stream water from passing through the membrane as permeate, thus
15  decreasing the recovery ratio, e.g., the ratio of permeate to applied feed stream. A
recycle loop(s) may be employed to maintain a high flow rate across the membrane
surface.
Reverse osmosis processes can employ a variety of different types of
membranes. Such commercial membrane element types include, without limitation,
20 hollow fiber membrane elements, tubular membrane elements, spiral-wound membrane
elements, plate and frame membrane elements, and the like, some of which are
described in more detail in “The Nalco Water Handbook,” Second Edition, Frank N.
Kemmer ed., McGraw-Hill Book Company, New York, N.Y., 1988, incorporated

hereinto, particularly Chapter 15 entitled “Membrane Separation”. It should be

25  appreciated that a single membrane element may be used in a given membrane
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menbranes wth feed spacers and perneate water carriers around a central
perforated perneate collection tube. Typically the nodules are sealed with
t ape and/wo oBiokms@l ass over-w ap. The resul ting constructecarushzasi2one
channel which can receive an inlet flow. 10 The inlet streamfl ows

| ongi tudi nally along the nmenbrane nodule and exits the other end as a
concentrate stream Wthin the nodul e, water passes through the sem -porous
menbrane and i s trapped in a perneate channel which flows to a central

col l ection t dlEtiompyRsng.Hius 2 mpgher; of mendiigne slpmests can @lsgibgriaededependiinel  and
is collected. In practice, nenbrane nodul es are stacked together, end to
end, with int@ﬁnggﬁ@bﬁmégﬂ@ﬂs joining the perneate tubes of the first
nodul e to the perneate tube of the second nodule, and so on. These

menbr ane nodul e st ActyBicalr ¥vérsu surPsisnsyplersis udescribpé o1 alnsexamplehdinmemberapr essur e
vessel feed water passes into the first nodule in the stack, which renoves
a portion &f filteatipmbrd mors goraratiyanemivattesepardiivn. Reverendsmasie usss mainly §pimn  t he
first menbrane becones the feed stream of the second menbrane and so on
down 20 the stwaohkd eldmentper mediles, sthrchanes cdnstounte by windinigdayeenddrsaméporons t he
stack are collected in the joined perneate tubes. Only the feed stream
entering the hiembranaodith deedtspacerscaodipemaitepeatencatiers troemha aendral pezfokatedal
concentrate streamfromthe last nodule in the stack are comonly

moni t or ed. W périneatesllection aibs.e Tosinallyithe mydilese sqaledSHith @pd/Arite fiverglaes
arranged in either 25 "stages" or "passes." In a staged nmenbrane system
the conbi ned ewdtcaad.r MicresiltieodistrutZonMRs @3¢ SBR4H WhRETaRRSVO ARt flbwom a
bank of pressure vessels are directed to a second bank of pressure vessels

where thay beaeimettsharh eRs HrpRAdhdIQ aldng@hS REMBENS hiR@Ele 268 BRBNhY ofh¥sSt ens
have 2 to 3 stages with successively fewer pressure vessels in each stage.

For exanpl e, @n$¥sd @McéntiaRYsteMNt Mifhindkhd RSS! WPatdtGasies thrdudh dhefsemfpordlifge,
the concentrate streans of which feed 2 pressure vessels in a second

stage, the copggptdnatadd 3 ke iPh pehh&k EMnhdl WhidleREOwd to a central collection

tube. From this tube it flows out of a designated channel and is collected.
In practice, membrane modules are stacked together, end to end, with inter-
15  connectors joining the permeate tubes of the first module to the permeate tube of the
second module, and so on. These membrane module stacks are housed in pressure
vessels. Within the pressure vessel feed water passes into the first module in the stack,
which removes a portion of the water as permeate water. The concentrate stream from
the first membrane becomes the feed stream of the second membrane and so on down
20  the stack. The permeate streams from all of the membranes in the stack are collected in
the joined permeate tubes. Only the feed stream entering the first module, the
combined permeate stream and the final concentrate stream from the last module in the
stack are commonly monitored.
Within most reverse osmosis systems, pressure vessels are arranged in either

25  “stages” or “passes.” In a staged membrane system, the combined concentrate streams
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pressure vessel in the third stage. This is designated as a "4:2:1" array.
In a staged nenbrane configuration, the conbined perneate streans from all
pressure woasegmsin all stages are collected and used w trloatsos/envher
menbrane treatnment. Multi-stage 10 systens are used when | arge vol unes of
purified water are required, for exanple for boiler feed water. The
perneate streans fromthe nmenbrane systemmay be further purified by ion
exchange or other means. In a nulti-pass system the perneate streans from
each bank of HOBSGRANK 06@@?@{%vesssrs@rec<§rq0@étt%se&ﬁw broK Q! BISSRuFfVesSESIVSE t he
subsequent banks of pressure vessels. The 15 concentrate streans from all

pressure vesséley bspeme gfpedetiream: fapthe seeandrtage mSrasaeidy syseamsniiave 20 ®ach

i ndi vidual stream Milti-pass systenms are used when very high purity water
is required, Pl@gesavisnpcesssively frvaripeassiet esseld i qash siegphBerraxemplei & system
industries. It should be clear fromthe above exanples that the concentrate
stream of &ne mag@omtpindepresburg veRels ¢y s fieshstegen thesondeatrdte sideagisrof atrichffeelribt her
stage. Likew se the perneate streamof a single pass of a nulti-pass
system may be ptehsurd gesekels i eamonfl stags,ubs copeentrate pacass of winel irege féed 1

nmoni toring systens such as the reverse osnosis exanples cited above is

t hat there ar ereasurd mesteddn thentbied stage. pThis ésdestpaated saahi2r§ aamag moaistaged Nng can
occur, namely the feed, perneate and concentrate streans. In sone, but not
all, 25 syst emenbrant eprfiguagien, thanphbingd pampits sidanswWraaap lpra3gireroesséloid ng of
the first stage 13 WO 03/082450 PCT/US03/01209 concentrate/ second stage
feed stream &ilmdgey are ndoHléctansrl sRAPlichopOfiltiher Memblge tR¥@ichabMul®stage

mul ti-pass systens as well. In practice it is possible to "probe" the

pernmeate qol | egstdndnaré uled wihenhirge dokimag bepurﬁiearm@arr@reqeﬁé(gIfox{c&aﬁﬁrm‘me t he
quality of the perneate fromeach of the nenbrane elenents in the stack.
It is a tinme &eilsyedd\Gated TEBifYpediichté BeoamE tfroe tHe Gflerdtithd §yslf may be further
purified by ion exchange or other means.
In a multi-pass system, the permeate streams from each bank of pressure vessels
are collected and used as the feed to the subsequent banks of pressure vessels. The
15  concentrate streams from all pressure vessels are combined without further membrane
treatment of each individual stream. Multi-pass systems are used when very high
purity water is required, for example in the microelectronics or pharmaceutical
industries.
It should be clear from the above examples that the concentrate stream of one
20  stage of an RO system can be the feed stream of another stage. Likewise the permeate
stream of a single pass of a multi-pass system may be the feed stream of a subsequent
pass. A challenge in monitoring systems such as the reverse osmosis examples cited
above is that there are a limited number of places where sampling and monitoring can
occur, namely the feed, permeate and concentrate streams. In some, but not all,

(13

25 systems “inter-stage” sampling points allow sampling/monitoring of the first stage
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routinely applied except in troubl eshooting situations. There is no
currently accepted nethod of exam ning the feed/concentrate streamquality
of i ndi viwoaB/osmsbr ane elenents within a single pressurepPcedses 1209 | n
contrast to cross-flow filtration nenbrane separati on processes,
conventional filtration of suspended solids can be conducted by passing a
feed fluid through a filter nedia or nenbrane in a substantially

per pendi cul ar direction. This effectively creates one exit stream during
the service cyelcentratedsecois siaps yeed: pecam; | tSemilars infeadREsa sHerle Bpintp Ay by a
clean fluid in a direction opposite to the feed, generating a backwash

ef fl uent 15 caevallablgiongudthpess sxstantsas welve been retained by the filter. Thus
conventional filtration produces a feed stream a purified streamand a
backwash stream Thipsadqtigpe inpossibiertdprabe shpperacite gollestion tybe aithip arsfgde red to
as dead-end flow separation and is typically limted to the separation of
suspended par pressues vepselatoesampleathe alvality afribe pemyreote from ety of ti2OmEnbrsse f | ow
filtration techniques, on the other hand, can be used for renmoving snaller
particl es (gerkmahtsyn gigmmckordeisrd tmegonsnmgigz eesny dndssdxactcrotthad atsl iamdt

di ssolved solutes. Such types of cross-flow nenbrane separation systens
can include, totinelgxaphEdexcepewerswlabomiag Situationy. 0Thdré isato @mgently accepted
ultrafiltration, nanofiltration, electrodialysis or the like. Reverse
osSnDSi S can r ershvd EVeanidig nid &edlcaiceiveity bireath gaallty ed iagiedudsmembiahat are
at | east about 0.0001 to about 0.001 m crons in mninmm dianeter,

including, 14le¥¥entd3/iDE2ADEdIAEsWS034s01209 for exanple, ionic and nonionic
speci es, | ow nol ecul ar wei ght nol ecul es, water-soluble nacronol ecul es or
pol ymers, jguspendenh d@atristifo créR!floni SlgaticinAermiteit sefdtfdndN6RssedToR@GH®A] a and
viruses. 5 1n this regard, reverse osnosis is often used comercially to

treat water tWdtatibRSf sBpdHAS®ERAE cArPbdEdABud& W passtiPa BRARII BFsgh 8 ltef Ot al
di ssol ved solids (" TDS"? content.
media or membrane in a substantially perpendicular direction. This effectively creates
one exit stream during the service cycle. Periodically, the filter is backwashed by
passing a clean fluid in a direction opposite to the feed, generating a backwash effluent

15 containing species that have been retained by the filter. Thus conventional filtration
produces a feed stream, a purified stream and a backwash stream. This type of
membrane separation is typically referred to as dead-end flow separation and is
typically limited to the separation of suspended particles greater than about one micron
in size.

20 Cross-flow filtration techniques, on the other hand, can be used for removing
smaller particles (generally about one micron in size or less), colloids and dissolved
solutes. Such types of cross-flow membrane separation systems can include, for
example, reverse osmosis, microfiltration, ultrafiltration, nanofiltration, electrodialysis

or the like. Reverse osmosis can remove even low molecular weight dissolved species

25  that are at least about 0.0001 to about 0.001 microns in minimum diameter, including,
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Typically on order of from about 2 percent to about 5 percent of the TDS of
a feed streamw || pass through the nenbrane. Thus, in general the

per neat e way3nst4sbe entirely free of solutes. In this regardiSos/eodDS of
reverse osnosis perneates may be 10 too high for sone industrial
applications, such as use as makeup water for high pressure boilers.
Therefore, reverse osnosis systens and other |ike nenbrane separation
systens are frequently used prior to and in conbination with an jon
exchange procd¥s eXgpPlgs HERic stfid Apmionisy seesdss 19wy derleylar & e'ﬁ%s 1g'seishy on
the resin and to decrease the anount of hazardous material ~used and stored
for resin regdRraelrbla, magiepolg@lese pry olymgrs, sBspsagRdufAldg:dFAlAide andssuch

di scussed above, the performance of nmenbrane separation systens can vary
with respect SePsEngRsgpbacisie agd Firtwseent operati onal conditions specific to
menbrane separation, such as tenperature, pH, pressure, perneate flow
activity of treat nbythis regan), sverse esvisisgs eligerised cdnpuériinlly edtdat/vatgr thatdhas he

| i ke. When devel opi ng and/ or 20 inplenenting a nonitoring and/ or control

pr ogr am based agnodetate thehtigle {a.mnSAHf ppnf bugress) dotel digsohved s¢lalsd: TD$ Heontent.
fluorescent tracers and tagged fluorescent agents), the effects of the
oper ati onal cdiygictllyoors oslpecf frorg aboutrPepdiccane sepad gpeicent afubé TRSadssfaed |y  be
taken into consideration. As previously discussed, the operational

condi tions of strewat enill passabmoegit thormodsses Tlan, inagenegl drtgeyméatomapmocsss t o
process. In this regard, the 25 nonitoring techniques as applied to each
process can alestirelydteg afrselatel.yIn this é¥ar63IhO D8 5l rdEest UHABIOpstMBateMpaPbANE
separation processes and the nonitoring thereof are uni que because of the

f ol | ow ng 100nséctegtafor onse industriay SppRioRi oAk, SuchoR ¢ AbchA@dupivhtdr for Righ §ebssure
flexibility in ternms of where 5 nonitoring may be done and/ or where
sanpl es may b@oit@t.| emedore, reverse osmosis systems and other like membrane separation
systems are frequently used prior to and in combination with an ion exchange process
or other suitable process to reduce the TDS loading on the resin and to decrease the
amount of hazardous material used and stored for resin regeneration, such as acids and

15  sodium hydroxide.

As discussed above, the performance of membrane separation systems can vary
with respect to a number of different operational conditions specific to membrane
separation, such as temperature, pH, pressure, permeate flow, activity of treatment
and/or cleaning agents, fouling activity and the like. When developing and/or

20  implementing a monitoring and/or control program based on the detection of
fluorescent agents (e.g., inert fluorescent tracers and tagged fluorescent agents), the
effects of the operational conditions specific to membrane separation must necessarily
be taken into consideration. As previously discussed, the operational conditions of

water treatment processes can vary greatly from process to process. In this regard, the

25  monitoring techniques as applied to each process can also vary greatly.
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2. Menbrane separation systens include a concentration polarization |ayer
that forns as water is perneated through the barrier. This is not present
i n ot her watoanstseat nent 10 systens, such as cool i ng wat @ecTapst/erns 3.
Menbrane separation systens operate at significantly | ower tenperatures
than i ndustrial processes where inverse solubility of solutes is a problem
However, in the case of nenbrane separation systens such as reverse

osnosi s and nanofiltration, this 15 |ow tenperature |eads to scaling from
salts that are | esdembgase yeramtign PErceteengithe mopitasing Hegreal dpgrwrtigue hegause
processes (such as silica and silicate salts). In this regard, typical
day-t o- day ne®bthgdelloydpggoasideratianser ati ons (for exanpl e RO and NF) occur at
about 75F. 4. Because it is essential that the surface of the nenbrane
remain clean, a 20 rSobtems vasp yconatudteda fothndimated f flexébibiyedt pgemest of ceereause a
significant performance |oss. The performance loss in a nenbrane is, thus,
nmore sensi Bive to moaitirpigteaydedeposition as conpared to cooling water
treatnment. In this regard, performance |oss in a nmenbrane can occur at a
fi |l m thi cknesslosgadac wabideparhpleemay begvlledted. requi red for heat transfer |oss
25 to occur in a cooling water system 16 WO 03/082450 PCT/ US03/01209 5.
Wat er | oss i n nenb2amMenfbrhtersapargionisgstetneintlode’ penmpmattianpolaizapi@slsyg ehat hr ough
t he nenbrane barrier. Damaged or ot herw se inperfect nenbranes are
susceptible to 5 tomesd rabl e | eakage of solutes through the nmenbrane. Thus
it iscritical to nonitor | eakage through the nenbrane to keep it
operating at nmatemnidipetiicaieditBidGh the barrier. This is not present in other water treatment

10  systems, such as cooling water systems.
3. Membrane separation systems operate at significantly lower temperatures
than
industrial processes where inverse solubility of solutes is a problem. However, in the
case of membrane separation systems such as reverse osmosis and nanofiltration, this
15 low temperature leads to scaling from salts that are less likely to be problematic in
higher temperature processes (such as silica and silicate salts). In this regard, typical
day-to-day membrane separation operations (for example RO and NF) occur at about
75°F.
4. Because it is essential that the surface of the membrane remain clean, a
20 relatively
small amount of fine precipitate can cause a significant performance loss. The
performance loss in a membrane is, thus, more sensitive to precipitate deposition as
compared to cooling water treatment. In this regard, performance loss in a membrane
can occur at a film thickness appreciably lower than that required for heat transfer loss

25  to occur in a cooling water system.
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6. The thin, sem -perneable filns (polyneric, organic or inorganic) are
sensitive to degradation by chem cal species. Products which contact the
menbr aneswouwsfsmeo nust 10 be conpatible with the nmenbranecthses/stny to
avoi d damagi ng the surface and thereby degrading perfornmance. 7. Chem cal
treatnments used in nenbrane systens nust be denonstrated to be conpatible
with the nenbrane material prior to use. Damage from i nconpatibl e
chemi cal s can result in i medi at of perforpmance and per haps
degradati on of the>15VRAEHGIRMe F%?@mtl%&wmva?a@on.qrrpévésestmush damage
froma chemcal treatnent is highly unconmon in cooling water systens.
Based on these dif#¥rences, a nunber of different factors and
consi derations nust necessarlly be taken into account when devel opi ng
and/ or i npl ensrmmbigne bashgrt oPaAREed i/ Wervish timperfach mepbrgennts wWhechtitledpect to
menbrane separation systens 20 as conpared to other water treatnent
processes, Ssuchdegaldediakegy afesobitestthionghnthst memphrawe sThus. it Fogritisrlalephenitobot h
the cost of the menbrane and the energy consuned can be significant
oper ati ng costleakagstthrovgisihe oiefribeant to keepwwperating & epamatn efficiengress. In this
regard, deposits of scale and foulants on the nenbrane, on a small scale,
can adversely 25 i fpdde thire mer-pomrabicefilofs (pelypreainge osgapar ot iirpnganic3taeas by,
in nmenbrane filtration for 17 WD 03/082450 PCT/ US03/ 01209 exanpl e,
decreasi ng the per smaitiee fd ow for a given driving force, |owering the
perneate quality (purity), increasing energy consuned to maintain a given
per neat e f| owdegradationibg chanibalapeias e Prainetssihichaoatharthaimsabaaesl safadcdaut i me
for nmenbrane 5 repl acenent or cleaning/renovation, other |ike conditions
and conbi nat i ®8SompRIbEOVith 1he mehibiane CRGisE totaeid Cambgifid B Surfdes bhdihtRBy Of
process paraneters specific to nenbrane

degrading performance.

7. Chemical treatments used in membrane systems must be demonstrated to be
compatible with the membrane material prior to use. Damage from incompatible
chemicals can result in immediate loss of performance and perhaps degradation of the

15  membrane surface. Such immediate, irreversible damage from a chemical treatment is
highly uncommon in cooling water systems.

Based on these differences, a number of different factors and considerations
must necessarily be taken into account when developing and/or implementing
monitoring and/or controlling programs with respect to membrane separation systems

20 as compared to other water treatment processes, such as cooling water treatment
processes.

For example, both the cost of the membrane and the energy consumed can be
significant operating cost factors specific to a membrane separation process. In this
regard, deposits of scale and foulants on the membrane, on a small scale, can adversely

25  impact the performance of membrane separation systems by, in membrane filtration for
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separation, such as a ratio of inert fluorescent tracer to tagged
fluorescent agent, the normalized perneate flow, driving force, and
percent rwpastsms) are generally believed to be critical pCa/uso®ortes ecti on
of fouling and/or scaling and, thus, the inplenentation of 10 renedi al
measur es when such problens are observed. In reverse osnosis, about a ten
to fifteen percent change in any of these paraneters routinely signals a
scaling/fouling problemrequiring a responsive action, such as the

adj ust nent of ek#BPlggisargesing the peragata Ay fergegiven drivipg foetlawenngihepermpee e
problems at the earliest possible tinme can prevent, for exanple, undue
ener gy consunppléy, (PpoEy iBeregsingdenarsy peswmed e MERBinah&IVES peEprae dlosnt or
the like. ldeally, when an unfavorable or questionable condition or change
i s detected irfausing snemyrargorreplaesmest andioh wrsckadulgt adewntigng | fopemgmbrine o
notify an operator of the condition or change. Corrective action may then
be taken a$ needament orgleanipgrenpyatian.etheApipt caditions il @mbmatjoss| therdifs dover ed
that the nonitoring and/or controlling 20 techniques of menbrane

separ ati on pr doiesegsd,ithe acmnoanoenitring of lpeogessepemtetem\sperifio® mambrahast er
nore sensitive, nore conprehensive and/or nore reliable than conventi onal

t echni ques pr esgandtioy, axhial abhte, ofpacrt floatkehtytraskretogaggaé flubresdeot iapent,mbé hods
of the present invention are enployed on a substantially continuous basis.
The present inose4lizedpermaste €lotvatxiwdy €ireeyand pércent egeckioh,iakd genemllgbelidvad, f or
exanpl e, lack of chem cal 25 treatnent, scaling and/or fouling problens
uni que to nmenhs eeritkAPRItad dadetiamnef follBnd/Madb3sE8iAd Y, Bt/ thiShap e dfion of
consunption of active chenmical treatnent can be detected with reasonable

certainty,10 Wrtdedidmd@fgad RhenSRAAS plobMids Yire s536H0Ed. Anfréverde@smotih, 2BERG kA ME
than the presently available nethods. In this regard, tenporary system

upsets or otheg ﬁ?t@&fﬁe‘r&e!nt/&finyeaihiaﬂ% bpnﬁs&@a&n&%f@rd&ﬁhay%@ﬂamg@éaﬂitg%/m knuous

h
nmonitoring as the transient conditions that they are, rather an as
i ncorrect war difers | @aMridES adRLRALHEE aBiYorS RAERGE Ghd RBubtReh 88 the dosage of

treatment agent. Thus, detection of these problems at the earliest possible time can
prevent, for example, undue energy consumption, loss of product, premature membrane
15  replacement or the like. Ideally, when an unfavorable or questionable condition or
change is detected in a system, some means, such as an alarm, will be used to notify an
operator of the condition or change. Corrective action may then be taken as necessary

or appropriate.
Applicants have uniquely discovered that the monitoring and/or controlling
20  techniques of membrane separation processes in accordance with the present invention
are faster, more sensitive, more comprehensive and/or more reliable than conventional
techniques presently available, particularly where the monitoring methods of the
present invention are employed on a substantially continuous basis. The present
invention has enhanced diagnostic capabilities such that, for example, lack of chemical

25  treatment, scaling and/or fouling problems unique to membrane separation and
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As previously discussed, the nethods and systens of the present invention
enpl oy inert fluorescent tracers in conbination wth tagged fl uorescent
agent s t owormsns24sr and/ or control the nmenbrane separati onpPprasessrs? By
utilizing inert 10 fluorescent tracers with tagged fluorescent agents, the
present invention can evaluate a nunber of different nmenbrane separation
process paraneters with a greater selectivity, sensitivity and accuracy as
conpared to conventional npnitoring techniques. In this regard, the

measur abl ¢ andaRTMRFIoR QG AEIE| digisak BrmeN’ St be daiftied RGgaeesenabls: esewht
agents can be effectively utilized to optipmally maxi m ze the performance
of such syst er¥ith fo5 gregfer gsnsitivity underenfag dgss elopsedripes Bian sherpreenteeweilablped by
conparing the concentrations of the inert fluorescent tracer to the tagged
fl uorescent adedthods) dedis rpgard,iteapasyn cxstam BRSes 9T ptees dhowflived warjatiestcan be
fluorescent tracer to the tagged fluorescent agent should be 1/1. As the
t agged fl udr eglgtented dyeng cangineays seamioringf asrthe sranspsing cangditiogs Shabthay areprather a
crystal), the concentration ratio will begin to change. For instance, the
20 concent r at ithan agfincofrect tvaggegisigisize degsutah by sppeattic manitodingy, changi ng t he
ratio froml1l/1 to 1/0.9 (which is to say the ratio of the concentrations
is 1.1). As the codcemtviatslydisofssadh¢he mafgésdardd syeteescanthe gyesant idvaypisnst i | |
further, for exanple down to 0.5 units of concentration, the ratio al so
changes. |In thkinplgagert flingescatt itackredomesbinatiob with Rggeldt fluctsoedt chghits to
appreciated that the ratio of concentrations is a unitless nunber. Thus,
from 25 this ewxaiifpt entlor cntréie tiee@iembhaé s@parativnr pAsessed B LiliviagNhe@t | on
ratio signifies 19 WO 03/082450 PCT/ US03/01209 consunption of the tagged
fl uorescento aghidteséandltrarsswicthtapgedi Mdieeéht ¥@nBf tht Pese $Blentddn caf @@dliidi@a and/ or
fouling in the nenbrane. The term"inert," as used herein refers to an
inert fluoresGRiibet sfalkférelthtdmbraeReparation PRIZES pariblelerOWitieh gRblet LRty
affected by any other chemistry in the system or by the other system

paranet ers suGBnsasvityHnd taefRAYy s WoRipart® B EonvbhtRAS MoniloBiH YecRME@A! 118 this
regard, the measurable amount of inert fluorescent tracers and tagged fluorescent agents
can be effectively utilized to optimally maximize the performance of such systems.

15 For example, chemical consumption can be determined by comparing the
concentrations of the inert fluorescent tracer to the tagged fluorescent agent. Ideally,
the concentration ratio of the inert fluorescent tracer to the tagged fluorescent agent
should be 1/1. As the tagged fluorescent agent is consumed (for example by adsorbing
onto a crystal), the concentration ratio will begin to change. For instance, the

20  concentration of the tagged fluorescent agent may drop, changing the ratio from 1/1 to
1/0.9 (which is to say the ratio of the concentrations is 1.1). As the concentration of the
tagged fluorescent agent drops still further, for example down to 0.5 units of
concentration, the ratio also changes. In this case, the ratio becomes 1/0.5 or 2. It
should be appreciated that the ratio of concentrations is a unitless number. Thus, from

25 this example it can be seen that an increase of the concentration ratio signifies
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m cr obi ol ogi cal activity or biocide concentration. To quantify what is
meant by "not appreciably or significantly affected", this statenent neans
t hat an iwero/o8i4s@r escent conpound has no nore than a 10%Ccahzoge2on its
fluorescent signal, under severe 10 conditions encountered in industrial
wat er systens. Severe conditions nornmally encountered in industrial water
systens are known to people of ordinary skill in the art of industrial

wat er systens. It should be appreciated that a variety of different and

sui t abl e i ner tcopjupties O e tageed duprescentraset andiasispeyisiipdigatiye ofitheampet oAnpunt
nunber and application. For exanple, a 15 single tracer can be used to
eval uate a nuripdingend/gr foplipgindhetaeirante separati on process paraneters.
However, the present invention can include the use of a nunber of

different tracers &8efermyeert casiused besein referste an dnertsiyosaseant tragen ithad isi neg
applications. In an enbodinent, inert fluorescent tracer nonitoring of the
present i nentappiaciglly dyeignifisanilycattedted by sany jothgt kkhamistinninetherisystemt ordry the

sem -conti nuous basis, and preferably the 20 concentrati on determ nati on of
t he tracer in dotliee systemaparargeters rsdelc ae gHo ersperature o iquico virahgtha redoappadentiell - t i e
determ nation. An inert fluorescent tracer nust be transportable with the
wat er of the miewbiokogicaepaitator bivcidy somteaatidnt Mosqusntify tvdiat isahdayt by fnonot

whol Iy, water-soluble therein at the concentration it is used, under the

t enper at ur e arsgpiciekly Wwr sighifivdntlyl offictedf)ethisf stater@ént amedn thag b€ ifeet Miveest@ebr ane
separation system In other words, an inert fluorescent 20 WD 03/082450
PCT/ US03/ 0120%ompb@riehasthds plosy thaid a0 084 tch&fge Sih Iis| Muorésterd ssmbMtu@dédf setdre
menbrane separation process in which it is used. In an enbodinment, it is

preferred fohatcohdiforsn efidouittbd@rie Sia@ukridl L& syfemst NBeidre SORditibMY Bfkhialy NEEt
the followng criteria: 5 1. Not be adsorbed by the nenbrane to any

appr eci abl e argdnieredt inNefusiie Ok Acleyéthigs AR MIREWRNE Rbple R BFdaseskiml BHAGE aft t S
performance or alter
of industrial water systems.
It should be appreciated that a variety of different and suitable inert fluorescent
tracers can be utilized in any suitable amount, number and application. For example, a
15 single tracer can be used to evaluate a number of different membrane separation
process parameters. However, the present invention can include the use of a number of
different tracers each functioning as tracers for separate monitoring applications. In an
embodiment, inert fluorescent tracer monitoring of the present invention can be
conducted on a singular, intermittent or semi-continuous basis, and preferably the
20  concentration determination of the tracer in the stream is conducted on-site to provide a
rapid real-time determination.
An inert fluorescent tracer must be transportable with the water of the
membrane separation system and thus substantially, if not wholly, water-soluble therein

at the concentration it is used, under the temperature and pressure conditions specific

25 and unique to the membrane separation system. In other words, an inert fluorescent
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its conposition; 3. Be detectable on a continuous or sem -continuous basis
and susceptible 10 to concentration neasurenents that are accurate,

r epeat ablwoandsmapabl e of bei ng perforned on feedwater, ceardrsvs/ere water,
perneate water or other suitable nmedia or conbinations thereof; 4. Be
substantially foreign to the chem cal species that are normally present in
the water of the nenbrane separation systens in which the inert fluorescent
15 tracer(s) may be used; 5. Be substantially inpervious to interference

from or bi asitfgerysplayeProreriss;similar dp@csolide phie MFRbrARY SRpRIaloh PRSEN i n t he
wat er of nmenbrane separation systens in which the inert fluorescent
tracer(s) nay vHuchddsqused Igen embediment; ibis Rreferprbihet Be dnartoflupsgscent trages ohwn
potential specific or 20 selective |osses fromthe water of menbrane
separ ati on sydhepresentinvintian mgetded tollewing crifgde:neat i on of the menbrane; 7. Be
conpatible with all treatnent agents enployed in the water of the nenbrane
separ at i on 3syst ens li n wWNpidie adbasbddriyrthe membreesto@ny appremiableg aountly be used,
and thus in no way reduce the efficacy thereof; 25 8. Be conpatible with
all conponents of Rts fNpndegrde tre; memigtane2dr oiErOB¢ 0BE456 FREDIBOSH04IRO9 9.
Be relatively nontoxic and environnmental ly safe, not only within the
environs of the water oitsthe nmenbrane separation process in which it nay be
used, but also upon discharge therefrom 5 A variety of different and
sui t abl e t ypesonabogtiompounds can be utilized as inert fluorescent tracers.
In an enbodi ment, the inert fluorescent conpounds can include,
3. Be detectable on a continuous or semi-continuous basis and susceptible
10 to concentration measurements that are accurate, repeatable and capable of being
performed on feedwater, concentrate water, permeate water or other suitable media or
combinations thereof;
4. Be substantially foreign to the chemical species that are normally
present in the water of the membrane separation systems in which the inert fluorescent
15  tracer(s) may be used;
5. Be substantially impervious to interference from, or biasing by, the
chemical species that are normally present in the water of membrane separation
systems in which the inert fluorescent tracer(s) may be used;
6. Be substantially impervious to any of its own potential specific or
20  selective losses from the water of membrane separation systems, including selective
permeation of the membrane;
7. Be compatible with all treatment agents employed in the water of the
membrane separation systems in which the inert fluorescent tracer(s) may be used, and

thus in no way reduce the efficacy thereof;

25 8. Be compatible with all components of its formulation; and
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for exanple, the follow ng compounds: 3, 6-acridinedi am ne,
N,N N,N -tetranethyl -, nonohydrochl oride, also known as Acridine O ange
(CAS RegiwDrog/odaso 65- 61-2), 10 2-ant hracenesul fonic aci d odiuses/eebs ( CAS
Regi stry No. 16106-40-4), 1,5-anthracenedisulfonic acid (CAS Registry No.
61736-91-2) and salts thereof, 2,6-anthracenedisulfonic acid (CAS Registry
No. 61736-95-6) and salts thereof, 15 1, 8-anthracenedisulfonic acid (CAS
Regi stry No. 61736-92- 3% and salts thereof, o
ant hra[ 9, 1, 2- cde] b@nzo[ Betrflpévehyaporderdc and guvdasopmentaldy safe.dpaieanhoxqthin the
bi s(hydrogen sulfate), disodiumsalt, also known as Anthrasol G een |BA
( CAS Regi st ry eNprons 98the vgderdr thelkpengspngtseparation prepessiy avhichipmay be used, but
bat hophenant hr ol i nedi sul fonic acid di sodiumsalt (CAS Registry No.
52746-49-3), akeivpen disehatperbesefeondli sul f oni ¢ aci d (CAS Regi stry No.
41184-20-7), 2-(4-am nophenyl)-6-nethyl benzot hi azol e (CAS Registry No.
92-36-4), 51H benzpderietoefudifiekitrred Suisibleftppes ©f aeinpqunds can be utilized as inert
6- am no- 2, 3-di hydr o- 2- (4- net hyl phenyl )- 1, 3-di oxo-, nonosodium salt, also
known as Bri | IfluaresceAt iracexe | Inoan SidoditaASt, ReginsttriluofSceNo cor@@Mihd3en2incladen
Li ssam ne Yellow FF, Acid Yellow 7), phenoxazin-5-ium
1- (am nocar borfyl exampledthe fdilohany coopedhdd- di hydr oxy-, chl oride, also known as
Cel estine Blue (CAS Registry No. 1562-90-9), benzo[a] phenoxazi n-7-ium
5, 9-di am no-, 3gGairidirediamliONRNNYIN'-taanttie sy mondgrichlafigd, adlsd kno®Ass Regi stry
No. 10510- 54- Qcridie CtahieieAZWegisayiBio) §5061-2), aci d ( CAS Regi stry No.
42137-76-8), 3-di benzofuransul fonic acid (CAS Registry No. 215189-98-3),
1- et hyl quiltal di-anthimenesdifoieic GETAS dReny bt (Ch SNRegis6) Bro5B6185-40-4)) uor escei n ( CAS
Regi stry No. 2321-07-5), 22 WD 03/082450 PCT/ US03/ 01209

1,5-anthracenedisulfonic acid (CAS Registry No. 61736-91-2) and salts thereof,

2,6-anthracenedisulfonic acid (CAS Registry No. 61736-95-6) and salts thereof,
15  1,8-anthracenedisulfonic acid (CAS Registry No. 61736-92-3) and salts thereof,

anthra[9,1,2-cde]benzo[rst]pentaphene-5,10-diol, 16,17-dimethoxy-, bis(hydrogen
sulfate), disodium salt, also known as Anthrasol Green IBA (CAS Registry No. 2538-
84-3, aka Solubilized Vat Dye),

20  bathophenanthrolinedisulfonic acid disodium salt (CAS Registry No. 52746-49-3),
amino 2,5-benzene disulfonic acid (CAS Registry No. 41184-20-7),
2-(4-aminophenyl)-6-methylbenzothiazole (CAS Registry No. 92-36-4),
1H-benz[de]isoquinoline-5-sulfonic acid, 6-amino-2,3-dihydro-2-(4-methylphenyl)-
1,3-dioxo-, monosodium salt, also known as Brilliant Acid Yellow 8G (CAS Registry

25  No. 2391-30-2, aka Lissamine Yellow FF, Acid Yellow 7),

phenoxazin-5-ium, 1-(aminocarbonyl)-7-(diethylamino)-3,4-dihydroxy-, chloride, also
known as Celestine Blue (CAS Registry No. 1562-90-9),

benzo[a]phenoxazin-7-ium, 5,9-diamino-, acetate, also known as cresyl violet acetate
(CAS Registry No. 10510-54-0),

30 4-dibenzofuransulfonic acid (CAS Registry No. 42137-76-8),
3-dibenzofuransulfonic acid (CAS Registry No. 215189-98-3),
1-ethylquinaldinium iodide (CAS Registry No. 606-53-3),
fluorescein (CAS Registry No. 2321-07-5),
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fluorescein, sodiumsalt (CAS Registry No. 518-47-8, aka Acid Yellow 73,
Uranine), Keyfluor White ST (CAS Registry No. 144470-48-4, aka Flu. Bright
28), benzwpagfsemi c aci d, PCT/US03/01209

2,2 -(1, 2-ethenedi yl)bi s[5-[[4-[bi s(2-hydroxyethyl)am no]-6-[(4- 5

sul fophenyl )am no] -1, 3, 5-triazin-2-yl] amno]-, tetrasodiumsalt, also
known as Keyfluor White CN (CAS Registry No. 16470- 24 9), C | . Fluorescent

Bri ghtener 230, al so kngwn as lLeucophor BSB (CAS Reg }/ . 68444-86-0),
benzenesul fomfk.logzéqeép sodium salt (CAS Registry No. 518-47-8, aka A01d Yel ow 73, Uranine),

cul 1 5§%ieﬁ'y?;§ RSO RIS (A R ?y%q Q?@‘{?@]“%—e“t APt A al . al so known
S .R

Bright. 260), "% Qlﬂ;g ra&?g % hﬁ ; mq ?ﬂ%:&%y OB 'g?.g\ggoaﬁ “known

ﬁ;st :,'gf;?em n ( orl 1te Registry No. 16470- % “di ni um

b g§4g§"€%n§ A Ry

nmono-, di-, or tri- fonat ed napt hal enes i ncl udi ng but not limted to
1,5 napht hal eq)%ﬂi 01 ?' gl%ldi" R [%E (Z-h Elr%)( e(t am1n096 4y No.
]Iigg?stz?ydﬂg aZm- = ar)r}{?b%ﬁ@?l clgi{ at aso}?‘\ﬁ)Snl o a ggeélcétsry
No. 119-79-9), euczf)pg(r)anl\gB §1er -%apﬁ%| al é‘@?@ﬁo@ﬁ? a@\’&g egl stry

No. 90- 51-7) 9, @ &lf?luﬁi P(}’ Metléh&ﬁ I‘atgeala Mﬁ%&uﬁg@&hﬁ({ﬁ.%@ 1S I stry

No. 116- 63-2 é oni ¢ acl assigmsal t
(CAS Regi stry)N 57%8??%%‘ - 'm@ﬁ’ S@, % )b Xy-2,7- napht hal enedi sul foni c

aci d (CAS Regi 15&e'6¥y-|1\|-?3,4-d1hydro-7,8-d1methyl—2,4-d10xobenzo[g]pterldm-10(2H)—yl)-D-r1b1tol,
15  also known as Riboflavin or Vitamin B2 (CAS Registry No. 83-88-5),

mono-, di-, or tri-sulfonated napthalenes, including but not limited to

1,5-naphthalenedisulfonic acid, disodium salt (hydrate) (CAS Registry
No. 1655-29-4, aka 1,5-NDSA hydrate),

2-amino-1-naphthalenesulfonic acid (CAS Registry No. 81-16-3),
20 5-amino-2-naphthalenesulfonic acid (CAS Registry No. 119-79-9),

4-amino-3-hydroxy-1-naphthalenesulfonic acid (CAS Registry No. 90-
51-7),

6-amino-4-hydroxy-2-naphthalenesulfonic acid (CAS Registry No. 116-
63-2),

25 7-amino-1,3-naphthalenesulfonic acid, potassium salt (CAS Registry
No. 79873-35-1),

4-amino-5-hydroxy-2,7-naphthalenedisulfonic acid (CAS Registry No.
90-20-0),

5-dimethylamino-1-naphthalenesulfonic acid (CAS Registry No. 4272-
30 77-9),

1-amino-4-naphthalene sulfonic acid (CAS Registry No. 84-86-6),

1-amino-7-naphthalene sulfonic acid (CAS Registry No. 119-28-8), and
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90- 20-0), 5-di nethyl am no-1I -napht hal enesul fonic acid (CAS Registry No.
4272- 30 77-9), 1-am no-4-naphthal ene sulfonic acid (CAS Registry No.

84- 86- 6) ,wOl3@asd4p®- 7- napht hal ene sul fonic acid (CAS Regi stPCy/usS03/01209- 28- 8) ,
and 23 WO 03/082450 PCT/ US03/01209 2, 6-napht hal enedi carboxylic acid,

di potassiumsalt (CAS Registry No. 2666-06-0),

3,4,9,10-peryl enetetracarboxylic acid (CAS Registry No. 81-32-3), 5 C

Fl uorescent Brightener 191, also known as Phorwite CL (CAS Regi stry No.
12270-53-0), C. 1. PBibosphbaleradicrbogricetsid: dm@asmamssaltk(ﬁé«%nfi%stwﬁm te BKL
(CAS Registry No. 2660¢80)72-7), benzenesulfonlc acid,

2,2'-(1, 2- ethened| | ) bi s[ 5-(4-phenyl -2H 1 |azol 2-yl) - 10

di pot assi um sabt:>! ‘P%ICR?‘?W“Q@XWGFW(?éSm@s%ﬁo( Ek32Rygi st ry No.
52237-03- 3),, enesu

5- (2H naphtsho[ %% SF?“&%BEQ@‘?}I %ﬂ?ls? s neritE Y (CAS Begistoiosal t, al so

known as Pyl akl l’e S-15A (CAS Regi stry No. 6416-68-8),
1, 3,6, 8-pyren asul f sodi um sal. Regi str
59572-10 0), EL ‘%@“Q‘%&%dzﬁ(gg?e‘ ol 8 %’é‘tf%ég@%é‘%% i} dr oxy-1, 3,
6- pyrenetri S tri SOdI umsalt), quinoline (CAS Registry No.
CELaR rypohe%%ag i) g‘ %Xﬂ?;ﬁéé&'& hotorm Rh30 e Rnodal ux
9- (2, 4- di cr bSHRATTENRT SpIL ?158 “B?‘@‘Q&ﬁ dPe CadRegirtpeNod2ed it sal t
benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-yl)-2-(2-phenylethenyl)-, sodium
salt, also known as Pylaklor White S-15A (CAS Registry No. 6416-68-8),

1,3,6,8-pyrenetetrasulfonic acid, tetrasodium salt (CAS Registry No. 59572-10-
0),

15 pyranine, (CAS Registry No. 6358-69-6, aka 8-hydroxy-1, 3, 6-
pyrenetrisulfonic acid, trisodium salt),

quinoline (CAS Registry No. 91-22-5),

3H-phenoxazin-3-one, 7-hydroxy-, 10-oxide, also known as Rhodalux (CAS Registry
No. 550-82-3),

20 xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-, chloride, disodium salt,
also known as Rhodamine WT (CAS Registry No. 37299-86-8),

phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, chloride, also known as Safranine O
(CAS Registry No. 477-73-6),

C.I. Fluorescent Brightener 235, also known as Sandoz CW (CAS Registry No.
25  56509-06-9),

benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[[4-[bis(2-hydroxyethyl)amino]-6-[(4-
sulfophenyl)amino]-1,3,5-triazin-2-yl]Jamino]-, tetrasodium salt, also known as Sandoz
CD (CAS Registry No. 16470-24-9, aka Flu. Bright. 220),

benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[[4-[(2-hydroxypropyl)amino]-6-
30 (phenylamino)-1,3,5-triazin-2-ylJamino]-, disodium salt, also known as Sandoz TH-40
(CAS Registry No. 32694-95-4),

xanthylium, 3,6-bis(diethylamino)-9-(2,4-disulfophenyl)-, inner salt, sodium salt, also
known as Sulforhodamine B (CAS Registry No. 3520-42-1, aka Acid Red 52),
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al so known as Rhodam ne WI' (CAS Regi stry No. 37299-86-8), phenazinium

3, 7-di am no- 2, 8-di net hyl - 5-phenyl -, chloride, also known as Safranine 0O
(CAS Regiworog/odtaso 477-73-6), C. 1. Fluorescent Brightener 28%F/usab/szoknown as
Sandoz CW (CAS Regi stry No. 25 56509-06-9), benzenesulfonic acid,

2,2'-(1, 2-ethenedi yl ) bi s[5-[[4-[bi s(2-hydr oxyet hyl ) am no] - 6- [ (4-

sul f ophenyl )am no] -1, 3,5-tri azi n-2-yl ] am no] tetrasodiumsalt, also known

as Sandoz CD (CAS Registr, 16470 Flu. Bri ht 220),
benzenesul f onibenzeapgylonic a01 2 ,2'-(1,2- ethenedlyl)bls'[S [[4 [(ammomethyl)

2,2 - (1, 2-et héwéwwfy[ﬁ} gﬂg TI&(%%@? {réawlmi},.d@oé@m salt, also

( phenyl ami no) knownas Tip (FasiKegistry PLe$dal t, al so known as

Sandoz TH- 40 ﬁCAS Re str No 32694-95-4), xant hylium
3, 6- bi s(di eth I%OhBF C(\§ gldi%h‘Pf%%%@n%? i nner salt, sodiumsalt, also

i AR TR B e dsie L
2,2 -(1,2-eth dﬁ"W?B? ‘["893[‘ (CAS Brett 4-41-8),

hydr oxyet hyl ) am no enyg az nol/ SOdI um
et swn% E@E?% g%f’ 2 ?@fﬁ é%%%ﬁf Dasdd
isl'lanfjpof1 E%S (éﬁ\lé aﬁé? g‘f’?? gg E&é é’n ic aC| d,

1, th I
e w«n e i Ly % he 576
5- (2H ht h I
kn(()wn gngl ngga ﬁ% , (CAS Regl stry No 6416- 68 8) 10 a0

7- ben%(it [Nr Iaggl ‘ﬁsamix( EU %Es%ﬂnind odlu sélHSe Shgreo gndal%lhkelagents ;Caind sui é?bd?n salt,
aI so known as ow ( CAS Regl stry No. 1829-00-1, aka Thi azole

Yellow G ’ISand Preferred tracers include:

1-deoxy-1-(3,4-dihydro-7,8-dimethyl-2,4-dioxobenzo[g]pteridin-10(2H)-yl)-D- ribitol,
also known as Riboflavin or Vitamin B2 (CAS Registry No. 83-88-5),

fluorescein (CAS Registry No. 2321-07-5),
fluorescein, sodium salt (CAS Registry No. 518-47-8, aka Acid Yellow 73, Uranine),
20  2-anthracenesulfonic acid sodium salt (CAS Registry No. 16106-40-4),
1,5-anthracenedisulfonic acid (CAS Registry No. 61736-91-2) and salts thereof,
2,6-anthracenedisulfonic acid (CAS Registry No. 61736-95-6) and salts thereof,
25  1,8-anthracenedisulfonic acid (CAS Registry No. 61736-92-3) and salts thereof,
mono-, di-, or tri-sulfonated napthalenes, including but not limited to

1,5-naphthalenedisulfonic acid, disodium salt (hydrate) (CAS Registry
No. 1655-29-4, aka 1,5-NDSA hydrate),

2-amino-1-naphthalenesulfonic acid (CAS Registry No. 81-16-3),
30 5-amino-2-naphthalenesulfonic acid (CAS Registry No. 119-79-9),

4-amino-3-hydroxy-1-naphthalenesulfonic acid (CAS Registry No. 90-
51-7),

6-amino-4-hydroxy-2-naphthalenesulfonic acid (CAS Registry No. 116-
63-2),

25



al |l ammoni um potassium and sodiumsalts thereof, and all |ike agents and
suitable mxtures thereof. 15 Preferred tracers include:

1- deoxy- Iw03348dshydr o- 7, 8- di net hyl - 2, 4- di oxobenzo[ g] pt er ipdTrssa®¢R2b) - yl ) - D-
ribitol, also known as Riboflavin or Vitam n B2 (CAS Registry No.
83-88-5), fluorescein (CAS Registry No. 2321-07-5), fluorescein, sodium
salt (CAS Registry No. 518-47-8, aka Acid Yellow 73, Uranine), 20

2- anthracenesulfonlc aC|d sodi um sal t (CAS ﬁ&glstry No. 16106-40-4),

1, 5- ant hr acenedi sul’f8HI L dcrehhaioussogics 14ig assign7 st 6945 Regigyysal t s
thereof, 2,6-ant hNee&WRIABSUNf oni ¢ aci d (CAS Regl stry No. 61736 95-6) and
salts thereof 25 1 8-.ant hr cenedlsul oni ¢
61736- 92- 3) and sal faém’f‘ eGPy -2 AT tal%‘}ed“‘%g‘}mct F‘?ldgi;ﬁggéw sé% Nept hal enes,
i ncl udi ng But not to 1, 5-naphthal enedl sul foni c aci d di sodi um sal t
(hydrate) (CAS Reg 655- 29- a
2- am no- | - napht hal 2‘%3%@?18???@5&’&1’8&?]@@“ ‘fé‘é‘ )58'@3'&%@}1/5 % V27230
5- am no- 2- napht haI ul fonic acid (CAS Registry No. 119-79- 9)
4- am no- 3- hydr oxy- I-nah hal sul foni.c a (L£AS. R . 90- 51-7),
6- ani no- 4- hydr oxy- 2 s hz*%?zg‘ﬁ|s‘r"g%‘°“é"c@s trﬁi‘% gé% . 116- 63-2),
25 WD 03/082450 P aI n i c,acid,

. %9036% F%ent 3080 @),mga NRMFRL Bk

pot assi um sal t (CA egi str

4- am no- 5-fpydr oxy- 3,67 a';sﬁtmm@&c%%%uicﬁoorylgma%gam LffReARERIGHAINNC. 5

90-20-0), 2666-06-0),
3,4,9,10-perylenetetracarboxylic acid (CAS Registry No. 81-32-3),

C.I. Fluorescent Brightener 191, also known as, Phorwite CL (CAS Registry
No. 12270-53-0),

15  C.I. Fluorescent Brightener 200, also known as Phorwite BKL (CAS Registry
No. 61968-72-7),

benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-(4-phenyl-2H-1,2,3-triazol-2-yl)-,
dipotassium salt, also known as Phorwite BHC 766 (CAS Registry No. 52237-03-3),

benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-yl)-2-(2-phenylethenyl)-, sodium
20  salt, also known as Pylaklor White S-15A (CAS Registry No. 6416-68-8),

1,3,6,8-pyrenetetrasulfonic acid, tetrasodium salt (CAS Registry No. 59572-10-
0),

pyranine, (CAS Registry No. 6358-69-6, aka 8-hydroxy-1, 3, 6-
pyrenetrisulfonic acid, trisodium salt),

25  quinoline (CAS Registry No. 91-22-5),

3H-phenoxazin-3-one, 7-hydroxy-, 10-oxide, also known as Rhodalux (CAS Registry
No. 550-82-3),

xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-, chloride, disodium salt,
also known as Rhodamine WT (CAS Registry No. 37299-86-8),

30  phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, chloride, also known as Safranine O
(CAS Registry No. 477-73-6),

C.1L Fluorescent Brightener 235, also known as Sandoz CW (CAS Registry No.
56509-06-9),
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5-di et hyl am no- | - napht hal enesul foni ¢ acid (CAS Registry No. 4272- 77-9),
1- am no- 4- napht hal ene sul fonic acid (CAS Registry No. 84-86-6),

1- am no- "woaplsiaad ene sul fonic acid (CAS Registry No. 119r28AaA&p3oend 10
2, 6- napht hal enedi car boxylic acid, dipotassiumsalt (CAS Registry No.

2666- 06-0), 3,4,9, 10-peryl enetetracarboxylic acid (CAS Registry No.
81-32-3), C 1. Fluorescent Bri ghtener 191, al so known as, Phorwite CL (CAS
Regi stry No. 12270-53-0), Fl uor%scent Bright ener 200, al so known
as Phorwite Brbemees&sl gy ch@, (h%eth@féa@ pp-tg- [blﬁ%%iéfﬁé%eﬁhyﬁ)éﬁi@] Ad(4,

2,2 -(1,2-ethé %&)&% mited:1343- SRy pine] 2 tesiapodivgy salt, slsg knawn as §epseassi um
salt, also kn&h( FLoH N 181119 & akolly. Raghtsd20) No. 52237-03-3),
benzenesul fonl c acid

5- ( 2H naphtho[P§RZsngsp f?*}l&%@ ?@& -etéer{eé BH@ [‘é{(ﬁéww rogsémnﬂ]éo sal t,

al so known as (PFPERMEIOANS @agn i st sgngyz TH-40

1, 3, 6, 8- pyrend?t §rR§§i§WBIﬁ| %268619(5.1‘4)4 etrasodl um sal t (CAS Regl stry No.

59572-10- O 58- 6 8- hyd 1, 3, 6-
pyrenetri sul)f %‘Ey&l’f‘? ,6 é% a?fﬁ?‘égy@yo ‘?‘%%alﬂﬁnﬁ > HIHET X@A@dﬁy rgi("?%f’ No.
91-22-5), 3H— %‘Wb?(sa f?r Bl’ﬁéle W&e@wy Noq 40394k ak%. %@R@Hé as Rhodal ux

(CAS Reg| I um .
6-(2, 4-di ¢ H%S ic %C‘% ‘é‘ P Sh"o[“ [(a dj 't
e o AL e g

al so known as
8e1 8-khown as Safranine 0

3, 7- di ami no- ZkQO‘HI? RoR B R‘?ﬁ]ls
(CAS Regi stry No. 77z Z@A?keglstry No. 205265-33-4),

benzenesulfonic acid, 2,2'-([1,1'-biphenyl]-4,4'-diyldi-2,1-ethenediyl)bis-, disodium
15  salt, also known as Tinopal CBS-X (CAS Registry No. 27344-41-8),

benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-yl)-2-(2-phenylethenyl)-, sodium
salt, also known as Tinopal RBS 200, (CAS Registry No. 6416-68-8),

7-benzothiazolesulfonic acid, 2,2'-(1-triazene-1,3-diyldi-4,1-phenylene)bis[6-methyl-,
disodium salt, also known as Titan Yellow (CAS Registry No. 1829-00-1, aka Thiazole
20  Yellow G), and

all ammonium, potassium and sodium salts thereof, and all like agents and suitable
mixtures thereof.

The most preferred inert fluorescent tracers of the present invention include
1,3,6,8-pyrenetetrasulfonic acid tetrasodium salt (CAS Registry No. 59572-10-0); 1,5-

25  naphthalenedisulfonic acid disodium salt (hydrate) (CAS Registry No. 1655-29-4, aka
1,5 — NDSA hydrate); xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-,
chloride, disodium salt, also known as Rhodamine WT (CAS Registry No. 37299-86-

8); 1-deoxy-1-(3,4-dihydro-7,8-dimethyl-2,4-dioxobenzo[g]pteridin-10(2H)-yl)-D-
ribitol, also known as Riboflavin or Vitamin B2 (CAS Registry No. 83-88-5);

30  fluorescein (CAS Registry No. 2321-07-5); fluorescein, sodium salt (CAS Registry No.
518-47-8, aka Acid Yellow 73, Uranine); 2-anthracenesulfonic acid sodium salt (CAS

Registry No. 16106-40-4); 1,5-anthracenedisulfonic acid (CAS Registry No. 61736-91-
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C. 1. Fluorescent Brightener 235, also known as Sandoz CW (CAS Registry No.
56509- 06-9), 26 WD 03/082450 PCT/ US03/01209 benzenesul fonic acid,

2,2' - (1, 2wetohmsmdd yl ) bi s[ 5-[[ 4- [ bi s(2- hydroxyet hyl ) am no] -PGT[I(S43/01209

suI fophenyl )am no] -1, 3,5-triazin-2-yl]amno]-, tetrasodiumsalt, also known
as Sandoz CD (CAS Regl stry No. 16470-24-9, aka Flu. Bright. 220), 5
benzenesul foni ¢ acid,

2,2'-(1, 2-et henedl yl ) bi s[5 (2- hydr oxypropyl )am no] - 6-

N Al R LS RNl omcmc@o%m#@aw NS BoEnds
Sandoz TH- 40 (CAS Registry No. 32694- 95- 43 xant hyl i u

3, 6- bi s(di et hyrbnihsespL d.§-anthraegnedisuliopis agid| (CAS Rmx@ry I§a|6173@8a13hm%@nlt§ al so
known as Sul f orhodam ne B (CAS Registry No. 3520-42-1, aka Acid Red 52) 10
benzenesul f onitkererf} and mixpureg theeobt Ko Buorgicynsi tepgs lisid [abm 1o pernimgiclall -

hydr oxyet hyl ) am no] - 6- (phenyl am no) -1, 3, 5-tri azin-2-yl]am no] -, disodium
salt, also5 kriyenpbiesirom apradty W@D@KG@@CR@Q@[&! egmpidoies.169762- 28- 1), Ti nopol
DCS (CAS Regi stry No. 205265-33-4), benzenesul fonic acid,

2,2'-([1, 1" - bi phenyh hdditiot to dheytiaders Bstad elidvertbabie pkillld sr-the ght wdtievognizéShas al t |

al so known as Tinopal CBS-X (CAS Registry No. 27344-41-8), benzenesulfonic
aci d, 5-(2H naphd isiglal@rmiiet coustziobn2myy 3lsPbe e h@hysl &irleeanyply,-aniodediavers sal t,
al so known as Tinopal RBS 200, (CAS Registry No. 6416-68-8),

7- benzot hi azolwdsied homiNaack@ounter ion could also be used in forms where the counter ion is
2,2'-(1-triazene-1, 3-diyldi -4, 1- phenyl ene) bi s[6-nmet hyl -, di sodiumsalt,

al so known as chbdearoxethk Gy of CRS LIRS MR, 1G4 NvIg 13 2%reP Sbploprialeaolite@iaty. €n 20
Yellow G, and all ammoni um potassium and sodium salts thereof, and all

li ke agenti® ange sdind #bY,eatioHix irbideRSmhy) B4R varibREoMEshteP id3k Sfof @ﬁhrﬂxm@ rar,
fluorescent tracers of the present invention include
SO,*2, PO4?, HPO,%; HoPO,; COs %,
HCOj5'; or other appropriate counter ions.
Modifications of these tracers to control molecular weight or physical size
within a desirable size range by, for example, affixing them to an inert polymeric
15 molecule, incorporating them into a fluorescent microsphere or adding additional
chemical moieties in the side chains of the molecules should be obvious to those skilled
in the art. Such modifications are included herein.
As previously discussed, the inert fluorescent tracer is used in combination with
the tagged fluorescent agent to enhance monitoring of membrane separation,
20  particularly with respect to the monitoring and effect of treatment agents added to
membrane separation in order to treat scaling and/or fouling.
In this regard, the inert fluorescent tracer and the tagged fluorescent agent can
each be measured such that fluctuations in the ratio of the inert fluorescent tracer to the

tagged fluorescent agent can be monitored. Such fluctuations can be used to signal

25  consumption of a chemical treatment agent, the onset of scaling and/or fouling, or the

28



1,3,6,8-pyrenetetrasul fonic acid tetrasodiumsalt (CAS Registry No.
59572-10-0); 1,5- 25 naphthal enedi sul fonic acid disodiumsalt (hydrate)
(CAS Regiworog/ostaso 1655-29-4, aka 1,5 - NDSA hydrate); xantPlayiisosmni1209

9- (2, 4-di car boxyphenyl ) -3, 6-bi s(di ethylam no)-, chloride, disodiumsalt,
al so known as Rhodam ne WI (CAS Regi stry No. 37299-86- 8);

1- deoxy-1-(3, 4-di hydro-7, 8-di net hyl - 2, 4-di oxobenzo[g] pteridin-10(2H)-yl)-D
ribitol, also known as R boflavin or Vitamn B2 (CAS Registry No. 83-88-5);
30 1 uorescei MikeCASIYRERENL (1) Rembrons peRyratisy - cap ﬁ’éPe%“cé‘ilarﬁ’e cwgplighls and (CAS
Regi stry No. 518-47-8, aka Acid_Yellow 73, U anine 2- ant hracenesul foni c
aci d sodi um sdPPOpVRly tRegTest (g festuatignsowitly gespyct to the mionr Keusn@embrang oni ¢
acid (CAS Registry No. 61736-91- 27 WO 03/082450 PCT/ US03/01209 2) and
sal ts t her eof ;sepr8ioarpeniognanse ¢p b fephansech by dfof GranPlegiditstipg Ky, 289FBEL95- 6)
and salts thereof 1, 8-ant hracenedi sul fonic acid (CAS Registry No.

61736- 92- 3)5 arfbagent ggemheqld@dftp aptithizei the Ureatsenhef ecle, Thelamts wod ethee dike
tracers |isted above are coomercially 5 available froma variety of

di f f erent cherdepesits ghpplcyn adyepelyiimpact memboé sepamatiero t he tracers |isted
above, those skilled in the art will recognize that salts using alternate
counter ions may alThe flueresisedconifousds dfahe poesamp lirventami @ni the timeatcBucgescenni ch
have Na+ as a counter ion could also be used in forns where the counter ion
is chosen frarcérhehel taggedofluorkseentLagent, NHéomEiaatibns Mbetébprambéaddaiptor thpr i at e
counter ions. In 10 the sanme way, cationic tracers may have a variety of
counter ions, rhéibrencasepdrtion@roceSQ4-ary si@ble Jornt 14 eXgmppte REX preseadidvehitioldCOB- ;
or other appropriate counter ions. Mdifications of these tracers to
control nojoecultiibeswedogibination P&t flddressent @racend Addithppadd HasicscRMM :@eifh. ZI thigange
by, for exanple, affixing themto an inert polymeric 15 nolecule,

i ncor por at i ng regyedNthdlinert FAublebRhEEALRcalbE LAFRAQS ehdltorade iBa g BtlirdahRdial
chemi cal noieties in the side chains of the nol ecul es shoulé be obvious to

those skilled agents (e.g., anti-scalants and/or biocides) that are added to the process. The tagged

fluorescent agents can be utilized to monitor the active chemical ingredient of such

treatment. Thus, the loss of treatment due to, for example, adsorption of a treatment

15 agent on a growing crystal, can be detected based on fluctuations in the ratio of inert

fluorescent tracer(s) to tagged fluorescent agents during membrane separating. The

diagnostic capabilities of the present invention can be performed with a high degree of

sensitivity, selectivity and accuracy with respect to the monitoring of process

parameters specific to a membrane separation. In this regard, the method and system of

20 the present invention can be effectively utilized to optimize the performance of
membrane separation processes.

The tagged fluorescent agent can include a variety of different and suitable

materials. In an embodiment, the tagged fluorescent agent includes a polymeric

compound that has one or more fluorescent groups attached or incorporated to its

25  polymeric structure. In an embodiment, the polymeric compound has a molecular
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in the art. Such nodifications are included herein. As previously

di scussed, the inert fluorescent tracer is used in conbination with the

t agged flworremgrnt agent to enhance nonitoring of nenbranecydapsasetion, 20
particularly with respect to the nonitoring and effect of treatnent agents
added to nenbrane separation in order to treat scaling and/or fouling. In
this regard, the inert fluorescent tracer and the tagged fluorescent agent
can each be neasured such that fluctuations in the ratio of the inert
f1uorescent t rdght thay ranges frompgay 2009, gloedic Bass wfe ftamugh topebopio).9Mrase.  Such
fluctuations can be used to signal 25 consunption of a chem cal treatnent
agent, the onske polymegigicpmpoudds waterf-gakutilhend Ips opper mpg MERAB OSRABENtS

PCT/ US03/ 01209 like. Adjustnents to nenbrane separation can then be nade
control | abl y dndany esp@hlsi \agiopntt oncladingctforf ogxafnplect aayiamids, wearflio esplect to
the ratio. Thus, nenbrane separation performance can be enhanced by, for
exanpl e, adj ustéthegrytldneidgmnyhacetdte, dinvetizddmmpodthyd genytage mettigldchtorideogadterharg t he
treatment of scale, foulants and other |ike deposits which can adversely
i npact nmenbr arselt,s dinstiglidntinoetiiyt eachilato rieanyé nthl@ dliepouarasary f saith diaflyld metityl
invention (i.e. the inert fluorescent tracer, the tagged fl uorescent
agent, or conlinihadnighschidnideedtyinyd aforienide]ddichethylantitoethye mtieos/18€ p@tial | on
process in any suitable form For exanple, the present invention 10
utilizes a cordhiofidé iqesterfryi saky dimkihyiaih@fe®pl methagwes kAL capged gidtdpdrgscent
agents. In this regard, the inert fluorescent tracers can be utilized to

noni tor the d%&@,@ﬁet@icgtlirﬁi@b PRIPY! triaQent @nﬁ@ni@m@h@ﬁ'ﬂé,‘a&?ﬁnﬂﬂ'@pﬁo@ﬂﬁfnﬁ&hyl
bi oci des) that are added to the process. The tagged | uorescent agents can

be utilizeg t qnRdHilR chid}Rea6hd EEmBRMNS aherkdtOr EHirEBAt &dmSikERns LF @RdseENt .
Thus, the loss of treatnent due to, for exanple, adsorption of a treatnent

15 agent on a GNAWHRYoRpYHiRIney 603G FELEE Gl G BRtkt QRcfdcushidat i ons in the
ratio of inert “fluorescent tracer(s) tot aggeg fl uorescent agents during
menbrane separ at i Ngye Hrescent group of the tagged fluorescent agent can include a variety of
different and suitable materials including, hydroxy allyloxypropyl napthalimide quat, 4-
methoxy-N-(3-N"N’-dimethylaminopropyl) napthalimide, 2-hydroxy-3-allyloxypropyl
15  quat, 8-(3-vinylbenzyloxy)-1, 3, 6-pyrene trisulfonic acid, 8-(4-vinylbenzyloxy)-1, 3, 6-
pyrene trisulfonic acid, 8-(allyloxy)-1, 3, 6-pyrene trisulfonic acid, 1-(substituted)
naphthalene, 9-(substituted) anthracene, 2-(substituted) quinoline monohydrochloride,
2-(substituted) benzimidazole, S5-(substituted) fluorescein, 4-(substituted) coumarin,
coumarin derivatives, 3-(substituted)-6, 7-dimethoxy-1-methyl-2(1H)-quinoxazolinone,
20  mixtures thereof and derivatives thereof.

In an embodiment, the tagged fluorescent agent of the present invention
includes a hydroxy allyloxy propyl naphthalimide quat, such as 4-methoxy-N-(3-N’,N’-
dimethylaminopropyl) napthalimide, 2-hydroxy-3-allyloxy propyl quat, tagged onto a
35% aqueous solution of a sulfomethylated copolymer of acrylate and acrylamide

25  wherein the fluorescent group is an amount of about 2% or less by weight of the
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di agnostic capabilities of the present invention can be perforned with a
hi gh degree of sensitivity, selectivity and accuracy with respect to the
noni t or i MyomB/oga4ecess paraneters specific to a nmenbrane eparsat/inne | n
this regard, the nethod and system of 20 the present invention can be
effectively utilized to optim ze the performance of nenbrane separation
processes. The tagged fluorescent agent can include a variety of different
and suitable nmaterials. In an enbodi nent, the tagged fl uorescent agent

i ncl udes a pol BPRHERSTE Coppau My varisht ofrﬁa@ererﬁén%Fm%lregaag%ﬂwgt%wtag@rtwss
attached or incorporated to its 25 polyneric structure. In an enbodi nment,
t he pol yneri c dwigsediin thea¥-Sa Retsane Nolsa p, 12891 M0, 17314682 2.306,885T/ .250380 12rd 9

wei ght that ranges from about 2000 atomic nmass units ("amu") to about

20, 000 anu. TheB6LB0ywhieh arecenipberaid ineorpeitted by aetatshes. ahidarh smbeshaensy thepr e
nmonomer conponents in any suitable anount including, for exanple,

acryl am de,5 adegdeil fluarsicdnt agentwr matstyis alebldet 2 phl papiing dwimagbout 2 to about 10.

di met hyl am noet hyl acrylate nethyl chloride quaternary salt,

di met hyl am noet hyl Iashoyldateeappeenizteld thdtlaovaridy afubffeemany ssigdble modifications,

di al I yl di met hyl anmmoni um chl oride, N-vinyl formam de, dinethyl am noet hyl
nmet hacr yl at e matihtydns aodbiodarveti s alheeead aif yhesavotg-dadcnitet] tyggadifluoetdeyt agents

nmet hacryl ate benzyl chloride quaternary salt, nethacrylam no propyl
trimet hyl ammuomidiemfloablesentdgoumaiay bantitosdr Ay lexdniplérehd iy drddenafnimnsuliohic
chloride, and conbinations thereof. Different conbinations of these

pol yneri c conpridgsupiry tHesubdiinganpfrade ttihdfonicalids disyust@l dbav@ein tepesiadedc
scal es. The fluorescent group of the tagged fluorescent agent can include a
vari ety of10 diities aiablenkts idnl iaélh@nglerbedxh@ble, 0afubl) @btagsiunh \edsign yrubidium,

al I yl oxypropyl napthalimde quat, 4- nmethoxy-N-(3-N N -di nethyl am nopropyl)
napt hal i m de, Bhidn@amimainh. Y FeeRtePalylokd gadiptof 18 duBstithtdd bRz stiPxy) - 1,

3, 6-pyrene trisulfonic acid, 8-(4-vinyl'benzyloxy)-1, 3, 6- pyrene
trisulfonic acith cB-ih@hdeyAltable ndmb&-dI¥LAOR aldnisSiHEIL@RE, oGk hple, three,

1- (substi tut ed)

four, five, six, eight, eleven and the like.
It should be appreciated that the amount of inert fluorescent tracer and tagged
15  fluorescent agent to be added to the membrane separation process that is effective
without being grossly excessive will vary with a respect to a variety of factors
including, without limitation, the monitoring method selected, the extent of background
interference associated with the selected monitoring method, the magnitude of the
expected tracer(s) concentration in the feedwater and/or concentrate, the monitoring
20  mode (such as an on-line continuous monitoring mode), and other similar factors. In an
embodiment, the dosage of each of an inert fluorescent tracer(s) and tagged fluorescent
agent to the feed water of the membrane separation system includes an amount that is at
least sufficient to provide a measurable concentration of the fluorescent agents (i.e.,

inert fluorescent tracer and tagged fluorescent agent) in the concentrate at steady state

25  of at least about 5 ppt, and preferably at least about 1 part per billion (“ppb™) or about 5
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napht hal ene, 9-(substituted) anthracene, 2-(substituted) quinoline
nonohydrochl ori de, 2-(substituted) benzim dazole, 5-(substituted)

fl uor escewn,034834subst i t uted) coumarin, counarin derivati PET/US03/01209
3-(substituted)-6, 7-dinethoxy-I|-nmethyl-2(1H)-quinoxazolinone, 20 m xtures
t hereof and derivatives thereof. In an enbodi ment, the tagged fl uorescent
agent of the present invention includes a hydroxy allyloxy propyl
napht hal i m de quat, such as 4-nmethoxy-N(3-N , N - di met hyl am nopropyl)
napt hal i ni de, @bmbwés@ywha%wyﬂ%wubf fm ¢jipheut 29%g@red0rc9wenbasénglea§@£@aueous
sol ution of a sul fonethyl ated copolgner of acrylate and acryl am de 25
wherei n the fl109P ep@anthegpragpirate orgihes sllugnt sopamablnan eptzodiment ghe agpupiedfght of
the 30 WD 03/082450 PCT/ US03/01209 pol yneric conmpound. A variety of

di fferent and fugresedit egentsgaads fromabew Samt toaabenit 08 ppm, prefordbbsieem bout he U. S.
Patent Nos. 5,128,419; 5,171, 450; 5,216, 086; 5, 260,386 and 5, 986, 030 which
are each her eippbitealnupl prinediné moregirefemhlydront aboahS ppibtodbem ¥ pplb.he 5 t agged
fluorescent agent or noiety is stable at a pH ranging fromabout 2 to about
10. It shoul d be appsheciddteepptehiated ahay srei @hyenohtichi ¢fftagged tfluarescesuagentiae

nodi fications, variations and/or derivatives thereof of the

above- descri beg medjfielby Varping seanimbageifliwreseentl foupd dbuthe gobyartic gopop@mdcan be
utilized. For exanple, the hydrogen of the sulfonic acid groups of the
substi tuted pydndree virying tHefcontentrainds e ppbussie dormapamd. can be repl aced 10
with a suitable netal ion including, for exanple, sodium potassium

cesium rubidium The tdrins Mraviv” aAAONOANSinEUdstuS&T herdifi@infds peessly fdardof t he
substituted pyrene sulfonic acid can include any suitable nunber of carbon
atoms i ncl udi Ngherfvde, BeATR GoteriiMagitn of $heUbncehttaliBn of the flueddthi aggh®\igtheand
the like. It should be appreciated that the anbunt of inert fluorescent

tracer and tagg&fbrade sédaH@oR Ss6dks. aBeMt ehdobitheAdARE tRinHonBARY DL be
separation process that is effective wthout being grossly excessive wll
vary with a regh@gded 6h @ AR ulL! ¥t@nitleBC bPSEmi-continuous basis, and preferably the
concentration determination is conducted on-site to provide a rapid real-time
determination.
15 In an embodiment, the fluorescent agents of the present invention can be added
to a membrane separation system as a component of a formulation, rather than as a
separate component, such as a dry solid or neat liquid. The inert fluorescent tracer
formulation or product may include an aqueous solution or other substantially
homogeneous mixture that disperses with reasonable rapidity in the membrane
20  separation system to which it is added. In this regard, the concentration of the inert
fluorescent tracer may be correlated to the concentration of a product. In an
embodiment, the product or formulation can include a treatment agent which is added
to treat scaling and/or fouling.

As previously discussed, the inert fluorescent tracer(s) and tagged fluorescent

25 agents can be measured or detected to evaluate the performance of the membrane
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including, without Iimtation, the nonitoring nethod sel ected, the extent
of background interference associated with the selected nonitoring nethod,
t he magniwode/nsf4sst he expected tracer(s) concentration inpcraSigeomt er
and/ or concentrate, the nonitoring 20 node (such as an on-line continuous
nmoni toring node), and other simlar factors. In an enbodinent, the dosage
of each of an inert fluorescent tracer(s) and tagged fluorescent agent to
the feed water of the nenbrane separation systemincludes an anpunt that is
at | east suf fSERATAIAN RrREeR chMisRan ke perditied i) Aycgirbdsmaner. ofy dgfermiggtion of
fluorescent agents (i.e., inert fluorescent tracer and tagged fl uorescent
agent) in the thorieessngeart atflugtescgaly compeundp andyfthegtcongegsatioahdgreos ippthe and
preferably at |east about 1 part per billion ("ppb") or about 5 31 WO

03/ 082450 PCT/ifdg3l edoder epégr othetstegharof agugaibrans, sepgsation pagases cando magen or
about 200 ppm or even as high as about 1000 ppmin the concentrate or

ot her ef f | dentwienrtkaemncéntration efntbe dompavingd in He isfinsavifeedfater fahdior etberestreamgent s
ranges from about 5 ppt to about 1000 ppm preferably fromabout 1 5 ppb to
about 50 ppm dRdemiramepemfaioabysient iseevead) ppm of leggplbvenms dboed sesalgpb. | t
shoul d be appreciated that the concentration of tagged fluorescent agent
can be nodified btuamreg) ingnaylbe desindleto enfpldy aonebe exfitdiffireu peeriofiudréseent

pol ymeric conpound and/or varying the concentration of the polyneric
conpound. The ttagémsand taggel @resesnt agemniSuck sapaiatecend Wistidlcthacas and/onthged
expressly indicated 10 otherw se, nean the determ nation of the
concentrati on fafordsnt hpdn®y @RCACH bagdesdtsd aiil fkatifisteiiy single SENRhHReEdWAter
process. In an enbodi ment, the tracing/nonitoring can be conducted on a

si ngul ar, jont emiot bRt stRAmSERiorCHOYIdE BEEthBia $dsBectiad tra il @feis M ediskBE do
concentration determnation is conducted on-site to provide a rapid

real -time detf Hitddré Xith ohe ahéth@N BD BBt adaBed fod NuBHIE RhceROMAIsy Of
the present invention can be added to a nenbrane separation systemas a

conponent of a,fdan MloAdst@R . spkddshse $d3@Ble @y Selection of fluorescent agents having
appropriate spectral characteristics.

The inert fluorescent tracers and tagged fluorescent agents of the present

15 invention can be detected by utilizing a variety of different and suitable techniques. For

example, fluorescence emission spectroscopy on a substantially continuous basis, at

least over a given time period, is one of the preferred analytical techniques according to

an embodiment of the present invention. One method for the continuous on-stream

measuring of chemical species by fluorescence emission spectroscopy and other

20  analysis methods is described in U.S. Patent No. 4,992,380, B.E. Moriarty, J.J. Hickey,

W.H. Hoy, J.E. Hoots and D.A. Johnson, issued February 12, 1991, incorporated

hereinto by reference.
In general, for most fluorescence emission spectroscopy methods having a
reasonable degree of practicality, it is preferable to perform the analysis without

25  isolating in any manner the fluorescent species. Thus, there may be some degree of
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separate conmponent, such as a dry solid or neat liquid. The inert
fluorescent tracer fornulation or product may include an aqueous sol ution
or ot her wolswsase al |y honpgeneous m xture that di sperse®Ccwushd/orasonabl e
rapidity in the nenbrane 20 separation systemto which it is added. In this
regard, the concentration of the inert fluorescent tracer may be
correlated to the concentration of a product. In an enbodi nent, the
product or formulation can include a treatnent agent which is added to
treat scaling beskgrends Buareseepee A thy aflugudesiwaies @pd/ee goncenieaty geerthich the
fluorescent tracer(s) and tagged fluorescent 25 agents can be neasured or
detected to eviiomsewce Baalpdy fsorarduried. of his Hackesonnd sfinoresgney\may 370082450

PCT/ US03/ 01209 separation process. This can be performed in any suitable
manner. A det eshainirat i compsfundg him pthes emrebrafe asepdrefnne seystem cOmpbusiimgd thad t he
concentration thereof in the influent/feedwater and/or other streamof a
menbr ane sépariaflient/fgsdwaters sysean theeeofiptat Brevuerelatdde toc recmambmné capasdtionhe
conmpound in the influent/feedwater and/or other stream of a nmenbrane
separ ati on sygjirecess of thepreseat inpgmomor | ess, even as | ow as several ppt. At
times, it may be desired to enploy a nunber of different inert fluorescent
tracers and tagged Ifilinsanhesodnte thebamtkgroufslifiorsepaeds bwarid rdiatitd medsutablacer s
and/or tagged fluorescent agents can each be detected and quantified in a
si ngl e i nfl uenhfehsehndinessutd aguitisora aftdndirds flue@sveht @dmpoundpaovd desidifdat
their respective wavel engths of em ssion do not interfere with one

anot her. Thus, coagdngrfidrediid a8digHey @6lativerintetlity] ok erstah@CHI0F ofhe fladresded@asTd
fluorescent species are possible by selection of fluorescent agents having

appropri at g speh bfthe ¢Redr aad Bieitsdobd SuorbPtforé N@Es the BIRKESERNEantbe A HgRNd
tagged fluorescent agents of the present 15 invention can be detected by

utilizing a vag} glsin@f a tiibio2nentio ansom Ly, Walh Gedie BEthBIHARDns EPExcitIRAMRE,
fl uorescence em ssion spectroscopy on a substantially continuous basis, at
emission wavelengths are employed even at low fluorescent compound concentrations.
Such ratios would be representative of a “relative fluorescence” (under like conditions)
of respectively 10 and 50. In an embodiment, the excitation/emission wavelengths
15  and/or the amount of each of the tracer and tagged fluorophore employed are selected
to provide a relative fluorescence of at least about 5 or 10 for the given background
fluorescence anticipated.
Examples of fluorometers that may be used in the practice of this invention
include the TRASAR® 3000 and TRASAR® 8000 fluorometers (available from Ondeo
20  Nalco Company of Naperville, IL); the Hitachi F-4500 fluorometer (available from
Hitachi through Hitachi Instruments Inc. of San Jose, CA); the JOBIN YVON
FluoroMax-3 “SPEX” fluorometer (available from JOBIN YVON Inc. of Edison, NJ);
and the Gilford Fluoro-IV spectrophotometer or the SFM 25 (available from Bio-tech

Kontron through Research Instruments International of San Diego, CA). It should be

25  appreciated that the fluorometer list is not comprehensive and is intended only to show
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| east over a given tine period, is one of the preferred anal yti cal

techni ques according to an enbodi nent of the present invention. One nethod
for the cwotosnsmss on-stream neasuring of chem cal speci @sTHI80$/b1209 escence
em ssi on spectroscopy and other 20 analysis nmethods is described in U S
Patent No. 4,992,380, B.E. Miriarty, J.J. Hckey, WH Hoy, J.E. Hoots and
D. A, Johnson, issued February 12, 1991, incorporated hereinto by
reference. In general, for nost fluorescence enission spectroscopy nethods
having a reasdaaBlee abgilesomstersy ocPthen| sqmmerriplly saypilabler Aypremetstspeanfior m

t he anal ysis w thout 25 isolating in any manner the fluorescent species.
Thus, there nayodiicatiopsetheraefrcan alse be wgd WINFINMGBRAB0 PCT/ US03/ 01209
background fluorescence in the influent/feedwater and/or concentrate on

whi ch the fl uor esdeshorldabrabppsécintddsthatondarietiedt oty spiteble legelpugall technigwesscence
may come from chem cal conpounds in the nmenbrane separation system

(i ncl udi ng % hem&y ibafdtilieed /t6 cachaare ethe sapsuaimof Hegre dfupresdeat tracass wnd ghggedd to

t he nenbrane separation process of the present invention. In instances
wher e t he backfiyrooascant fdgems ebicieg ctbe irsenhtpame bdperatied girooess. nedasmpkb| & such
intensities (measured agai nst a standard fluorescent conmpound at a standard
concentrati on tachiquss irghedd cambmked tHRLE - flutrésagict yapalfyss, dohsinsmyeaniREly, ©h t he
fluorescence of 10 each of the tracer and the tagged fl uorophore versus the
background canseletiveaiectrbdegdnalysik aransiied merakeanalysiatndthetikd. 00/ 10 or 500/ 10,
when certai n conbinations of excitation and em ssion wavel engths are

enpl oyed even at | @or f éta6iphs Cit canbipmisnd of OfiigiePiebsitd Aifid chetGdntde@dph9 S
woul d be representative of a "relative fluorescence" (under I|ike

condi tionsjo OFHPESDAmE ifNiBleYcehlt MANsROf ideRt fidrestdRORAdIRMUnd tidd€d fluorescent
excitation/em ssion wavel engths 15 and/or the anpunt of each of the tracer

and tagged fl L%Eﬂ@ R B RIREPHR IR Reifable a8Buntt Of ME MekiRiofest@t Bhdedeand
fl uorescence of at |east about 5 or 10 for the given background
tagged fluorescent agents within the membrane separation system of the present
invention, particularly when very low levels of the inert fluorescent tracers and tagged
fluorescent agents are used or the background fluorescence encountered would
15 otherwise interfere with the efficacy of fluorescence analysis. The HPLC-fluorescence
analysis method allows inert fluorescent tracers and tagged fluorescent agents to be
separated from the fluid matrix and then the tracer concentration(s) can be measured.
The HPLC method can also be effectively employed to separate a tracer and/or
tagged fluorescent agent(s) from a fluid matrix for the purposes of then employing a
20  detection method(s) other than fluorescence analysis. An example of this type of
chromatographic technique is described in “Techniques in Liquid Chromatography”,
C.F. Simpson ed., John Wiley & Sons, New York, pp. 121-122, 1982, incorporated
herein by reference, and “Standard Method For The Examination Of Water And

Wastewater”, 17th Edition, American Public Health Association, pp. 6-9 to 6-10, 1989,

25  incorporated herein by reference.
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fl uorescence antici pated. Exanples of fluoroneters that nmay be used in the
practice of this invention include the TRASAR(r) 3000 and TRASAR(r) 8000
fl uor onetwoa3sasas | abl e from Ondeo 20 Nal co Conpany of Nagarusosbheps|L);
the Htachi F-4500 fluoronmeter (available from Hitachi through Hi tachi
Instrunents Inc. of San Jose, CA); the JOBIN YVON Fl uoroMax-3 " SPEX"
fluoroneter (available fromJOBIN YVON Inc. of Edison, NJ); and the

G lford Fluoro-1V spectrophotoneter or the SFM 25 (avail able from Bi o-tech
Kontron through Reé’gléfr renpechicplgnBats anahissr ¢pderinagiey andfor eptraheigoetrcapy | t
shoul d be 25 appreciated that the fluoroneter list is not conprehensive and
is intended orheyemplogérbip @ecvendiey qeatif0 aPATYre8es/ eerE9 indxdimgp s sineft
fluoroneters. her comercially available fluoronmeters and nodifications
t hereof can alfhwrdseentisteden and/bri 8 tagged nfluaescertt agehowk bthre Bypypesedit agrep.t hat a
variety of other suitable analytical techniques 5 may be utilized to
measur e t heé an@alodmetfy is ndeterriihatone$ ¢ elremital geredroanids dbalig adabsérb witrasodee nt
agents during the nmenbrane separation process. Exanples of such techniques
i ncl ude comnbi nedvisibleQight.u T Barimetde aaalpdisy sickniques| and i theteyipmeal disi siay iben

sel ective electrode analysis, transition netal analysis and the like. For
exanpl e, the coffdoyedtthersfodfarddgbripdeiasuiSe PhiequNg. ¢jopDR%Y, AEAMvyiart0J.].
("HPLC"') and fluorescence anal yses of inert fluorescent tracers and tagged

fluorescent agierdys wan PRyUUIH. i Hess taad dBIAEClohiRas Ussabd eFeBri@NYS, QL he
inert fluorescent tracers and tagged fluorescent agents within the

menbrane separigtdritatey Béreib9 fetbleepr esent i nvention, particul arly when
very low levels of the inert fluorescent tracers and tagged fl uorescent

agents arejgused or wWine rddpeek & ioH Redilvé lBRIB RAAYEN GRUGH RIRHvaQetddd Ray
otherw se interfere with the efficacy of fluorescence analysis. The

HPLC-f | uor escefiCed ' at¥lise MRIBALNRAAWE ah N NhdrbRERSFERA anlifoR G gEeANd
tagged fl uorescent agents to be

fluorescent agent through the direct potentiometric measurement of specific ionic
tracers in aqueous systems. An example of an ion selective electrode tracer monitoring
technique is described in U.S. Patent No. 4,992,380, B.E. Moriarty, J.J. Hickey, W.H.

15  Hoy, JI.LE. Hoots and D.A. Johnson, issued February 12, 1991, incorporated herein by
reference.

It should be appreciated that analytical techniques for detecting and/or
quantifying the presence and/or concentration of a chemical specie without isolation
thereof are within an evolving technology. In this regard, the above survey of

20  analytical techniques suitable for use in detecting measurable amounts of the inert
fluorescent tracer(s) and/or tagged fluorescent agent(s) during the membrane separation
process of the present invention may presently not be exhaustive. Thus, analytical
techniques equivalent to the above for purposes of the present invention may likely be

developed in the future.
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separated fromthe fluid matrix and then the tracer concentration(s) can be
nmeasured. The HPLC nethod can al so be effectively enployed to separate a
tracer amwbas/osidagged fl uorescent agent(s) froma fluid nmecmivsos/oerot he

pur poses of then enploying a 20 detection nethod(s) other than
fluorescence anal ysis. An exanple of this type of chromatographic technique
is described in "Techniques in Liquid Chromatography”, C. F. Sinpson ed.,
John Wley & Sons, New York, pp. 121-122, 1982, .incorporated herein by
reference, and " St dfdBieyiondy wsgussed: th, 8ressid i veatipn saropropidechiship gelective
Wastewater”, 17th Edition, Anmerican Public Health Association, pp. 6-9 to
6- 10, 1989, 2mdionsenspiye ananitoneg ef  vaiety ef ppesse parapsteisINiB 89 4Bwific to

PCT/ US03/ 01209 Wth respect to colorinmetry analysis, colorinmetry and/or
spect r ophot orrethe yemiyang separapip prodess.o Thkemenritoriag ¢y kpsedathe ifegsuzabld amgnuatscent
species including an inert fluorescent tracer and/or a tagged fl uorescent
agent or otheroffdnuioere Suemnicenirtoggr. in cBmbiohiomi with 2 yagised Huetetcentragenitandzedf a
chemi cal specie fromits ability to absorb ultraviolet or visible |ight.

Col orinetri c adaing shesmembhine qepemtiamdracéss. du thipregard, thedtuormyenbepecenfilegy ed
therefor are described in U S. Patent No. 4,992,380, B.E. Mriarty, J.J.

H ckey, WH. Hayrt fliofescehioticsr ambitaBpedl. flubodsoeno agent)saudet degdoredant ynyl Ryitahl@91,

i ncorporated herein by reference. 10 Wth respect to ion selective

el ectrode anal ipsiton c@Modalions @ltkiat thy enedlbegie rsepieativayprodess, neld ai anydedigblgl ne
the concentration of an inert fluorescent tracer and/or a tagged

fl uorescent agguitioh i @u@dmbriie filtragsit pro@beilbigome tfeddovatee aseune M donténtraeeci f i C
ionic tracers in aqueous systens. An exanple of an ion selective el ectrode
tracer nonig oritgm, HRCP&HINGAE suSareaerlifeesr tdnbihabionPaleedf. NOThid e88aivai§0,

B.E. Mriarty, J.J. H ckey, WH. 15 Hoy, J.E Hoots and D. A Johnson,

i ssued Febr uar yorfkgpond9Bh cohdbaRitRAloR iR ABRERhNspBies ih @AY BB&H.

In an embodiment, the monitoring of the membrane filtration process of the
present invention can be based on a measurable amount of each of the tracer (i.e., the
inert fluorescent tracer and tagged fluorescent agent) from at least one of the feedwater

15  stream, the permeate
stream and the concentrate stream.

20 In this regard, monitoring of an amount of the inert fluorescent tracer and
tagged fluorescent agent as it may vary during membrane filtration can be utilized to
evaluate a number of process parameters specific to membrane filtration such as the
ratio of the inert fluorescent tracer to the tagged fluorescent agent or the like, with a
high degree of sensitivity, selectivity and accuracy, as previously discussed. The

25  ability to evaluate these types of membrane separation process parameters with such
level of certainty, sensitivity and selectivity and on a continual basis in accordance with
the present invention can provide a better understanding, in real time, of the

performance of the membrane. Thus, adjustments to the membrane separation process
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It should be appreciated that anal ytical techniques for detecting and/or
quantifying the presence and/or concentration of a chem cal specie w thout

i sol ati orwotodesmed are within an evol ving technol ogy. |n trhirasoggerd, the
above survey of 20 anal ytical techniques suitable for use in detecting
measur abl e anmounts of the inert fluorescent tracer(s) and/or tagged
fluorescent agent(s) during the nenbrane separation process of the present
invention may presently not be exhaustive. Thus, analytical techniques
equi val ent to ¢dideanpuigengre respoirspiseandsiteetiyelyphasedoen the mespurpdameny of ffikel y be
devel oped in the future. 36 WO 03/ 082450 PCT/US03/ 01209 As previously

di scussed, t heinpnt éberescenhyraeer i and/oc st Pegedi ﬂ@ortﬁcghlagemelifemeidvg tarrgtioize
sensitive nonitoring of a variety of process paraneters unique and specific
to the nenbr amembepapaifororngr odes sxamiple, adwstmens ggn ibs dadseth owrdageethe
measur abl e anounts 5 of an inert fluorescent tracer in conbination with a
t agged fl uof eseceneryagenbr pevedny reedvedty pf thg ntehbrane stpagation sppen.aln s pgand,ess.

In this regard, the fluorescent species (i.e., inert fluorescent tracer
and tagged f| untressirentheagene)y méo dogedettaet@dryatforamyit produapivéll rddncatheon or

| ocations within the nenbrane separation process, such as any suitable
position in a feediaaneqdited tahdthueneduco éedwatad ang, foher irfkdwalied petreamasmt t he
concentrate 10 stream the perneate stream the |ike or conbinations
thereof. This efsfsemtichehiral teamieht PADEEMING. alt SRUILEBE Bréddiedihat the optimal
fluorescent species in each stream In an enbodi nent, the nonitoring of the
menbrane filtrgdréedn rgé@er Salef cahhiry RitBSdpect BVEBLtyHN of Alktnideanbaspatn 2
measur abl e anount of each of the tracer (i.e., the inert fluorescent
tracer andj§ agge@nf | uorescent agent) fromat |east one of the feedwater 15
stream the perneate stream and the concentrate stream 20 In this regard,

nmoni toring of an ampidveQfinfeli&ohf8ilel of Bb‘t%ﬁ@crﬁfﬁimitzécﬁ%scﬁ@qm/or fouling of

the membrane can adversely impact the performance of membrane separation. If
deposition on the membrane is neither prevented nor detected soon enough for effective
removal by cleaning methods, the normal life of the membrane, which can be about
15 three to five years for reverse osmosis, may be severely shortened and replacement
costs dramatically increased. As previously discussed, the membrane separation
systems are more sensitive to such scaling and/or fouling activity as compared to
cooling water systems. It should be appreciated that the membrane separation system of
the present invention can include any suitable type and amount of components in order
20 to effectively treat the scale and/or fouling conditions, such as, any suitable treatment
or pretreatment system including antiscalants and/or biofouling agents, filters,
treatment equipment, such as chemical agent delivery devices, like suitable components

or combinations thereof.
For example, suitable antiscalants that can be used in the membrane separation

25  system (especially reverse osmosis systems) of the present invention include suitable
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tagged fluorescent agent as it may vary during nmenbrane filtration can be
utilized to evaluate a nunber of process paraneters specific to nmenbrane
filtrati owoamke4as the ratio of the inert fluorescent tra&carusoponzhe tagged
fluorescent agent or the like, with a high degree of sensitivity,
selectivity and accuracy, as previously discussed. The 25 ability to

eval uate these types of nenbrane separation process paraneters with such

| evel of certainty, sensitivity and selectivity and on a continual basis in
accor dance wi tBPlymigiimrqueeystsolugion mthichrrap aphilit hoiferanatiopand grovighgbrlktlingdi ng,
inreal tine, of the performance of the nenbrane. Thus, adjustnents to the
menbr ane separ&tth earbopae esd sulfre wWalaangding sabom cmbarate $69COs Ancaldurade
nore responsively and effectively based on the nmeasured anount of the

i nert fl uor esceHetet(F@a¥lJaerdthedike-heAntiagpdpati chamienl s egenerale frd canfinypugled, to
optim ze nenbrane performance. For exanple, adjustnents can be nade to

i ncrease tHe Sintoetho\fegdystreami whengin gke optimhum desdvipaint is fbefdne anaarthdgenprefilter
separation system In this regard, increasing the recovery ratio or

per cent recovepogitiohalkalengithe fopdwhiartsireant.| Thensel ofecdnhisuouk deedwi tiscalaguéaned and
t hus reduce feedwater costs, lower influent fluid pretreatnment costs and
chem cal treatminihizeé ef elirhiaae nhes neekldtfos iddi kadbdfedadmpribe syateadirt drdér tolventogit | mal
percent rejection value can vary with respect to the type of nenbrane
separati on 10scsl¢simintanHayiker the WidpesstonCoONdolidd hidl calloidspini sotutiby. rThisi ¢ahzed,
the scale and/or fouling of the nenbrane can adversely inpact the

performance of miahle aRmbeapsulihg, @fd inhibit ttkefrecpitation oDOaCdyeandeaBogane i s
nei t her prevented nor detected soon enough for effective renoval by

cl eani ng ngs hods, tih€anNemb&limbitf @hedbrebdi® iHRAHIOANEN MbAiR HaAr @nablotHe 15
three to five years for reverse osnosis, may be severely shortened and

replacement  cQabenudfi st the 3kdiMg laR@bEEid RMling \Feddnenti 43bh%t WitlirSthb $&@tbradehe
menbrane separation systens are nore sensitive to such scaling and/or

fouling acti Vil @orCHIRAE 855eli @n the measurable amounts of tracer in the system. In an
embodiment, the inert fluorescent tracer is continuously fed to the feedwater along with
the tagged fluorescent treatment agents. It should be appreciated that the inert
15  fluorescent tracer can be added separately or as a part of a formulation of the treatment
agent to the feedwater. In an embodiment, the inert fluorescent tracer is fed to the
feedwater in known proportion to the scaling and/or biofouling agent. In this regard,
the measure of the inert fluorescent tracer concentration corresponds to (is proportional
to) the chemical concentration (under zero-system-consumption conditions) at any
20  suitable tracer monitoring point within the membrane separation system.

As previously discussed, the tagged fluorescent agents are utilized in
combination with the inert fluorescent tracers. In this regard, one or more types of
fluorescent tags can be added to a polymeric compound suitable for use as a water
treatment agent in order to effectively monitor the effects of the treatment agents on the

25 membrane separation.

39



cooling water systens. It should be appreciated that the nenbrane
separation systemof the present invention can include any suitable type
and anourwoOaB/ogmsponents in order 20 to effectively treat pchassyad2e9 and/ or
fouling conditions, such as, any suitable treatnment or pretreatnent system
i ncludi ng anti scal ants and/or biofouling agents, filters, treatnent

equi pnent, such as chem cal agent delivery devices, |ike suitable
conponents or conbinations thereof. For exanple, suitable antiscal ants
that can be used i mARPHeanie hpyeadiscayersdr et e usssofsy Sagaed (fhunsesesnd | dggntr Byer se
osnosi s systens) of the present invention include suitable 38 WO 03/082450
PCT/ US03/ 01209congunasine wathian iaeftiBeerssce| tise¢ramovafidsan addedl fewelidfimonitpréng as
formati on and growth of alkaline earth carbonate and sul fate scal es,

i ncl udi ng cal céamnacssy toothatsele( u€adOBY jnertcBiiasesgent teagerf adre tis e84 "the awertt he

| i ke. Antiscalant chem cals are generally fed continuously 5 into the feed
st r eam wher®i nfludrescopttiagemedmpodeny giam the i rgoriitefedrie exalpate tthe doragep o€ tredtnent
positioned along the feedwater stream The use of a continuous feed of

anti scal ant s cagent arided wi the mombehe sepamtion sysenn eadithe vaggad fldoreweltagéragicannt o
the systemin order to control scale, and can facilitate the suspension of
sol i ds and col bomdsitdred te@laltidte an active shand@cal ingreddiant geeg. Naehiia ieredaivg witgin and
inhibit the precipitation of CaCO3 and CaS®. 10 In an enbodi nent, the
present i nvent ihoRystan soEast @isorbingd/ @b giomitg alystilneThGpn desiédsatin e efféctd bfe
scaling and/or biofouling treatnment agents within the nenbrane separation
process based @@ tdagndiieageHi@pldee anDionteartplel b AGKT of thet featrByBtapsht dud &N
enbodi ment, the inert fluorescent tracer is continuously fed to the

f eedwat er @b ongdswiptibn o e td1] ¢hane srRbrell ARPAIRNI AR RkGtng!dchahgul d be
appreciated that the inert 15 fluorescent tracer can be added separately or

as a part of ajf;onfidb@hdrPR tBeed NRorbpiRAIsNENt agent to the feedwater. In an
enbodi nent, the inert fluorescent tracer is fed to the feedwater in known
proportion to the spald,ngiaRdY ﬁéat}%x?tfa%bﬂtg Eﬂpl@%rhts anfiftaiafis %néi/@rgﬁﬁinuling
agents, and the mechanisms by which they inhibit scale deposition, may change as
improvements are made in antiscalant chemistry for membrane filtration systems, but
15  the need for a continuous feed of treatment agents will most likely continue despite the
improvements. The preferred inert and tagged fluorophores of the present invention,
will substantially have a rejection factor of 1, and more preferably will be employed in
minute concentrations. Thus, the use of the tracer of the present invention will not in
any significant manner add to the total dissolved solids (“TDS”) of the permeate nor
20  detrimentally affect a downstream ion exchange process or other permeate polishing
process.
The rejection factor is defined as follows:
Rejection Factor =( Cg - Cp) / Cf
where Cr is the concentration of the fluorophore in the feed stream and Cp is the

concentration of the fluorophore in the permeate stream.
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the neasure of the inert fluorescent tracer concentration corresponds to
(is proportional to) the chem cal concentration (under

zer o- systwmososxisopt i on conditions) at any 20 suitabl e traxrarsosrornng ori ng
point within the nmenbrane separation system As previously discussed, the
tagged fluorescent agents are utilized in conbination with the inert
fluorescent tracers. In this regard, one or nore types of fluorescent tags
can be added to a pgl yneric canpound suitable for use as a water treatnent
agent in order to efedtce &ty ABhinddresch dlugropheres obtheiprgsert gy eanffent s
on the 25 nenbrane separation. 39 WO 03/082450 PCT/US03/01209 Applicants
have di scover etfilizgd o mepitqrsievasietysoft ditierart Haramntess srasificalg apgmbranecssadptingt i on
with an inert fluorescent tracer provides an added |evel of nonitoring as
conpared to th&cBghat theepesformgnce 9ér imembidneeseparation pepsesses Fan bhicsfeetighyr d,
the inert 5 fluorescent tracer conponent can be nonitored to eval uate the
dosage of t¥eampeitaredgpdrrontaeligddIn an enwdimesnbtheparangiers aan ioeludy Sarempmplad t he
tagged fluorescent agents can be nonitored to evaluate an active chem cal
i ngredi ent (e. operationd pahateterss clregact parametetshinechanibd psypskters, aslmmbagtions
adsorbing to a growing crystal). Thus, a decrease in the effects of the
treat ment agenthesdf. dinahits oggafd) thegpresamd ieyensioth casbendtilizédtot aseeas aiiir cagesita due
to 10 adsorption on a growing crystal, can be nonitored and detected by
eval uati ng a chaigeof diffegent atocessadonditienst thhocdnaggrack fnkmbiraog perf@sandel) dor

chem cals or treatnment agents enployed as antiscal ants and/or anti-fouling
agents, and t hexamptd)acdliagtntyyr ¥éuliad comdyonsNmelbians takeper dp@adativ® Aand My
change as inprovenents are made in antiscalant chem stry for menbrane
filtrationi@ystiegpecifitio tAdSmbhBrafeRParh@dn fro&edt i nuous feed of treatnment
agents will nost likely continue despite the inprovenents. The preferred
inert and tagged flTRrdiRekstheprdséif ife@siitan ifdURB bhPditablwitypl, fkmdst afat i al |y
have a rejection factor of 1, and nore preferably will be enployed in

combination of components, such as tracer compounds, tracer detection devices (e.g.,
analytical techniques) or the like. In an embodiment, the chemical compound(s)
15  selected as the tracer(s) is soluble in the membrane separation stream to which it is
added to the concentration value desired and is substantially stable in the environment
thereof for the useful life expected of the tracer(s) (e.g., tagged and/or inert). In a
preferred embodiment, the combination of the chemical compound(s) selected as the
tracer(s) and the analytical technique selected for determining the presence of such
20  tracer(s) permits such determination without isolation of the tracer(s), and more
preferably should permit such determination on a continuous and/or on-line basis.

In an embodiment, the present invention includes a controller (not shown) to
monitor and/or control the operating conditions and the performance of the membrane
separation process based on the measurable amount of tracer(s) (e.g., inert fluorescent

25  tracer and tagged fluorescent agent). The controller can be configured and/or adjusted

in a variety of different and suitable ways.
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m nute concentrations. Thus, the use of the tracer of the present invention
will not in any significant manner add to the total dissolved solids
("TDS") oWwotonesyer neate nor 20 detrinentally affect a dowestrisasnizon
exchange process or other perneate polishing process. The rejection factor
is defined as follows: Rejection Factor = ( CF - CP) / CF where CF is the
concentration of the fluorophore in the feed streamand Cp is the
concentration of the fluorophore in the perneate stream 40 WD 03/ 082450
PCT/ US03/ 01209 TheFor rexample, the. ontroljesegan bgnig ¢oatpglewith| aidetegienrdeyice dpott he
present invention can be utilized to nmonitor a variety of different

par anet er s spe#iopint ta propgsprivheadriectien aigaali (08, ftar hoisehEomtthe sigasly oy amderce of
menbr ane separation processes can be effectively 5 nonitored and

control | ed. | nerdanagribrodtitastion of thhywaggneannentratign. Eurther,ib¢ epérolldrean by adypsted,
operational paraneters, chem cal paraneters, nechanical paraneters, and
conbi nati ons themguinicaten withi gheregaipdnentshel preemembrana vepatatiom sgsgmbeThe
utilized to assess and/or control a variety of different process

condi ti ons t hatoncraumi¢atipachn rbendithandadewiral (egc electtical coexmmidagon salEt), ng
and/or fouling conditions, nmenbrane | eakage, degradation and the 10 |ike
speci fic to theirgestomanmneepar(ai, oirelessRemsiserfadd)ea pretmaiiisinetfadd e tiprldsent

i nvention can include any suitable type, nunber and conbination of
conponents, such adntthlCregard,otip wnsller tcamberutilieéd el catrotlah p@Sorfn@nd@. of

anal ytical techniques) or the like. In an enbodi nent, the chem cal

conpound(s) 15ms@bReE SPador. Fer éaapl (e )kohtfolBOEdalominiunichiRevitiEI e @B ice
separation streamto which it is added to the concentration val ue desired

and is subsd anthogdtoWn$ inRde té BorktldPthe A¥dal® BNMB&tmenk REMBOSuch At aftRalatiednal 1ife
expected of the tracer(s) (e.g., tagged and/or inert). Ina preferred

embodi ment, t hgoGabiviald 8RR Atmbhase SHRMEAIpr&BPRNEA6LR)hs Shdanbath 88 ehe
measurable amounts of inert fluorescent tracers, tagged fluorescent agents and ratios
thereof.
It should be appreciated that pairs or groups of tracer monitoring points that are
15 to be compared should not be positioned across a flow-through site that has a high
concentration of solids, for instance a solids concentration of at least about 5 or about
10 weight percent per unit volume based on a measured volume unit of about one cubic
inch. Such high solids concentration flow-through sites are found at the site of filter
cakes and the like. In this regard, these sites may absorb, or selectively absorb, at least
20  some amount of the tracer. This can distort the significance of monitoring comparison.
When a tracer is added upstream of, for instance, a cartridge filter, in an embodiment,
the first monitoring location of a monitoring pair should preferably be downstream of
such sites.
However, separate monitorings across a flow-through site of high solids

25  concentration may be conducted to determine the loss of tracer from the fluid, and if
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tracer(s) and the analytical technique selected for determ ning the
presence of such 20 tracer(s) permts such determ nation w thout isolation
of the trwoas(sM4s0 and nore preferably should permt suchpdatEsoshrati on on
a continuous and/or on-line basis. In an enbodi nent, the present invention
i ncludes a controller (not shown) to nonitor and/or control the operating
condi tions and the perfornmance of the nenbrane separati on process based on
t he measur abl e amount  of traceréB ., inert fluorescent 25 tracer and
tagged fl uor est&htlosgisonselertge &srthe é‘laFeéf thedpsspef etBer saliieseet hiatasitsr Be ust ed
in a variety of different and suitable ways. 41 WO 03/ 082450 PCT/U803/01209
For exanpl e, teapesntwhsn| e Zayrthseugh nSl@oﬁt & ceartifigen fifer euele tesiforessi ea ( not
shown) to process the detection S|9nal e.g., filter noise fromthe signal)
in order to eddiernire thadosdef edutennt aty, ?Wébutt%béﬁ:@rth@mﬁ@@ﬁm@at logationFQthérer

the controller can be adjusted 5 to conmunicate wth other conponents of

t he menbr ang shighsalids ooncsytsationsited s lule wiihautd aitaginn siten obeolids tdneenthtiordswi r ed
(e.qg., electrical conmunication cable), a wreless communication (e.qg.,

wi rel ess RF i ntreattdoethe use gfebemindliadditivdsesutieecoagulahs flotdodants and telliks. r egar d,
the controller can be utilized to control the perfornmance of nenbrane
separati on. For exafphembbligmean terindrl fworesaent tracarselecad B noi 4 hisidlef Bedthatevi ce
10 (not shown) in order to control the dosage of treatnment agents, such as
anti scal ants afid thebinesti flégescwitt thicer ishe diemizabggeciemar dbésonotpliave es stréigsed on
the nmonitoring of the nmeasurable anmounts of inert fluorescent tracers,

t agged fl uor esgwbiptiog enélsctadnmgiichit irfisatioh hethe ofsibld teg®hOMhich Herrlp Progcabatte d

that pairs or groups of tracer nonitoring points that are 15 to be
conpared shoul 400K ngRoROBIaboL@TO0) Afgs@Sms Brdrh Bbbut M0OHGBmMEks? dnhdto dbBGt a
hi gh concentration of solids, for instance a solids concentration of at

| east about 5 oo rﬁﬁptﬁrefeﬂagly%é @htkr RGRGBMtroRaY clash of mHt@hMmhféﬁ%fédex@ﬂfbdaoy
nmeasured vol une unit of about one cubic
absorption of light and product fluorescent light emission, where the excitation and
emission light occurs at any point within the far ultraviolet to near infrared spectral
regions (wavelengths from 200 — 800 nm). The relative fluorescence intensity of the
15  inert fluorescent tracer must be such that it is detectable in the amounts specified by
product formulations (typically 2 —10 ppb as active fluorophore when dosed into the
feed water stream of a device).
Alternatively, when the tracer dye does have strong adsorbtions in the visible
spectrum, it is used in concentrations such that it is not detectable to the naked eye.
20  Such embodiments may be preferred, for instance, when a membrane's percent
rejection of the tracer is less than 100 percent, and it is desirable to produce a permeate
free of color.
In some instances it may be preferable to chose a fluorophore which emits

visible fluorescent light when excited by UV light. This may be preferred when visual

25  detection and/or photographic or other imaging of the system is desired.
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inch. Such high solids concentration flowthrough sites are found at the
site of filter cakes and the like. In this regard, these sites may absorb,
or sel ectwoaBywsabsorb, at | east 20 sone anount of the traeer/uSihirozan
distort the significance of nonitoring conparison. Wen a tracer is added
upstreamof, for instance, a cartridge filter, in an enbodinent, the first
nmonitoring |l ocation of a nonitoring pair should preferably be downstream of
such sites. However, separate nonitorings across a flowthrough site of
high solids 25 contiéipughpicalirapayerBetienpisatsar efencariayad M thheurifigationof
tracer fromthe fluid, and if 42 WO 03/082450 PCT/US03/01209 such loss is
nonsel ecti ve f ofwatpieox the proacessing of aqugausgireanms the syvi¢rng efshepresenhinveition areFor

i nstance, when the flowthrough site is a cartridge filter, such

nmoni t ori ngs camot ligeited teritheeust loban agwoesf infednyt bsan ¢ribadimgent,ghe mifloentaidyebet o
that pretreatnment |ocation. OGher 5 high solids concentration sites include
wi t hout | i ndt atrothrer fluideer afomwhitws of matse and artothen (leid. The @peratory pritvéplesse of
chemi cal additives, such as coagul ants, flocculants and the like. In an
enbodi nent, t hef imenbradd sepres@esystents aand rpraebsec bE thei [geseot insentiosiadnd eotdyoe,

that is, the inert fluorescent tracer is a chem cal specie that does not
have a strong gaksedpyittemaalre &f tee infloem gire the presadiimtehioon donldt doe by eraplble

regi on, which extends from about 10 4000 Angstrons to about 7000 Angstrons
(from about 40@ithaifluertt ethsrv(iSersufthble fod waked ghirificd6h ini aivenRh@hlaasddeyarh te
tracer is chosen froma class of materials which are excited by absorption
of light and pse®UCtTHel deadrptic@nbf tHegitentith SBdv@NthateEdr&o tda@esX Glyétaths @k and
em ssion light occurs at any point within the far ultraviolet to near

infrared spgct igplicall€AbPBDohy@YRk 8RO h§RBuZaqueSQyfshs. The rel ative
fluorescence intensity of the 15 inert fluorescent tracer nmust be such that

it is detectable inutRe ARBMRLS 1RARBISEGHRYr (PEOSAtanfoF mg%e”at) @RARoring
(typically 2 -10 ppb as active fluorophore when dosed into the feed water

stream of a deplefgds of the present invention can be utilized to monitor membranes which are

subjected to destructive (sacrificial) testing. This type of testing may include the

sectioning or division of an industrial membrane, for instance by cutting, into a number

15  of separate membranes pieces prior to testing so that a number of tests can be

performed, each on a different section of the membrane. The fluorescent tracer

monitoring of the present invention can be utilized to monitor a number of different

parameters of destructive testing including without limitation the effects of excessive

pressure, contact with a membrane-destructive fluid and the like. The diagnostic

20  regime of the destructive testing would generally be focused on the membrane which

may be subjected to visual inspection of its surface, a membrane-surface

microbiological analysis by swabbing of its surface and analysis of water samples in

contact with membrane, surface analysis for inorganic deposits by scanning electron

microscopy/electrodispersive spectroscopy (“SEM/EDS”), surface analysis for organic
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Al ternatively, when the tracer dye does have strong adsorbtions in the
visible spectrum it is used in concentrations such that it is not

det ect abl wotos/os1aso naked eye. 20 Such enbodi nents may be mpcafiesos/ertp9 f or

i nstance, when a nenbrane's percent rejection of the tracer is |less than
100 percent, and it is desirable to produce a perneate free of color. In
sone instances it may be preferable to chose a fluorophore which emts
visible fluorescent |ight when excited by U/ light. This may be preferred
when visual 20Patsey i'biarsthd/ ) SRSHEHPBphFlECton BrGRCORraigiiad)lyoFoupisd
systemis desired. 43 WO 03/082450 PCT/ US03/01209 Al t hough nmenbrane

separ ati on sysklasin GHE danabysisang liks wifagepnalypis tasiifyescat i on of water, or the
processi ng of aqueous streans, the systens of the present invention are
not limted to the Alfwugh the reeplwengs dirifel destuctiven tegiinge b @t raarline, tilhean
influent may be 5 another fluid, or a conbination of water and anot her
fluid. The Dbpeembddoneit op thermresohtasvenfiomeirbirzpee canepaadded tna Sydtserpam avhith
processes of the present invention are not so governed by the nature of

t he i nfluent tfiavs tolike pembent aridpasses byor thowgiditnet five efimphtoyredn toréxitas a
influents otherwi se suitable for water purification in a given nenbrane
separation system efflinmt steaoy i The itraces caf be duided tovknfluid npateomef tHeahentedrer t o
aqueous systens are 10 applicable also to nonaqueous and m xed

aqueous/ nonaguaniike sitst e flhid s@gameavidask paeses by thh enchibioe as & esthpdne@ethe( €. g. ,
inert and/or tagged) nonitoring mnethods of the present invention can be
utilized to nofitst efluhi Bidéaanatl/otpasbs Bfoagh Helhetrad tb @xitl@sSi Edttion¥i@ of the
(sacrificial) testing. This type of testing may include the sectioning or
di vi si on of( ansecasisilidnabtrdaBihe B@cer isQhorifosddan e flid Srehinl 2B @ poihiBeord tHRUNDEr
15 of separate nenbranes pieces prior to testing so that a nunber of tests

can be perf or ge@braf@ B dc@iimpeGhfifRicfNtaceCohtRftatdn $alR, BRI R BE east B of
fluorescent tracer nonitoring of the present invention can be utilized to

noni tor a numbge mRd: adi teeyeB8Hd effluent streams to determine an effluent tracer concentration.

In this regard, the tracer is representative of a solute of the fluid stream that can be

added to the fluid in an amount sufficient for the determinations of influent tracer

15  concentration and effluent tracer concentration. Thus, the separation performance of

the membrane can be determined prior to actual use.

“Deposits” is meant herein to refer to material that forms and/or collects on

surfaces of a membrane. The “amount” or “concentration” of inert fluorescent tracers

and/or tagged fluorescent agents, is meant herein to refer to the concentration of a

20  fluorescent species in the specified fluid in terms of weight of the species per unit

volume of the fluid, or weight of the species per unit weight of the fluid, or some

characteristic of the species that is proportional to its concentration in the fluid and can

be correlated to a numerical value of the species concentration in the fluid (whether or

not that correlation conversion is calculated), and can be a value of zero or substantially
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paranmeters of destructive testing including without limtation the effects
of excessive pressure, contact with a nenbrane-destructive fluid and the

| i ke. Thewdiragszsei c 20 regi me of the destructive testingpeauisds/general |y
be focused on the nenbrane which my be subjected to visual inspection of
its surface, a nmenbrane-surface mcrobiological analysis by swabbi ng of
its surface and anal ysis of water sanples in contact wth nenbrane,
surface analysis for inorganic deposits by scanning el ectron '

m cr oscopy/ el e&¥9-odhusple Present ppnsessigsdedspihicdesetignepighg absenge of suchghemigali s f or
organic 44 WD 03/082450 PCT/ US03/ 01209 deposits by infrared ("IR")

spect roscopy, weeies, rblaashiocthobmisgiens plohe enalytigalmetividenpleyedsma ("1 CP")

anal ysis and |ike surface analysis techniques. Although the nenbrane during
destructive testi nglieforgeringdeskiiptions phthepreseit mwbrsidh menmesorefer ipecificelbetiot
invention, the tracer can be added to a fluid streamwhich flows to the
menbr ane andl papses ipfluants arr efflgdnts, tandishequsei of sin wfutdugeystemt fordesctibingrai t  as
a second effluent stream The tracer can be added to the fluid upstream of
t he nenbrane mndbiahe filiramer systamt el fHeuomraion ednhatprésests invpassethein ishe
menbrane as a conponent of the first effluent stream and/or passes through
t he nmenbr ane texeaplitiveasA pesompisrdimbryckilk inehe &, pixeanbk difdlésusatof sterpgesemt The
tracer is nonitored in the fluid streamat a point before the nenbrane to
determi ne an i spetifiestion] neudd beoaesat sfahowntos apple, thanfbrépoinigh dedcripeast toone of
the first and the second effluent streans to determ ne an effluent tracer
concent rat i on. nonhfudolld MmemBEad filtrafidisybte@ger is representative of a solute of
the fluid streamthat can be added to the fluid in an amount sufficient

for the defgrm nati-gqngufénti dAEhI¢BR ank/oR G8ENtPSisCRBLR HeFed vaihodN HmRAtidnunt
tracer concentration. Thus, the separation performance of the nenbrane can

be determ ned Prigé thfmRht YRmicHR Ghat eREROS hfefbrdn® sBR@MHon MR NpdRh&icer to
material that forns and/or collects on surfaces of a nenbrane. The

"amount” or " capteMdhat ﬂ.hﬁ)tn"reﬁfd/ﬂr&%fl{ hilHOaRS C&Afe t(feﬁ&?croﬁ, antifoulants that

retard/prevent membrane fouling, biodispersants, microbial-growth inhibiting agents,
such as biocides, and cleaning chemicals that remove membrane deposits, like
15 materials and combinations thereof.

It should be appreciated that the present invention is applicable to all industries
that can employ membrane separation processes. For example, the different types of
industrial processes in which the method of the present invention can be applied
generally include raw water processes, waste water processes, industrial water

20  processes, municipal water treatment, food and beverage processes, pharmaceutical
processes, electronic manufacturing, utility operations, pulp and paper processes,
mining and mineral processes, transportation-related processes, textile processes,
plating and metal working processes, laundry and cleaning processes, leather and

tanning processes, and paint processes.
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and/or tagged fluorescent agents, is neant herein to refer to the
concentration of a 20 fluorescent species in the specified fluid in terns
of wei ghtwofoswsmsepeci es per unit volume of the fluid, orcmaisghtized the
species per unit weight of the fluid, or sone characteristic of the
species that is proportional to its concentration in the fluid and can be
correlated to a nunerical value of the species concentration in the fluid
(whether or not that correlation conversion is cal culated), and can be a
val ue of zero or suUBsRagiuias| fopd and bapsraes PRowsE @aTNCLAE/ 91 2EEMPIS.cHdY Thus,
the present process includes the detection of the absence of such chem cal
speci es, at | epfegestes relang tartheaprpdusion pf crrama hayy-atiraidl, qeeshotpeeimity sykd. The
foregoi ng descriptions of the present invention at tinmes refer specifically
to 5 aqueous Pradycifeprosein isglatess lactesetsanufacirg, deyseasan, fainsepeyaieu endsirsiteem f or
describing a nenbrane filtration system and the operation of the present

i nventi on thermcovens fromxaitipgi dhease. Usepeslating tofthe belierage yindusiry includirtghdorar t |

gi ven the disclosures of the present specification, would be aware of how
to apply the fowmeglt fyitdeise ciapficatios, doocentrataceredeasidifieatama aleolalik thewadragen
systens. 10 "Treatnment chem cal s and/or agents"” is nmeant herein w thout
limtation to clatifidaticie didohelt removalcthe awcabshol hardtere reasrages npiobasanates,eqpar at i on
process performance, antiscalants that retard/ prevent nmenbrane scal e
deposi tion, aniisef ottlading s td haigar rrefiding)/ pegevadid prewir giecebsing, | Mggetable oil

bi odi spersants, mcrobial-growth inhibiting agents, such as biocides, and
cl eani ng cheni galistibhgiocELiMpy RetmilgsRgdiapasmbBprotdskiag (4.9, Pt @edtaéggs,and
conbi nati ons thereof. It should be appreciated that the present invention
is applicabde featal kish mﬁdun' SreclaiafionrCe w BB s, FBHD prab&siHE RALB lah® the
processes. For exanple, the different types of industrial processes in

whi ch the methgg of the present invention can be applied generally include
raw wat er processes, waste water processes, industrial water

Examples of industrial water uses as applied to the present invention include,
for example, boiler water production, process water purification and recycle/reuse,
softening of raw water, treatment of cooling water blow-down, reclamation of water

15  from papermaking processes, desalination of sea and brackish water for industrial and
municipal use, drinking/raw/surface water purification including, for example, the use
of membranes to exclude harmful micro-organisms from drinking water, polishing of
softened water, membrane bio-reactors, mining and mineral process waters.

Examples of waste water treatment applications with respect to the tracer

20  monitoring of the methods of the present invention include, for example, industrial
waste water treatment, biological waste treatment systems, removal of heavy metal
contaminants, polishing of tertiary effluent water, oily waste waters, transportation
related processes (e.g., tank car wash water), textile waste (e.g., dye, adhesives, size,
oils for wool scouring, fabric finishing oils), plating and metal working waste,

25 laundries, printing, leather and tanning, pulp and paper (e.g., color removal,
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20 processes, nunicipal water treatnment, food and beverage processes,
phar maceuti cal processes, electronic manufacturing, utility operations,
pul p and wemensya@socesses, nmning and mneral processes, PCT/US03/01209
transportation-rel ated processes, textile processes, plating and netal
wor ki ng processes, laundry and cl eani ng processes, |eather and tanning
processes, and paint processes. 46 WD 03/082450 PCT/US03/01209 1In
particul ar, food and beverage processes can include, for exanple, dairy
processes rel a¢qnaeptgon Hf ?}?‘Wdéé%ﬁt ofvlfgs liquek nlignopwereieryi 1eROVERh O€ sraper
specialty mlk products, protein isolates, |actose manufacture, whey,
casein, fat segrafings).odhemegats (6:8i ranulgonse laire Pignfentsnpaialst ¢hesnicah season bises
relating to the beverage industry including, for exanple, fruit juice
clarificati on, prodent®rand amuninipabwasiewatetirdaiment (e, sewheso indhstaaliyegier. age
clarification, alcohol renoval for |ow al cohol content beverages, process
wat er; and 5 uses r eDthti exgmplss ofi galpstrigdfapplicagjonsvefgtbe atebent prvenadminpglpnds detsi ng,

vegetabl e oil production/processing, wet mlling of grain, aninal
processi ng (e. exampies semzanducmggsise Materepmtéssgs, praslnctamdofpeuater rfg) jinjection,
recl amati on of wash waters, food processing waste and the |ike. Exanples

of industrial plaimaiceusas wasr aplpling dvated utddan pnaysenrodunti@ntetemery andlpostiact f or
exanpl e, boiler water production, process water purification and

recycl e/ r euse, foraalktien)afideledtrordut padt processihgat ment of cool i ng wat er

bl ow- down, reclamation of water 15 from papermaki ng processes, desalination

Of_ sea and br acki shexwaiphss of@iﬁgxio@tfihd&&mdhaﬂap @éldetermilﬁ’ﬂd yyid usd ®€inert fluorescent
drinki ng/ raw surface water purification including, for exanple, the use of

nenbranes 1@ epsderdfcliad, Bitlhke Mt Gifrre® i) 3FFECHNE “re§i@dNce Fimdk foPspasiteWithiR@d Shi ng
of softened water, nenbrane bio-reactors, mning and m neral process

wat ers. Exanpl gemBfan¥astiem WRkesrofiles 3hditincadRlabS 84t @RR, kit e&YBSPasd0 t he
tracer 20 nonitoring of the nmethods of the présent invention include, for
exanpl e, industyfi@lss balance, detection of scaling or fouling tendency (based on differences
between mass balance and flow based system parameters), system volume calculation,
chemical treatment product distribution and feed variability.
15 While the present invention is described above in connection with preferred or
illustrative embodiments, these embodiments are not intended to be exhaustive or
limiting of the invention. Rather, the invention is intended to cover all alternatives,
modifications and equivalents included within its spirit and scope, as defined by the

appended claims.

20
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waste water treatnent, biological waste treatnent systens, renoval of heavy
nmetal contam nants, polishing of tertiary effluent water, oily waste

wat ers, tweangpgxsati on rel ated processes (e.g., tank car paagisoweres ),
textile waste (e.g., dye, adhesives, size, oils for wool scouring, fabric
finishing oils), plating and netal working waste, 25 l|laundries, printing,

| eat her and tanning, pulp and paper (e.g., color renoval, 47 WO 03/082450
PCT/ US03/ 01209 concentration of dilute spent sulfite liquor, |ignon
recovery, recovery of paper coatings), cHaims,)| s (e.g., emnulsions, |atex,
pi gnents, paints, chem cal reaction by- products), and nunicipal waste
water treatnment (e.lg., Jewmsged fohmesitering|a membrne sepagytion rpresessnisrladingfa

i ndustrial applications of the present invention include, for exanple,

sem conduct or membangeapeble of sppargtingsa fep Higamtintom fist stieaneandrapiecondjsteant on,
pharmaceutical water including water used in enzyne production/recovery and
product f of nufeatoveslutenfiom|thecfeedstrsera ompprisg the semsadi ng. Exanpl es of

di agnostics which can be determ ned by the use of inert fluorescent 10
tracers include, buiroddieganinettiflwbteswnt tacereinfl @ caggedflioresedepeo ti nmes" for
species within the nenbrane, systemflow profiles, nenbrane damage

det ecti on, system rietadueimyg thased flwinesoas srabal aad aegged dlveciscenn agdnt sealtlieng or
fouling tendency (based on differences between nmass bal ance and fl ow based
syst em par anet er s) , fead/sieam providing acfhloeaneddrit@detect eecfidoeatent sigadl e the igpitoduct
distribution and feed variability. 15 While the present invention is

descri bed above in fMwiRest inacer\ahd hthptpbar fiedesoént aigbiltUs tat Rhdt\v@e efrtededdent s,

t hese enbodi nents are not intended to be exhaustive or Ilimting of the
invention. 1fRat her, dulagm] theembt @itahSant Nheesudes bieeag9\uRd udihy 1Rl HEdrB@étbVRS,

nodi fications and equivalents included within its spirit and scope, as

defined by the appRfd@theG@nddniBunt @Ghe inert fluorescent tracer and the tagged fluorescent

agent in at least one of the feed stream, the first stream and the second stream.

2. The method of claim 1 further comprising the step of evaluating at least
15 one process parameter specific to the membrane separation process based on the
amount of the inert fluorescent tracer and the tagged fluorescent agent that are

measured.
3. The method of claim 1 wherein the membrane separation process is
20  selected from the group consisting of a cross-flow membrane separation process and a

dead-end flow membrane separation process.

4, The method of claim 3 wherein the membrane separation process is

selected from the group consisting of reverse osmosis, ultrafiltration, microfiltration,
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48 WD 03/ 082450 PCT/US03/01209 dCdains 1. A nmethod for nonitoring a
menbr ane separation process including a nenbrane capable of separating a
feed strewmomnsms@a first streamand a second streamto 5PCEFTIN®IR0$ Ut es
fromthe feed stream conprising the steps of: providing an inert
fluorescent tracer and a tagged fluorescent agent; introducing the inert
fluorescent tracer and tagged fluorescent agent into the feed stream
providing a fluoronmeter to detect the fluorescent signal of the inert
fluorescent treaefiltghen, elsatredig s cleetindeionigatitn, pRyeaporalian, apenbsneexpféions t he
feed 10 stream the first streamand the second stream and using the
fl uoronet er tomewbrape distiléatign regngusne stippingend panbingtioppiheebnt tracer and the
tagged fluorescent agent in at |east one of the feed stream the first
stream and the second stream 2. The method of claim 1 further conprising
the step of evaluating at |east 15 one process paraneter specific to the
menbr ane separ at i orf. pr odis memd @ficlaim 1 hereiartirumemiphne deparaterprodebior escent
tracer and the tagged fluorescent agent that are neasured. 3. The nethod
of claim1l whesebictedtfioen the ginupnenssepaofatvense gemosie siltrafiftratidf), msiedofititagidn f r om t he
group consisting of a cross-fl ow nenbrane separation process and a
dead- end fl ow aeimManefileats@par ati on process. 4. The nethod of claim 3 wherein
t he nenbrane separation process is selected fromthe group consisting of
reverse osnosis, ultrafiltration, mcrofiltration, 49 W 03/082450
PCT/ US03/ 01209 nanofiltration, electrodialysis, electrodeionization,
pervaporation, nenbrane extraction, nenbrane distillation, nenbrane
stripping and conbi nati ons thereof.

6. The method of claim 1 wherein the inert fluorescent tracer is selected

10  from the group consisting of 3,6-acridinediamine, N,N,N’,N’-tetramethyi-
,monohydrochloride; 2-anthracenesulfonic acid sodium salt; 1,5-anthracenedisulfonic
acid; 2,6-anthracenedisulfonic acid; 1,8-anthracenedisulfonic acid; anthra[9,1,2-
cde]benzo[rst]pentaphene-5,10-diol, 16,17-dimethoxy-,bis(hydrogen sulfate), disodium
salt; bathophenanthrolinedisulfonic acid disodium salt; amino 2,5-benzene disulfonic

15  acid; 2-(4-aminophenyl)-6-methylbenzothiazole; 1H-benz[de]isoquinoline-5-sulfonic
acid, 6-amino-2,3-dihydro-2-(4-methylphenyl)-1,3-dioxo-, monosodium salt;
phenoxazin-5-ium, 1-(aminocarbonyl)-7-(diethylamino)-3,4-dihydroxy-, chloride;
benzo[a]phenoxazin-7-ium, 5,9-diamino-,acetate; 4-dibenzofuransulfonic acid; 3-
dibenzofuransulfonic acid; 1-ethylquinaldinium iodide; fluorescein; fluorescein,

20  sodium salt; Keyfluor White ST; benzenesulfonic acid, 2,2’-(1,2-ethenediyl)bis[5-[[4-
[bis(2-hydroxyethyl)amino]-6-[(4-sulfophenyl)amino]-1,3,5-triazin-2-ylJamino]-
,tetrasodium salt; C.I. Florescent Brightener 230; benzenesulfonic acid, 2,2°-(1,2-
ethenediyl)bis[5-[[4-[bis(2-hydroxyethyl)amino]-6-[ (4-sulfophenyl)amino]-1,3,5-

triazin-2-yl]amino]-,tetasodium salt; 9,9’-biacridinium, 10,10’-dimethyl-, dinitrate; 1-
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5 5. The nmethod of claim3 wherein the nenbrane separation process is

sel ected fromthe group consisting of reverse osnosis, ultrafiltration,

m crof i | twatismse4sand nanofiltration. 6. The nethod of cl aiperiuSesrer2ed n t he
inert fluorescent tracer is selected 10 fromthe group consisting of
3,6-acridinediamne, N,N,N ,6N -tetranethyl- ,nonohydrochl oride;

2-ant hracenesul fonic acid sodiumsalt; 1,5-anthracenedisulfonic acid;

2, 6-ant hracenedi sul foni¢c acid; 1, 8- ant hr acenedi sul f oni ¢ _aci d; anthral9, 1, 2-
cde] benzo[ rst] ﬁ%wdpiﬁér@hssir%ﬁmnarthyll?a“ iquheﬁﬁ[gﬂe%ydlnbh%%ﬂbybd)ré@éﬁl sul fate),
di sodi um salt; bathophenant hrolinedisul fonic acid disodiumsalt; am no
2,5-benzene di BNd-ofii,e@r rEsufongted apthgleaed selspine from)thegrewn papsisinRdtlif- azol e:
1H benz[ de] i soqui nol i ne-5-sul fonic acid,

6- ami no- 2, 3- di haplitheleedisplfmic giH phzodipim) salt (fRydeite)x >-aminephoerbhialeness Kbric
phenoxazi n-5-ium 1-(am nocarbonyl)-7-(di et hyl am no) - 3, 4-di hydr oxy-,

chl oride; benzaf;dtqunendaphthaldhesulfonichicd; 4trmmorohydaoet khaphthalenesulfonic

4- di benzof uransul foni ¢ aci d; 3- di benzofuransul fonic acid;

1- et hyl qui nal daadid; $raniocdceiroki-GonmplsbaenesulfohicacEs ¢-emimo- B8 nspichalemesiifbic
Keyfluor Wiite ST, benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[]4-

[ bi s(2- hydr oxyadid)\pblasdiam edlt, -apdidh- Sty drophz Mpbhpamilenedlisdifadiceacid; 5azi n- 2-yl | am n
o] - ,tetrasodiumsalt; CI. Florescent Brightener 230; benzenesul fonic
acid, 2,2'-(1, dmetiyhemipsi nhpHihaenelfohic [adid] bBamind-dnaghbalyed duyfoniaatiool-

-6-[ (4-sul fophenyl)am no]-1,3,5- triazin-2-yl] amno] -,tetasodiumsalt;

9, 9' - bi acri di naitb-71kphthalene ShlfBEit Byill;-and djoaphtBilenedicafdx YN0 2013/ Sifetdsm

PCT/ US03/ 01209

deoxy- | - (31¢- didnyeln®;10, &rﬂémwlrboaymcm@mbﬂnmmhm ithentdOCaH) - yl ) -

ribitol; nmono-, di-, or tri-sulfonated napthal enes ected fromthe gr oup
consi sti ng of ﬂlLuéresdéﬂp@ﬁ%I@éan\mP 5&&&&5\1]%@%@;2@1 @@étﬂéﬁe&@l)hlsqst(xdrat e);
2- am no- | - napht hal enesultonic 5 acid; 5-am no- napht hal enesul foni ¢ aci d;

4-am no- 3- hydr greyo LT QQ@@ﬁkﬁQeﬁ)ﬂ Jlﬁ&hsglun?sﬁltdoenzenesulfomc acid, 5-(2H-

6- am no- 4- hydr oxy- 2- napht hal enesul foni ¢ aci d’

7-amno-1, 3- naHJbrllﬁfatl?ﬂﬁﬁHAzgpfl—'yﬁ—Z(2-pheny1ethenyl)-, sodium salt; 1,3,6,8-
pyrenetetrasulfonic acid, tetrasodium salt; pyranine; quinoline; 3H-phenoxazin-3-one,

15  7-hydroxy-, 10-oxide; xanthylium, 9-(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-,
chloride, disodium salt; phenazinium, 3,7-diamino-2,8-dimethyl-5-phenyl-, chloride;
C.I. Fluorescent Brightener 235; benzenesulfonic acid, 2,2°-(1,2-ethenediyl)bis[5-[[4-
[bis(2-hydroxyethyl)amino]-6-[(4-sulfophenyl)amino]-1,3,5-triazin-2-ylJamino]-,
tetrasodium salt; benzenesulfonic acid, 2,2°-(1,2-ethenediyl)bis[5-[[4-[(2-

20  hydroxypropyl)amino]-6-(phenylamino)-1,3,5-triazin-2-yl}amino}-, disodium salt;
xanthylium, 3,6-bis(diethylamino)-9-(2,4-disulfophenyl)-, inner salt, sodium salt;
benzenesulfonic acid, 2,2°-(1,2-ethenediyl)bis[5-[[4-[(aminomethyl)(2-
hydroxyethyl)amino]-6-(phenylamino)-1,3,5-triazin-2-y1]amino]-, disodium salt;
Tinopol DCS; benzenesulfonic acid, 2,2°-([1,1°-biphenyl]-4,4’-diyldi-2,1-

25  ethenediyl)bis, disodium salt; benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-yl)-
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acid, potassium salt; 4-am no-5-hydroxy-2, 7-napht hal enedi sul fonic acid; 5-
di nmet hyl am no- 1- napht hal enesul foni ¢ aci d; 1-am no-4-napht hal ene sul fonic
aci d; 1- woismos#smnapht hal ene sul fonic acid; and 2, 6- napht Irairarsesiorzay boxyl i ¢
acid, dipotassium 10 salt; 3,4,9, 10-peryl enetetracarboxylic acid; C.1.

Fl uorescent Brightener 191; C. 1. Fluorescent Brightener 200;

benzenesul fonic acid, 2,2'-(1, 2-ethenediyl)bis[5-(4-

phenyl -2H 1, 2, 3-triazol -2-yl)-, dipotassiumsalt; benzenesul fonic acid,

5- (2H napht ho[’-ﬂ?hwkefheazlé sopliugn saltp (-Dergribingplesuiionipiayid, 2,2 odtripdeaed 8-
1,3,6,8- pyrenetetrasul fonic acid, tetrasodiumsalt; pyranine; quinoline,
3H phenoxazi n- $iylsiird,1-phenylenp)bis(6ymethyl-1 diseshiyra salt; Redhalhgmempm, potassium and

9- (2, 4-di car boxyphenyl ) -3, 6-bi s(di ethyl am no)-, chloride, disodiumsalt;
phenazi ni um 3sofiyp salts therepf:gind phatixiytes tieyshenyl -, chloride; C. 1.

Fl uorescent Brightener 235; benzenesul fonic acid,
2,2'-(1,2-ethenediyl)bis[5-[]4-

[ bi s(2- hydréxyet hyl ) ami no] - 6- [ (4- sul f ophenyl )ami no]-1, 3,5-triazin-2-yl]anin
o]-, tetrasodiumsalt; benzenesul fonic acid,

2,2' - (1, 2- et henedi y1.) bi s{hs-mpgtied ¢fclaim hypdieiginythe dpeytl Naor¢saerit tracer is selected

-6- (phenylamno)- 1, 3,5 -triazin-2-yl] amno]-, disodiumsalt;

xant hyl i um 3, Goini s(thé et byoupni konsisting 2, df di bdédxyph@ydihydroi7Brdmetbzall-2,4-
sodium salt; benzenesulfonic acid,

2, 2" - (1, 2- et hedegdbehjdiglpfebid[nt U(IH)ayli-Pomtetohyflydrécein; fluorescein, sodium salt; 2-

hydr oxyet hyl ) am no] - 6- (phenyl am no) -1, 3, 5-tri azi n-2-yl]am no]-, disodium
salt; Ti nopol aihiS¢enbaitfoeice satid omadiumaciself; 1,5- anthracenedisulfonic acid; 2,6-
2,2'-([1,1 -biphenyl]-4,4"-diyldi-2,1 25 ethenediyl)bis, disodiumsalt;
benzenesul floni anth@tahedibulfodid avid) Nt altiracdnelidulfoiz akid? mvho- dBLoB-ABLAHIM S50
PCT/ US03/ 01209 2-(2-phenyl ethenyl)-, sodiumsalt; 7-benzothiazol esul fonic
acid, 2,2'-(1-hiptiadees-sdleded dioyd dhe drolip RRBAIMING ) DisSlaphthdédedisulfong g6idj um
salt; and all ammonium potassiumand sodiumsalts thereof; and all

m xtures theregkodibm7. sdihe @Pdrhey Ob-amhdl MaphMaRh&uTokibe hdi@rt sfanligy-gscent
tracer is selected

naphthalenesulfonic acid; 4-amino-3-hydroxy-1-naphthalenesulfonic acid; 6-amino-4-
hydroxy-2-naphthalenesulfonic acid; 7-amino-1,3-naphthalenesulfonic acid, potassium
15 salt;  4-amino-5-hydroxy-2,7-naphthalenedisulfonic  acid;  5-dimethylamino-1-
naphthalenesulfonic acid; 1-amino-4-naphthalene sulfonic acid; 1-amino-7-naphthalene
sulfonic acid; and 2,6-naphthalenedicarboxylic acid, dipotassium salt; 3,4,9,10-
perylenetetracarboxylic acid; C.I. Fluorescent Brightener 191; C.I. Fluorescent
Brightener 200; benzenesulfonic acid, 2,2°-(1,2-ethenediyl)bis[5-(4-phenyl-2H-1,2,3-
20 triazol-2-yl)-, dipotassium salt; benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-
yl)-2-(2-phenylethenyl)-, sodium salt; 1,3,6,8-pyrenetetrasulfonic acid, tetrasodium
salt; pyranine; quinoline; 3H-phenoxazin-3-one, 7-hydroxy-, 10-oxide; xanthylium, 9-
(2,4-dicarboxyphenyl)-3,6-bis(diethylamino)-, chloride, disodium salt; phenazinium,
3,7-diamino-2,8-dimethyl-5-phenyl-, chloride; C.I. Fluorescent Brightener 235;

25  benzenesulfonic acid, 2,2’-(1,2-ethenediyl)bis[5-[[4-[bis(2-hydroxyethyl)amino]-6-[(4-
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fromthe group consisting of 1-deoxy-I-(3,4-dihydro-7,8-dinethyl-2,4-
di oxobenzo[g] pteridin-10(2H)-yl)-D ribitol; fluorescein; fluorescein,
sodi um sawD;038824amt hr acenesul foni c acid sodium salt; 1,5- PCT/US03/01209
ant hr acenedi sul fonic acid; 2,6 10 ant hracenedi sul foni c aci d;
1, 8-ant hracenedi sul fonic acid; nono-, di-, or tri-sulfonated napthal enes
sel ected fromthe group consi sting of 1,5-naphthal enedi sul fonic acid,
di sodium salt (hydrate 2- am no- | - napht hal enesul foni ¢ aci d; 5-am no-2-
napht hal enesul %%plaen&ldmnom %tﬂ@wﬂﬁwmb tetrapapiihsite erasnesgonic agd.d:
6-am no-4- hydroxy- 2- napht hal enesul f oni ¢ aci d;
7- ami no- 1, 3- naphAtHa- @h@@élwf)blﬁﬁc{[‘ha @ hys@t(wgpxn@m@sﬁa(mbenylamm) 1,3,5-
4- am no- 5- hydr oxy- 2, 7- napht hal enedi sul foni ¢ aci d; 5-di net hyl am no- 1-
napht hal enesul triorin@-dlimino]4 - adisqsou.- rsalsht feathshisms ul % @ bislietsilamino)-9-(2-4-
1- am no- 7- napht hal ene sul fonic acid; and 2, 6- napht hal enedi car boxyl i c acid,
di pot assi un sadisylfophehyd;, 1 0inngrer sallte nsodivm acaltbokerzenesalfondc @i, ERuUOL2scent
Brightener 191; C I. Fluorescent Brightener 200; benzenesul fonic acid,
2, 2" - (1, 2- et heetkahegily) bis [SFHH4-[(dmpmbmathly D2 HydroR y@hyantina &z @her3dapine); 1,3,5-
di pot assi um sal t; benzenesul fonic acid, 5-(2H naphtho[1, 2-d]triazol-2-
yl) - 2- ( 2- phenyirietihenyllamino]sdishdium ssalt;t Tindpd, BCS;- patizemsuléiniaacilf 2al-(1 4G d,
tetrasodi um salt; pyranine; quinoline; 3H phenoxazi n-3-one, 7-hydroxy-,
10- oxi de; xant biphdny4,H-diyldi;2}t-diheedyt)sispdissiyin -salt;6bdnzeresnlfdnivy hedi SHOH-,
chloride, disodiumsalt; phenazinium 3, 7-diam no-2, 8-di net hyl - 5- phenyl -
chloride; C.|.ndphtho[ 165 ERidzoBE-y D2t @pREN)23Reny Y sbéitmesnts wbkamittazakbwifonic
2,2'-(1, 2-ethenediyl)bis[5-[[4-[Dbis(2-hydroxyethyl)am no]-6-[(4- 52 WO
03/ 082450 RET/ L34 1208 azenel 30BNy | pRdHyRad)bK[63methyF] a&bding- ¥l and nal -
tetrasodi umsalt; benzenesulfonic acid, 2,2'- El 2- et henedi yl)bis
[5-[[4-[4-[2- hmﬁuﬂr okl End Qddifin @ﬂawé@mna@hn%xére‘éme}édfazl n-2-yl ]
anino] -, disodiumsalt: xanthylium 3,6-bis(diethylan no)-9- (2-4 5
di sul fophenyl )-, inner salt, sodiumsalt; benzenesulfonic acid, 2,2 -(1, 2-
et henedi yl ) bi s| 5' [ 8. The method of claim 1 wherein the inert fluorescent tracer is selected
[4-[ (am nonet hyl ) (2- hydr oxyet hyl ) am no] - 6- (phenyl am no) -1, 3, 5-

from the group consisting of 1,3,6,8-pyrenetetrasulfonic acid tetrasodium salt; 1,5-

naphthalenedisulfonic acid disodium salt (hydrate); xanthylium, 9-(2,4-
15  dicarboxyphenyl)-3,6-bis(diethylamino)-, chloride, disodium salt; 1-deoxy-1-(3,4-
dihydro-7,8-dimethyl-2,4-dioxobenzo[g]pteridin-10(2H)-yl) — D-ribitol; fluorescein;
flurorescein, sodium salt; 2-anthracenesulfonic acid sodium salt; 1,5-
anthracenedisulfonic acid; 2,6-anthracenedisulfonic acid; 1,8-anthracenedisulfonic
acid; and mixtures thereof.
20
9. The method of claim 1 wherein the tagged fluorescent agent comprises a

water- soluble polymer tagged with at least one fluorescent group.

10. The method of claim 9 wherein the fluorescent group is selected from the
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triazin-2-yl] amno]-,disodiumsalt; Tinopol DCS; benzenesul fonic acid,
2,2"-([l,]"- biphenyl]-4,4"-diyldi-2,1-ethenediyl)bis-,disodiumsalt;
benzenesuwbaniog24aci d, 5- (2H napht ho| PCT/US03/01209
1,2-d]triazol -2-yl)-2-(2-phenyl ethenyl)-, sodiumsalt;

7- benzot hi azol esul fonic 10 aci d,
2,2'"-(1-triazene-1, 3-diyldi -4, 1- phenyl ene) bi s[ 6- et hyl -, di sodiumsalt; and
all ammoni um potassium and sodium salts thereof; and all m xtures
thereof. 8. Theroweeonsigting ochydrony rllylesyrseny! narthalinude ayat. fometbehl-@Mabler is
selected fromthe group consisting of 1, 3,6, 8-pyrenetetrasulfonic acid

t et rasodi um saqiimethylasﬁncrmi)han@ﬁ@gméd@l f 8ni kydaexyeB-ellydadpionyls ahvat,( h§d#-at e) ;
xant hylium 9-(2,4 15 di carboxyphenyl)- 3, 6-bi s(di et hyl am no)-, chloride,

di sodi um sal t ;vigyluggxlpxy).-](,3},46-pyrene trisulfonic acid; 8-(4-vinylbenzyloxy)-1,3,6-pyrene

di hydro-7, 8-di net hyl - 2, 4- di oxobenzo[ g] pteridin-10(2H)-yl) - Dribitol;
fluorescei ny frisufonesudid(allgloxl)tl,6ajene Risalifdnir aud rieGubsfititdy ngdittdlenedi um
salt; 1,5- anthracenedi sulfonic acid; 2,6-anthracenedisulfonic acid;

1, 8- ant hr acene@ismibdtitatnd)c athiackne and-(sobxtituteds yhiaoleef . mdolddrothleridet hdd of
claiml wherein the tagged fluorescent agent conprises a water- soluble
pol yner tagged(substitutal) baabiidooR, f3-(sabsaageit flgiresdpin, M(subshiantaapt dvachadh, cl ai m
9 wherein the fluorescent group is selected fromthe 53 WO 03/082450

PCT/ US03/ 01209couga6itl MeG@ifisess B §i®stahtedys] mamethblyy] -ty l-o@)-quiapkdzaliiont.de
quat, 4-nmethoxy-N-(3-N N - di nmet hyl am nopropyl) napthalimde, 2

hydr oxy- 3- al | yinpxurB @bt Mdaerivaivésdhervdfny| benzyl oxy) -1, 3, 6-pyrene
trisulfonic acid; 8-(4-vinylbenzyloxy)-1,3,6-pyrene 5 trisulfonic acid,
8-(allyloxyy-1,3,6-pyrene trisulfonic acid, 1-(substituted) naphthal ene,

9- (substituted) anthracene, 2-(substituted) quinoline nonohydrochloride, 2-

(substituted) benzim dazgl enetrid(cteRghiot Wik tild WAL M polfnérdRphiidst ed)
coumarin, counarin derivatives, 3-(substituted)-6,

7-di met hoxy- 1- et Byl - 26ikéka QHbRO%AZ Ogﬂoﬂp N€nsisting of acrylamide, acrylic acid,
methacrylamide, vinyl acetate, dimethylaminoethyl acrylate methyl chloride quaternary
salt, dimethylaminoethyl acrylate benzyl chloride quaternary salt, diallyldimethyl

15 ammonium chloride, N-vinyl formamide; dimethylaminoethyl methacrylate methyl
chloride quaternary salt, dimethylaminoethyl methacrylate benzyl chloride quaternary

salt, methacrylamino propyl trimethyl ammonium chloride, acrylamidopropy! trimethyl

ammonium chloride, and combinations thereof.
20 12.  The method of claim 1 wherein the tagged fluorescent agent comprises a

copolymer of acrylate and acrylamide tagged with a hydroxy allyloxypropyl

napthalimide quat in an amount of about 2% or less by weight of the copolymer.
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m xtures thereof and derivatives thereof. 10 11. The nethod of claim?9
wherein the water-sol uble polyner conprises a nononer selected fromthe
group comwpwBiosysof acryl am de, acrylic acid, nethacryl amcadaSoyoryd

acet ate, dinmethyl am noethyl acrylate nethyl chloride quaternary salt,

di met hyl am noet hyl acryl ate benzyl chloride quaternary salt,

di al l yl di net hyl 15 ammoni um chl ori de, N-vinyl fornmam de; dinethylam noethyl
nmet hacryl ate nethyl chloride quater nar?/_ salt, dinethyl am noet hyl

net hacryl ate benzyl 18hl ori de THtaetod &f ylaing d| whereip theaiesy flpfepesniirasgyand
trimethyl ammoni um chl oride, acryl am dopropyl trimet htyl amoni um chl ori de,
and conbi nat i othe tegged dlgpreszpt agent qrhéa%tlh'm!ﬁ/léffd iatoatht feedatiespmi in apfamonplgged
fluorescent agent conprises a copolyner of acrylate and acryl am de tagged
wi th a hydr oxyfremiahous dypt ©mpput 188p M@l i ni de quat in an anmount of about 2%
or |l ess by weight of the copolynmer. 54 WD 03/082450 PCT/US03/01209 13. The
met hod of cfaim 1 wherein the inert fluorescent tracer and the tagged
fluorescent agent are each introduced into the feed streamin an anount
from about 5 ppt toldabothe 1i9&Bodpfrclabn J4wherhia thetihod flobresdenti trackr whditle n t he
inert fluorescent tracer and the tagged fluorescent agent are each

i ntroduced i nt aggddeflioeaders ap@mard dackhmt@dougd tintb rthafeedBedm in gpimowmnt &omut 50
ppm 10 15. The nethod of claim|l wherein the inert fluorescent tracer and
the tagged fl aiebpshto abeensd ppime each introduced into the feed streamin
an amount from about 5 ppb to about 50 ppb. 16. The nmethod of claim!]
wherein the inert fluorescent tracer and tagged

10 15.  The method of claim 1 wherein the inert fluorescent tracer and the
tagged fluorescent agent are each introduced into the feed stream in an amount from

about 5 ppb to about 50 ppb.

16.  The method of claim 1 wherein the inert fluorescent tracer and tagged
15 fluorescent agent are added to a formulation capable of treating scaling and/or fouling

prior to addition to the feed stream.

17. A method for monitoring a membrane separation system of a water
purification process including a membrane capable of removing solutes from a feed
20  stream suitable for use in an industrial process comprising the steps of:
adding an inert fluorescent tracer and a tagged fluorescent agent to the feed
stream; contacting the membrane with the feed stream; separating the feed stream into a
permeate stream and a concentrate stream to remove solutes from the feed stream;
providing a fluorometer to detect the fluorescent signal of the inert fluorescent tracer

25 and the tagged fluorescent agent in at least one of the feed stream, the permeate stream
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15 fluorescent agent are added to a fornulation capable of treating scaling
and/or fouling prior to addition to the feed stream 17. A nethod for

noni t or i MyO3MEIBE ane separati on system of a water puri fiPcatisosopEpoCESS

i ncl udi ng a menbrane capabl e of renoving solutes froma feed 20 stream
suitable for use in an industrial process conprising the steps of: adding
an inert fluorescent tracer and a tagged fluorescent agent to the feed
stream contacting the nenbrane with the feed stream separating the feed
streaminto a af}sleﬁ%ﬁéa’ﬁ‘@mé%t? SHEATH NYIng thoHeunmptat ©© BeashAnt Bnquahel/Be deArit es
fromthe feed stream providing a fluoronmeter to detect the fl uorescent
signal of the flyeescent|tigesragd dstaggedBugrescon aged in 4 deaptnyg o thefeed seerem e agent
in at |east one of the feed stream the perneate stream 55 WD 03/082450
PCT/ US03/ 01209permaeie tstream cindethe rcanaenisaty shlpam;uandndetermening @oragereaf ethe tinert
measure an anount of the inert fluorescent tracer and the tagged

f 1 uor escent 5 agBwmreicentgracercashe wggeddiuotehesnf agedt basedamthetrheasurglde pmatms sff r eam
and the concentrate stream and determining a ratio of the inert 5

fl uorescent tr theanert ftuordseent aggeahd theeggddmntesageagenthased on t he neasurabl e
anounts of the inert fluorescent tracer and the tagged fl uorescent agent.
18. The nmethod of claim 17 further conprising the step of evaluating the
renmoval of solutes fromthe feed stream based on the ratio. 10 19. The

met hod of claim 17 wugher éfhe hdikod ofidlsitnr i AfurfheoeRsGising the bep to€ dvdliminay thehe
group consisting of raw water processes, waste water processes, industrial
wat er  pr ocessgmovialbTisélufRa fromahefeed §tRamhmasld onfii@odtiand bever age processes,
pharmaceutical processes, electronic nmanufacturing, utility operations,
pul p and paper processes, 15 mining and m neral processes,
transportation-rel ated processes, textile processes, plating and netal

wor ki ng processes, {q@undm¥ RdkbdCdfRdhNg vﬂfe%?@ﬁl%iiﬁlﬁlstriaﬁ%%E is8fafcted from
the group consisting of raw water processes, waste water processes, industrial water

processes, municipal water treatment, food and beverage processes, pharmaceutical

processes, electronic manufacturing, utility operations, pulp and paper processes,

15 mining and mineral processes, transportation-related processes, textile processes,

plating and metal working processes, laundry and cleaning processing, leather and

tanning processes, and paint processes.

20. The method of claim 17 wherein the feed stream contacts the membrane
20 in at least one of a cross-flow and a perpendicular flow relative to the membrane to

remove solutes from the feed stream.

21. The method of claim 17 wherein the inert fluorescent tracer is selected
from the group consisting of 3,6-acridinediamine, N,N,N’,N’-tetramethyl-

25  ,monohydrochloride; 2-anthracenesulfonic acid sodium salt; 1,5-anthracenedisulfonic
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tanni ng processes, and paint processes. 20. The nethod of claim 17 wherein
the feed streamcontacts the nenbrane 20 in at |east one of a cross-flow
and a perweordiosubar flow relative to the nmenbrane to renwea/isos/0t2es from
the feed stream 21. The method of claim 17 wherein the inert fluorescent
tracer is selected fromthe group consisting of 3,6-acridinedi am ne,

N, N N,N -tetranethyl 25 nonohydrochl oride; 2-anthracenesul fonic acid
sodium salt; 1,5-anthracenedisulfonic 56 WO 03/082450 PCT/ US03/01209

aci d; 2, 6- ant hradsfetityrarenediswionisiagid; h8-guthrreencdicwfadn asig; pethiald. by d;
anthral[9, 1, 2- cde] benzo[ rst] pent aphene-5, 10-di ol ,

16, 17- di met hox¢de]ushzeq(isiioensapaenest | ¢-diok | 6, 1 ddmethaxsn,bigGydrogen sulfate), disodium

bat hophenant hr ol i nedi sul fonic acid di sodiumsalt; am no 2,5-benzene

di sul foni ¢ 5 assltdbatephdnaathirel oydiew fonic-agidrdetodiposati zasning 3:Seleazene disulfonic

1H benz[ de] i soqui nol i ne-5-sul fonic acid,

6- am no- 2, 35 di jdir2e4Z2n(idepiren i) 6-piethyibedzothidotti bbltenz[dajizopuatiliners salfonic
phenoxazi n-5-ium 1-(am nocarbonyl)-7-(di et hyl am no) - 3, 4- di hydr oxy-,

chl oride; benawd,®]}phiendBadihyire?2i(4mmethylpBerdilahBd®mxpqo@hadodium salt;

4- di benzof uransul foni ¢ acid; 3- di benzofuransul fonic acid;

1- et hyl qui nal dplenoxazineslivig;1-(hininotebagl)v-(didthytanaas)ed, f-dihdfrogpdthlorideal t ;
Keyfluor Wiite ST, benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[]4-

[ bi s( 2- hydr oxyBédnay(ia)phsidxeginG-=ilin4s,9-dlabdmhacerdtd; andibenzo fhradsdifohiciagid] B- 2-yl ] ami n
o] - ,tetrasodiumsalt; CI. Florescent Brightener 230; benzenesul fonic
acid, 2,2'-(1, dbenzofuransulfonic acid; 1-ethylquinaldinium iodide; fluorescein; fluorescein,

et henedi yl ) bi s[ 5-[[ 4-[ bi s(2- hydr oxyet hyl )am no] - 6-[ (4-sul fophenyl )anm no] -1,
3, 5- triazim- 2so4idnR Bl Ry ludk §HAS Bt beiz&bidlfonR.a9id; B agri-eth&iedif)bis[5-[[4-

10, 10' -dinethyl -, dinitrate; 1 15

1
deoxy-1- (3, 4- dtUﬁ(ﬂ%h?erxﬁtl@il)_HﬁInﬁ%ﬁk:[@»sﬂr '&ﬁﬁ?ﬁrn%][lgimﬂzhﬂwg&%@]w -yl) -

ribitol; nono-, di-, or tri-sulfonated napthal enes selected fromthe group

S onsisting of Jlemodi@R iR epRtssHl _ﬁﬂ%‘it&le?%(ﬁi berBbRQGIFIHR R4, b o pyslr at e) ;-
-am no- | - napht hal enesul foni ¢~ aci d; 5-am no- 2- napht hal enesul f oni ¢ aci d;
4-am no- 3- hy dr gxyelin ) BRETAHi& P85 dtbL Ry Hamino]-6-[(4-sulfophenyl)amino]-1,3,5-
triazin-2-yl]amino]-,tetasodium salt; 9,9°-biacridinium, 10,10’-dimethyl-, dinitrate; 1-
15  deoxy-1-(3,4-dihydro-7,8-dimethyl-2,4-dioxobenzo[g]pteridin-10(2H)-yl)- ribitol;
mono-, di-, or tri-sulfonated napthalenes selected from the group consisting of 1,5-
naphthalenedisulfonic acid, disodium salt (hydrate); 2-amino-1-naphthalenesulfonic
acid; 5-amino-2-naphthalenesulfonic acid; 4-amino-3-hydroxy-1- naphthalenesulfonic
acid; 6-amino-4-hydroxy-2-naphthalenesulfonic acid; 7-amino-1,3-naphthalenesulfonic
20  acid, potassium salt; 4-amino-5-hydroxy-2,7-naphthalenedisulfonic acid; 5-
dimethylamino-1-naphthalenesulfonic acid; 1-amino-4-naphthalene sulfonic acid; 1-
amino-7-naphthalene sulfonic acid; and 2,6-naphthalenedicarboxylic acid, dipotassium
salt; 3,4,9,10-perylenetetracarboxylic acid; C.I. Fluorescent Brightener 191; C.I.

Fluorescent Brightener 200; benzenesulfonic acid, 2,2°-(1,2-ethenediyl)bis[5-(4-

25  phenyl-2H-1,2,3-triazol-2-yl)-, dipotassium salt; benzenesulfonic acid, 5-(2H-
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aci d; 6-am no-4- hydroxy- 2-napht hal enesul foni ¢ aci d;

7-am no- 1, 3- napht hal enesul fonic 20 acid, potassiumsalt;

4- am no- Swinydnszdage 2, 7- napht hal enedi sul foni c aci d; 5- PCT/US03/01209

di et hyl am no- 1- napht hal enesul foni ¢ aci d; 1-am no-4-napht hal ene sul fonic
acid; 1- am no-7-naphthal ene sul fonic acid; and 2, 6-napht hal enedi car boxylic
aci d, dipotassium salt; 3 4, 9 10- perylenetetracarboxylic acid; CI.

FI uor escent Bri ght ener | uor escent Brlghtener 200;

benzenesul f oni BapRiOH!-2- §]“2"‘Z°k ?L YQ %ﬁzﬁé‘ﬁ%‘?ml‘)"ﬁvé?@u’(‘&a $d.3,6,8-

phenyl -2H-1, 2, 3-tri azol -2-yl)-, dipotassium salt; benzenesul fonic acid,
5-(2H 57 V\D OBer@@ulﬁ@p/qgg@g;r@@g@gl Sahdﬁﬁ‘t%ﬁ quinoline; 3H-phenoxazin-3-one,
1,2-d]triazol-2-yl)-2- §2 pheny IethenﬁTé sodiumsalt; 1,3,6,8-

pyr enet et r asul T-oMirexye | oxide raribylmim, (3 dtdicarbowyphenyld3 6his(digthy lamino)-,

3H phenoxazi n- 3-one, 7-hydr ox 10- oxi de; xant hylium

9- (2, 4-di caf boRI})QYNEnQIISwl@n@alblpg‘{lﬁmemhyI3&fﬁi%@)lo-,LSBiimhﬂhMH-dbf;n}’kii chbndidegm sal t ;
phenazi nium 3, 7-di am no- 2, 8-di net hyl - 5- phenyl -, chloride; C. I

Fl uorescent Br Cghlflemescem:}ﬁ;ightmm@ﬁe@nke‘nomlbnia@bid, 2,2’-(1,2-ethenediyl)bis[5-[[4-
2,2'-(1, 2-ethenediyl )bis[5-[[4- [Dbis(2-

hydr oxyet hyl ) afhis{?]hy@rdx{ethganfimyd Heeitd-byl Boprheny])arhing]- 5,3 f5r triazin-2-yPlaminodHn no] -
tetrasodi um salt; benzenesulfonic acid, 2,2'-(1,2-ethenediyl)bis[5-[[4-[(2-
hydr oxypr opyl ) srrased]unBsaltpbenagtiesutionio)aeill, B2 5(112-étheniediyBbiyls1 pv(B0] -, di sodi um
salt; 10 xanthylium 3, 6-bis(diethylam no)-9-(2, 4-disulfophenyl)-, inner
salt, sodium Sh&drbxyphﬁp@l@ﬁﬁ'ﬁ@]ﬁ-@i&hﬁaxﬁi&bﬂl,3,5-triazin-2-yl]amino]-, disodium salt;
2,2'-(1, 2-ethenedi yl)bi s[5-[[4-[ (am nonet hyl ) ( 2-

hy dr oxyet hyb ) aranigfliufr, § Bheasyib@amao)- 91(34-'5hshrfb;ﬂqéhﬂ) 2miér]sali sB@hm,salgli Sodi um
salt; Tinopol DCS; benzenesulfonic acid

2,2"-([1,1 - bi phiemmesitifchidacidl2 pt-di,2-éhdmediSt)bie hhBlofrethyf{2sodi um sal t;
benzenesul foni ¢ aci d, 51(20}4- n’gpgltz;lo[l 2@3],[??[?2%( | -2-yl) thy?g

2- (2- phenyl et hﬁw&ayethygyf@l nH]TB»SﬁHeBylaIKmQ)ePZ@tthbz%%QJﬁ?&Hufld]n'd?so@ﬁl'nCialt

2,2'-(1-triazene- | - phenyl ene) bi s[ 6-net hyl-, di sodi um sal t;
and al | anmoni mbp&%@s‘%mémomémd o 3@l 1t BihBgi ek ’-dl?i'aij@” mi xtures

thereof. 22. The nethod of claim 17 wherein the tagded fluorescent agent
conprises a ethenediyl)bis-, disodium salt; benzenesulfonic acid, 5-(2H-naphtho[1,2-d]triazol-2-yl)-

15  2-(2-phenylethenyl)-, sodium salt; 7-benzothiazolesulfonic acid, 2,2°-(1-triazene-1,3-
diyldi-4,1-phenylene)bis[6-methyl-, disodium salt; and all ammonium, potassium and

sodium salts thereof; and all mixtures thereof.

22. The method of claim 17 wherein the tagged fluorescent agent comprises a

20  polymeric water-soluble compound tagged with at least one fluorescent group selected
from the group consisting of hydroxy allyloxypropyl napthalimide quat, 4-methoxy-N-
(3-N’N’-dimethylaminopropyl) napthalimide, 2 hydroxy-3-allyloxypropyl quat, 8-(3-
vinylbenzyloxy)-1, 3, 6-pyrene trisulfonic acid; 8-(4-vinylbenzyloxy)-1,3,6-pyrene
trisulfonic acid, 8-(allyloxy)-1,3,6-pyrene trisulfonic acid, 1-(substituted) naphthalene,

25  9-(substituted) anthracene, 2-(substituted) quinoline monohydrochloride, 2-
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20 pol yneric water-sol ubl e conpound tagged with at | east one fluorescent
group selected fromthe group consisting of hydroxy allyl oxypropyl

napt hal i rwoe3gsms) 4- met hoxy-N- (3-N N -di net hyl am nopr opylCr/usapbtzad i m de,
2 hydroxy-3-allyl oxypropyl quat, 8-(3- vinylbenzyloxy)-1, 3, 6-pyrene
trisulfonic acid; 8-(4-vinylbenzyloxy)-1,3,6-pyrene trisulfonic acid,
8-(allyloxy)-1,3,6-pyrene trisulfonic acid, 1-(substituted) naphthal ene, 25
9- (substitut ed%§ ant hracene, 2-(substitut ed(ii ui nol  ne nonohydrochl ori de, 2-
58 WD 03/ 082450upstiyteddobengimidarole; sirfsubstifyig dﬁ“‘kfésﬁﬁlinrri 4esubstigited)  coumarin,
5-(substituted) fluorescein, 4-(substituted) coumarin, coumarin
derivatives, 3cqusippgtderiyativep) 3 gsubstitaiedeq, Hodipethoxet methyd 2(H)-ayinorasknaEi none,
m xtures thereof and derivatives thereof. 5 23. A nmenbrane separation

syst em capabl emafturpytheregf and dgrivasises thereafam suitable for use in an

i ndustrial process conprising:a sem -perneabl e nenbrane capabl e of
separating 2he feed streamcontaining an inert fluorescent tracer and a
tagged fluorescent agent into a perneate stream and a concentrate stream
to renove one or 1(®3nor A swimbras $epamtidnh eystepe damablee afpurfythgt 2 deddostredmvi ce
capable of fluoronetrically measuring an anount of the inert fluorescent
tracer and t hesuitablgefdr f luseoire st emtus@ige ptocess ammprriaingia ngnii4pemmealide thentbripet t 0
about 1000 ppmin at |east one of the feed stream the perneate stream and
t he concent r at eapable efisepuhaeiigethe fdet etralat @atairny deivére Audrescerpaddr endi tagged
produci ng a signal indicative of the anount of inert fluorescent tracer and
tagged 15 fl uoflesreait aggstnihtothpdrmesic BRAFUAGHA caritdnttate SidabDlol iemocap@bde of
processing the signal to nonitor and/or control the purification of the
feed stream 2foreTRAuiseibadihelfeed skdlin?3 BN Nlelide cHRIRY 8NAuseRatialliyon
systemis capable of evaluating at |east one process paraneter specific to

nmenbrane 20 sgpauphs o amBhRUIeRE kR MublkSecll @ater 8RN $hdgRd fRbreQRRAY AkhONAl
paranmeters, chem cal
each ranging from about 5 ppt to about 1000 ppm in at least one of the feed stream, the
permeate stream and the concentrate stream wherein the detection device is capable of
producing a signal indicative of the amount of inert fluorescent tracer and tagged

15  fluorescent agent that is measured; and a controller capable of processing the signal to

monitor and/or control the purification of the feed stream.

24, The method of claim 23 wherein the membrane separation

system is capable of evaluating at least one process parameter specific to membrane

20  separation selected from the group consisting of operational parameters, chemical
parameters, a ratio of the inert fluorescent tracer to the tagged fluorescent agent,

mechanical parameters and combinations thereof.
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paranmeters, a ratio of the inert fluorescent tracer to the tagged
fluorescent agent, nechanical paraneters and conbi nations thereof. 59 WD
03/ 082450WwP@B/0k188@/ 01209 25. The nethod of clai m 23 wher @eca/usegorzont rol | er
is capable of controllably adjusting an anount of treatnent agents added to
the feed streamin order to treat scaling and/or fouling during nenbrane
separation. 5 26. A nethod for nonitoring and controlling a nmenbrane
separation process _including a nenbrane capable of renoving solutes froma
feed stream for use?in dhie H}eﬂ@dﬁ elpig) 23 vhereia shecqoniselies isrrgpabirofgopisellably:
adding an inert fluorescent tracer and a tagged fluorescent agent to the
feed 10 streatdiuséBgteacmaynt ehiseatmen ragends Wii(?eld toHbe feed cstream amprdes dp dtealt i ng
the feed streaminto a first effluent streamand a second effluent stream
to remove sol uscekng andfpr fowding derthg neambsaneseparasiondi ng a fl uoroneter to det ect
the fluorescent signal of the inert fluorescent tracer and the tagged
fluorescentSagent in at |east one of the feed stream the first effluent
stream and the second effluent stream wusing the fluorometer to nmeasure the
15 inert fl uorescer6. tr acmethadbrnoeitéraggad coilttodingRorsrbrageaparationgocassount
rangi ng from about 5 ppt to about 1000 ppmin at |east one of the feed
stream the fiimnshidffal membranes tapablenod randvitg sbaenfiors faf feed stteamit foe asg inaind

eval uating at | east one process paraneter specific to nmenbrane separation
based on the nidssuiflpteanbmptisngdthe kb dfnert  fl uorescent tracer and the
tagged fluorescent agent. 20 27. The nethod of claim 26 wherein the process
paranmeters are sel efip@ anf inerNflubRsc@htOLife£ AME b 34deBY NbregfRal flehOfdAthe feed
paranmeters, chemi cal paraneters, a ratio of the inert fluorescent tracer

to the tageed {deu@f eseRAhg RO aRnbrdie G MhCREd PREAIRpAREnARE feed stream into a
first effluent stream and a second effluent stream to remove solutes from the feed
stream; providing a fluorometer to detect the fluorescent signal of the inert fluorescent
tracer and the tagged fluorescent agent in at least one of the feed stream, the first
effluent stream and the second effluent stream; using the fluorometer to measure the

15  inert fluorescent tracer and the tagged fluorescent agent in an amount ranging from
about 5 ppt to about 1000 ppm in at least one of the feed stream, the first effluent
stream and the second effluent stream; and evaluating at least one process parameter
specific to membrane separation based on the measurable amounts of the inert

fluorescent tracer and the tagged fluorescent agent.

20
27.  The method of claim 26 wherein the process parameters are selected
from the group consisting of operational parameters, chemical parameters, a ratio of the
inert fluorescent tracer to the tagged fluorescent agent, mechanical parameters and
combinations thereof.
25
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conmbi nations thereof. 25 60 WO 03/ 082450 PCT/US03/01209 28. The net hod of
claim 27 conprising controllably and responsively adjusting at | east one
process papag®s®Esot o enhance performance during nmenbrane psgamozbizon. 5 29.
The met hod of claim 26 conprising nonitoring and controlling a treatnent
agent added to the nenbrane separation process in order to treat scaling
and/or fouling. 61

28.  The method of claim 27 comprising controllably and responsively
adjusting at least one process parameter to enhance performance during membrane

separation.

29.  The method of claim 26 comprising monitoring and controlling a

treatment agent added to the membrane separation process in order to treat scaling

and/or fouling.

61



